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Electronic tube "know-how" will help you
solve your electronic tube problems

No matter whether your electronic tube
eeds are for low frequency, high fre-
quency, low power or high power appli-
cations, Westinghouse can serve you.

The ingenuity of Westinghouse tube en-
gineers is illustrated by the types shown,
which were developed for a wide variety
of civilian and military applications.
These tubes range from the midget 1B24
used in microwave equipment, to the
giant WL-895R used in broadcasting

and III' heating.
When you are designing or modifying
your equipment it will pay you to con-
sult these Westinghouse engineers. They
will be glad to discuss your problems
with you.
The newest Westinghouse electronic
tubes will be exhibited at the next IRE
Convention. Be sure to see them.
Electronic Tube Sales Department, West-
inghouse Electric Corp., Bloomfield, N. J.

Westinghouse
E'dcz-e&-ab Z-4/ a7,/eW

TUNE IN: John Charles Thomas, Sunday, 2:30 P. M., EST-NBC.
Ted Malone-Monday through Friday, 11:45 A.111/EST-ABC.

T -R tube for use
between trans-
mitter and re-

ceiver in Ra-
dar Equip-
ment.

WL-530
Oscillator tube for generating
high power at ultra high fre-
quencies.
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"I can even recognize your vote!"

,4t &a/A mobile FM receiver with a NATURAL yore quality

the FM -39X, by KAAR!

Here is the FM receiver that users of emergency
communications have waited for so long! A re-
ceiver that brings in the low as well as the high
tones, rounding out the voice so that you can
readily recognize who is speaking!

The FM -39X is a fitting companion for the re.
markable 50 and 100 watt INSTANT -HEATING
KAAR FM mobile transmitters which were re-
cently announced. The over-all voice quality
through the KAAR transmitter and receiver is

such a distinct improvement that iiwill be a rev-
elation to anyone who has had prvicus experi-
ence with FM radiotelephones. In act. decidedly
finer voice quality is obtained evn when this
new receiver is used with other na(es of FM
transmitters.

The receiver has two r. f. stages npead of the
usual one, resulting in better signal. o -noise ratio
and greater discrimination against spurious sig-
nals. For full details, write for Bdletin 24-45.

KAAR ENGINEERING CO.
PALO ALTO CALIFORNIA
Export Agents: FRAZAR AND HANSEN, 301 Cloy St., San Franc .co, :alif.

ineered by the Pioneers of FM and AM transmitt

2A Proceedings of the 1.R.E. January, 1916



The Model
RR Intermittent

duty is enclosed
reversible

control
motor -

split phase
resistor

type,
60 cycles,

24 or 117 volts,
with or without

The Model
MS is shaded

pole induction
type

for ony AC. voltage

from 24, to 250 and frequency
of 40,

50 or 60 cycles.
Storting

torques

gear reduction.

from one-holf
ounce

inch at 10 wotts
input, to two ounce

inches
ot

New uses
--electronic

and electric
controls,

time, temperature,
pressure

and humidity
controls,

coin operated
phonographs,

drink
and mer-

36 watt input.

chandise
dispensers,

fans, valves
and blowers,

door openers,
signals,

motion
displays,

movie
projectors

and scores
of industrial

applications.

MINIATURE MOTORS THAT

MAKE 'EM MOVE!

WHEN YOU DESIGN -KEEP

ALLIANCE

YOUR MOVES
WITH

ALLIANCE
MOTORS

Motion ... instant action ... compact pin -points

of concentrated power-that's what you have
in ALLIANCE Miniature Motors.

They're compact stand-by power stations,
ready to obey and deliver just the right amount

of power and drive where and when needed.

Where your plans call for continuous or inter-
mittent action, remote actuation, starting, stop-

ping and reversing, there's probably an Alliance

motor already engineered and available in

quantities, at low unit cost, to do the job!

MANUFACTURING COMPANY

MOTORS IN MIND

ALLIANCE, OHIO
Alliance Tool and Motor Ltd., Toronto 14, Canada

Proceedings of the I.R.E. January, 1946
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the 'rube you have been
Jeehiny to install in your

postwar ttanimitteti

A remarkable new TETRODE for fixed
or mobile operation

Filament Voltage 6.3 AC or DC Volts
Filament Current 3 0 Amperes
Amplification Factor 65
Mutual Conductance 2,750
Plate Dissipation 35 Watts
Medium 4 Pin Ceramic Base
Maximum Power Output 130 Watts
Approx. Driving Power 4 5 Watts

Inter -Electrode Capacities
Input to Plate 2 MMFD
Input, 6.5 MMFD Output, 1.8 MMFD

Licensed under R. C. A. Patents
Catalog Sheet and Tubes Now Ready for

Distribution

Lewis at Los Gatos
Manufacturers of all types of
transmitting tubes -from 35
Watt West Coast type triodes
to 35 kilowatt external anode,
multi -grid tubes .- A new
member of the Aireon
family.

Lewis Electronics, Los Gatos, Calif.

SUBSIDIARY OF Air eon - MANUFACTURING CORPORATION

4A Proceedings of the I.R.E. January, 1946



Airfoil"
Cinaudagraph

&it
of Tomorrow,TODAY
The Aireon Cinaudagraph Speaker is a product
of deft engineering, vast experience, daily pro-
found research and proven performance. It has
an international reputation for tone, stamina
and perfection. The plus features that you get
in Aireon Cinaudagraph Speakers are inherent
-born of the highest standards of inspection

and use of the finest
materials. You'll need
these extra-these plus
factors to help you do
the better job you
now require.

(ALNICO 5)

peaker

All P. M. Models of Aireon
Cinaudagraph Speakers use
Alnico 5, the miracle metal that
gives you 4 times the perform.
ance without size or weight
increase. No set-up is complete
without at least one-write for
information, today.

Cinaudagraph Speakers, Ine..
Subsidiary of Aireon Manufacturing Corporation

3911 SOUTH MICHIGAN AVENUE, CHICAGO

DA

11

tiv ta
A %
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Continental -Diamond
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TOMORROW*,
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Illustrated is a DILECTO fabric base laminated
phenolic part used in airborne electrical equip-
ment. Since this part is subject to severe mechani-
cal stresses and is also an insulator it must be
strong and remain stable under vibration, high
humidity and temperature extremes. DILECTO
meets all these requirements, with a wide margin
of safety.

C -D PRODUCTS
Electrical

Insulation.
Forms

DOC( 0 --A Laminated
Phenolic.The Plastics

GEV:MON-.
Molded Phenolic. St

DILECIENE
.8 Pure Resin

plastic

Especially
Suited to .15-1-1-F

IrIP.VEG-Plastic
Chemical

Equip -
Insulation.

meat,Pipe,Valves
and Fittings.

The NON-Metallics

DIAMOND
Vulcanized

FIBRE

VUtcoiD-Resin
Impregnated

'Vulcanized
Fibre.

MIC ABOND
-Built-Up Mica

C -D Dielectric materials are engineered to meet
specific electrical and mechanical problems.

are standard grades developed as a result
of experience gained during 50 years
of serving manufacturers in every indus-
try. These standard grades can, how-
ever, be modified to meet particular
problems. Combinations of the different
C -D NON -metallic materials can also be
made to provide required combinations
of properties. C -D technicians will be
glad to study your "What Material"
problems and suggest solutions.

There

C49421bieFtta

Bard and
Special

an dard Sheets,
Available in

Rods and ubes; and Parts

Fabricated,
Formed

or

Molded to Specifications.

Descriptive
Literature

fives ComPte-

hensive
DBulletinata on all C-D

Individual
Cata-

Products. Available.
logs are also

= Dia/mc4id

DISTRICT OFFICES
NEW YORK 17 CLEVELAND 14 CHICAGO 11
SPARTANBURG, S. C. SALES OFFICES IN PRINCIPAL CITIES

WEST COAST REPRESENTATIVES
MARWOOD LTD., SAN FRANCISCO 3

IN CANADA:
DIAMOND STATE FIBRE CO. OF CANADA, LTD., TORONTO 8

FIBRE COMPANY
Established 1895.. Manufacturers of Laminated Plastics since 1911-NEWAR VI 48  DELAWARE

6A Proceedings of the I.R.E. January, 1946



As a reading glass aids visual
search, so MICROLINE test and

measurement equipment provides
means for making all measurements
at microwave frequencies.

Sperry announces a comprehen-
sive line of microwave test and
measurement equipment for labora-

tory and field use. The new line...
the MICROLINE ...is the outgrowth of
years of research and experience in
modern microwave techniques be-
ginning with the development of
the Klystron.

Write our Special Electronics De-
partment for further information.

Visit the Sperry booth at the I.R. E. Convention

Available now:
WAVEMETERS  WATTME,TF,,

BARRETTER ELEMENT:
AND MOUNTS

, DIRECTIONAL COUPLERS
KLYSTRON SIGNAL SOURCE

STANDING WAVE DETECTOR
ATTENUATORS

IMPEDANCE MATCHIN4
EQUIPMENT

WAVEGUIDE AND  COAXIAL
COMPONENTS

SPERRY GYROSCOPE COMPANY, INC. GREAT NECK. N.Y.

givAsicm Yitevly Wayeeveczkoo.

ATRADX MARK

LOS ANGELES  SAN FRANCISCO  SEATTLE  NEW ORLEANS
CLEVELAND  BROOKLYN  HONOLULU

CYROSCOPICS  ELECTRONICS  RADAR  AUTOMATIC COMPUTATION  SERVO -MECHANISMS

Proceedings of the I.R.E. January, 1946 7



RECEIVER MANUFACTURERS:

RCA TEST EQUIPMENT
to help speed your television -receiver production

IF your television -receiver program has been held up because of
inadequate test and measuring equipment, here's the answer.

RCA will begin to deliver the instruments shown here in 60 to
90 days. They are not experimental or first post-war models, but
service -tested equipment-developed before the war and perfected
as a result of RCA's extensive television -research and manufactur-
ing work during the war for the armed forces.

With items 1 through 4, a complete video signal can be produced,
making it possible to measure and adjust accurately the focus, con-
trast, resolution, and scanning linearity of your television receivers.

Items 5 through 8 are other instruments we believe you will also
find useful in easing your laboratory and testing problems.

An early indication from you of your test and measuring require-
ments will assure prompt delivery of this hard -to -get equipment.

1 MONOSCOPE CAMERA

Produces a fixed television signal for
aligning and testing equipment such as
television receivers, transmitters, and
monitors. The signal is produced by
scanning a stationary pattern mounted
permanently inside the monoscope tube.
It is designed for rack mounting for use
with the distribution amplifier and the
synchronizing generator (items 2 and
4). The filament supply is self-contained,
but a separate regulated plate supply is
required. The 580-C unit (item 3) is
ideal for this purpose.

2DISTRIBUTION AMPLIFIER
(TYPE TA -IA)

For use with the synchronizing generator
and monoscope camera. Applications in-
clude: transmission over coaxial lines of
pictures and synchronizing signals to
various locations, feeding signals from
program line to monitors, for isolating
distributed pulses, as a mixer to combine
synchronizing with picture signals to
form the complete video signal. De-
signed for standard rack mounting, the
unit requires a regulated plate supply.

REGULATED POWER SUPPLY
(TYPE 580-C)

For supplying the plate power required
by the monoscope camera and distribu-
tion amplifier. Regulation is better than
.25 per cent over the range between 50
and 400 milliamperes; output voltage is
adjustable between. 250 and 300 volts;
output ripple is lower than .012 per
cent of the d -c output voltage. This unit
may also be used for general-purpose
work around the laboratory. Designed
for standard rack mounting.

4
(TYPE TG- I A)

SYNCHRONIZING GENERATOR

Ideal for design and production testing of television
receivers, and for application work in experimental
laboratories engaged in television work. Provides
"synchronizing" pulses of suitable wave shape and
frequency for the production, in conjunction with
camera equipment, of 525 -line interlaced television
signals. It keys together the scanning beams of the
camera Iconoscope and the receiver Kinescope to
form a perfectly synchronized picture. Conforms
with proposed FCC Standards of Good Engineering
Practice.
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VIDEO SWEEP GENERATOR
(TYPE 71 I -A)

A quick, accurate, convenient means of
testing and adjusting wide -band video
amplifiers. When this generator is con-
nected to the input of a video amplifier,
and the output of the amplifier is con-
nected to an oscilloscope, a trace is pro-
duced on the screen that accurately shows
the amplifier's dynamic -frequency char-
acteristic. The lower -output -frequency
limit of this unit is normally set at 100
kc, and the high frequency at 8 mc (but
the latter can be easily adjusted to any
frequency between 2 and 9 mc). The
sweep to high frequency and return is
smoothly accomplished in one cycle of
the powerline frequency.

8
A HIGH -FREQUENCY, WIDE -BAND
V SWEEP GENERATOR (TYPE 709-B)

When used in conjunction with an oscil-
loscope, this instrument will help you
save time in accurately aligning the i-f
and r -f stages of wide -band receivers.
Stage -by -stage alignment is practical as
the generator output voltage is contin-
uously variable between .001 and .4 volts
RMS over the entire frequency range. A
calibration marker permits constant
checking of band -width characteristics.

7
U -H -F SIGNAL GENERATOR
(TYPE 710-A)

Provides an r -f signal of a known fre-
quency and amplitude for easily obtain-
ing the data needed to check the per-
formance of high -frequency devices. This
instrument provides smooth and com-
plete attenuation throughout its range,
plus precision frequency control. Output
frequencies from 370 to 560 mc-just
right for citizens' radio -phone and other
development work within these bands.

LABORATORY -TYPE OSCILLOSCOPE
(TYPE 7 I 5-B)

Especially designed to permit close examination of
extremely short, sharp -fronted pulses and other un-
usual wave forms. Produces steady, clear traces
with random recurrence of signal. Some of its ad-
vantages for modern development work include:
Extended range (flat to 11 megacycles), triggered
sweep (individually triggered by each signal), time -
base marker (one microsecond intervals), input cali-
bration meter (to permit direct determination of
amplitude of any voltage component in signal), and
many other new features.

HERE'S A QUICK WAY
TO GET DETAILS

Radio Corporation of America
Test and Measuring Equipment Section
Box T9083C, Camden, N. J.
Please send me complete data on the RCA
products corresponding to the numbers
circled:

1 2 3 4 5 6 7 8

Name Title

Company

Address

City Zone-State

RCA TEST AND MEASURING EQUIPMENT

RADIO CORPORATION of AMERICA
ENGINEERING PRODUCTS DIVISION, CAMDEN, N.J.



Division of GLOBE -UNION INC.. Milwaukee

PRODUCERS OF

Cepurni: High V. tag.. Cop- elicitors
3ullet n 814

Ce-a-ric Trio -mien
13L I etin .95

)

rChe initials "CR" in
the Diamoid stand for Csnealab

They are cn integrcl part of the
Centralab rame, and kr more than
a quarter cf a century leave repre-
!ented the utmost in eigineering
skill and puedsion ...the height of
manufa:turing perfection.

Both in oicinal equ liner- and in
replacement!, the syrrb3I "CU" is
the Mark 0: Quality.

... Always specify :entrolab.

Ceramic High Voltage Capaclors
Bulletin ir14

Variable tesist:rs
Bulletir 697 Tut:polar Ceramic

Capacitors
Bu letins 630

and 586

Sele:tcr Switches
Eullu n 722

Proceedings of the I.R.E. January, 1946



transmitting tube protection CALLITE

'MOLY' WIRE

Callite molybdenum wire is selected because it has
the qualities required for efficient glass sealing and
does not amalgamate with the mercury in the relay.

CaHite carefully processes molybdenum to obtain
high purity ductile wire and sheet. Callite's Type 400 Molybdenum
Wire is available in five types, each grade especially processed for its
intended application as heater elements, filament mandrels, side rods,
hooks, grids, tube and lamp supports.

Molybdenum wire is only one of Callite's complete range of metal-
lurgical components for electrical and electronic manufacture. It will
pay you to investigate our tungsten and molybdenum products of all
kinds. Callite Tungsten Corporation, 544 Thirty-ninth St., Union
City, N. J. Branch Offices: Chicago, Cleveland.

The Adlake plungekW mer-
cury relay serves to .:pootect
transmitter tubes frot( high
plate voltage. The Adlake
Model 1040's contact mechan-
ism is hermetically sealed in
an armored glass cylinder -
proof against dirt, dust, mois-
ture and explosive atmospheres.
The Adams & Westlake Com-
pany uses Callite molybdenum
wire as a lead wire which is
sealed through the glass.

mmmiimmW

SPECIALISTS IN HARD GLASS LEADS, WELDS, TUNGSTEN AND MOLYBDENUM WIRE, ROD AND SHEET, FORMED PARTS AND OTHER COMPONENTS FOR ELECTRON TUBES AND

ELECTRIC!' ' ',-TS OF TUNGSTEN, MOLYBDENUM, SILVER, PLATINUM, PALLADIUM AND ALLOYS OF THESE METALS; THERMOSTATIC BIMCTALS.

Proceedings of the I.R.E. , January, 1946'.
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SYLVANIA NEWS
ELECTRONIC EQUIPMENT EDITION

Published by SYLVANIA ELECTRIC PRODUCTS INC., Emporium, Pa. 1946

NEW T-3 TUBE FILLS NEED FOR SMALLER

UNIT IN TINY BROADCAST RECEIVERS

For any further details, or questions you may want answered
about this tiny, sturdy vacuum tube, do not hesitate to
write or call Sylvania Electric Products Inc., Emporium, Pa.

Commercial Version of
Proximity Fuze Tube

Is Rugged. Has Long Life

Following Sylvania Electric's recent an-
nouncement about the sensationally small
vacuum tube-originally developed for the
now -famous proximity fuze transceiver-
have come many inquiries concerning this
super -midget.

SET MAKERS ESPECIALLY INTERESTED

Since the commercial version of the "war-

baby" is being produced, many set manufac-
turers are extremely interested in its qualities
- with a view toward making radios about
the size of the average wallet or package of
cigarettes, miniature walkie-talkie sets and
other units.

This new tube, then, is being made in a
low -drain filament type and is able to oper-
ate at 1.25 volts. This takes advantage of a
new, small battery developed during the war
which, of course, is a further aid in the man-
ufacture of remarkably small radio sets.

WILL BE AVAILABLE FOR ALL TYPES

Future designs of this versatile tube can
be incorporated in radios ranging in size
from tiny pocket sets up to deluxe receivers.
It has a life of hundreds of hours, is rugged
and exceptionally adaptable to operation at
high frequencies.

SYLVANIA' IIECTRIC
MAKERS OF RADIO TUBES; CATHODE RAY TUBES ELECTRONIC DEVICES; FLUORESCENT LAMPS. FIXTURES, WIRING DEVICES: ELECTRIC LIGHT BULBS

12.A Proceedings of the I.R.E, January, 1946



CONSTITUTIONAL
AMENDMENT

REGIONAL -REPRESENTATION
PLAN

THE INSTITUTE OF RADIO ENGINEERS
INCORPORATED

330 WEST 42ND STREET

NEW YORK 18, N. Y.



The Institute of Radio Engineers
INCORPORATED

330 West 42nd Street
New York 18, N. Y.

April 24, 1946

Constitutional -Amendment Ballot

REGIONAL -REPRESENTATION PLAN

To Fellows, Senior Members, Members, and Voting Associates:
The Board of Directors proposes changes in the Institute's Constitution. They are hereby submitted for voting.
After marking this ballot, place it in the small blank envelope enclosed, seal this envelope and place it in the

larger self-addressed envelope enclosed, write your signature on the outer envelope where indicated, and mail to the
Institute office. The ballots must reach the Office of the Institute on or before July 4;1946, to be counted.

By authorization of the Board of Directors

Raymond F. Guy, Chairman

Constitution and Laws Committee

For some time the Board has been aware that geographically distant members have in many cases felt isolated
and unable to participate in many activities of the Institute. It has shared their desire to overcome the handicap of
geographical separation and has considered carefully and at length all possible corrective measures directed toward
making the Institute and its activities more useful and indispensable to them.

The Board has been particularly desirous of effecting means whereby distant members could be more adequately
represented in the management of the Institute. Within the framework of the present Constitution the Board has
attempted to create regional representation and toward this end has selected candidates for elective offices on the basis
of both their general qualifications and their geographical locations. The appointments to Directorships by the Board
have also been dictated by both considerations. But a plan for a more satisfactory procedure has become increasingly
desirable as the Institute has grown, particularly during the last several years.

At the February 7, 1945, Board meeting a Committee was appointed and instructed to submit recommendations
for a plan which would insure direct and continuing participation in the management of the Institute through regional
representation on the Board of Directors. The Committee submitted a plan which met with general favor. It was
submitted to the Sections Chairmen for comment and the Constitution and Laws Committee was instructed to prepare
appropriate amendments to the Constitution and Bylaws. This plan has been carefully considered and developed for
over a year and it is now submitted for voting with the conviction that any defects which develop could be easily corrected.

The plan constitutes a marked departure in the Institute's method of electing representatives and warrants the careful
study and consideration of each voting member.

HOW THE REGIONAL -REPRESENTATION PLAN WOULD FUNCTION
All voting members of the Institute now have the opportunity to vote for a candidate for every elective office.

All Directors are now Directors -at -Large. Under the Regional -Representation plan the Board of Directors would
designate regions in the United States and Canada, and elsewhere at its discretion. As heretofore, all voting members

of the Institute would continue to vote for President, Vice -President, and elected Directors -at -Large. But the members

of each region would, in addition, acting as an autonomous group, nominate and elect their own representative who
would thereby become a member of the Board of Directors.



The addition of seven or more Regional Directors would provide more equitable representation than is now

obtained and would make it desirable to reduce the number of appointed Directors and elected Directors -at -Large. Such

a reduction is provided for in these proposed amendements. The governing body of the Institute would thus change.

The number of appointed Directors and Directors -at -Large would be reduced from 5 to 3 and from 9 to 6, respectively.

The present and proposed Board of Directors is shown below:

Present
President
Vice -President
Senior Past President
Junior Past President
Secretary
Treasurer
Editor

9 Elected Directors -at -Large
5 Appointed Directors

Proposed
President
Vice -President
Senior Past President
Junior Past President
Secretary
Treasurer
Editor

6 Elected Directors -at -Large
3 Appointed Directors
7 or more Regional Directors

21 23 or more

The adoption of the Regional -Representation plan would be effected by the amendments to the Constitution
described herein. These amendments provide for the following:

a. Division of the United States and Canada, and other areas at the discretion of the Board of Directors, into
consecutively numbered Regions which would be specified in the Bylaws.

b. Creation of the new office of Regional Director. Nominees for this office would live in the Region which

nominates them and would be nominated and elected exclusively by voting members living in the Region which
nominates them. When elected they would thereby become members of the Board of Directors for a two-year term.

c. Reduction of the number of Directors -at -Large by 5.

d. Addition of two Board members to the number constituting a quorum making a total of 8.

e. Inclusion by the Board of the mailing to Regional voters of the names of their chosen candidates for Regional

Director, calls for nominations by petition, mailing of ballots to Regional voters, counting of ballots, and notification of

elections, all in accordance with the general routine followed for existing elective offices.

f. Elections in even -numbered Regions in even -numbered years and in odd -numbered Regions in odd -numbered

years.

g. Creation for each Region of a Regional Committee, the duties of which would include the nomination of at
least one candidate for the office of Regional Director for its Region.

It is possible that the organization and procedure for the Regional Committees could be changed to advantage,
from time to time, as we gained experience in operation under the Regional -Representation plan. To facilitate such
changes as may prove desirable, without resorting to the more cumbersome procedure of amending the Constitution,
it is proposed to specify in the Bylaws the organization and procedure of the Regional Committees. In order that each

voting member may be fully informed on all details of the plan, the Bylaws which the Board contemplates adopting are

shown in full below. Voting members wishing to comment on these proposed Bylaws are invited to send their comments
to the Chairman of the Constitution and Laws Committee.

BYLAWS WHICH THE BOARD CONTEMPLATES ADOPTING IF
THE REGIONAL REPRESENTATION PLAN IS APPROVED

Nomination and Election of Regional Directors

Each Region shall contain a Regional Committee nominally consisting of the Regional Director, the senior
past Regional Director, and the Chairman and senior past Chairman of each Section in the Region. The functions of



the Regional Committee shall be the nomination, every two years, of at least one candidate for the office of Regional
Director, and discussion and suggestions concerning the affairs of the Sections comprising the Region. Members of
the Regional Committee shall be members ex -o jruio of the Executive Committees of their Sections.

Pending installation of the first Regional Director of each region, the Chairman of the largest Section in the
Region shall act as Chairman pro tem. The Chairman pro tern shall appoint a Secretary -Treasurer pro tem who shall
act until the Secretary -Treasurer of the Regional Committee is appointed.

The Regional Director shall be Chairman of the Regional Committee and shall appoint a Vice -Chairman from
the membership of the Committee. The Chairman of the Regional Committee shall appoint a Secretary -Treasurer
from members of the Region for a two-year term concurrent with that of the Chairman. The duties of the Secretary -

Treasurer shall include correspondence, the keeping of the minutes of the Committee meetings, mailing notices, the
keeping of financial records and the submission of a report at the end of each year, and such other duties as are assigned
to him by the Chairman. The Secretary -Treasurer shall not be a voting member of the Committee.

Each Regional Committee during election years shall submit to the Board of Directors by May first the names
of at least one qualified nominee for the office of Regional Director. Each candidate shall be a member of and live in
the Region from which he is nominated and shall be a Fellow or Senior Member of the Institute. To qualify, each

candidate shall indicate to the Regional Committee his acceptance of the nomination. The Board shall submit these
names for voting with those of other candidates for office on or before September first. The candidates for each office
receiving the highest number of votes will be elected. Only votes from members of his Region shall be counted in
electing a Regional Director.

Each member of the Regional Committee shall be of Member, Senior Member, or Fellow grade in the Institute.
Vacancies, except for Regional Director, shall be filled by appointment by the Executive Committee of the Section
in which the vacancy exists. The term of office shall be one year concurrent with the term of office of the Section officers.

The Regional Committee shall hold at least one meeting per year at which a quorum shall be necessary for the
transaction of business of the Committee. The Chairman or, in his absence, the Vice -Chairman of the Regional Committee

shall be responsible for calling the necessary number of Regional Committee meetings. A quorum shall consist of at
least one third of the members of the Committee and shall include representatives from at least half the Sections in
the region.

Regions which fail to maintain reasonable activity shall at the discretion of the Board, be dissolved and the
Sections may be absorbed into other regions.

The term of office of Regional Directors shall be two years and shall begin at the annual meeting of the Board
of Directors.

General expenses incurred by the Regional Committee in corresponding, mailing notices, etc., shall be defrayed
by the Sections in the Region on a basis proportional to membership. The Regional Committee shall for this purpose
make assessments on the Sections when necessary and subject to consent of the Executive Committees of the Sections.

The Sections and the Regions shall make such arrangements as they deem appropriate in defraying the expenses
of their representatives in attending meetings.

CONSTITUTIONAL AMENDMENTS SUBMITTED FOR VOTING
The Regional -Representation plan will be adopted or rejected depending upon the votes cast for the proposed

Constitutional Amendments specified hereinafter. For adoption, at least twenty per cent of all members qualified to

vote must do so and at least seventy five per cent of all votes cast must be favorable. The plan has been discussed at

Section meetings, has been considered, and overwhelmingly endorsed by the Sections' officers and has been unanimously
approved by the Board of Directors.

The Constitutional changes proposed are included in one group which must be accepted or rejected in full.



This is necessary because they are interdependent and partial acceptance could result only in an impracticable situation.

Each proposed change is explained in detail.

SPECIFICATION OF PROPOSED CONSTITUTIONAL AMENDMENTS

Article V, Section 1

The present Article V, Section 1, is shown below at the left. It may be noted that the specified Board of Directors

consists of 21 persons. Under the Regional -Representation Plan the number of Regional Directors may become as high

as 12 or more. Added to the present total of 21 this would make a total of 33 or more. A Board of Directors that large

is considered quite unnecessary and disadvantageous. With the new Regional Directors there would be no need for the

present number of elected and appointed Directors. It is therefore proposed to reduce the number of elected Directors -

at -Large from 9 to 6, reduce the number of appointed Directors from 5 to 3, and include the Regional Directors in a

modified Article V, Section 1, as shown below at the right.

Present Pro posed

The governing body of the Institute shall be the Board

of Directors and shall consist of the President, Vice -

President, Secretary, Treasurer, Editor, nine elected

Directors, five appointed Directors, and the two most

recent past Presidents.

The governing body of the Institute shall be the Board
of Directors and shall consist of the President, Vice -
President, Secretary, Treasurer, Editor, six Directors
elected -at -large, three appointed Directors, one Regional
Director elected by each Region, and the two most recent
past Presidents.

Article V, Sections 2 and 3

The present Article V, Sections 2 and 3, are shown below at the left. It is desirable to specify the term of the
Regional Directors with the terms of the other Directors. It is proposed to do so in this change but to include also cer-

tain improvements in these Sections.

It is proposed to confine Section 2 to a specification of the Corporate Officers of the Institute. As now written this

Section incorrectly classifies Directors as Officers. Directors are not Corporate Officers unless elected or appointed to a
Corporate Office.

It is proposed to include in Section 3 the specification of the terms of all Corporate Officers and the Directors.

The proposed Sections 2 and 3 are shown below at the right.

Present Proposed
Sec. 2-The Corporate Officers of the Institute shall beSec. 2-Except for the elected Directors, the terms of all
the President, Vice -President, Secretary, Treasurer, andOfficers shall be for one year each.
Editor.

Present Proposed
Sec. 3-The terms of the elected Directors shall be for Sec. 3-The terms of office for Directors elected -at -large

three years each. shall be for three years, for appointed Directors one year,
for Regional Directors two years, and for all officers one
year, except as provided in Article VII, Section 1.

Article V, Section 6

A new section is proposed for Article V in which there would be a definition and specification creating the new

office of Regional Director. The proposed Section 6 is shown below. In determining the grouping of the Sections, to form

Regions, the Board of Directors will solicit and give full consideration to the recommendations of the Sections. Any
problems which arise will be carefully studied and solved insofar as possible through consultation with the leaders of the

Sections concerned.



Proposed

Sec. 6-The United States and Canada, and other areas at
the discretion of the Board of Directors, shall be divided
into Regions, which shall be specified in the Bylaws. The
Board of Directors and be designated a Regional Di -

changes in the number of Regions, as it deems desirable,

and number the Regions with consecutive numbers. The
voting members of each Region shall elect one repre-
sentative who shall thereby become a member of the
Board of Directors and be designated a Regional Di-
rector.

Article VI, Section 2

The present Board of Directors includes 21 persons and Article IV, Section 2, shown below at the left, specifies
that six members are necessary to constitute a quorum. Under the Regional -Representation plan the number of Directors
would be increased. It is proposed to increase correspondingly from six to eight the number of members required to
constitute a quorum. The proposed Section 2, as modified, is shown below at the right.

Present Proposed
The Board of Directors shall manage the affairs of the
Institute. An annual report shall be made to the members
on the activities and finances of the Institute.

Six members of the Board of Directors shall constitute a
quorum.

The Board of Directors shall manage the affairs of the
Institute. An annual report shall be made to the members
on the activities and finances of the Institute.

Eight members of the Board of Directors shall constitute
a quorum.

Article VII

The heading of Article VII is unnecessarily long and does not include any reference to Regional Directors which
are referred to in the proposed modifications of its Sections. The present heading is shown below at the left and a proposed
new and simplified heading is shown below at the right.

Present Proposed
NOMINATION AND ELECTION OF PRESIDENT, VICE-

PRESIDENT, AND THREE DIRECTORS, AND APPOINT-

MENT OF SECRETARY, TREASURER, EDITOR,

AND FIVE DIRECTORS

NOMINATION, ELECTION, AND APPOINTMENT OF

OFFICERS AND DIRECTORS

Article VII, Section 1, Paragraph 1

Under the Regional -Representation Plan, each Regional Committee would notify the Board of Directors of its

choice of qualified candidates for Regional Director. The Board would then notify the members of the respective Regions

concerning those candidates and entertain nominations by petition. It is proposed to add to Section 1, Paragraph 1,
provisions for the Board to function for the Regions in the manner described. The present Section 1, Paragraph 1, is
shown below at the left and the proposed modified Section 1, Paragraph 1 is shown below at the right.

Present
On or before July first of each year, the Board of
Directors shall submit to qualified voters a list of nomi-
nations containing at least one name each for the office
of President and Vice -President and at least six names
for the office of elected Director and shall call for
nominations by petition.

Proposed
On or before July first of each year, the Board of
Directors shall submit to qualified voters a list of nomi-
nations containing at least one name each for the office
of President and Vice -President, at least four names for
the office of Director elected -at -large, the names of all
nominees for the office of Regional Director, and shall
entertain nominations by petition for all of the offices
specified.



Article VII, Section 1, Paragraph 2

The Board wishes to provide that candidates for the office of Regional Director may be nominated by petition.

Only members living in a Region are qualified to vote for a Regional Director for that Region. It is necessary to insure

that only such qualified resident voting members are also qualified to sign nominating petitions for their Region. It is

proposed to accomplish this by modifying Section 1, Paragraph 2, as follows.

Present
Nominations by petition may be made by letter to the
Board of Directors setting forth the name of the pro-
posed candidate and the office for which it is desired he
be nominated. For acceptance a letter of petition must
:each the executive office before twelve o'clock noon on
the last weekday prior to August fifteenth of any year
and shall be signed by at least thirty-five voting members.

Proposed
Nominations by petition may be made by letter to the
Board of Directors setting forth the name of the pro-
posed candidate and the office for which it is desired
he be nominated. For acceptance a letter of petition must
reach the executive office before twelve o'clock noon on
the last weekday prior to August fifteenth of any year
and shall be signed by at least thirty-five voting members
qualified to vote for the office of the candidate nomi-
nated.

Article VII, Section 1, Paragraph 4

Article VII, Section 1, Paragraph 4, specifies that the Board shall submit ballots to all voting members for the

election of the President, Vice -President, and elected Directors. It is proposed to modify this paragraph to include ballots

to the qualified voting members of each Region by which they could vote for their candidates for Regional Director.

The present Section 1, Paragraph 4, is shown below at the left and the proposed modified Section 1, Paragraph 4, is shown

below at the right.

Present Proposed
On or before September first, the Board of Directors
shall submit to the voting members as of August
fifteenth, a list of nominees for the offices of President,
Vice -President, and elected Director, the names of the
nominees for each office being arranged in alphabetical
order. The ballots shall carry a statement to the effect
that the order of the names is alphabetical for conven-
ience only and indicates no preference.

On or before September first, the Board of Directors
shall submit to all voting members as of August fifteenth,
a list of nominees for the office of President, Vice -
President, and Director elected -at -large, and shall sub-
mit to all such voting members of each Region a list of
their nominees for the office of Regional Director, the
names of the nominees for each office being arranged in
alphabetical order. The ballots shall carry a statement to
the effect that the order of the names is alphabetical for
convenience only and indicates no preference.

Article VII, Section 1, Paragraph 5

Under the present Constitution there are nine elected Directors each of whom has a three-year term. These
elections are staggered so that only three Directors are elected each year. Under the Regional -Representation plan it is
proposed to reduce the number of Directors elected -at -large from nine to six and elect only two per year. Section 1,

Paragraph 5, would have to be modified to be consistent with this change and would have to be modified further to

include provisions for Regional Directors. The present Section 1, Paragraph 5, is shown below at the left and the
proposed modified Section 1, Paragraph 5 is shown below at the right.

Present Proposed
Voting members shall vote for the candidates whose
names appear on the list of nominees by written ballots
in plain scaled envelopes, enclosed within mailing enve-
lopes marked "Ballot" and bearing the member's written

Voting members shall vote for the candidates whose
names appear on the list of nominees, by written ballots
in plain sealed envelopes, enclosed within mailing enve-
lopes marked "Ballot" and bearing the member's written



signature. No ballots within unsigned outer envelopes
shall be counted. No votes by proxy shall be counted.
Only ballots arriving at the executive office before twelve
o'clock noon on the last weekday prior to October
twenty-fifth shall be counted. Ballots shall be checked,
opened, and counted under the supervision of the Tellers
Committee between October twenty-fifth and the first
Wednesday in November. The result of the count shall
be reported to the Board of Directors at its first meeting
in November and the nominees for President and Vice -
President and the three nominees for Director receiving
the greatest number of votes shall be declared elected.
In the event of a tie vote the Board shall choose between
the nominees involved.

signature. No ballots within unsigned outer envelopes
shall be counted. No votes by proxy shall be counted.
Only ballots arriving at the executive office before twelve
o'clock noon on the last weekday prior to October
twenty-fifth shall be counted. Ballots shall be checked,
opened, and counted under the supervision of the Tellers
Committee between October twenty-fifth and the first
Wednesday in November. The result of the count shall
be reported to the Board of Directors at its first meeting
in November and the nominees for President and Vice-

President, the two nominees for Director elected -at -large,
and the nominees for each office of Regional Director
receiving the greatest number of qualified votes shall be
declared elected. In the event of a tie vote the Board shall
choose between the nominees involved.

Article VII, Section 1, Paragraph 6
It is proposed to add a new paragraph to Section 1 to accomplish the following:
a. Safeguard the requirements for nominees and qualified voters for Regional Director.
b. Stagger election years among the Regions to insure an adequate number of continuing Board members.
c. Adjust initial terms of Regional Directors to place the staggered election plan into operation.
d. Assure full terms for Regional Directors, despite changes which might be made by the Board in the status of a

Region.
e. Provide for appointments to fill Regional -Director vacancies.
f. Specify that the organization and procedure of the Regional Committees shall be specified in the Bylaws as

required.
The proposed new Article VII, Section 1, Paragraph 6 is shown below.

Proposed
Nominees for the office of Regional Director shall be No Regional Director shall have his term shortened by
members of and live in the Regions which nominate changes in Regions. Each Region shall have a Regional
them. They shall be elected by the voting members of Committee whose duties shall include making at least
the Institute in the Region. The Regional Directors from one nomination for Regional Director from its Region
even- and odd -numbered Regions shall be chosen by the during election years. In the event a Regional Director
Regions in even- and odd -numbered years, respectively. dies, is unable to serve, or is disqualified by removal
In placing the Regional -Representation Plan into opera- from the Region, the Regional Committee shall appoint
tion, or when new Regions are established, or when a Regional Director for the unexpired portion of the
changes are made in Regions, candidates for the office term. The organization and procedure of the Regional
of Regional Director may be nominated and elected for Committees for nominating candidates for Regional
one-year terms as required to ensure representation Director shall be defined in the Bylaws.
during the period preceding their normal election years.

Article VII, Section 2
The proposed reduction of the number of appointed Directors from five to three requires a modification of

Section 2. The present Section is shown below at the left and the proposed modified section is shown below at the right.

Present
The five appointed Directors, Secretary, Treasurer, and
Editor shall be appointed by the Board of Directors at
its annual meeting to serve until the next annual meeting.

Proposed
The three appointed Directors, Secretary, Treasurer, and
Editor shall be appointed by the Board of Directors at
its annual meeting to serve until the next annual meeting
or until their successors are appointed and accept.

All proposed changes in Article V, Sections 1, 2, 3 and 6, Article VI, Section 2, and Article VII, Sections 1 and 2,
comprise the constitutional provisions for the Regional -Representation Plan. Vote for or against the plan in the spaces
provided on the ballot.



ALCO has been awarded
for the filth time the
Army -Navy " E.' Award
for continued excellence
in quantity and quality
of essential war production.

MASTER OF POWER AND HEAT

MANY of the brilliant advances in electronics made during the war, including
extensive use of ALSIMAG Steatite Ceramics in radio, radar, communications,

controls and high frequency heating, will be carried forward into peace-time pro-

ducts of quality.
Of prime importance to the efficiency and stability of high ;frequency circuits is

insulation whose composition and strength is master of both power and heat.
Permanent in their hardness, strength and rigidity, ALSIMAG Steatite Ceramic

Insulators are not subject to distortion, warping or shrinking.
Exceptionally Low Loss Factor, High Dielectric

Strength and High Resistivity.

quirements.

Let us prove that ALSIMAG will meet your re -

AMERICAN LAVA CORPORATION
Chattanooga 3, Tennessee

4 310 YEAR OF CERAMIC LEADERSHIP

Quality to Highest
Known Standards

Large Production
Facilities

Research and
Engineering
Collaboration

nu. 14 10.GirfrIgib 1,1 0,1...7 0111,1Ct

CERAMICS



RILIBAIUGHTS

 Interested?
Write for detailed literature.

 Outstanding production equipment in the hands of Aerovox
craftsmen, accounts for these veritable capacitor dreadnaughts.
In exacting services such as radio transmitters, heavy-duty
electronic equipment, and in the electric power field, these
units have won citation after citation for exceptional rugged-
ness.

Such ruggedness stems from the Aerovox winding facilities
second to none. Special winding machines insure that the
multi -layered sections are uniformly and accurately wound
under critically -controlled tension. Also, a system of impreg-
nation tanks, pumps and control equipment guarantees the
necessary drying after vacuum impregnation that is positively
unexcelled by any impregnation process anywhere.

Hermetically -sealed welded steel containers; heavy-duty
porcelain insulators; cork gaskets and pressure sealing; non-
ferrous metal hardware; silver -soldered joints; sturdy mount-
ing means-these are the externals of these capacitor dread-
naughts. Standard listings of Type 20 up to 50,000 v. D C.W.
Capacitances from 0.1 to 10 mfd.

INDIVIDUALLY TESTED
AEROVOX CORPORATION, NEW BEDFORD, MASS., U. S. A. SALES OFFICES IN ALL PRINCIPAL CITIES
Export: 13 E. 40 Si.,NEW YORK 16, N. Y. Cable: 'ARLAB' In Canada: AEROVOX CANADA LTD., HAMILTON, ONT.
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REMOVABLE
R. F. HEADS

All radio frequency cir-
cuits are included in
the 2-20 Mc. R. F. head
shown above. All con-
nections to the trans-
mitter cabinet are by
means of plugs and
receptacles.

A medium power transmitter, designe.LparticularIy for aeronauti-
cal service. Eq laity adaptable to other axed sery ices. Check these
features for their application to your communication problems:

* Four transmitting channels, in the foll3Aing freque i=y ranges:
125-525 lif. Low Frequency

2- 20 Mc. High Frequency.
100-160 Mc_ Very High Frequency.
Other freqt e ides by special o -der.

* Simultaneols channel operation, in laic -piing rna>in.im combinations:
3 Channels telegraph.
2 Channels telephone.
1 Channel telephone, 2 Channels teleanh.

* Complete remote control by a single tilephone pair per operator.
* 400 Watt pl is carrier power.
* Low first cog. Removable radio frequency heath are your p

against frequency obsolesence
* Reliability backed by two ye:.ts of --aigineering research, one -,ear of,

actual field cperation.
* Available with all -steel, or wood pre-!--abricated transmitar h

plete with primary power, antenna, and. ventilation fittings.
* Not a post-war plan," but a fidd-teste 1 transmitter 13NV n prO tic

An iscpiry on your letterieod ot,, ;tiling your reluirernerts
win bring xou comp -ere dot°.

WILCOX ELECTRIC COMPANY, INC
,Manufacturers of Ra:io Equipric-n-

Fourteenth and Chestnut K ansas Crt), Missouri
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t:... in miniature
more efficient

The old, slow motion
belt driven fan was ,of ques-

tionable value as a breeze maker.
Perhaps its best service was that of chasing flies
with fluttering streamers. Then came the modern
high speed electric fan. Like the miniature elec-
tronic tube, it is an outstanding example of the cur-
rent trend toward increased efficiency in miniature.

TUNG-SOL Miniature Tubes are a part of the
trend to smaller component parts. They are a factor
in reducing the over-all size of equipment. Shorter
leads with low inductance, and low capacity with
high mutual conductance make the miniature tube
ideal for high frequency circuits. The smaller ele-
ments weigh less, tending to reduce the effects of
vibration. The smaller size also makes possible a

more rigid construction. This reduces

the possibilities of element distortion.

To aid in the creation of new elec-

tronic equipment and in the improve-
ment of old, TUNG-SOL engineers
will draw upon their experience and

work with manufacturers in the designing of cir-
cuits and in the selection of tubes. Of course your
plans will be held in strictest confidence.

ACTUAL SIZE

TUNG-SOL
viktailan-teafed

ELECTRONIC TUBES
TUNG-SOL LAMP WORKS INC., NEWARK 4, NEW JERSEY
Sales Offices: Atlanta  Chicago Dallas  Denver Detroit Los Angeles  New York
Also Manufacturers of Miniature Incandescent Lamps, All -Glass Sealed Beam Headlight Lamps and Current Intermittors

Proceedings of the I.R.E. January, 1946
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Left: Radio Modulator BC -423. High frequency
signal generator operating from 195 to 205 mc..
modulated al approximately 5000 cycles. Rug-
gedly built in steel case. Designed so that it can
be re -adapted to many applications. Can be used
as high frequency receiver, transceiver or fre-
quency meter. Good for lab demonstrations re-
quiring low power, ultra high frequency generator.
Can be con

Right: Frequency Meter BC -438. Ultra -high fre-
quency signal generator operating from 195 to
205 mc. with crystal calibration. Aluminum chas-
sis in steel case. Removable nickel plated 19'
telescopic antenna. Use as high frequency re-
ceiver or transmitter. Can be converted to cover
any frequency range. Takes dry batteries for
portable use. Precision tuning control make it
ideal for "on the nose ECO transmitter con -

nit

hallitrafters RADIO
THE HALLICRAFTERS CO., AGENT FOR RFC UNDER CONTRACT SIA-3-24

MANUFACTURERS OF RADIO AND ELECTRONIC EQUIPMENT

THESE VALUABLE ITEMS ritaatiagle it044
or very soon. Write, wire or phone for further in-
formation  head phones  test equipment  com-
ponent parts  marine transmitters and receivers 
code practice equipment  sound detecting equip-
ment  vehicular operation police and command sets

radio beacons and airborne landing equipment.

CLIP THIS COUPON NOW

RFC DEPARTMENT 407, HALLICRAFTERS
5025 West 65th Street  Chicago 38, Pllinois

[7] Send further details on merchandise described
above

I:3 Send listings of other available items
Especially interested in

STATE

NAME

CITY

ADDRESS - -

ZONE



Du MONT

TELETRONS*
WHY DIRECT -VIEWING TELEVISION RECEPTION?

SW -emu . .

 Excellent pictorial resolution due to minimum spot

size.

 Higher brilliance and better contrast range for vivid

pictures.

 Wide-angle viewing, accommodating the largest

audience for given screen size.

 Lower accelerating voltage, which means less cost-

ly receiver power supply.

 Simplicity of the focusing system, since it is en-

tirely electronic.

 Longer tube life and tberefore lower operating cost.

 Previous objections to curvature of face have been

overcome by design of essentially flat -faced bulbs.

 DuMont offers the larger image tubes for adequate

screen sizes and the greatest receiver value.

REG. I" RADE-MA RK

0Ifs all in the tube when dealing with direct -viewing tele-
vision reception. image is viewed directly as

scanned. No mirrors or lenses; no dust or dirt to dim the
image; no realignments ever required. The complete de-
vice for image reproduction is permanently set and sealed
at the plant.

DuMont has led in the development and production of
large -image cathode-ray tubes for television (Teletrons) in
all sizes and types.

DuMont Teletrons make direct -viewing practical, logical,
and truly economical.

I Interested? Our engineers are ready to col-
laborate in fitting the right Teletron to your par-
ticular problem. Technical data on request.

Remember, DuMONT also makes other types
of cathode-ray tubes, oscillographs, television
receivers and television transmitting equip-
ment.

C ALL EN B. DUMONT LABORATORIES, INC

111111074e7a4.mworAoteed67e
ALLEN B. DuMONT LABORATORIES, INC., PASSAIC, NEW JERSEY  CABLE ADDRESS: ALBEEDU, PASSAIC, N. J., U. S. A.

Proceedings of the I.R.E. January, 1946



For the NEW YEAR ...Good Judgment says...STANDARDIZE on

rytirytr? /IT rrre, nii.141/10/74.- Many products require correctly en-

gineered ceramic parts of highest quality for satisfactory performance and

long service life. Stupakoff has the skill, experience and ability to produce

such parts, thus helping you improve your products.

r i!t ""r"" to '4"T" -1"17r " The dimensional accuracy and sturdy struc-

ture of Stupakoff Ceramic parts help speed your fabrication processes.

They fit exactly into the space provided for them, and provide correct
spacing for parts assembled to them.

'"BEATER' SAT7SFACTer You will find fewer rejects, and
greater overall quality and satisfaction when you standardize on
STUPAKOFF CERAMICS !

LATROBE, PENNSYLVANIA
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Clocks with tiny crystal hearts

that beat 1C0,000 times a second

CRYSTAL HEARTS beat time in Bell Tele-
phone Laboratories, and serve as stand-
ards in its electronics research. Four
crystal clocks, without pendulums or
escapements, throb their successive
cycles without varying by as much as a
second a year.

Precise time measurements may seem
a far cry from Bell System telephone
research, but time is a measure of
frequency, and frequency is the foun-
dation of modern communication,
whether by land lines, cable, or radio.

These clocks are electronic devices
developed by Bell Laboratories, and
refined over years of research. Their
energy is supplied through vacuum
tubes, but the accurate timing, the con-
trolling heart of the clock, is provided
by a quartz crystal plate about the size
of a postage stamp.

These crystal plates vibrate 100,000
times a second, but their contraction
and expansion is submicroscopically
small-less than a hundred -thousandth
of an inch. They are in sealed boxes

to avoid any variation in atmospheric
pressure, and their temperatures are
controlled to a limit as small as a
hundredth of a degree.

Bell Laboratories was one of the first
to explore the possibilities of quartz in
electrical communication, and its re-
searches over many years enabled it to
meet the need for precise crystals when
war came. The same character of re-
search is helping to bring ever better
and more economical telephone service
to the American people.

BELL TELEPHONE LABORATORIES Exploring and inventing, devising and

perfecting for continued improvements and economies in telephone service.



Series 200

BUILT IN TWO PARTS

* Two basic parts-a coil assembly
and a contact assembly-com-

prise this simple, yet versatile relay.
The coil assembly consists of the coil
and field piece. The contact assembly
consists of switch blades, armature, re-
turn spring, and mounting bracket. The
coil and contact assembly are easily
aligned by two locator pins on the back
end of the contact assembly which fit
into two holes on the coil assembly.
They are then rigidly held together
with the two screws and lock washers.
Assembly takes only a few seconds
and requires no adjustment on factory
built units. Series 200 Relay

On Sale at Your nearest
See it today! . . . this amazing new relay with interchange-
able coils. See how you can operate it on any of nine dif-
ferent a -c or d -c voltages-simply by changing the coil. Ideal
for experimenters, inventors, engineers.

TWO CONTACT
ASSEMBLIES

The Series 200 is available with
a single pole double throw, or a
dotOle pole double throw contact
assembly. In addition, a set of
Series 200 Contact Switch Parts,
whkh you can buy separately,
enables you to build dozens of
other combinations. Instructions
in each box.

NINE COIL
ASSEMBLIES

Four a- c coils and five d- c coils
are available. Interchangeability
of coils enables you to operate
the Series 200 relay on one
voltage or current and change
it over to operate on another type
simply by changing coils.

Your jobber has this sensational new relay on sale now.
Ask him about it. Or write for descriptive bulletin.

GUARDIAN

A. C. Coil Assemblies available
for 6 v., 12 v.. 24 v., 115 v.

D. C. Coil Assemblies available
for 6 v., 12 v., 24 v., 32 v., 110 v.

jobber

Contact Assemblies
Single pole double throw
Double pole double throw

NOW!

ELECTRIC
1628 A W. WALNUT STREET CHICAGO 12, ILLINOIS

A COMPLETE LINE OF RELAYS SERVING AMERICAN INDUSTRY
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REVERE FREE -CUTTING COPPER ROD
...INCREASES ELECTRONIC PRODUCTION

C INCE its recent introduction, Revere Free -
1.3 Cutting Copper has ddcisively proved
its great value for the precision manufacture
of copper parts. Uses include certain tube
elements requiring both great dimensional
precision, and exceptional finish. It is also
being used for switch gear, high -capacity
plug connectors and in similar applications
requiring copper to be machined with great
accuracy and smoothness. This copper may
also be cold -upset to a considerable defor-
mation, and may be hot forged.

Revere Free -Cutting Copper is oxygen -
free, high conductivity, and contains a small
amount of tellurium, which, plus special
processing in the Revere mills, greatly in-
creases machining speeds, makes possible

-711step to Exploring the Unknown on the Mutual
I I \\\

closer tolerances and much smoother finish.
Thus production _s increased, costs are cut,
rejects lessened. The material's one impor-
tant limitation is that it does not make a
vacuum -tight seal with glass. In all other
electronic applications this special -quality
material offers great advantages. Write
Revere for details.

REPERE'
COPPER AND BRASS INCORPORATED

Founded by Paul Revere in 1801
Executive Off.ces: 230 Park Avenue

New York 17 ,N.Y.
Mills: Baltimore, Md.; Chicago, Ill.; Detroit, Mich.; New
Bedford, Mass.; Rome, N. Y.-Sales Offices in PrinciPal cities,

distriautors everywhere

Network every Sunday evening, 9 to 9:30 p.m., EST.

CUSTOMERS REPORT:
"This material seems to machine much better than our pre-
vious hard copper bar; it cuts off smoothly, takes a very
nice thread, and does not clog the die." (Electrical parts.)

"Increased feed from 1-1/2" to 6" per minute and do
five at one time instead of two." (Switch parts.)

"Spindle speed increased from 924 to 1161 RPM and
feed from .0065" to .0105" per spindle revolution. This
resulted in a decrease in the time required to produce the
part from .0063 hours to .0036 hours. Material was capable
of faster machine speeds but machine was turning over at
its maximum. Chips cleared tools freely, operator did not
have to remove by hand." (Disconnect studs.)
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Pre-war pioneers, the HY75, HY114B, and

HY615 offered new conceptions of low-cost effi-

ciency on the very high frequencies. Radio ama-

teurs, who did so much to open up these frequen-

cies, piled up innumerable long distance trans-

mitting and receiving records with the tubes.

The HY75 and HY615 powered wartime WERS

nets of amateurs almost exclusively

A.R.R.L. and Radio handbooks have always

been lavish in using the HY75, HY114B, and

HY615 in equipment they described. The Abbott

TR-4 transmitter -receiver contributed much to

the fame of the HY75 and HY615. Maximum

ratings up to 300 mc. (efficient circuit design

permits even higher frequencies) spell continued

popularity on the new "ham" bands.

Popularity of this famous trio has not been

confined to amateur circles. In all important war

labcratories, the tubes were widely used. During

many invasion thrusts in the Pacific, the HY75

and HY615 gave the Navy dependable intership

oommunications. The HY75 design led to the

Hytron 2C26A - r.f. pulse output tube of IFF

(identification friend or foe), standard Army and

Navy equipment for planes in combat areas.
Developed from the HY615, the Hytron E1148

wa3 in practically every British vehicular trans-

mitter. The HY114B found its place in radar test

equipment.
 Wherever real power output from small tri-

odes is required on v-h -f, the HY75, HY114B,

and HY615 still are your best choice. They fill a

gap between "acorns" and miniatures which have

limited power capabilities and larger triodes which

cost much more. Brief data can give but a thumb-

nail sketch. You can best appreciate their

superioritx by putting the HY75, HY114B, and

HY615 to work in your sockets.

,../4°10f a.$

HYTRON V -H -F TRIODES
The HY75, HY114B, and HY615 are v -h -f triodes particu-
larly suited as r.f. oscillator -amplifiers and as high sensi-
tivity superregenerative detectors for fixed, mobile, or
portable receivers, transmitters, transceivers, or trans-
mitter -receivers. All three tubes feature short connection
leads, low interelectrode capacitances, plate and grid con-
nections to twin top caps, convenient octal bases, and a
maximum operating frequency of 300 mc. for full plate
input. Note in the HY75: low -loss lava insulation, rigidly
supporting-for maximum resistance to shock and vibra-
tion-the graphite anode, vertical -bar grid, and instant -
heating helically -coiled filament. The tiny HY114B and
HY615 are capable respectively of 1.4 and 4 watts Class C
output. The 1.4 -volt filament of the HY114B makes it ideal
for battery -operated portables.

CHARACTERISTIC HY75 HY114B HY615
Filament Potential (volts)
Filament Current (amps.)
Type of Filament
Plate Potential (max. volts)
Plate Current (max. ma.)
Plate Dissipation (max. watts)
Grid -to -Plate Cap. (mmfd.)
Grid -to -Cathode Cap. (mmfd.) 1.6
Plate -to -Cathode Cap. (mmfd.) 0.6
Max. Operating Frequency (mc.) 300
Maximtim Height (inches) 37/s
Maximum Diameter (inches) 1.3,'1"6

Class C Power Output (watts) 21

OLDEST MANUFACTURER SPECIALIZING IN RADIO RECEIVING TUBES

6.3
2.6

Thor.
450
80
15

3.8

WOW) 11M0 IMECIVIRAMACS tow,.

1.4
0.155
Oxide

6.3
0.175
Cath.

180 300
12 20

1.8 3.5
1.3 1.6
1 1.4
1 1.2
300 300
2

1.4
1'S
4
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Frequency
31-.54

Megacycles

61% OF
4e,

ESTABLISHED 1910

Try - then compare, and you'll agree that this
professional receiver is an outsfaading value. If is
built by craftsmen who specialize in communication
equipment. The HQ -129-X has endless improvements
which are fully described in an eight -page booklet ..
Write today for complete technical information.

1J JJ
THE HAMMARLUND MFG. CO., INC., 460 W. 34" ST., NEW YORK 1, N.Y.
MANUFACTURERS OF PRECISION COMMUNICATIONS EQUIPMENT
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COMPRESSOR AMPLIFIERS

f44E -i65

COMPRESSOR AMPLIFIER

IFss

INPUT ATTENUATOR

,AST

S

TIME CONSTANT

COMPRESSION INOICATOR

OUTPUT ATIONUATOR

ark

POWER

Compressor Amplifier E-165

BY PRESS WIRELESS
RAPID COMPRESSION Less than 0.5 millisecond

FLAT COMPRESSION Output rises only 2.5 db for 20 db input above compression
CHARACTERISTICS threshold

FAST COMPRESSION
RELEASE 250 and 750 milliseconds

LOW DISTORTION I/2% or less below compression threshold
Less than 11,2% with 15 db compression

LOW NOISE LEVEL 60 db below output level at compression threshold

FREQUENCY RESPONSE Within ±1 db from 50-10,000 cps.

AMPLIFICATION 45 db

Standard 19 Inch Rack Mounting

Operates from 110 115 volts, 50/60 cycles AC

Sand for free data sheet

PRESS WIRELESS, INC

Execut:ve and Sa es Office, 1475 BROADWAY, NEW YORK 18

- -- .

PARIS  NEW YORK  CHICAGO  LOS ANGELES  LONDON  HAVANA

RIO DE JANIERO  MONTEVIDEO  MANILLA  BERNE  SANTIAGO DE CHILE

OPPORTUNITIES
Opportunities in present &
postwar work for Senior
and Junior Graduate Engi-
neers.

Phone, call or write, stating
experience, education, etc.

Personnel Department,
Manufacturing Division,

PRESS WIRELESS, INC.
1475 Broadway

N. Y. C.-18

k,L
NAVY

Awarded to

cur
I plant -o outstanding.

achieve...eft in war pro-
duiction
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CML 1100

CML 1420

SERVES

THE ELECTRONIC

INDUSTRY

ROTOBRIDGE

CML 1200

CML serves with ideas ... with engineer-

ing ability . . . with the kind of foresight that

develops equipment to meet tomorrow's experi-

mental and production needs. Just as CML units made

their efficiency felt in wartime needs, so will they con-

tribute to the requirements of this fast-moving industry's

peacetime future. BULLETINS AVAILABLE.

CML will be at the convention with a cordial wel-

come to all visiting I.R.E. members.

COMMUNICATION MEASUREMENTS LABORATORY
1 2 0 GREENWICH STREET, NEW YORK 6, N. Y.
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STUDIO EQUIPMENT  FM TRANSMITTERS  ANTENNAS AND TOWERS

With production now under way,
Federal will deliver 1 and 3 KW FM
Transmitters early in 1946...delivery
of the 10 and 50 KW following shortly
thereafter . . . featuring the latest in
design, circuits, tubes and technique
for unsurpassed operations in the new
88-108 me. band.

Available with these transmitters will
be complete associated equipment -
from microphone to antenna - entire
FM Broadcasting Systems ... supplied
by one experienced and dependable

source-Federal...for more than three
decades a leading contributor to radio
progress.
Federal engineers are ready to consult
with you...help plan every step of your
installation...and then stay with the job
until your station is in completely
satisfactory operation. And Federal
assumes full responsibility for the per-
formance of its equipment.
Call in Federal now . . . be among the
first on the air with the finest in FM
Broadcasting.

Write for brochure
"Complete FM... by
Federardescriptive
of Federal's corn.
plete FM Radio
Broadcast Equip.
meet from micro.
phone to antenna.

luet.41.1C

Federal Telephone and Radio Corporation
Newark 1, N. J.
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CAPTAIN HORACE L. HALL, U.S. Merchant Marine,
retired, at his home in Springfield, L.I., N.Y., made

daily recordings of transmissions from Australia, for
more than four years, missing but four days. The appar-

ently harmless news broadcasts kept the Australian
Government in New York and Washington informed of
every phase of the progress of the war, by a pre-
arranged code.

The National HRO, used for this remarkable accom-
plishment is the first ever to have been shipped into the

New York area and is over ten years old.

NATIONAL COMPANY INC., MALDEN, MASS.

Proceedings of the J.R.E. January, 1946



TO YOUR SPECIFICATIONS

MICA CERAMIC INSULATION

oeoelded,,

Holds to Tolerances up to +.001"
In part after part, and in c.ny quantity,
Mykroy molds and holds to critical toler-
ances. In this, the only ceramic which can
be molded under heat and pressure to such
close tolerances, are combined many other
highly desirable properties that distinguish
Mykroy from all other types of insulating
materials.
Unique in the class of glass -bonded mica
ceramics, Mykroy possesses electrical char-
acterisics of the highest order which do
not shift under any conditions short of
actual destruction of the material itself.
Furthermore it will not warp-is imper-

vious to gas, oil and water-withstands
hest up to 1000° F and will not char or
carbonize.
Its mechanical strength is comparable to
cast iron and because it bonds firmly to
metals it is particularly suited to molding
parts with metal inserts. Even where price
is a factor it competes with many stand-
ard insulating materials of lower electrical
properties.
For improved performance and better
quality in your new products investigate
the many advantages of Mykroy. Write
fo.r samples and full information.

MADE EXCLUSIVELY BY

70 CLIFTON BLVD., CLIFTON, N. J.
CHICAGO 47; 1917 N. Springfield Ave., Tel. Albany 4310
EXPORT OFFICE: 89 Broad Street, New York 4, New York
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The HK -257B beam pentode, originated by Heintz and Kaufman
engineers, facilitates the design, construction, and operation of
multi -band transmitters since it requires very little driving power
and no neutralization.

The wiring diagram below shows a transmitter capable of
operating on all amateur bands from 10 to 160 meters. A single
6V6 metal tube in the oscillator circuit drives the r.f. amplifier
to its full output. The precise internal shielding of the HK -257B
makes neutralization unnecessary.

Write today for complete data on the 257B Gammatron, a
versatile tube capable of very high frequency operation.

HEINTZ AND KAUFMAN LTD.
SOUTH SAN FRANCISCO , CALIFORNIA

Export Agents: M. Simon and Son Co., Inc.
25 Warren Street New York City

KEEP

-}r"

IT UP...BUY WAR BONDS

6V6

C2

.3RFC

kiI0X
020).

--Nt10X
80

00 0
co -
3

0,

C>

.41* -
C c1

RFC

H K 257 8

TC9
C71

) TC11-i cf,)

lob,

+400 VOLTS -150 VOLTS

Tl

SCREEN VOLTS PLATE VOLTS

MAX. PLATE

DISSIPATION

75 WATTS

ANT. OR
TRANS. LINE
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two -six terminal

TRANSFORMER
CORPORATION

UNITED

5

NEW YORK I3,N.Y.

0 VARICK
STREET

November
5, 1945

Mycalex
Corp.

of .America

30 Rockefeller
Plaza

New York
20, N. Y.

Attention:
Mr. Jerome

Taishoff

We have
conducted the

following
test on the

Gentlemen:

molded marcalex
assemblies

you submitted:

1 - Meg
test - 500 megohme

2 - Place
in oven at

40°C. for
8 hours

3 - Place
in hot sodium chloride

at 6500
for 1 hour

4 _Place
in cold sodiva chloride

at 00C
for 1 hour

5 - Leave'
overnight in

salt water
at room temperature

2000

6 - Meg
test - infinity

test

This test was
repeated three

tmes.
At the

end of the
test the

unit wss
tested for

leakage
and showed

a fossil
amount.

This

amount was
within the limitations

imposed by
the Lrmy Signal

Corps.
.After the

asseMblies
had dried

for about
15 minutes

they

indicated no
leakage.

We consider
these term

inals.to be
extreme-

ly satisfactory
for hermetic

sealing
purpoSes.

We vender
what would

happen
if these

same 6 terminals
were com-

pressed into
a smaller

diameter
assembly?

We would
greatly SP-

preclate
receiving

samples
of your single

terminal
assemblies.

Yours very
truly,

Levi

Chief Production

Engineer

MAKES "EXTREMELY
4ATISFACTORY
nERMETIC SEAL"
REPORTSte"__

Are you seeking a hermetic seal for transformer termi-
nals? Do you want a low loss, high frequency insulating
material that will bond to metal and give positive as-
surance against oil leakage and the damaging effects
of moisture?

Then read the United Transformer Corporation
report made after tests of MOLDED MYCALEX in con-
junction with Monel Metal in this application. The
results speak for themselves.

For 25 years MYCALEX has been known to engi-
neers the world over as the "most nearly perfect
high frequency low loss insulation." Now, in highly
perfected form, MYCALEX offers new opportuni-
ties for product improvement.

Specify MYCALEX where low loss factor and
high dielectric strength are required. Our engineers
are at your service.

NI CE 19/9

THE INSULATOR
CALE)

TRADE MARA REG U S PAT. OTr

MYCALEX CORPORATION OF AMERICA
"Owners of 'MYCALEX' Patents"

Plant and General Offices, CLIFTON, N. J. Executive Offices, 30 ROCKEFELLER PLAZA, NEW YORK 20, N.Y.

Proceedings of the I.R.E. January, 1946 31A



Short Waves Demand Small Dimensions

ACTUAL SIZE RCA Leads the Way In
Metal, Glass and Miniature Electron Tubes

IN TUBES, RCA MINIATURES ARE THE ANSWER

for FM for Television-for HF Communications
Consider these advantages of RCA Miniature
Tubes for high -frequency applications:
HIGH GAIN-Lower inter -electrode capacitances
and reduced lead inductance values improve
circuit performance.
LOW LOSS - The short, low -resistance element
leads serve as the contact pins; these, with the
glass button seal provide a low -loss base.
LESS SPACE-Small dimensions of tubes permit
closer spacing of components on a smaller
chassis.
PREFERRED TYPES-Mass production is concen-

TUBE DIVISION

trated on a few types that meet all normal de-
sign requirements, resulting in higher tube qual-
ity at lower prices.
RCA tube application engineers are ready to
consult with manufacturers on any problems,
concerning the use of electron tubes-metal,
miniature, or glass. For technical information
on RCA tubes, write RCA Commercial Engineer-
ing Department, Section D -18A, Radio Cor-
poration of America, Harrison, N. J.

THE FOUNTAINHEAD OF MODERN TUBE
DEVELOPMENT IS RCA

RADIO CORPORATION of AMERICA
HARRISON- N. J.
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F. B. LLEWELLYN, PRESIDENT -ELECT -1946

NOT surprising is the growth of the Institute of
Radio Engineers during the past few years. The
part played by radio and electronics during the

v1/4, ar is, in itself, sufficient explanation. More important
than the effect of numbers, however, is the increased
attention by the public at large to the accomplishments
and also to the opinions of engineers. This is a situation
that places a very direct and important responsibility
both upon the engineer as an individual and upon the
technical and professional societies through which his
viewpoints are expressed.

Two doors are before us. The one discloses a future
where the engineers are plodding along, solving the
technical problems as they appear, but taking no part
in their broad impact upon the civic and economic fac-
tors of the day. In some ways it is a comfortable setting,
but not an inspiring one, and the part of the engineer
is little more than that of a more or less intelligent
robot.

The other door opens on a much wider horizon, but
in this case the engineers are assuming their whole
responsibilities, as true Sons of Martha, not only in
dealing with the strictly technical aspects of their
problems, but also in guiding the destiny and applica-
tion of their work. It is by no means a cloistered en-
vironment, but one where commercial, industrial, and
economic factors are prominent in the scene. The engi-
neer is required to deal with intangibles and with
human nature, where the problems are much more
difficult to solve than when confined to inanimate
matter.

Yet is there any question which door we should enter?
By training and temperament, engineers are capable of
providing leadership in broad fields and they should
recognize this responsibility. Engineers and scientists

who, together, formulate our technical advances, must
and should participate actively in their subsequent use
and application. It is the duty of every engineering
organization to promote that participation by every
means available.

Among the plans in this direction that have been
formulated during the past few years is a proposed re-
organization of our Board of Directors in a way to ob-
tain a broader representation and to shift its adminis-
trative functions to the Executive Committee and the
Executive Secretary, clearing the way for a more com-
prehensive consideration of issues and general policy.

Another departure in the same direction is the in-
clusion of "WAVES AND ELECTRONS" in our publications.
This is expected to provide an expanded medium for the
expression of engineering opinion on the social and
civic applications of technical progress and on the
function of engineers in carrying out those applications.

Of major importance also, are the plans for promoting
the interchange of ideas among specialists within re-
stricted fields, between specialists in different fields,
and finally between different engineering groups and
Societies. Under these categories come the sponsorship
of specialized conferences by the Technical Commit-
tees, the formation of a Speakers' Bureau at the Head-
quarters office, and the promotion of co-operation with
other engineering Societies, both in the Sections and at
Headquarters.

These and other means are needed to carry the pro-
gram ahead, and the active participation of every engi-
neer is necessary for its accomplishment. With past per-
formance as an incentive, can there be any doubt of the
future? I wish that every engineer who can participate
in Institute activities would write to me or to the Insti-
tute office, with a statement of his special inclinations.
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A New Method of Amplifying with High Efficiency a
Carrier Wave Modulated in Amplitude by a

Voice Wave*
SIDNEY T. FISHERt, SENIOR MEMBER, I.R.E.

Summary-This paper describes a new high -efficiency amplifier
circuit with a quantitative analysis of its operation. This circuit
operates by dividing the wave in several sections, amplifying each
section separately and recombining the sections in the output to
produce a larger wave of the original form. The circuit has special
application to controlled -carrier systems and relatively high efficien-
cies are obtained, the comparison with conventional arrangements
being most favorable at low modulation levels.

INTRODUCTION

THE PROBLEM of a high -efficiency linear ampli-
fier is one with which radio engineers have been
concerned for 25 years. Power amplifiers for either

unmodulated or frequency -modulated carrier waves op-
erate with such high efficiency, of the order of 75 per
cent, that no considerable improvement is necessary. A
power amplifier for a carrier wave modulated in ampli-
tude by a speech wave still presents an outstanding
problem, and it is the purpose of this paper to develop a
general line of attack on the problem.

Several solutions have previously been offered. The
most wide -spread arrangement in use today is the class
C radio amplifier modulated at high level by a class B
audio amplifier. Other more complex arrangements in
less common use are the Chireix "out -phasing modula-
tion" method, and the Doherty high -efficiency circuit.

THE LINEAR -AMPLIFIER PROBLEM

When a wave containing amplitude modulation is to
be amplified, the amplification must be closely linear.
A conventional class B amplifier is linear, and when
operated continuously at its maximum capacity, such
an amplifier will have an efficiency of the order of 66 per
cent. An amplitude -modulated wave has a value on
peaks of modulation of twice the carrier value, so that
a class B linear amplifier transmitting such a wave must
have a maximum capacity twice that of the carrier wave
unmodulated. Since, over any considerable period of
time a voice modulating wave has a very low average
value, we are not far wrong in considering the efficiency
of the circuit for the carrier wave alone as its actual
performance. The efficiency of the class B amplifier is
about proportional to the root -mean -square value of the
wave being transmitted by it, so that we have in conven-
tional linear amplifiers intended for transmitting a car-
rier wave amplitude -modulated by a speech wave, and

* Decimal classification: R 355.7. Original manuscript received
by the Institute, January 11, 1945; revised manuscript received, July
17, 1945.

F. T. Fisher's Sons, Ltd., Consulting Engineers, Montreal,
Canada.

where the modulation may reach 100 per cent, an aver-
age efficiency of only about 33 per cent. This means that,
Tor every watt delivered to the antenna, about two
watts of power is dissipated as heat at the anodes of the
output tubes.

Two disadvantages are immediately apparent : first,
the cost and difficulty of providing this relatively large
amount of direct -current power at high voltage are con-
siderable; and second, unduly large power -amplifier
tubes must be employed in order safely to dispose of
this amount of heat.

Aside from the question of efficiency of the power
amplifier for the conventional transmission method, an-
other factor should be considered. In an amplitude -
modulated system, three major components are con-
tained in the output wave; the carrier wave and two
sideband waves. The two sidebands are equal in power,
and together contain one half of the power contained in
the carrier wave, for continuous maximum modulation.
In other words, a radio transmitter with an unmodu-
lated carrier of 100 watts, at maximum modulation
transmits 150 watts, of which 25 watts is contained in
the lower sideband, and 25 watts in the upper sideband.
Telephonic speech may be assumed to have an average
value of about 20 per cent of the maximum value over
any considerable period of time. The total power in the
two sidebands is, therefore, for average telephonic
speech, not one half the power in the unmodulated car-
rier, but is given by the following expression :

Sideband power for telephonic speech 1 1 1

= -X -= - 
Unmodulated carrier power 2 52 50

This means then that, for the 100 -watt unmodulated
carrier, the average sideband power over some period
would be about 2 watts.

Since the intelligence is wholly contained in the side -
bands and not in the carrier, the real efficiency of such
.a system is seen to be surprisingly low. Suppressed -
carrier and controlled -carrier systems have been sug-
gested and put to use in a wide variety of applications
but have heretofore suffered from a rather fundamental
disadvantage. If, for example, the amplitude of the
carrier wave in a radio transmitter is adjusted by a
circuit operating from the envelope of the audio modu-
lating wave, so that for all values of the modulating
wave the percentage modulation is kept close to 100 per
cent, then in the conventional class B linear amplifier,
which is required to raise this wave to a high power level,
the efficiency will not be 33 per cent. Actually, it will be
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very much less, because the average value of such a
wave will be much less over a period of time than the
average value of the wave in a conventional system,
which is very close to the unmodulated carrier wave.
If we again assume the average value of the telephonic
speech wave is about 20 per cent of the peak value, then
in such a system we will have a carrier wave which has
an average value of 20 per cent of the maximum carrier
which the system will transmit, and this wave will there-
fore have 1/25 of the power of the maximum carrier
rating.

Taking the case of the transmitter with 100-watt un-
modulated carrier, the control of the carrier wave to
maintain substantially complete modulation for all
values of the audio modulating wave will not affect the
peak rating which the power -amplifier stage must have,
and we incur the serious disadvantage that this output
stage will operate at an average power level of about
1/25 of its peak power rating. The over-all efficiency will
therefore be very low (of the order of a few per cent)
and the apparent advantage obtained by a controlled -
carrier system has largely been offset by the low effi-
ciency of the linear power amplifier which must be em-
ployed.

In the high -efficiency circuit of Doherty, linear ampli-
fication is obtained at an efficiency of around 60 per
cent, which is very nearly twice the efficiency of the
conventional class B modulated-wave amplifier. This
efficiency of 60 per cent is the same order of efficiency
as is achieved by a class C carrier amplifier modulated
at high level by a class B audio amplifier, and the choice
between the two systems lies in the practical details of
components, ease of adjustment, and first cost, which
for any individual application may be quite different for
the two approaches to the problem. We have previously
noted that, based on average speech, the sideband power
is only about 2 per cent of the unmodulated carrier
power, so that if we take the ratio of sideband power to
direct -current input to the power -amplifier stage (which
is actually a true statement of the utility of the conver-
sion which we obtain in the power -amplifier stage of a
radio transmitter) then it is seen that the true efficiency
lies between 1 and 2 per cent, and we are back to the
same order of efficiency as is obtained in a controlled -

carrier system using a conventional class B linear ampli-
fier. A controlled -carrier system using a Doherty or
Chireix amplifier will have better efficiency than this,
although the efficiency will still be in the region below
10 per cent, and for many applications where tuning
over a frequency band is required, the complexity of
these circuits is prohibitive.

k PROPOSED CIRCUIT

On consideration of these facts, it is realized that this
problem, one of the most important in all radio engineer-
ing because of the large use of radio transmitters for
aircraft and other mobile uses where weight, size, tube

cost, and power requirements are serious considerations,
requires a completely new attack. It is believed that the
proposal which follows is a basically correct approach
to the problem.

The anode dissipation in a vacuum tube goes to a low
value when either the anode current is reduced to a low
value without exceeding the allowable anode voltage,
or the anode voltage is reduced to a low value without
exceeding the maximum anode current. It will be obvi-
ous that the wave form which fulfills both these condi-
tions will be transmitted with maximum e-fficiency, and
that this wave form is a square -topped wave. In such a
wave, the energy is completely contained in rectangular
pulses which rise instantaneously from zero to the maxi-
mum value, and drop to zero from this maximum value
instantaneously. The energy is therefore transmitted
wholly during the time at which the maximum allowable
anode current is being transmitted, and under this con-
dition the ratio of voltage drop across the load to voltage
drop across the tube is a maximum. If signaling systems
were called upon to transmit only such wave forms, of
constant amplitude, we would then have linear power
amplifiers which would operate with an efficiency of the
order of 90 per cent, using conventional tubes. It ap-
pears that a successful approach to the actual problem
can be developed from this simple statement.
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Fig. 1-Division of sinusoidal wave into sections, each of which can
be amplified with higher efficiency than the original wave.

The solution to the problem resolves itself into chang-
ing the actual signal wave to the form in which it can be
transmitted with the highest efficiency; that is, having
it approach a square -topped wave as nearly as possible.
Fig. 1 shows two ways in which this can be done. The
wave can be divided into a number of sections, horizon-
tally (Fig. 1(a)) or vertically (Fig. 1(b)), that is, on
either an amplitude basis or a time basis. The method
to be proposed therefore consists of the following steps :
(1) Subdivision of the wave into components that ap-
proximate the optimum, rectangular wave form ; (2) Am-
plification of these components separately in vacuum-
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tube amplifiers; (3) Recombination of the separate
components in the output circuit of the amplifiers so
as to reproduce the original wave at a higher power.
That is to say, high -efficiency amplification is achieved
by dividing the wave on an amplitude basis into several
sections, in practical cases, about three; transmitting
each of the sections through a power amplifier whose
peak allowable current is that of the section being trans-
mitted, and then combining the three sections at the
output by connecting the three amplifier branches to a
common load circuit so that the original wave form is
again obtained. This arrangement results in some circuit
complexity, but increases by a large factor the plate -
circuit efficiency of the amplifier. It also reduces the re-
quired tube complement, with a corresponding reduc-
tion in weight and size of the associated apparatus, since
the increase in efficiency chiefly manifests itself in a re-
duction of the amount of power dissipated at the anodes
of the power amplifiers.
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Fig. 2-Plate-current-plate-voltage characteristic of typical small
beam tetrode, showing low voltage drop across tube at high
values of plate current.

CIRCUIT OPERATION

An approximate way of regarding the system pro-
posed is to think of it as a series of class C amplifiers,
whose inputs are driven by different sections of the
wave, the sections being selected by a combination of
grid bias and grid drive in an arrangement which can
be termed an "amplitude filter." Each branch then am-
plifies the section of the wave which it receives with
higher efficiency and higher output than that with which
it could handle the whole wave, and the sections of the
group are combined in the output circuit so that a linear
relation is obtained between input and output.

A reference to Fig. 2 demonstrates in a qualitative
way the major point involved. This illustration shows
the plate characteristic, and Fig. 3 shows the grid-volt-
age-plate-current characteristic of a typical small
transmitting tube. When the tube is operated as a

class B amplifier into the rated load impedance, the
plate current rises along the load line to a maximum
value which is determined by the allowable anode heat-
ing and the allowable cathode current. It will be noted
for the tube whose characteristics are given, that when
the grid is driven to zero voltage, the maximum operat-
ing point for this tube, 10 per cent of the plate voltage
appears across the tube, and 90 per cent across the load.
That is to say, at this point the tube is transmitting
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Fig. 3-Grid-voltage-plate-current characteristic
of the tube of Fig. 2.

power at an instantaneous efficiency of 90 per cent.
However, when the tube transmits a sine wave or a
signal -modulated wave, only a small part of the energy
is transmitted at, or near, this high -efficiency point, and
most of the energy content of the wave is transmitted
at much lower efficiencies; a sine wave being transmitted
with about 60 per cent, and a modulated wave with
about 35 per cent over-all efficiency. It will be apparent
that this tube would transmit a square -topped wave
with an efficiency of 90 per cent, so that for a given plate
dissipation the tube would have a power output for the
square -topped wave about four times greater than for
the sine wave, and about six and one-half times greater
than for the carrier wave 100 per cent modulated by a
signal.

This leads to the present proposal of dividing the sine
wave or modulated wave into a series of pulses, each of
which has a form more nearly approaching the required

MODULATED
WAVE
KWERATOW

Fig. 4-Schematic circuit of a three -branch linear amplifier, with the
grid drive and grid bias individually adjusted for each branch.

rectangular form, amplifying these pulses through sepa-
rate power amplifiers whose peak allowable currents are
the same as the maximum value of the pulses, and then
recombining the pulses in a common load circuit to form
the original wave form.

In practice this rather roundabout method has been
found to work out with surprising ease. Fig. 4 shows an
outline circuit of a three -branch modulated -wave linear
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amplifier. Each of the three branches has its grid drive
and grid bias individually adjusted so that the branches
transmit current in sequence and not simultaneously.
Branch 1 is biased at cutoff, so that it operates as a
conventional class B amplifier. It receives the lowest
grid drive. Branch 2 is biased beyond cutoff, and it has
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Fig. 5-Division of input wave through a
three -branch amplifier.

a greater grid drive. Branch 3 is biased to about twice
cutoff, and it has the highest grid drive. These three
branches are connected to the load through a common
plate coil, and their load impedances are adjusted about
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Fig. 6-Recombination of the wave sections of Fig. 5 in the
output circuit of a three -branch amplifier.

in inverse proportion to the grid drive. Branch 1 has the
highest load impedance, branch 2 an intermediate load
impedance, and branch 3 a load impedance about one
half that of branch 1.

The operation of this circuit can now be described
with reference to Figs. 5 and 6. As the wave commences,

branch 1 immediately starts to draw plate current, since
it is biased to class B operation. As the wave advances
it reaches a point, shown as a relative grid voltage of
1.0 and a relative load current of 0.5, where the peak
allowable current of branch 1 tube is reached. At this
point, the grid commences to draw current and biases
itself back due to the direct voltage set up across the
grid leak. At the same time the plate current of branch 1
decreases abruptly because at this point in the wave
branch 2 has started to draw plate current and is de-
livering power to the load from a higher voltage source
than does branch 1. Similarly, as the wave advances,
branch 3 draws plate current and branch 2 at this
point has its plate current abruptly reduced. The
same process takes place in a reverse order when the
wave has passed its maximum value and decreases again
to zero. It will be seen that each tube operates linearly
over a range of amplitude for which it delivers power,
and nonlinearly outside this range. The three groups of
pulses are delivered in sequence to the load resistance,
and the way in which they combine is shown in Fig. 6.
It might be mentioned that the illustrations shown are
copies of oscilloscope patterns in an experimental am-
plifier.
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Fig. 7-Per cent instantaneous efficiency plotted against per cent
peak load current, for the transmission of a sine wave through
amplifiers of different numbers of branches.

It will be noticed that the recombined wave has, for
a three -branch arrangement, an appreciable content of
the ninth harmonic. Other distortion products are al-
most entirely lacking. In any radio -frequency applica-
tion it is, of course, rather easy to reduce the ninth
harmonic by any factor desired; and where this circuit
is used for audio frequencies, the harmonic content can
be reduced about as desired by the application of nega-
tive feedback.

EFFICIENCIES OBTAINED IN NEW CIRCUIT

It will be apparent that the efficiency of this circuit
is high, even for low values of the wave being trans-
mitted, since the instantaneous efficiency rises to about
90 per cent as the maximum current in each branch is
reached. This is shown in Fig. 7, which is a plot of per
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cent instantaneous efficiency against per cent peak load
current for the transmission of a sine wave. For the con-
ventional class B amplifier the efficiency is assumed to
be proportional to the peak load current, rising to a
value of about 90 per cent at 100 per cent of the allow-
able current. The plot shows how this efficiency curve
varies as circuits of varying numbers of branches are
used. In each case for which the data is given on this
figure, the power .ratio in successive branches is 2

to 1; that is, a 3 -decibel separation. For a three -
branch circuit, for example, the case illustrated by
the previous wave -form curves, the instantaneous effi-
ciency rises to 90 per cent at 50 per cent of the maxi-
mum load current, and the efficiency does not depart
far from this value right up to the maximum power
from the over-all circuit. For waves of low ampli-
tude, the efficiency of this circuit is therefore quite
good, and in fact is the same for waves of half the maxi-
mum amplitude as the efficiency of a conventional class
B amplifier for waves of maximum amplitude. If as
many as ten branches are used, then the efficiency of the
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Fig. 8-Per cent efficiency of transmission of a sine wave and of a
carrier wave 100 per cent modulated by a sine wave, through
amplifiers of different numbers of branches. In each case, succeed-
ing branches have a 3 -decibel difference in output power.

circuit for waves of 4.4 per cent of the maximum ampli-
tude is the same as the efficiency of the conventional
circuit for waves of the maximum amplitude, and for
waves of amplitude higher than 4.4 per cent, the effi-
ciency steadily improves to a value in excess of 80 per
cent for waves of the maximum amplitude.

Fig. 7, which was obtained experimentally, is further
explained by Fig. 8, which shows the efficiency obtained
in amplifiers of different numbers of branches in which
3 -decibel separation exists between the branches. The
efficiencies are shown both for a sine wave of constant
amplitude, and for a signal -modulated carrier wave with
100 per cent modulation, and were derived experimen-
tally using the tube whose characteristics are shown in
Figs. 2 and 3. Based on this data, it appears that, for
normal applications involving speech modulation, an
arrangement of about three or four branches gives the
practical compromise between efficiency and circuit
complexity in the case of either type of wave. It is
likely that for amplification of audio frequencies the
greater complexity of the circuit, because of the impos-

sibility of tuning the load, would dictate a smaller
number of branches, either two or three. In the audio -
frequency case, the "amplitude -filter" arrangement is
not so readily obtained by the adjustment of grid drive
and grid bias of the power amplifiers, and for such ap-
plications it will occasionally be necessary to have
separate signal -shaping driver stages, each power-ampli-
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Fig. 9-Schematic circuit of a three -branch audio -frequency
amplifier, with separate "signal -shaping" stages.

fier stage operating as a conventional class B amplifier.
Such a circuit for a push-pull three -branch audio -
frequency amplifier is shown in Fig. 9. In this case the
division of the signal into sections is accomplished by
small driver tubes which accomplish their function by
individual adjustments of the grid drive, grid bias, and
plate load.

APPLICATION TO CONTROLLED -CARRIER SYSTEMS

It is apparent that the linear -amplifier system de-
scribed, whose efficiency remains relatively high for low
amplitudes of the transmitted wave, has special ad-
vantages to offer as a power amplifier for a signal -
modulated wave in which the carrier is either controlled
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Fig. 10-Wave forms obtained in the operation of a
controlled -carrier modulator.

so as to keep the per cent modulation substantially con-
stant and high, or in which the carrier is suppressed.
Since suppressed -carrier systems are of rather a special
nature and require special receivers, consideration of a
controlled -carrier system is of more interest in the pres-
ent application. In a controlled -carrier system, in general
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it is not necessary to use special receivers, and the trans-
mission is essentially no different from constant -carrier
systems.

The usual way in which a controlled -carrier system
operates is to derive from the audio -frequency modulat-
ing wave a unidirectional pulse which has the form of
the envelope of the audio -frequency wave. Thus in Fig.
10, the input wave A is rectified and filtered to provide
the unidirectional pulse B. This pulse is then added to
the original wave to form the unidirectional wave C.
It is this wave which is introduced into the system ahead
of the modulated -wave amplifier. This wave is applied
to the modulated amplifier in such a way that, when no
speech current exists, carrier is transmitted at only a
very low level, say 5 per cent of the maximum capacity
of the system. When speech current is applied, the car-
rier is increased proportionately to this current so that
the output wave consists of a voice -modulated carrier
wave whose modulation is substantially complete for all
amplitudes of the voice wave. Such a wave is shown as D
in Fig. 10. Since average voice modulation is only about
20 per cent, it is seen that the range of amplitudes of the
output wave will vary, not in a ratio of 2 to 1 as in the
conventional transmitter, but in a ratio of, say, 30 to 1,
with the average amplitude about one fifth of the peak
amplitude instead of about one half the peak amplitude
as is the case in a conventional system. It will be recog-
nized that these factors are responsible for the low effi-
ciency of conventional linear amplifiers in controlled -

carrier systems, and that the ability of the circuit
outlined in the previous paragraphs to sustain its effi-
ciency at low amplitude will be of great value for this
type of transmission. For example, to consider again a
transmitter with an unmodulated output of 100 watts,
if this carrier is so controlled that it drops to, say, 5
watts in the absence of modulation, it will rise to a total
value of 150 watts, averaged over an audio -frequency
cycle, for 100 per cent modulation. Considering average
modulation as 20 per cent, the average power content
of the carrier plus the sidebands will be somewhat more
than 6 watts. This value would be 6 watts if the carrier
were completely suppressed during silent periods, but
the constant carrier output of 5 watts combined with
the modulation gives an average carrier plus sideband
output of about 10 watts. This output power will be
generated in a three -branch amplifier with an efficiency
of around 30 per cent. This can be determined by apply-
ing the data of Fig. 7 to the wave form D of Fig. 10.
That is to say, the direct -current input to this output
stage will be about 33 watts for telephonic speech. This
compares with the case of the conventional class B am-
plifier operating on a controlled -carrier system where,
under similar conditions, the direct -current input is of
the order of 200 watts, or of the class C carrier -amplifier
modulated by the class B audio amplifier using a con-
stant carrier where the direct -current input is about 300
watts.

CONCLUSIONS

On a basis of direct -current power input, this arrange-
ment therefore appears to have an advantage of at least
5 to 1 over circuits now in use, and in some cases this
improvement might be 10 to 1. It is possible that these
advantages will not in all cases be obtained in practical
apparatus due to the greater circuit complexity, but
substantially the improvement to be expected should be
obtained. A further point is that with this circuit the
total power dissipation of the output stage is now con-
siderably reduced. For instance, in the example cited
above, the power to be dissipated by the anodes of the
power -amplifier tubes for, average telephonic speech is
about 23 watts. The power to be dissipated by the
anodes of the power amplifier in a controlled -carrier
system, using a conventional class B power stage is
about 190 watts, and in an output stage in which a class
C amplifier is plate modulated by a class B audio ampli-
fier, it is about the same. The anode dissipation in the
system described is therefore only about 15 per cent of
that obtained in conventional systems, and the tube
complement employed is of correspondingly smaller ca-
pacity.

PRACTICAL VARIATIONS OF BASIC CIRCUIT

A large number of variations of this basic idea is ob-
viously possible. Only the "vertical" division of the wave
has been considered. "Horizontal" division is also pos-
sible, in which all branches may transmit current
simultaneously; this would involve a bridge or hybrid -

coil arrangement in the output, so that the branches
could supply current simultaneously to the load, with-
out mutual coupling. Both series and shunt plate -supply
arrangements should be considered. In place of the
"signal -shaping" arrangemept employing adjustments of
grid drive and grid bias to set up the sections of the
wave, the plate current of one branch can be utilized
to "trigger" the grid bias of the succeeding branch. By
using a divided direct -current power supply, the branches
can be arranged in parallel or in series to deliver power
to a single load impedance, instead of the divided load
described. The adaptations of this circuit to a modulated
amplifier and to an oscillator are straightforward.

Special tubes, having a higher ratio of plate current
to plate dissipation than those currently used, will have
particular value in this circuit. New forms of tubes,
employing multiple grids or multiple anodes, with heat
interchange between the anodes, appear to have useful
possibilities.

The foregoing material gives a qualitative description
of the operation of the new circuit as a linear amplifier.
A thoroughgoing theoretical analysis is hardly justified
at this stage in the development of the art, since the
textbooks provide an adequate background for this and
most other configurations of the familiar circuit ele-
ments. Following the text is a series of appendixes,
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written by E. S. Kelsey, which presents an analytical
treatment of this circuit, together with comparisons of
it with conventional and other high -efficiency circuits.
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APPENDIX I

EFFICIENCY OF AN AMPLIFIER FOR SIGNALS OF
ARBITRARY WAVE FORM

In this appendix, formulas will be derived for the
theoretical efficiency of an amplifier when the signal is
of arbitrary wave form. Two conditions of plate supply
require consideration ; namely, constant -voltage series
feed, and constant -current parallel feed. By applying
the principle of duality, it will not be necessary to carry
the analysis through for both cases, as the two circuits
are duals and the equations for the two cases are similar,
with currents and voltages interchanged.

Instantaneous Efficiency

With series feed, let EB be the direct -current power -
supply voltage, ep the plate voltage, and er the voltage
at the load terminals. Then

EB = eP eT.

Let the plate current be ip; if the load is connected di-
rectly in the plate circuit, this will equal the load current
and the instantaneous power input and ouput will be

p, = EBiP
P2 = eTip

giving for the instantaneous efficiency

p2 eT

pi EB

If a transformer is used between the plate circuit
the load with a transformation ratio

n = er/eL

the efficiency, neglecting transformer loss, will be

P2 neL

pl EB

(1)

and

(2)

Efficiency for Complete Signal Wave

If a signal pulse of one polarity extends from time
t= 0 to time t= T the total energy input is

WI = f Pldt = EB f ipdt.

Assuming for generality that a transformer is used hav-
ing a transformation ratio n

EB T
W1 = f iLdt.n0 (3)

Let the load resistance be RL and the maximum values
of load voltage and load current be EM and IM, respec-
tively. The total energy output is

EM

W2 = f tiL2dt
IM 0

and the efficiency is

P2 W2 nEM for iL2dt

Pi Wi EBIM foTiLdt

Let I AV and /Rms be the average and root -mean -square
values of the load current over the time interval 0 to
T. Then

(4)

P2

-P1 EB

The first term nEM/EB depends upon how nearly the
plate -voltage drop at maximum load voltage (the differ-
ence between EB and nEM) can be brought to zero. It
will be convenient to have a name and symbol for this
factor and it will therefore be called the voltage -utiliza-
tion factor A. That is,

nEMA=

(5)

EB

In terms of this factor, (3) becomes

EM T

WI = iLdt.
A 0

(6)

(7)

(8)

The second term depends only on the wave form. An
alternative form for this function can be derived in
terms of the ratio idim. Writing u for this ratio, (8)
and (4) become

giving

EMIM fr
W1= udt

A J 0

rT
W2 = EMIM J u2dt

P2 W2 f:u2dt
= = A

Pi Wi forudt

(9)

(10)
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Since u is less than or equal to unity, u2 is less than or
equal to u. Therefore the function

(IBms2) 0 u2dt
1. (12)

/m /A v fTudt

It can equal unity only for a rectangular wave pulse in
which i =Im and u =1 for the entire pulse.

Constant -Current Parallel Feed

The formula corresponding to (6) for efficiency in the
case of constant -current parallel feed is

P2
=

(n'Im)(ERms2
EmEA,

(13)

The transformation ratio n' is the ratio of input cur-
rent to load current, and the factor n'IM/IB is the ratio
of load current to supply current. If we call this factor
the current -utilization factor A', it will be maximized
by having the anode current (the difference between IB
and n'IM) as small as possible at maximum load current.

For a purely resistive load the wave -form functions
for the series and parallel` feed cases are equal ; that is,

(ERM S2 RM 32)

EmEnv ImlAv
(14)

APPENDIX II

AMPLIFIER EFFICIENCY WITH TIME SUBDIVISION
OF WAVE

General Formulas
Assume that at times Ti, T2  TK, etc., the ampli-

fier load is switched from. branch 1 to 2, 2 to 3,  K
to K+1, etc. Two cases will be considered; namely,
load -impedance switching as illustrated in Figs. 4 and 9,
and supply -voltage switching as illustrated in Fig. 11.
It will be noted that the circuit using supply -voltage
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Fig. 11-Schematic circuit for switching supply voltage.

switching is not so convenient, as it requires the use of
a power supply in which both terminals are above
ground potential.

Let EMK be the maximum load voltage during the

time interval t=Tx_i to t = TK that branch K is operat-
ing, and let

EMK/EM = VK

in which EM is the maximum load voltage for the entire
wave. It should be noted that VK is less than unity for
all branches except the one operating on the peak volt-
age EM.

By (7) of Appendix I, if neither load -impedance nor
supply -voltage switching were used, the voltage -utiliza-
tion factor AK for the Kth branch would be

nEMK
AK = = VBA.

EB

If it is assumed that the maximum voltage -utilization
factor can be the same for all branches, then either the
supply voltage can be decreased by the factor VK, or the
voltage -transformation factor increased by the recipro-
cal of this factor. That is, either

EBK
= VK (15)

or
EB

ttfc 1

n VK
(16)

In either case, this will make the voltage -utilization fac-
tor for the Kth branch equal to A. That is

VK EB EB

1

By (8) the energy input to the Kth branch during the
time interval t= TB --.1 to t = TK will be

EMK
W 1K =

f TK
AR TK -1

(18)

=A.

If AK is made equal to A either by reducing EB to EBK
or by increasing n to nB, the energy input becomes

VKEM irK

A TR_I

Thus the energy input required during the time interval
TK-1 to TK has been reduced compared with that re-
quired with a conventional amplifier by the factor VK.

W1K = iLdt. (19)

Application to a Triangular Wave

Consider a triangular -shaped wave, that is, one in
which the voltage and current increase linearly with
time from zero to a maximum and then decrease linearly
to zero again. During the phase of increasing current let

iL =

and let iL reach its maximum value at t = TM so that
IM = mTAI.

Using (8) of Appendix I, the energy input without
branch subdivision would be
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Wi =

=

EM TM- midi
A 0

Em/m TM

2A
(20)

and the energy output either with or without branch
subdivision will be, by (4)

EM TM

W2 = m2t2dt
IM 0

Em mTM
W2 =

3
(21)

Therefore, without subdivision, the efficiency is

II72 2
-= -A = 67 A per cent.
W1 3

Assume now that the load is switched from branch 1 to
branch 2 when i = Vi/m. The time at which i reaches
this value is T1= V1TM. Using (19), the input to branch 1
will be

W11

=
V lEm Ti

iLdt
A 0

= WYO.

Similarly, the energy input to branch 2 will be

iEm TM

W12 = - hell
A T1

IV 12 = W1(1 -V 12) 

variable, the value of VK which will result in minimum
energy input into the two branches is found by differ-
entiating with respect to Vx and equating to zero. This
gives

3V K2 - VK-12 + 2V KV K-1-1 = 0. (27)

If VK is assigned the value required to satisfy this equa-
tion, it can then be considered as a difference equation
expressing the condition to be satisfied for minimum
power input and maximum efficiency.

Transposing, we have

3 1 VK-12
Vx+i = -V K -

2 2 VK

A more convenient form for this difference equation can
be obtained as follows : Let

VK-F1

Vx
Then

= QK 

3 1

2 2QK 2

With two branches Q1=1/ VI. Since V1 has already been
determined, Qi is known and values of successive Q's

(22) are readily calculated. The first five are

Q1 = 1.500

Q2 = 1.278

G = 1.194
Q4 = 1.15

Q5 = 1.12.
(23)

This gives for the total energy input

W11 W12 = - V12 + V13). (24)

By differentiating with respect to Vi it will be found
that for a minimum V1=2/3. Using this value for V1
gives for the energy input 0.85 W1 and for the efficiency
78.3 A per cent.

Difference Equation for Determining Optimum
Subdivision of Triangular Wave

The energy input for the Kth branch will be

Wu; = -Er; Tic
idt

A TK -1

MTM
(V K3 -V K -12V K) (25)

2A

and for the (K +1)th branch
ENINTN

W 1,K+1 = (V K+13 -V KW K -F1) 
2A

W1K

(26)

The combined energy input to the Kth and (K+1)th
branches is

Wix+ W 1 ,K +1= W 1(17 K3 V K -13V K V KA-13 -V KW K -I-1) 

If Vic+1 and VK-1 are considered as fixed and VK as

QK +1 = (28)

Power -Input and Output Formulas

A formula for the total energy input to N branches
subdivided for optimum efficiency can be obtained as
follows :

Let the energy input be

N ENINTN
E W1K = CN

2A
(29)

where the coefficient CN is to be determined. For N-1
branches we have

N-1
W1K = C N -1V N -13

2A

NT N

QN3 2A

and for the Nth branch

ENINTNW =
2A (1 QN1_12).

Equating (29) to the sum of (30) and (31) gives

CN =
(CN-1 1

QN3 QN-131

(30)

(31)
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Differentiating gives, for a minimum value of CN,

so that

3
QN-1 =

2
CN-1

2 1CN = - 
3 QN

Substituting in (29) gives

N 2 WI
EWuc = -

1 3 QN

(32)

Application to a Sinusoidal Wave

Let the load current during the time interval t =0
to t = Tm be

7
iL = IM sin - - = /3/ sin O. (37)

2 TM

The input energy will be

2
= - EM/M

(33) and the output energy

From (21) and (29) the efficiency with optimum sub-
division is

W2 2 A A

W1 3 CN QN

The power input to the Kth branch, from (31), is

W1K = W1l7K3 {1
1

42K-12

and the power output, by integration of (4), is

W2K = W2V K3 {1
1

Q.K-13)

(34)

(35)

(36)

Theoretical Results for 1000 -Watt Amplifier -Triangular
Wave

Table I gives theoretical efficiencies, branch -voltage
factors, and power distribution between branches, cal-
culated from the foregoing formulas with from one to
five branches. The voltage -utilization factor A was
taken as 0.9, and the output power as 1000 watts in
all cases.

TABLE I

One Branch -Efficiency 60 per cent
Power Input -watts
Power Output -watts
Plate Dissipation -watts

Two Branches -Efficiency 70.5 per cent
Branch 1

Voltage Factors (Vk) 0.67
Power Input -watts 490
Power Output -watts 300
Plate Dissipation -watts 190

Three Branches -Efficiency 75.4 per cent
Branch 1

Voltage Factors (Vk) 0.47
Power Input -watts 240
Power Output -watts 140
Plate Dissipation -watts 100

Branch 2
1.00

930
700
230

Branch 2
0.78

440
340
100

Branch 3
1.00

650
520
130

Four Branches -Efficiency 78.5 per cent
Branch 1 Branch 2 Branch 3 Branch 4

Voltage Factors (Vk) 0.44 0.66
Power Input -watts 140 265
Power Output -watts 85 200
Plate Dissipation -watts 55 65

Five Branches -Efficiency 80.4 per cent
Branch Branch

1 2
Voltage Factors (17k) 0.38 0.57
Power Input -watts 90 170
Power Output -watts 60 130
Plate Dissipation -watts 30 40

0.84
375
300

75

1.00
500
415

85

Total
1670
1000
670

Total

1420
1000
420

Branch Branch Branch
3 4 5

0.73 0.87 1.00
260 320 410
205 265 340
55 55 70

(38)

W2 = iEMImTM (39)

giving for the efficiency without subdivision

W 1 71-A=
W2 4

(40)

Next assume subdivision between two branches with
change -over occurring at i =sin(r/2a) =sin Oa so that
T1= arm. The input energy for branch 1 will be

Wii = W1(1 - cos Oa) sin Oa

and for branch 2

W12 = W1 cos Oa

giving for the total input

W11 + W12 = Wi(sin Oa - sin Oa cos Oa + cos Oa).

By differentiation it will be found that for maximum
efficiency Oa = 45 degrees so that the voltage factor V1 is
0.707.

Table II gives efficiencies and voltage factors for vari-
ous values of Oa. In each case the factor A was taken
as 0.9.

TABLE II

EFFICIENCY OF TWO -BRANCH CIRCUIT WITH SINUSOIDAL WAVE

Ba Voltage Factor Efficiency

Degrees
0

15
30
45
60
75
90

0
0.26
0.50
0.71
0.87
0.97
1.00

Per Cent
70.7
72.5
75.8
77.5
75.8
72.5
70.7

Difference Equation for Determining Optimum
Total Subdivision of Sinusoidal Wave
1330
1000
330

Total

1280
1000
280

Proceeding as in the case of the triangular wave, the
energy input to the Kth branch is found to be

2
W1K = -TA EMIMTM [sin On(cos O_, - cos On)1

Total The energy input to the Kth and (K+1)th branches is

2
W 1K ± WI,K+1 =

7rA
Em/mTm [Sin en(COS en_i - cos On)1250

1000
250

sin On÷i(cos On - cos 0.-1-01
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Differentiating with respect to On and equating to zero
gives, for minimum energy input,

cos 0 cos On_i - cos 20 - sin On sin 0.+1 =

from which

0 (41)

1 - cos 0 cos 0._i
sin 6.+1 = 2 sin 0 (42)

sin 0

Power Output per Branch

The power output of the Kth branch will be

Em TK t 7rf 312 sin2 (- dt
IM TK_t TM 2

W2K =

W2K =
EMIMTM sin 26K - sin

(OK - OK -4)
2

(43)

Theoretical Results for 1000 -Watt Amplifier-Sinusoidal
Wave

Table II: gives theoretical efficiencies, branch -voltage
factors and power distribution between branches, cal-
culated from the foregoing formulas with from one to
five branches. The factor A was taken as 0.9 and the
output power as 1000 watts throughout.

Effect on Power Input of Finite Time Interval for Branch
Switching

The change -over from branch to branch will not in
practice be instantaneous. In order to examine the effect
that may be expected from a finite time interval for the
transfer, let us assume that the power input into branch

TABLE III

One Branch-Efficiency 70.6 Per cent
Power Input-watts
Power Output-watts
Plate Dissipation-watts
Two Branches-Efficiency 77.4 per cent

Branch 1 Branch 2

Voltage Factor (1,k) 0.71 1.00
Power Input-watts 293 1000
Power Output-watts 182 818
Plate Dissipation-watts 111 182

Three Branches-Efficiency 80.3 Per cent
Branch 1 Branch 2 Branch 3

Voltage Factor (VO
Power Input-watts
Power Output-watts
Plate Dissipaticn-watts

0.57
138
90
48

0.83
319
240

79

1.00
790
670
120

Four Branches-Efficiency 82.4 per cent
Branch 1 Branch 2 Branch 3 Branch 4

Voltage Factor (Vk) 0.485 0.71
Power Input-watts 81 174
Power Output-watts 52 134
Plate Dissipation-watts 29 40

Five Branches-Efficiency 83.8 per cent
Branch Branch

1 2

Voltage Factor (Vk) 0.43 0.63
Power Input-watts 57 114
Power Output-watts 34 85
Plate Dissipation-watts 23 29

0.88
289
237
52

1.00
666
577

89

Branch Branch
3 4

0.785
174
144

30

Total
1412
1000

412

Total

1293
1000

293

Total

1247
1000
247

Total

1210
1000

210

Branch Total
5

0.91 1.00
263 586
223 514
40 72

1194
1000

194

K falls at a uniform rate from W=EK/A at t= TK -AT
to 0 at t= TK -FAT, and that the power in branch K +1
increases uniformly from 0 at t = TK -,AT to EK+11B at
t = TK +AT.

It follows that the power input to branch K during
the transition interval is

(IA +1 IA)PK = EK
2 AT 2/

The energy input during the interval will be

TK-FAT

picdt = EKIAAT.
TK-AT

Similarly, the energy input to branch K +1 during the
same interval will be

frK-aT

The total energy input will be

AW1 = (EKIA EK±i/K)A T.

With instantaneous change -over, the energy input dur-
ing the same time interval, assuming that I changes lin-
early during the short time interval, would be

AWZ = [EK (IA IK) 4- E
2

+ _K+1(1. K I
2

AT.

Let /K - /A = /13 -/K =A/. Then the difference in energy
input due to the finite time interval of change -over will
be

TK+AT

Px+idt EK+3.IBAT.

ATV' -A WI' -
(EK+1

A/  DT.
2

Thus a small increase in energy input or a drop in effi-
ciency may be expected during the transition interval.
Since the filter in the power -supply circuit tends to pre-
vent fluctuations in power input, the drop in efficiency
can be expected to be reflected mainly in a momentary
drop in output during the switching interval. This is in-
dicated in Fig. 6.

It will be noted that, although the actual efficiencies
achieved in practice, as shown in Fig. 8, are less than the
theoretical values derived in this Appendix, the rapid
increase in efficiency obtained with the first two or three
branches followed by a less marked improvement with
additional branches is quite similar in the two cases

A study of the voice -modulated wave is being made,
and it is hoped to present supplementary data on the
most desirable subdivision and the improvement in effi-
ciency to be expected with voice waves in a later paper.



The Transverse Electric Modes in Coaxial Cavities*
ROBERT A. KIRKMAN t AND MORRIS KLINE t

Summary-Some thought on the transverse electric modes in
resonant coaxial cavities labeled TEL 0,1, TE,,0,2, TE2,0,,, TE3,0,1, etc.,
by Barrow and Mieherl suggested several conclusions which are per-
haps implicit in their paper but which deserve explicit consideration.
In addition, the notation and the diagrams of the electric field con-
figurations of these modes, as presented in that reference, cause mis-
conceptions and confusion which subsequent papers and even text-
books are perpetuating.2 Actually, the transverse electric modes
whose middle subscript is zero do not exist. They are limiting cases
and are approached by the fields of the coaxial modes TE1,,,,, TE1,1.2,
TE2,1,1, TE3,,,,, etc., respectively, as the ratio of the radii of the inner
and outer conductors approaches 1. Several facts about the behavior
of these modes for varying values of this ratio are presented. In par-
ticular, for a given mode, the resonant frequency of a coaxial cavity
decreases as the ratio increases. In the case of a. cavity of infinite
length (i.e., a wave guide) the corresponding wavelengths (i.e., the
critical wavelengths of the guides) approach the circumference of the
cavity divided by the first subscript of the mode. Physical and mathe-
matical arguments confirm these conclusions and make clear to what
extent the Barrow and Mieher diagrams of the modes TE1,0,1, TE1,0,21
etc., are representative of actual coaxial modes. The practical im-
portance of the transverse electric coaxial modes in ultra -high -fre-
quency work is emphasized.

INTRODUCTION

r I HE TRANSVERSE electric modes of coaxial cavi-
ties are usually designated by the notation T.E1,1.1,
TE2,1,1, etc., and, in general, by T.E/,.,. or Him,n

wherein the subscripts 1, m, and n have both mathe-
matical and physical significance. The mathematical
significance centers in the fact that the calculation of
the resonant frequencies of a coaxial cavity of given di-
mensions uses the roots of the equations
Ji(x)17/'(Px) - Ji(px)Yi'(x) = 0 (1 = 0, 1, 2, 3, ) (1)
where J1' and Y1' (=N1') are the derivatives with re-
spect to their arguments of the lth order Bessel functions
of the first and second kind, respectively, and p is the
ratio of the radii a and b of the inner and outer conduc-
tors of the cavity. Hence, the first subscript 1 in the
notation TE1,m,n states the order of the Bessel functions
of the first and second kind which must be used to cal-
culate the resonant frequency of that mode; that is,
it selects the 1 value in (1). The second subscript m in
the designation of the mode denotes the order of magni-
tude of that root of (1) which is used to calculate the
resonant frequency. The third subscript n is merely a
coefficient in the argument of a trigonometric function
which enters into the expressions for the electric and
magnetic fields inside the cavity.

The physical significance of these subscripts is usu-
ally purported to be as follows : At any point in a cavity
(and at a given instant) the electric field has a definite

* Decimal classification: R116. Original manuscript received by
the Institute, June 7, 1945; revised manuscript received, September
17, 1945.

t Signal Corps Ground Signal Agency, Evans Signal Laboratory,
Belmar, N. J.

1 W. L. Barrow and W.W. Mieher, "Natural oscillations of electrical
cavity resonators," PROC. I.R.E., vol. 28, pp. 184-191; April, 1940.

2 R. I. Sarbacher and W. A. Edson, "Hyper and UHF Engineer-
ing," John Wiley and Sons, Inc., New York, N. Y., 1943, p. 390.

direction and magnitude. This electric field vector can
be resolved into three independent components. In the
case of a coaxial cavity, the directions of these compo-
nents are chosen to be (1) along the circle through the
point and concentric with the inner and outer conduc-
tors, (2) along the radius through the point, (3) along a
line running through the point and lengthwise along the
cavity. These components are usually designated as
Eo, Er, and Ez because cylindrical co-ordinates are em-
ployed to study the field mathematically. The subscript
1 of T.E/, is supposed to denote physically the number
of full periods of sinusoidal variation in Er along any
circle concentric with the inner and outer conductors.
The subscript m is supposed to denote the number of
half periods of sinusoidal variation in E4, along a radius.
The subscript n denotes the number of half periods of
sinusoidal variation in Er along the length of the cavity.

In view of the mathematical meanings of the sub-
scripts 1, m, n, the notation TE1,0,1, TE2,0.1, etc., is
mystifying because the calculation of the resonant fre-
quencies of cavities of given dimensions supporting such
modes would call for the zeroth roots of (1) whose roots
in order of magnitude are usually designated as first,
second, third, etc. Moreover, while the pictures of the
electric fields of these modes as presented by Barrow and
Mieher are consistent with the physical meanings usu-
ally offered for the subscripts 1, m, and n the pictures are
strictly inconsistent with facts of electromagnetic the-
ory. Finally, the physical meanings usually assigned to
the subscripts 1, m, and n do not appear to be applicable
to all coaxial electric field configurations.

For these reasons it was decided to survey the trans-
verse electric modes in coaxial cavities and, in particu-
lar, to study the variation in the electric fields of these
modes as the ratio of the radii of the inner and outer
conductors is varied. The results of this survey do clear
up the above difficulties.

THE VARIATION IN THE ELECTRIC FIELDS OF THE
TEI,m,n MODES WITH THE RATIO OF THE RADII

The mathematical functions which represent the three
electric components and the three magnetic components
of the electromagnetic field of the various modes inside
a resonant coaxial cavity involve the roots' of (1). For
example, the expressions for the field in a coaxial cavity
supporting the TE2,1,1 mode involve the first root of that
member of (1) corresponding to 1=2. Since both .11(x)
and Yi'(x) are infinite series, these roots are not readily
obtainable even for a definite value of p, the ratio of the
radii. Yet, the variation in these roots with p is precisely
what is required in order to study the variation in the modes
with changing ratio of the radii. Graphing must be utilized.

3 F. Borgnis, "Die Konzentrische Leitung als Resonator," Hoch-
frequenz. and Elektroakustik, vol. 56, pp. 47-54; August, 1940.
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The graphical procedure has been considerably sim-
plified by Truell' and Fig. 2 of his paper shows, with ap-
propriate changes in notation, the variation of x1,1; that
is, the first root of (1), with p the ratio of the radii a
and b of the inner and outer conductors.

To study the variation in the transverse electric
modes with varying a/b let us select the TE3,1,1 mode as
an illustration. When a/b is 0, we have the pure cylindri-
cal cavity rather than the coaxial one. The electric fields
of modes in cylindrical cavities are known and
are given by Barrow and Mieher, among others. The
field of TE3,1,1 is reproduced in Fig. 1 for comparison
with later figures.

Fig. 1-Electric field for TE3.1.1 mode in a perfect cylinder.

When a/b is small, the field inside the coaxial cavity
is much like the field inside the cylinder, except that a
few of the electric lines terminate on the inner con-
ductor. In fact, the first root of (1) for small p, i.e.,
small a/b, is practically the first root of J//(x) =0,
(1=0, 1, 2, ), the equations whose roots play the
same part for cylindrical cavities that the roots of (1)
do for coaxial cavities. Hence it follows from the mathe-
matical expressions in Borgnis' that the field in the
coaxial cavity is, for small a/b, nearly the same as in a
cylindrical cavity. The larger the center conductor the
fewer electric lines loop back without touching it and
the more go directly to the inner conductor (see Fig. 4).

Let us pay close attention to the case where the radius
of the inner conductor approaches the radius of the outer
one (Fig. 2). If a metal sheet is placed inside a cavity so
that it is perpendicular at any point to the electric line
through that point, the field will not be disturbed.
Hence, we may cut the cavity of Fig. 2 by means of
imaginary sheets cd, ef, gh, etc., into a number of nearly
rectangular cavities without disturbing the field. Be-
cause the component of the electric field which parallels

4 R. Truell, "Concerning the roots of J'(x)N,,'(kx)-J'(kx)N'(x)
=0," Jour. Appi. Phys., vol. 14, pp. 350-352; July, 1943.

8 See equations (2) and (6), pp. 48-49 of footnote reference 3.

the inner and outer conductors is zero or small almost
everywhere in the cavity, we have in each "rectangle"
approximately the field which exists in a true rectangu-
lar cavity carrying the TE1,0,1 mode.' In the true rec-
tangular cavity, if the electric lines are vertical, the
vertical dimension is arbitrary though the horizontal di-
mensions are not. Hence, in the coaxial cavity with the
inner radius a nearly equal to the outer radius b inde-
pendence of the dimension b -a is practically attained.
However, since the coaxial cavity consists of "rec-
tangles" side by 'side, the circumference of the cavity is
still decisive in determining the resonant frequency.

0

Fig. 2-Electric field for coaxial TELL, mode with a
nearly equal to b.

CONCLUSIONS ON THE LIMITING WAVELENGTH
AS a/b APPROACHES 1

The analysis of the electric field in a coaxial cavity for
which a/b approaches 1 in terms of rectangles leads di-
rectly to conclusions about the limiting wavelength.
Before stating them, let us shift the burden of the dis-
cussion from cavities to wave guides. With increasing
length, the transverse dimensions of a resonant cavity
approach the critical or cutoff dimensions of a guide
with the same cross-sectional shape carrying the same
mode. Hence a discussion of guides is, in effect, a dis-
cussion of cavities.

In a guide of rectangular cross section carrying the
TEL° mode, one dimension is arbitrary and the critical
size for the other is one half the free -space wavelength.
As Fig. 2 shows, increasing a/b in the coaxial guide
tends to produce, in each half -period variation of the
radial component of the electric field, the same field as
exists in the TEL() mode of a rectangular guide. (There
are six half -period variations in Fig. 2, the number being
always 21.) The critical value of the circumference for
the TE1,1 modes of a coaxial guide with a/b nearly 1

6 See, for example, Fig. 6.3, of footnote reference 2.
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should therefore be 2/ free -space half wavelengths or, for
a fixed circumference, the critical wavelength in the
TE1,1 modes approaches the circumference divided by 1.

Calculation supports the conclusion drawn in the pre-
ceding paragraph. The critical wavelength for a coaxial
guide carrying the TE1,1 model is

c 27rbXo = -= - (2)
xt,i

Fig. 2 of Truell's paper shows that x3,1, for example,
approaches 3 as a/b approaches 1. Hence the critical
wavelength approaches 1/3 of the circumference.'

Fig. 3-Electric (solid) and magnetic (broken) lines for
TE1.1 mode of a circular guide.

As Truell's Fig. 2 illustrates, x1,1 decreases as a/b ap-
proaches 1. (Note that his k is the reciprocal of our p.)
It follows from (2), then, that with a fixed outer circum-
ference by increasing a/b we increase the critical wave-
length; i.e., the guide is able to pass more frequencies.
Thus decreasing the size of the guide in this manner has
an effect opposite to decreasing the outer circumference
or to decreasing the length in a cavity.

Fig. 4-Electric (solid) and magnetic (broken) lines for
TE1,1 mode of a coaxial guide.

It is instructive to view and confirm physically what
happens when the inner conductor increases in size. The
closed magnetic loops which are present in all wave -

7 See equation (3) of footnote reference 1.
1 One can assume at once that a coaxial wave guide in which the

two radii are almost equal is practically a rectangular guide, and
apply formulas for rectangular guides. This is done by S. A. Schelku-
noff, "ElectromagneticWaves," D. Van Nostrand Co., Inc., New York,
N. Y., 1943, p. 391. However, one should not be misled by the pro-
cedure adopted there into believing that there exist additional modes
which are obtained by letting in =0; i.e., that TEL(' modes exist
which are distinct from the TEL' modes. (See the next section of this
paper.)

guide and cavity modes are incompressible below a
minimum "dimension" of a half wavelength. They do
not permit themselves to be "squeezed" into narrower
regions. Consider, for example, the TE1,1 mode. When
a/b is 0 the guide is cylindrical and the field is as shown
in Fig. 3. The magnetic lines are directed out toward
the reader at c, flow across the front, and head into the
guide again at d. Hence the diameter of the guide cannot
be less than one-half wavelength. As a matter of fact,
the minimum diameter for this mode is 0.586 X. The
introduction of an inner conductor into the guide forces
the magnetic loops to flow around it as shown in Fig. 4.
Moreover, the loops curve mere nearly into the shape
of the outer circumference as the inner conductor is in-
creased in size. This curvature permits a longer wave-
length. The limiting case as the inner conductor in-
creases calls for two loops, one above and one below the
inner conductor, each loop about one-half wavelength

oe
vivo vi
gu,
vv

If

A
TE 3,0.1

Fig. 5-Electric field lines of some transverse electric coaxial
modes as portrayed by Barrow and Mieher.

in size, and each running along one portion of the cir-
cumference. Hence, the latter should be two half wave-
lengths long, which is the conclusion reached in the pre-
ceding paragraph.

It need not be remarked, perhaps, that the above dis-
cussion of the TE3,1,1 coaxial cavity mode and the corre-
sponding TE3,1 guide mode applies to all the TE1,1,,,
coaxial cavity and corresponding guide modes.

The TEi,o, Modes of Barrow and Mieher

It is now clear as to where the modes labeled TE1,0,1,
TE2,03, and TE3,0,1 by Barrow and Mieher and repro-
duced in Fig. 5 fit into the scheme of things. They are
approximate representations of the TE1,1,1, TE2,1,1, and
TE3,1,1 modes, respectively, and are attained practically
only for large a/b. The subscript 0, though descriptive
of the field in that there is practically no variation in the
component of the electric field paralleling a circle con-
centric with the inner and outer conductors as one pro-
ceeds radially, is nevertheless misleading.
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There are mathematical and physical arguments
which show that the fields in Fig. 5 are not, and un-
doubtedly were not intended to be, taken as exact
descriptions. In cylindrical co-ordinates, the electric
field inside a cavity can be resolved into the three com-
ponents Eo, Er, and E. For the transverse electric
modes, Ex is zero everywhere in the cavity. According
to Fig. 5, the component Eo which parallels circles con-
centric with the inner and outer conductors must also
be zero. Now solution of Maxwell's equations for the
field inside the cavity, under the conditions that Ex and
E4. are identically zero everywhere inside, shows that
the resonant frequency should not change with the
mode. Yet the resonant frequencies which Barrow and
Mieher give for these modes, in the particular cavity
they used, are 344 megacycles for the (1, 0, 1) mode,
475 megacycles for the (2, 0, 1) mode, and 611 mega-
cycles for the (3, 0, 1) mode. Indeed a check on their
calculations shows that Barrow and Mieher obtained
these frequencies by treating the TEi,o, modes as
TEz,i,n modes and by using equation (1).

A physical argument for the contention that the dia-
grams in Fig. 5 are not exact is illuminating. Consider
the TE1,0,1 mode. According to the illustration, it should
be possible to insert conducting sheets along the cavity
passing through cd or ef or both, without disturbing the
field. But if sheets were present, lines of force approach-
ing them closely would be compelled by the usual
boundary condition and upon the
sheets (Figs. 2 and 4); or we might resort to a convention
of electric field theory and say that electric lines act like
stretched elastic bands; hence some will shorten them-
selves by curving and meeting lines symmetric with re-
spect to cd and ef.

THE PRACTICAL IMPORTANCE OF THE COAXIAL
TRANSVERSE ELECTRIC MODES

It is urged that the coaxial transverse electric modes
be clearly understood because of their relation to the
principal or TE0,0.1 mode (Fig. 5) which is commonly
used in resonant coaxial lines, and which is but one spe-
cial case of the infinite number of modes which can be
sustained in a resonant coaxial cavity. If the frequency
is low, the dimensions of the usual resonant coaxial line
are such that other modes are not sustained. But as the
frequency increases, particularly if the diameter of the
inner conductor becomes comparable to that of the outer
one, the resonant line may readily sustain the higher
transverse electric modes; i.e., the TE1,1,,, modes. The
similarity of the fields (one has but to compare the fields
in Fig. 5) makes it likely that the device designed to
propagate the principal mode will also propagate the
higher modes when they can be sustained.

As an example, a coaxial line whose outer radius is
2 centimeters will, of course, resonate in the principal

mode of a 3000 -megacycle wave. But it may also reso-
nate in the TE1,1,1 mode if the inner radius is greater
than 0.6 of the outer radius. The higher the frequency
the less the inner radius need be, or the greater the pos-
sibility of still higher modes being sustained. In view of
the fact that frequencies much higher than 3000 mega-
cycles are now well within the range of experimental
work, the likelihood of a coaxial line sustaining or trans-
mitting several modes where only one is intended is by
no means negligible.

The introduction of these higher modes can, of course,
produce intolerable effects. Even in a simple device like

Fig. 6-Higher transverse e ectric coaxial mode TE1,2,1,
when a/b is between 0.2 and 1.

a wavemeter employing a resonant coaxial line, the
peaks or dips of the principal mode may no longer be
recognizable if higher modes are present or appear in
the line as its length is altered by the usual tuning means.

It may be remarked finally that the 1, m, n notation
used in describing the modes of cavities has its limita-
tions. Whereas the mathematical meanings still hold
precisely, the physical meanings suggested by Barrow
and Mieher9 cannot be applied too literally. Reference
to Figs. 1, 3, and 4 will show that the physical meaning
assigned to the second subscript m does not hold for all
radial paths. Moreover, various physical pictures must
be associated with the same set of subscripts. As an ex-
ample, the field shown in Fig. 6, and which is given by
Borgnis" is the one we must associate with TE1,2,1 as
long as the ratio of a to b is at least 0.2. For ratios less
than 0.2 the field has more variations in it. Even in the
case pictured it is difficult to decide what the m value
should be.

9 See p. 185 of footnote reference 1.
10 See p. 53 of footnote reference 3.



Radio -Frequency Spectrum Analyzers*
EVERARD M. WILLIAMSt, SENIOR MFMBER, I.R.E.

Summary-The resolving power of radio -frequency spectrum
analyzers of the continuously tuned type is defined as the width in
frequency, at points 3 decibels down, of the trace of a continuous -
wave signal. The optimum resolving power is 1.3-VFIT, in which F is
the frequency band scanned, and T the period of one scan. Traces of
pulse -modulated, frequency -modulated, and amplitude-modulated
signals are illustrated to show effect of resolving power.

INTRODUCTION

IN THE absence of a standard definition, the term
"radio -frequency spectrum analyzer" is considered
to apply to a device which provides a description

of signal distribution and sideband structure in a se-
lected radio -frequency band in the form of a plot of
amplitude versus frequency. In the parallel field of op-
tics, spectrum analysis by means of spectroscopes is
conducted for "the investigation of substances or bodies
by means of their spectra" ;1 in radio, it is assumed that
spectrum analysis is applied to the investigation of radio
signals by means of the traces observed on the radio -
frequency spectrum analyzer.

In an optical spectroscope, all frequencies in a se-
lected band are received simultaneously and split into
groups. In an analogous manner a radio -frequency band
can be divided into groups and analyzed by a series of
fixed -tuned receivers staggered in frequency throughout
the band. Although such devices provide more readily
interpreted and reliable indications than the type to be
described, their use is infrequent because of the multi-
plicity of circuits required.

Radio -frequency spectrum analysis may also be ac-
complished by the continuous tuning of a selective re-
ceiver through the spectrum band under study, examin-
ing each frequency group in turn for the existence of
signals, rather than all groups in the band simultane-
ously. Such devices have been manufactured for some
years and when used with synchronized cathode-ray -
tube presentations are described commercially as "pan-
oramic"' receivers. This paper is concerned only with
the latter type of spectrum analyzer.

Fig. 1 shows the block diagram of a typical continu-
ously tuned spectrum analyzer, a superheterodyne re-
ceiver periodically tuned over a band together with a
synchronized display device. The oscillator control

* Decimal classification: R388 X R361. Original manuscript re-
ceived by the Institute, March 14, 1945; revised manuscript received,
June 14, 1945. Presented, 1945 Winter Technical Meeting, New York,
N.Y., January 26, 1945.

t Carnegie Institute of Technology, Pittsburgh, Pa.
1 Webster's Collegiate Dictionary, Fifth Edition.
2 Product of Panoramic Radio Corporation, New York, New

York.

causes the oscillator frequency to vary approximately
linearly in time so that the receiver tunes linearly over

RADIO FREQUENCY
INPUT

MIXER

OSCILLATOR

IF
AMPLIFIER

OSCILLATOR
CONTROL

OETECTOR
AMPLIFIER

SWEEP
GENERATOR

DISPLAY
DEVICE

Fig. 1-Continuous-tuning spectrum analyzer.

the spectrum under examination. At the completion of
a tuning sweep, the oscillator makes a rapid return to
the original starting frequency during an interval in
which the display device is blanked. The tuning cycle
is then repeated. In many cases, the mixer is also tuned
to inhibit spurious responses. In operation, the mixer
output presents to the intermediate -frequency amplifier
all continuous signals within the range of the analyzer
with a superposed linear wide-range frequency variation
added to any modulation originally in the signals.
Separation of the band into individual signals occurs as
the linear frequency variation causes these signals, in
sequence, to tune through the intermediate -frequency -

amplifier passband, and the degree of signal separation
is determined entirely by the intermediate-frequency -

amplifier properties. It is the purpose of this paper to
discuss the "resolving," or signal separating powers, of
continuously tuned spectrum analyzers, and the paper
is concerned entirely with the phenomena encountered
in the intermediate -frequency amplifier.

Because of the periodic sweep the intermediate -fre-
quency -amplifier response in a spectrum analyzer can
be expressed as the sum of the responses to a series
representing the expansion into components of the cycli-
cally frequency -modulated signal. The response can also
be treated as a transient one, in which each transient
rises and decays entirely during a single sweep period,
because the case in which the transient persists from one
complete tuning cycle to the next is one in which a
(resolutionless) continuous display is produced, and is
therefore trivial.

Neither method of analysis yields useful results for
a generalized system. A particular intermediate -fre-
quency -amplifier response for specific sweep widths can

1 8 P Proceedings of the I.R.E. January, 1946
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be computed (albeit tediously) and some form of gen-
eralized curves may eventually be available. However,
experimental studies of the relation between resolving
power and intermediate -frequency -amplifier bandwidth
result in surprisingly simple empirical relations which
have been widely applied in designs. These involve the
following factors, for which convenient definitions have
been chosen

Resolving Powers (S): This is the displayed width, in
terms of frequency, at the 3 -decibel -down points, of a
continuous -wave signal. Thus an analyzer which pre-
sents a continuous -wave signal as a "pip" 10 kilocycles
wide at the 3 -decibel -down points would be said to have
a resolving power of 10 kilocycles. Fig. 2 shows a typical
trace used in determining resolving power. Two equal
unmodulated signals differing in frequency by S defined
in this manner would be barely separable.

Fig. 2-Construction for determining resolution.

Intermediate -Frequency -Amplifier Bandwidth (if): For
consistency this is defined as the width, in cycles per
second, of the intermediate -frequency selectivity curve
between 3 -decibel -down points.

Sweep Bandwidth of the Spectrum Analyzer (F): This
is the difference of maximum and minimum frequencies
between which the analyzer tunes and it is assumed that
this band is traversed linearly in time.

Sweep -Time Interval (T): This is the time interval of
one displayed sweep from minimum to maximum fre-
quency (or vice versa if the direction of displayed fre-
quency is from maximum to minimum) and does not
include the return -trace time.

Experimentally it is found that maximum resolving
power for a spectrum analyzer is very nearly

S = 1.3/1/-F (1)

and that this resolving power is realized for intermedi-
ate -frequency -amplifier bandwidths Win the vicinity of

F
Of =

V 2T
(2)

A somewhat intuitive analysis for a single resistance -
inductance -capacitance circuit provides a substantiation
for the dependence of bandwidth and resolving power on
s/F/T alone.

If a tuned circuit is excited by a linearly frequency -
modulated signal (of very much greater deviation that
the bandwidth of the circuit) the resulting impulse con-
sists of two components : (a) that at the natural circuit
frequency; and (b) that at the instantaneous applied
signal frequency.

If the circuit Q is very low, the transient (a) decays
so rapidly that the output is a faithful trace of the
normal intermediate -frequency -amplifier curve. If the
circuit Q is very high, the response (a) is important. Its
time is dependent on the circuit time constant and
successive increases in Q beyond a certain point in-
crease the time constant so much as to decrease resolu-
tion. Therefore it appears reasonable that the choice of
a circuit bandwidth in which the time of steady-state
response (b) is equal to the transient (a) rise and decay
time (both times for 3 -decibel -down points) should re-
sult in maximum resolving power.

For instance, let a frequency band F be swept in a
time interval T. The bandwidth W (in cycles per second)
of a single circuit tuned to frequencyfc is, from standard
selectivity curve,

(3)

between 3 -decibel points.
The circuit response at the instantaneous applied fre-

quency will then occur during a time

TAti = -f X T = (4)
Q

The circuit transient time constant for a variable -
frequency applied signal is unknown; if, however, it is
assumed approximately that for a fixed -frequency sig-
nal, the 3 -decibel decay time Ate, is determined from

R
zt2 = - log, 0.707 or Lt2 -Q

2L 2co

For a rise and decay of 3 decibels, the time is At3=Q1w.
If At,. is equated to Ata the bandwidth of the circuit is

found to be

= 0.561/T (5)

The similarity of (2) and (5) needs no further comment.

EFFECT OF RESOLUTION ON SIDEBAND TRACES

As would be anticipated, it is found that the ability
of a spectrum analyzer to show sideband structure is
measured by the resolving power and sidebands of equal
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amplitude differing in frequency by S can be distin-
guished on an analyzer trace. If amplitude of adjacent
sidebands is not equal, somewhat greater resolving pow-
er is required for their separation because of the mask-
ing of the smaller signal by the larger adjacent signal.

Modulated signal traces for resolution lower than that
necessary for sideband separation are of considerable
interest, particularly in the case of pulsed signals, as
shown by the following analysis for a simplified circuit.

Let a series resistance -inductance -capacitance circuit
tuned to a natural angular frequency cor be excited by
a carrier of fixed angular frequency coa pulsed on and
off at angular frequency co, with a pulse of duration d.
The response to the first pulse is of the form

i = K1e-Rti2L COS (wrt
111) K2 sin (wol c)) (6)

(K1, K2, 11/ 4) determined by circuit constants and wa).
In the interval between the end of this first pulse and

the incidence of the second there will remain only tran-
sient terms of frequency cor, and up to this time there is
no dependence of transient amplitude upon pulse -repeti-
tion rate because the circuit has been excited by but a
single pulse. If the transient from the first pulse is effec-
tively decayed at the incidence of the second, the re-
sponse to the second pulse will be exactly equal to that
of the first. If, on the other hand, only a slight decay
takes place between pulses, successive pulses will result
in the modification of terms such as K1 in (6) by ampli-
tude functions of co. -cur/con, in which the amplitude is a
maximum for co-cd,./co, =n, an integer, corresponding
to the usual relation, in which the sideband separation
is the modulation frequency. Thus, in general, a tuned
circuit is not capable of distinguishing (resolving) pulse-
modulated -signal sidebands unless the transient result-
ing from each pulse persists at least until the next pulse
appears. Fig. 3 illustrates the trace of a pulsed signal in
which sidebands are resolved.

When the transient decay between pulses is large no
sidebands are resolved; there may, however, be a well-
defined pulse envelope. Consider the resistance -induct-
ance -capacitance circuit for which (6) was developed;
if the resistance is zero this reduces to

E wr
i = - - - sin q5 sin cort + cos 95 cos cort

Z (Oa

- cos [cud + 0]) (7a)

and for values of R very near zero, it is approximately,

[e-utim(- - sin q6 sin cort + cos cos curt)
wr

(A)a

- cos (coat + ;01. (7b)

At the end of time d, the pulse ceases. There will be
no transient after this time if at the instant of pulse
termination, the current is and the charge

qd = f idt

are zero. For (7a) this is the case for

cor oh, and cord - wad = 2nzr (8)

or

fr -fa = -
where n is an integer.

Fig. 3-Pulse-modulated signal of 75,000 pulses per second; F=1
megacycle; S=10 kilocycles; T=1/40 second; pulse duration=3
microseconds.

Although with (7b) there can be no simultaneous
zeros of current and charge, a minimum is and qa are
reached for approximately the same condition (8) which
is the usual relation, locating the nulls for the sideband
envelope, following the form of the function sin x/x. Ap-
pearance of the sideband envelope on the trace is there-
fore dependent only on the transient-response persistence
for each individual pulse, and the sideband envelope
cannot be distinguished on the analyzer trace if the term
e-RtI2L is very much less than 1. With short pulses the
duration of a single pulse may be a small fraction of the
interval between pulses and a rate of decay in an inter-
mediate -frequency amplifier which is excessive for side-

band resolution may easily be sufficiently low to permit
sideband-envelope resolution. An estimate of the resolv-
ing power required to show this sideband envelope may
be obtained by assuming an allowable decay and cal-
culating the corresponding resolving power for the sim-
ple resistance -inductance -capacitance circuit.
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If the allowable decay is assumed to be 10 decibels, the or the frequency separation F. of nulls in the sideband
pulse duration d should be

Fig. 4-Pulses of 14 microseconds; F=300 kilocycles;
S=10 kilocycles; T=1/40 second.
(Top): 5000 pulses per second.

(Botton): 1600 pulses per second.

2L 1d< -
R

log, -
10

envelope is

F.> 1.96/1/F
---T

(9)

for sideband-envelope resolution. Equation (9) is so

Fig. 5-Frequency-modulation signal, 200 -kilocycle deviation; 20 -
kilocycle modulation; S=10 kilocycles; F.::700 kilocycles; T=
1/40 second.

Fig. 6-Amplitude-modulation signal, 50 -kilocycle modulation;
F=300 kilocycles; S=10 kilocycles; T=1/40 second.

nearly the same as (1) that the difference in coefficient
may be attributed to inaccuracies in assumptions and
this conclusion is substantiated by experimental results.
Fig. 4 illustrates two cases in which the sideband en -

or velope is very well defined although individual side -
bands are not resolved. In these illustrations the pulse
rate was synchronized at a sweep -rate harmonic to fa-
cilitate photography. The vertical "spikes" should not
be confused with sidebands, for which the horizontal
separation is far too great. Each "spike" is a pulse and

Q = -f and Of
F the time interval between pulses is equal to the sweep-

- 'VA/ 2T time interval on the screen.
When resolution is very coarse, pulse -signal traces are

the duration d must be decidedly ambiguous, except in the extreme cases (very
coarse resolution) in which pulse signals appear as a

--f single trace, "bobbing" up and down.
d < 1.02 4/-

F The traces of frequency -modulated (or phase-modu-

If

4.6Ld<
R
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lated) and amplitude -modulated signals are not amen-
able to as straight -forward an explanation as those of
pulse -modulated signals. In addition, neither angular-
modulated- nor amplitude -modulated -signal sidebands
are characterized by the regular (smooth) envelope of
the pulse -modulated signal and conditions which would
result in sideband resolution with pulse signals yield only

Fig. 7-Frequency-modulation signal, 35 -kilocycle deviation, 2000 -
cycle modulation; F=300 kilocycles; S=10 kilocycles; T=1/40
second.

Fig. 8-Frequency-modulation signal, 50 -kilocycle deviation, 150-
cycle modulation; F=300 kilocycles; S=10 kilocycles; T=1/40
second.

"quasi" or smoothed versions of the true envelope unless
the sidebands are also resolved.

Experimentally it has been observed that, if the con-
dition (1) is met, both amplitude- and angular -modu-
lated signals will show clear sideband structures. Figs. 5
and 6 show such frequency -modulated and amplitude -
modulated signals. If the resolving power is sufficiently
coarse to include the signal and all its sidebands, fre-
quency -modulated signals will appear as "pips" of

constant amplitude, oscillating in position. Similarly
amplitude -modulated signals will appear as "pips" con-
stant in position and oscillating in amplitude.

For resolving power intermediate between the above
and that of (1) frequency -modulated signals show a
number of oscillating "pips" with a quasi envelope as in
Figs. 7 and 8. Amplitude -modulated signals show a
single "pip" serrated in envelope as in Fig. 9. These
serrations represent the changes in amplitude caused by
modulation taking place during the time the signal is
in the pass band of the analyzer.

Fig. 9-Amplitude-modulation signal, 16 -kilocycle, modulation 40
per cent; F=100 kilocycles; S=10 kilocycles; T=1/40 second.

LIMITATIONS OF SPECTRUM ANALYZERS

It is feasible to design recording spectrum analyzers
for any desired resolving power, since the sweep rate
may be made as low as necessary. Spectrum analyzers
with cathode -ray -tube presentation are limited to sweep
rates which permit reasonable visual persistence and fall
into two classes.

1. Narrow -band (not more than 100 kilocycles) de-
vices tracing true signal-sideband structure of signals
modulated at audible or higher rates.

2. Devices scanning bands 1 megacycle or more in
width. These are capable only of showing signal side -

bands with signal modulation frequencies substantially
higher than voice frequencies, and therefore cannot be
relied upon for more than an indication of signal fre-
quency, although in specific instances sideband resolu-
tion or envelope resolution may occur.



Principal and Complementary Waves in Antennas*
S. A. SCHELKUNOFFt, FELLOW, I.R.E.

Summary-In response to an increased interest in mathematical
aspects of antenna theory, this paper presents details of analysis
of cylindrical and other nonconical antennas as a supplement to a
previous papers containing the outline of the method and the main
results. In the course of the present discussion the theory of principal
waves on cylindrical conductors is extended to include the case in
which the diameter is not small compared with the wavelength.

INTRODUCTION

-NOT VERY long ago, Dr. L. Brillouin and I spent
some time discussing the antenna theory and the
discrepancies between impedance values ob-

tained' from a solution of the Oseen-Hallen approxi-
mate integral equation and from a direct approximation
to the solution of Maxwell's equations.' The discrepan-
cies are explained in the companion paper' where it is
shown that the approximations involved in the integral
equation are justified, that insufficient accuracy of
Hallen's first approximation to the solution leads to a
degradation of subsequent approximations, and that
the revised procedure4 employed by Miss Marion C.
Gray should and does lead to a better series. It is diffi-
cult to overemphasize the importance of a proper choice
of the fundamental parameter in the reciprocal powers
of which one is naturally led to expand the current dis-
tribution in the antenna. This parameter is not uniquely
defined by the mathematical equations and its choice
controls the goodness of the approximation consisting
of only the first two or three terms of the expansion.

In order to complete our discussion of the funda-
mentals of antenna theory, this paper presents mathe-
matical details of the other analysis of cylindrical
antennas which is based on representation of the field
around the antenna in terms of appropriate solutions
of Maxwell's equations. The present paper should be
regarded as a supplement to the paper' already referred
to, which contains a suggestive outline of the method,
actual results, and their interpretation, for antennas of
several shapes, but treats in detail only conical an-
tennas. Besides yielding a solution of the antenna prob-
lem, this method leads to an attractive physical picture

* Decimal classification: R120. Original manuscript received by
the Institute, June 18, 1945; revised manuscript received, August 20,
1945.

Bell Telephone Laboratories, New York, N. Y.
1 S. A. Schelkunoff, "Theory of antennas of arbitrary size and

shape," PROC. I.R.E., vol. 29, pp. 493-521; September, 1941.
2 Ronold King and F. G. Blake, Jr., "The self -impedance of a sym-

metrical antenna," PROC. I.R.E., vol. 30, pp. 335-349; July, 1942.
3 S. A. Schelkunoff, "Concerning Hallen's integral equation for

cylindrical antennas," PROC. I.R.E., vol. 33, pp. 872-878; December,
1945.

4 Marion C. Gray, "A modification of Hallen's solution of the
antenna problem," Jour. Apps. Phys., vol. 15, pp. 61-65; January,
1944.

of the phenomenon of radiation and focuses one's at-
tention on similarities as well as dissimilarities between
antennas and transmission lines. It should be stressed
that this analogy can be made a posteriori, after the
nature of the solution has been examined in the light
of Maxwell's equations, and should not be confused with
a priori assumptions of the analogy in some earlier work.
In this early work an intuitive analogy had been made
between antennas and ordinary idealized transmission
lines admitting only one transmission mode; but it was
subsequently discovered' that antennas can be regarded
only as transmission lines with several modes of trans-
mission of which, however, one, the "principal" mode,
dominates the rest.

STRUCTURE OF THE SOLUTION

In contrast with the method employed by Oseen and
Hallen,5 in which attention is concentrated at once on
the current in the antenna, our method depends on the
analysis of the field around the antenna and subsequent
determination of the current associated with this field.
The analysis is carried out in spherical co-ordinates,
and for this reason the space is divided into the antenna
region (1) and the remainder (2) with a spherical bound-
ary between the two, Fig. 1. The reason for subdivision
is that the boundary conditions on the axis of the an-
tenna 0 = 0, it are different for the two regions. In the

Fig. 1-Division of space into the antenna region (1) and the external
region (2); S is the sphere centered at the input terminals and
passing through the ends of the antenna.

external region (2) the solution should not be singular
on the axis; this condition leads to a possibility of ex-
pressing the most general field in region (2) as a series
of integral spherical harmonics. On the other hand, in

6 E. Hallen, "Theoretical investigations into the transmitting and
receiving qualities of antennas," Nova Ada Uppsala, ser. IV, vol. 11,
pp. 1-44; November, 1938.
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region (1) the axis is excluded by the antenna and al-
though the solution is permitted to have singularities on
the axis, it is required to satisfy certain boundary con-
ditions on the surface of the antenna. This leads to a
representation of the solution in terms of fractional
spherical harmonics. The method is particularly suitable
to biconical antennas. For other shapes, the method is
still practicable when the transverse dimensions of the
antenna are small, in which case the antenna becomes a
"cone with slowly varying angle", and the solution may
be expressed as a series of "perturbed" fractional spheri-
cal harmonics.

Having expressed the solutions in the regions (1) and
(2) as series with arbitrary coefficients, we find that the
requirement of continuity of the field at the boundary
sphere S furnishes enough equations for determination
of all these coefficients except one. This last unknown is
expressed in terms of the impressed voltage.

The next step in the breakdown of the field into com-
ponent parts is a representation of the field in the an-
tenna region as the sum of the principal and comple-
mentary waves. The simplest way to explain the nature
of the principal waves is to say that these are the waves
which would be generated in an infinitely long antenna.
An outward -moving wave is generated by the source at
A, -B and an inward -moving wave could be generated
by reflection from a conducting sphere concentric with
A, B. These are the waves in which electric lines run
substantially meridians, Fig. 2; exactly along

Fig. 2-Electric lines of force in principal waves.

the meridians for the biconical antenna. These are the
waves which are exactly transverse electromagnetic
waves in the case of the biconical antenna and very
nearly transverse electromagnetic in other cases. These
are the waves which correspond to the well-known
waves along parallel wires, coaxial cylinders, and other
"two -conductor transmission lines."

For a finite antenna the field, consisting of principal
waves alone, will not satisfy the continuity requirements
at the boundary sphere S since in region (2) there is no

principal wave to match. In fact, all waves in region (2)
have a radial electric intensity and the condition of con-
tinuity is satisfied by adding a proper complementary
field in region (1) which also possesses a radial electric
intensity. This added field is required, therefore, in con-
sequence of the sudden termination of the wires. Its
presence expresses the fact that the reflection of the
boundary sphere is not uniform, for otherwise we should
have had merely a principal reflected wave (as when the
sphere is a perfect conductor). At first it may seem
strange that we should speak of reflection from a purely
geometric boundary. We could dispose of it as a pecu-
liarity of the co-ordinate system we are using, as an
attribute of mathematics rather than as a disclosure of
the underlying physical reality; but there is more to it
than this. If we apply a voltage across A, B for a very
brief interval of time, a thin spherical electromagnetic
bubble is generated. The bubble will expand outwards
and the mechanism of its expansion is given by Huy-
gens' principle or its more complete form known as the
induction theorem.' This simple movement persists
until the forward boundary of the bubble reaches the
end of the antenna, when the disturbance becomes
"aware of" the altered conditions ahead. Naturally, this
awareness manifests itself first near the wire and there
the reflection is the greatest. It is in this respect that the
present case differs from that of a uniform change in the
characteristics of the medium over the entire wave
front.

Thus the principal feature of the method is : waves in
infinitely long antennas are considered first; subse-
quently, the complementary waves are included to ex-
press the effect of sudden termination of the wires, par-
ticularly with regard to uneven reflection at the wave
front passing through the end of the antenna.

All this constitutes the background both for the sub-
sequent mathematical analysis and for the physical in-
terpretation of the results. For further ideas on this sub-
ject, the reader is referred7'8 to the literature.

PRINCIPAL WAVES

In everything that follows, we assume perfect conduc-
tors and dielectrics because our main concern is radia-
tion. For a double cone, Fig. 3, it is easy to find the exact
solution of Maxwell's equations for principal waves;
thus

Ho+ =
/+c or 60/+e-or

Ee+ = 13 = 27r/X,
27rr sin 0 r sin 0

S. A. Schelkunoff, "Electromagnetic Waves," D. Van Nostrand
Co., Inc., New York, N. Y., 1943, p. 399.

J. C. Slater, "Microwave Transmission," McGraw-Hill Book
Company, New York, N. Y., 1941, pp. 219-232.

8 Simon Ramo and John R. Whinnery, "Fields and Waves in
Modern Radio," John Wiley and Sons, Inc., New York, N. Y.,
1944, pp. 482-491.
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/-eor
=

27rr sin 0

601.-eil3r
EB -

r sin "

(1)

the remaining components of the field are equal to zero.
In the antenna theory we shall be concerned with the
transverse voltage, V(r); that is, the line integral of E
along a typical meridian

V(r) = f rEed0,

Fig. 3-A biconical antenna.

and with the current /(r) in the upper cone,

1(r) = tar sin 011, = 2irr sin Olio

(2)

(3)

If we write the expressions for V and I, we shall find that
they are exactly the same as for a uniform transmission
line with the following characteristic impedance :

K = 120 log cot (0/2)_41, 120 log (2/0. (4)

The approximation is for small values of the cone angle Ii.
' In fact, if we introduce into Maxwell's equations
our definition of the principal wave (in the present case
Er=E0=1-1,=118 = 0) and V and I from (2) and (3) in
the place of E0 and Ho, the following equations are ob-
tained after suitable integrations

dV - iwLI,
dr

dI
= - iaCV, (5)

dr

L = (pt/r) log cot (4//2), C = re/log cot (¢/2). (6)

Equations (5) hold, in fact, for principal waves on any
pair of coaxial cones, Fig. 4, or even for any pair of
cones with a common apex, Fig. 5; only the values of L

and C are different. If we remove the common apex of
the cones to infinity, we shall find that a coaxial pair of
cylinders is a limiting case of coaxial cones and the pair
of parallel wires is a limiting case of diverging cones
shown in Fig. 5.

Fig. 4-Coaxial cones with a common apex.

It should be noted that the transverse voltage defined
by (2) is equal not to the difference of scalar retarded
potentials at the ends of the corresponding meridian but

Fig. 5-Cones with a common apex.

to the difference of scalar electric potentials of the kind
which appear in the theory of spherical waves.' In this
theory the retarded potentials would be very cumber-
some and for this reason are not used.

The field intensities (1) become infinite as r ap-
proaches zero; but V and I remain finite. In this re-
spect the principal waves differ from the complementary
waves. Infinite voltages are required for generation of
progressive complementary waves by a point source and
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very large voltages in the case of a source of finite but
small dimensions. We shall return to this topic in the
next section.

/

/ /

//

I E

Fig. 6-A cylindrical antenna with tapered input terminals.

If the conductors are nonconical but of such propor-
tions (Fig. 6) that the electric lines should nearly coin-
cide with the meridians, we expect that equations (5)
and (6) will be nearly correct if we assume that the cone
angle 4/ is varying continuously with r; thus

= (a/ r), (7)

where a is the radius of the conductor where it is inter-
cepted by the sphere of radius r. While this is practically
obvious, some questions may be raised unless a few de-
tails are supplied. We can start either with Maxwell's
differential equations or apply the fundamental laws
directly. Thus, applying Faraday's law of the electro-
motive force to the curvilinear rectangle CDEFGHC,
Fig. 6, we have

dV 7-0
-= - icouf H sbrd0.
dr

(8)

Applying Ampere -Maxwell's law of the magnetomotive
force to a typical magnetic line MN, we obtain

I(r) 2riwerV:Er sin OdO
H cl, = (9)27rr sin 0

This equation expresses the equality of the magnetomo-
tive force (27rr sin 0)11-4, round the magnetic line and
the total radial electric current through the spherical
segment bounded by this line. The first term I(r) is the
conduction current in the upper conductor at the place
where it cuts the sphere and the second term is the radial
displacement current. If we neglect the latter, which we
are entitled to do in the case of principal waves, we shall
obtain the leading equations in the sets (5) and (6). Sub-
stituting from (9) into (8) we have

dV dO °-= - icoLI 02r' Er sin Ode. (10)dr f,,, sin 0

This is the exact equation.
In order to obtain the second transmission equation,

we start with the following equation from Maxwell's set :

a
- iwerEe = -

Or
(rI I 0)

and substitute from (9); thus

1 dl a f °
-icoerE8=

27r sin 0 dr ar sin 0
Er sin 0d01. (12)

Integrating from 0=t, to 0 =ir -4 and substituting from
(2), we have

1 \LI
- iweV = (- log cot -Lk

7r 2 ) dr
d f &ter' r °

dO Er sin Ode. (13)
dr 4, sin 4,

Finally dividing by the coefficient of dI/dr, we obtain

dl 7-0
dr - icoCV - iwc

dr J
r2dO

sin e J ,
Er sin Ode. (14)

This time the exact equation contains the derivative of
the correction term in (10).

Since the application of this equation is contemplated
only when IP is small, cot (1///2)-2/1P2r/a(r) where a(r)
is the radius of the conductor; furthermore r^ z so that
(6) becomes

2r 1.1, 2z= - log = log
7r a(r) 7r a(z)

IrE re
C =

log [2r/a(r) ] log [2z/a(z)]
(15)

The last terms in (10) and (14), which we will neglect,
are at least of the order of the square of the radius while
the remaining terms depend upon the logarithm of the
radius.
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The other extreme arises in the case of cylindrical an-
tennas, Fig. 7, or other antennas of revolution, in the
immediate vicinity of a line source, MN. As the radius
of the line source increases, a wedge is approached,
Fig. 8. The voltage is applied between the edges AC

Fig. 7-A co-ordinate system suitable for cylindrical conductors.

and BD (which are assumed to be very close). In this
case we still have equations (5) with r being the distance
from the line halfway between the edges; the values of L
and C per unit length along AC are

L = 7r,ur C = ehrr. (16)

The intermediate case presents the greatest mathe-
matical difficulties. The most natural co-ordinate system
would be that formed by the equipotential surfaces,
with the two conductors being kept at constant poten-
tials, and two orthogonal families of surfaces passing
through the lines of electric force; then we should try
to express the relationship between the voltage along
the electric line of force and the current in the form
analogous to (10) and (14), with L and C having their
static values and residual terms when required. Unfor-
tunately the equations become quite complicated.

In the case of cylindrical conductors, we have an al-
ternative which possesses certain advantages, Fig. 7.
One of the co-ordinates r is taken to be the distance from
the "origin circle" MN; half planes issuing from the axis
of the cylinder are designated by the azimuth angle q5
as in spherical and cylindrical co-ordinates; and 0 is the
angle made by the generators of the cylinder with a
typical radius in a 4) plane. In these co-ordinates the
field equations become

P axIi P a*
Er = , E0 = ,

27ricofr2 ae 2iricoer Or

If P'F r
H 0 = = , P= , (17)

27rp 27rr a + r sin o

a ( a* \ 1 a G a*
ar ar ) r2 ae ae )

From the last equation we obtain

where

ar

a

ae

024, a a* 1 a2*
24, = (log P)

art r2 302

1 a- - - (log P)-
r2 ae ae

Fig. 8-A portion of a biplanar radiator.

a
(log P) =

(log P) =

r(a r sin 0)

r cos

a r sin 0

(18)

(19)

The solution for principal waves is the one in which If
is nearly independent of 0 so that Er is nearly zero
everywhere. In the first approximation we ignore the
last two terms in (18) and obtain

a24,
+ 024, =

are r(a r sin 0) ar

a

If r is small compared with a, then

(20)



28 P Proceedings of the I.R.E. January

a2,F
1 aq,+ 02,F = _ ;

art r ar
(21)

in this case is a Bessel function of order zero and the
field is nearly that for a wedge formed by two half
planes. If r is large compared with a, the right-hand side
of (20) can be neglected and NI' is an exponential func-
tion. In this case, the field is given by expressions of the
type (1) and equations (5) and (15) apply even if a is
large. The function If is substantially independent of 0
when r is very much smaller than or very much greater
than a; the greatest variation with 0 occurs in the vicin-
ity of r =a where the coefficient of the last term in (20)
varies from (-1/a) at 0=0, 7r to (-1/2a) at 0 =7112.

We are now in a position to determine the values of
L and C for principal waves on a cylinder of any radius,
except for the corrections for a small electric intensity
in the direction of wave propagation. Thus in the pres-
ent case equation (8) becomes

dV-= - iwuf rHod0.
dr

(22)

On the other hand, 11/ = / and substituting from (17) we
have

therefore

dV f rd0=
dr 2r Jo a r sine

f T
rd0L=-

2r 0 a + r sin 0

J a
-/L/C dr

= 240a [-V1- (r/a)2 tan -1

ft. \A/C dr

= 240a [-V (r/ a)2- 1 tanh-1

-r
,r<a;a+r 2a

4/r-a
,r>a.

r+a 2a

(26)

We are also in a position to appraise the magnitude
of the error we make when we neglect the radial electric
intensity, that is, the last term in (10). At first sight,
it may appear that the error increases with r; but the .

reference to equations (17) and (20) shows that the error
decreases with r when r is fairly large9 compared with a.

20

180

160

140

12
(23)

VIZ

100

(24)

Similarly, C is obtained from an equation corresponding
to (2) and from (17). It turns out that LC =µe. Carrying
out the required integration, we find that in free space

240r/a Va-r
VL/C- an -1.0._ (r2/a2) ,

=120,

240r/a -/rd-a+ t-72.- log ,.07.2/a2) -071

240r/a Vr -a
1

\/(r2/a2)- 1
tan h-

r<a,

r=a,

r> a,

r> a.
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Fig. 9-The nominal characteristic impedance (N/L/C) as a function

of r/a (see Fig. 7). Curve (1) represents equation (25); curve (2)
represents \41,7C=60irr/a, an approximation when r is small coin- .

(25) pared with a; curve (3) represents %/LTC =120 log (2r/a), an ap-
proximation when r is large compared with a.

In a dielectric medium other than vacuum, we should
multiply (25) by VT. /1207r. Fig. 9 represents -/L/C
as a function of r/a in the intermediate region where the
simple formulas (15) and (16) are inapplicable. The
dotted curves show the behavior of the simple formulas
in this region.

The integrals of s,/L/C play an important role in the
theory. These integrals are

1 4 1.6 1 8 2.0

Thus if 0 / 0, 7r, the magnitude of Er varies inversely
as r-4; if 0=0, 7r, Er seems to vary as r-3 but then it is
actually equal to zero because of the boundary. Hence
the last term in (10) varies as r-2 or more precisely
as aA/r2.

The spherical system of co-ordinates and the system
shown in Fig. 7 seem to be the most suitable co-ordinates
in the solution of the antenna problem by the present

9 In this case there is little difference between r as defined in Fig. 7
and the distance r from the center of the spherical co-ordinate system
employed in (10).
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method. One might suppose that spheroidal co-ordinates
would be particularly suited to spheroidal conductors;
but this does not happen to be the case. In the first
place, the spheroidal functions receiving the greatest at-
tention in the literature correspond to certain particular
distributions of the impressed voltage over the entire
spheroid. These special solutions correspond to natural
radial modes of propagation rather than to traveling
waves on the spheroid. The required solution for a con-
centrated source is then constructed from these special
solutions and the analysis resembles that usually em-
ployed in the problem of the vibrating string. On the
other hand, the present method is based on traveling
waves and is analogous to that usually employed in the
transmission -line theory. Naturally, there must exist
spheroidal functions to represent traveling waves; but
their theory has not been developed as yet. The needed
functions are those solutions of

d2M-u2)(k2 - w2yd2u2)31 = 0 (27)
due

which are singular at u = ± 1; they do not promise to be
particularly simple and on the whole the spherical co-
ordinates seem to be more suitable for thin spheroids
treated by the present method.

COMPLEMENTARY WAVES

In a sense, principal waves belong to the conductors,
since nothing quite like them exists without the conduc-
tors. A generator of infinitesimal size imbedded in a
homogeneous dielectric medium will produce no field if
the electromotive force is finite. We must have a con-
ducting wire connected to each terminal before we can
hope to create a finite field and the principal waves are
the waves that make the difference.

A generator of finite size creates waves in a perfectly
homogeneous medium and these waves are merely modi-
fied when conductors are connected to the terminals of
the generator. Such waves may be said to belong to the
medium. Consider, for example, circularly symmetric
fields, and suppose that 0 is the angle made by a typical
radius with the axis of symmetry. If the medium is
homogeneous, the dependence of the field on 0 is repre-
sented by the Legendre function P, (cos 0), where n is a
positive integer. If we place thin wires along the axis,
then n becomes a fraction such that the difference from
an integer approaches zero with the reciprocal of the
logarithm of the radius of the wire.

For a biconical antenna such "complementary" waves
are expressed quite simply in terms of spherical co-ordi-
nates. The field intensities satisfy the following equa-
tions :

a-
ar

(rEe) = - icou(r11,5) + -1 (28)
ae

a-
ar

(r1/4,) - iw(rE8),

Er =
1 a

[sin 0(rHo)],
&t.m' sin e ae

32-
Or'

(r2Er) = - co2ue(r2E,)

1 a [sin 0
r2 sine ae

a(r2E,)

Jae

(29)

(30)

(31)

Equation (31) possesses one simple solution, namely
Er =0; this yields the principal waves. The complemen-
tary waves are defined by

r2Er = R(r)()(0), (32)

where at the surface of the cone

0(¢) = 0(7r - 1/) = 0.

In particular we are interested in the
OM satisfies the following condition

0(7r - 0) = - 0(0),

(33)

case in which

(34)

corresponding to the symmetrical current distribution
in the antenna. It turns out' that

0(0) = 1[1 ),(cos 0) - Pr(- cos 0)], (35)

where for small values of IP

1 120v = 2n + 1 +log (2/) - 2n + 1 +

n = 0, 1, 2, . (36)

The dependence of the field on the radial co-ordinate is
expressed by

a
- (rEe) =
ar

a
-ar (r1-10) =

[icop4+
v(v 1)l

(r I cb), (37)
icoEr2

icoE(rEe).

The solutions of these equations can be expressed in
terms of Bessel functions.

For other than biconical antennas, we allow IP and
therefore v to be a function of r

1,G = a(r)/r, v = 2n + 1 + 1/log [2r/a(r)]. (38)

We now have all the functions needed for representa-
tion of the field within the antenna region, and our next
task is to match this field to the field outside this region.

MATCHING OF WAVES AT THE BOUNDARY SPHERE

There are at least two methods for matching the fields
at the boundary sphere S of regions (1) and (2), Fig. 1.
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One is the method of successive approximations based
on the following considerations :

1. In the first approximation we neglect the comple-
mentary waves. When taken together with the vanish-
ing of current at the ends of the antenna, this implies
also the vanishing of the magnetic intensity over the
boundary sphere. This boundary condition leads to an
equation for two arbitrary constants in the general ex-
pression for principal waves. The second equation is ob-
tained from the boundary condition at the generator
where the impressed voltage is supposed to be given.
Thus we obtain a field which satisfies all the boundary
conditions in region (1) but which is discontinuous at S.
This step yields strictly sinusoidal current distributions
for biconical antennas, and nearly sinusoidal distribu-
tions for antennas of other shapes.

2. The next step is to determine the field of the above -

found current distribution by the retarded potential
method. In this way we obtain a field which is continu-
ous at the boundary sphere S and which fails to satisfy
the boundary conditions at the surface of the antenna
because the tangential component of the electric inten-
sity will not vanish there. This is a well-known fact
which has caused a great deal of uneasiness in the past.
It should not have, since no approximation can possibly
satisfy all requirements of the problem ; if it did, it
would be the exact solution. The important thing is
the magnitude of the error and not merely an indica-
tion that there is an error.

3. Having carried out the second step, we expand one
of the field components at the boundary sphere in terms
of wave functions appropriate to region (1). This will
insure that the vanishing of the tangential electric in-
tensity will be re-established at the surface of the
antenna; but the continuity conditions at S will be
broken automatically. The new field in the antenna re-
gion yields a new current distribution in the antenna.

Fig. 10-A biconical antenna of large angle P.

Steps (2) and (3) are then repeated ad infinitum. In
the original antenna paper, the process was discon-

tinued with step (3). There, besides the principal cur-
rent, we found the term inversely proportional to the
average characteristic impedance of the antenna. The
next two steps would have yielded a term varying in-
versely as the square of the average characteristic im-
pedance.

Another method leads to a system of linear algebraic
equations with an infinite number of unknowns. In the-
ory the method is very simple. In region (1) the field is
expressed as an infinite series of wave functions satisfy-
ing the boundary conditions on the antenna; in region (2)
the field is expressed as an infinite series of spherical har-
monics of integral degree; and the conditions at the
boundary between the two regions furnish the necessary
equations for calculation of the coefficients in the series.
Thus in region (1) we have

rI I =

iwErE0 =

00

aofo+(r, 0) + bof0(r, 0) + E aninfr, 60,
n=1

a f 0+ (r , 0)
ao bo

af0-(r,
ar ar

af(r, 0)-an
n=1 ar

and in region (2)

r114, = L AnK2nAi13oi2Acos 0),
n=0

(39)

rE8 = - E -61/  A 2n+i(i,r) P on+11(cos 0), (40)
n=0

iCn(X) = (2 X/70112Kn+1/ 2(X).

When r=/, Ho and E0 must be continuous. One way
of expressing this condition is to equate (39) and (40) for
a sequence of angles 0 =kr k =1, 2, 3, 2"',
where m-> oo . If the antenna has a conducting portion
in the boundary sphere, Fig. 10, then over this, portion
E8 as given. by (40) should vanish. Perhaps, the best way
of assuring this is to expand into spherical harmonics
the function equal to E8 as given by (39) over the non-
conducting part of the boundary sphere and equal to
zero over the rest of the sphere. The procedure is sim-
plified by the fact that Pi2.1_1(cos 0) form an orthogonal
set of functions. In this way we express An's in terms
of an's; and then we match Ho. When the set of functions
fn(r ,0) is orthogonal, we can expand 11,6 as given by (40)
in the usual way and express an's in terms of An's. Thus
linear homogeneous equations connecting an's are ob-
tained. One linear nonhomogeneous equation is obtained
from the condition at the source (r = 0) : the integral
- frEed0 should equal the impressed voltage.

In the above outline we have assumed that the source
of power is infinitesimal. It is for this reason that we



1946 Schelkunoff : Waves in Antennas 31 P

have only one set of functions f.(r, 0) to deal with in the
antenna region. If the source is of finite dimensions, we
have to divide our space into three regions : the generator
region, the antenna region, the external space. In this
case the voltage alone is not sufficient for complete de-
termination of the field because the series in (39) be-
comes

rHo = aof0+(r, + bof o(r, 0)

+ E [anfn(r, 0) + bng(r, 0)]. (41)
n-=].

The added set of coefficients bn will be determined from
the boundary conditions at the sphere separating the
generator from the antenna region. The nature of the
functions gn(r, 0) is such that the coefficients bn approach
zero as the radius ro of the generator region approaches
zero. Furthermore gn(r, 0) decreases as r/X increases;
hence, for small values of ro/X, the added field is strictly
local and substantially electrostatic.

The exact solution of the antenna problem is seen to
depend on our ability to obtain exact wave functions
for the antenna region, and then on our ability to solve
the infinite system of linear algebraic equations. For
biconical antenna of arbitrary angle, Fig. 10, the neces-
sary functions are products of Bessel and Legendre
functions with fractional orders. Thus for the antenna
region (r <0:57r -1P) we write

CO

aoe- '01 + boeot = E A nV n .0k2n-1-1(01)
n=0

ap,;;,(131) = E A nv.,,n-k 2.+1(i01),

V 0

V n ,m

n=0

P,(cos 4') = Pp(- cos 4'). (43)

If the cone angle 4' is small, the roots are approximately
1

v,, 2n - 1 + n = 1, 2, 3, . (44)
log (2/4')

The functions
1 d

[P, (cos 0) - P(- cos 0)]
sin 0 d0

form an orthogonal series.
Expanding /E8(/) in the series of associated Legendre

functions PL_Fi(cos 0) and equating the coefficients to
those in (40), we obtain

A miC 2.+1(00 = (-

-iE ,;(0l)a,,

4m-1-3
(45)

2(m+ 1) (2m+ 1)

4m+3
Unm= P2/n±i(COS 0)1 sin 0

2(m+1) (2m+ 1) J 0 dB

-
d0

[P n (cos 0)- R (- cos 0) ]do.

Expanding ///4,(/) as given by (40) in the series of asso-
ciated Legendre functions appropriate to the antenna
region, we have

P2.+1 (cos 4/)

log cot (¢/2)

T/2f (d
P2n±1(cos 0)) sin 0 - [P, (cos 0) -P cos 0)1d0

d0

f712(d0
d 2- [Pp (cos - P,(- cos 0)1) sin OdO

rH0 =
a0e07+boefr

sin 0

+ E a,Jyn(13r) - [P, (cos 0)-P( -cos 0)1,
n=i dB

77aoe-i3r -nboeor
r.E0= (42)

sin 0

+in E ay,,:ivr) [P,(cos 0)- P,(- cos 0)],
d0

--T,(x)= (70)112. f,±112(x), n = Vi7E;
where the summation extended over the roots of the
following equation :

(46)

At r =0, we have

277(ao - bo) log cot (4./2) = - V, (47)

where V is the impressed voltage.
Thus we have obtained a system of linear algebraic

equations (45), (46), and (47). Infinite systems (like
most problems for that matter) are solved by successive
approximations. When the angle 4' is small, it is easy to
determine the first approximation to the A.'s. We
merely let lab = 0, calculate the distant field, and com-
pare it with (40). Starting with this set, we calculate
a, from (46) and then we calculate An from (45). On
the other hand, if 4' is nearly 7r/2, we assume a= 0 in



32 P Proceedings of the I.R.E.

the first approximation; then we obtain A. from (45)
and recompute a, from (46). In any case the procedure
is perfectly straightforward although the amount of la-
bor involved in carrying out successive integrations
would be prodigious unless we were satisfied with just
two or three approximations.

ANTENNAS OF SMALL TRANSVERSE DIMENSIONS

A fairly simple general solution can be obtained if we
assume that the transverse dimensions of an antenna
are small compared with its length as well as with the
wave length. In the case of biconical antenna the voltage
and current distributions are'

a
V(r) = V(1) [cos 0 (1 - r) + - sin 0(1 - r)i,

V(l) Z.
K K

I(r) = [i sin 0(1 - r) + - cos 0(1 - r)1,

60V(1) °' 4m + 3
-,

K2 ,a...0 (m + 1)(2m + 1)
[4.+1031)

V(/)
i sin 0(1 - r) + -Z. cos 0(1 - r)

K. K.

+i
K.

N(l) - N(r)

M(l) - M(r)

+i
Ka

47n + 3 12.+1 01)
m=0 (m + 1)(2m + 1)

- iir2,,H-1030112,,,+i(Or),

60V(/)
Ka2

where

sin 0(1 + r)

cos 0(1 + r)]

2r
Ka = 120 f log dr, K(r) = 120 log

0 a(r)

M(r) = f  [Ka - K(r) ] sin 213rdr,

(48) N(r) = f r [Ka - K(r)]

i1V2m+ i (00 1-1-2,n+ (Nr) ,

neglecting (in the expression for I) terms of the order
1/K3. In order to obtain similar expressions for antennas
of other shapes, all we need to do is to include in the
principal wave the terms varying as 1/K0, where K. is
the average value of -\/L/C. To this order of accuracy
the complementary waves are the same for all antennas
as may be seen from (36) and (37). Thus the problem
of cylindrical and other nonconical antennas as com-
pared with the problem of biconical antennas demands
merely an additional solution of a system of ordinary
linear differential equations with varying coefficients,
namely (5) and (15). This problem has already been con-
sidered elsewhere and the results are

V(r) = V(l) [cos 13(1 - r) +
iZa-

sin 0(1 - r)
Ka

M(l) - M(r)
Ka

N(l) - N(r)
K.

cos 0(1 r)

sin 13(1 r)1,

cos 213rdr.

2r

a(r)

(49)

(50)

Integrating (50) by parts, we have

M(r) = 2 [K - K(r)](1 - cos 2$r) + 60 Cin 20r
r a'(r)

- 60 .10 (1 - cos 2/3r)dr,

N(r) = z [Ka - K(r) j sin 2)3r + 60 Si 2/3r (51)

r a'(r)
- 60

j.
sin 213rdr,

x 1 -0 coasfrt) x sin t
Cin x = dt, Si x=fo dt.

0

These equations apply to the same order of accuracy to
thin antennas of all shapes.

It would be feasible to carry out the calculations as
far as terms of the order 1/K02 are concerned, assuming
that practical applications warranted the added labor.
At present it appears, however, that this is not necessary
if K. exceeds 500 (and perhaps is as low as 300).

Thus we have shown how to calculate certain solu-
tions of Maxwell's equations appropriate to antennas of
various shapes and to cylindrical antennas in particular.
The initial approximations can be carried out without
excessive labor and yield results of the same order of
accuracy for antennas of all shapes.



Probe Error in Standing -Wave Detectors*
WILLIAM ALTARt, F. B. MARSHALLt, AND L. P. HUNTERt

Summary-Distorted patterns which are observed in standing -
wave detectors with deeper probe penetrations are shown to be at-
tributable to reflections at the probe wire. It is demonstrated that
the probe, over a wide range of penetrations, acts as a simple shunt
admittance across the transmission line.

The mathematical and graphical treatment developed on this
basis gives a satisfactory account of observed probe patterns, and
makes it possible to obtain exact readings even from badly distorted
patterns. By applying the results, one is in a position to improve the
sensitivity of standing -wave measurements at low -power levels with-
out sacrifice in accuracy, simply by using much deeper probe penetra-
tions.

I. INTRODUCTION

EFLECTIONS caused by the probe in conven-
tional standing -wave detectors are not negligible
even with probe penetrations of the order com-

monly used, and they may result in noticeable distor-
tions of the observed standing -wave pattern. These
distortions should serve as a warning not to take the
apparent standing -wave ratio at its face value. But
since the shape of the pattern rarely receives much at-
tention, the effect is a potential source of error. It is,
therefore, of some importance to have a simple criterion
for its presence and a ready method of correction. The
latter will be particularly desirable when it permits us
to improve the sensitivity of measurements at very low
power levels without sacrifice in accuracy, simply by
using much deeper probe penetrations.

The method proposed here rests on the plausible as-
sumption that the distortions are entirely attributable
to reflections at the probe wire and that the probe, inso-
far as it causes reflections, may legitimately be consid-
ered as a mere shunt admittance across the line. The
twofold purpose of the paper is, therefore (1) an experi-
mental verification of these assumptions; and (2) their
mathematical exploitation in the form of formulas and
graphical procedure. From a purely practical viewpoint
the second purpose is of greater interest, yet a large
portion of the paper must be devoted to the experimen-
tal verification, showing the limitations of the proced-
ure. In view of this duplicity of purpose, the group of
readers primarily interested in the application would be
best served, it is felt, by having a sample computation
presented in Section II, while proofs and verifications
are relegated to later sections. As shown in the sample,
three galvanometer readings at specified probe positions
suffice for a computation of the true standing -wave ratio
even from a badly distorted pattern, and furthermore,
of the admittance of the perturbing probe if desired. The
determination of the latter is not actually required in

* Decimal classification: R116. Original manuscript received by
the Institute, March 27, 1945; revised manuscript received, July 17,
1945.

t Westinghouse Electric Corporation, East Pittsburgh, Pa.

routine measurements but will be used here as part of
the experimental verification of the underlying assump-
tions.

Our experiments test the validity of these assumptions
for a standing -wave detector operating in a rectangular
wave guide at a wavelength of a few centimeters. In this
typical case our formulas must be applied when the
probe penetration exceeds 25 per cent, and they ac-
count perfectly for the observed distortions with pene-
trations as deep as 65 per cent. While the mathematical
treatment offered here is not restricted to a particular
type of transmission line, it must be realized that the
specific values quoted are not directly comparable with
probe penetrations in, let us say, a coaxial line where
the deeper probe reaches into a stronger electric field. It
is also necessary to point out that in our measurements
the customary precautions for excluding all undesired
frequencies were observed, and that failure to do so will
cause additional distortions of a type not within the
scope of our formulas.

In our measurements, the probe admittance is a func-
tion not only of the penetration but also of the tuning
of the probe circuit by means of which the detector re-
sponse was adjusted to a maximum value. Thus it would
be almost impossible to compute the admittance, and
all values quoted are empirical. However, by using two
independent experimental methods for their determina-
tion, an additional check on the consistency of our the-
ory was provided.

The most noticeable distortion of a typical pattern
(Fig. 1) is the asymmetry of the maximum position rela-
tive to the minima, though this is not a necessary crite-
rion for probe reflections. The pattern of Fig. 1 was
taken with a probe penetrating 50 per cent of the guide
height and with an actual power standing -wave ratio
of 12.8 whereas the apparent value is only 11.0. Thus an
error of 20 per cent could be incurred unless one is
aware of the distortion. Also, the minimum is shifted
from the true position which might cause an error in
the angular position of the load point plotted in the
Smith charts by as much as 20 degrees.

Probably the simplest criterion for reflections is in
terms of the separation between the minimum and each
of what may be termed the two midpoints. By midpoint
is meant a probe position such that the galvanometer
reading C is related to the maximum and minimum
readings, A and B, by the equation

2AB
C

A + B (1)

I P. H. Smith, "Transmission -line calculator," Electronics, vol. 12,
pp. 29-31; January, 1939.
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In the absence of reflections, the probe response

P = IRA + B) - (A - B) cos 0]
gives a sine pattern when plotted against the probe posi-
tion (expressed in radians) and one verifies easily that
the midpoints must be spaced at intervals

- B1
17 = ± cos -1

A+B
from the minimum because this reduces P to the value
(1). The last equation can, therefore, serve as an experi-
mental criterion for the absence of probe reflections. In
the presence of reflections, one determines the positions
of maximum, minimum, and midpoints and expresses
their spacings in radians, to a scale which renders the
half wavelength equal to 27r. As shown in Appendix I,
a mathematical relation between these four positions
makes it possible to obtain a complete solution from the
two known spacings between any three consecutive
positions; for instance, between the minimum and the
two midpoints. Still it will be necessary to determine
the maximum value if not its position, since it enters
into the definition of the midpoints. The exception
where one can do completely without the maximum is

0

DISTANCE ALONG WAVEGUIDE (A1113. UNITS)
S .4 5 .6 .7

45. 90* 135. 180 225* 270. 315° 36. 405.
16.6. 37 .6.

ANGULAR PROBE POSITION

Fig. 1-Typical probe pattern. Points experimental,
curves calculated.

the case of very high standing -wave ratios, where the
midpoint response, according to (1), is simply twice the
minimum response. This is fortunate because in this
case the measurement of the maximum value would be
impractical at power levels where the minimum reading
has any accuracy. It turns out for very high standing -

wave ratios that the probe reflections have little effect
on the measured positions of minimum and midpoints
because the correction terms are small of a high order.

II. SAMPLE CALCULATIONS

Let the distorted pattern be the one shown in Fig. 1.

The upper scale of abscissas represents actual distance
along the wave guide in arbitrary units measured from
an arbitrary position in the wave guide. The lower scale
of abscissas represents angular distance along the wave
guide in degrees and is based on 360 degrees between
minima. We may compute the "midpoint" galvanometer
deflection from (1)

2AB 2 X 10.00 X 0.87C= = 1.60
A + B 10.87

which enables us to read the midpoint positions from the
illustration. From this illustration, therefore, we obtain
the information contained in Table I.

TABLE I

Minimum Minimum Midpoint MidpointMaximum
1 2 1 2

Galvanometer Deflection 10.00 0.87 0.87 1.60 1.60
Angular Position (degrees) 170.0 16.6 376.6 46.6 343.0

Proceeding first by the graphical method, we draw an
arbitrary circle C1 (Fig. 2(a)), with center D, on which
the angular positions from the table are marked. The

(a)

(b)
Fig. 2-Sample illustration of graphical procedure.

tangents at the maximum and minimum points intersect
at 0', the center of circle C4 which is orthogonal to circle

Similarly, the two tangents at the midpoint posi-
tions determine the center of circle C5 which is orthogo-
nal to circle C1 and circle C4. Through the outer
intersection S of circle C4 and C5, draw the circle with
center D. This circle is the outer rim of the Smith
chart. The point L of intersection of the line SD with
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the circle C1, represents the true load point in the chart.
This means that in the absence of probe reflections one
would have found that the angular position of the mini-
mum lay on the line SD when referred to the arbitrary
zero of the angular scale as the axis of reals of the Smith
chart, and that the ratio LD/SD is the true reflection
coefficient.

This completes the operation necessary in a routine
measurement. An equivalent analytical procedure con-
sists in listing the angular spacings between the four
characteristic points obtained from Table I as follows :

a = 30 degrees,
7 = 174 degrees,

From which we find

=
2

a
= 46.5 degrees,

and

sin 17i -
sin n

= 123 degrees,
= 33 degrees.

ot+13
= = 76.5 degrees

2

1

( sin e  sin n

COS E - COS 17

0.972
- 0.519

1 +
-X 0.2332

= 31.27 degrees.

From this we compute the reflection coefficient
1 - tan 7/2 1 - 0.280r= =0.560
1 + tan ii/2 1-1-0.280

as compared with the apparent value 0.546.
In order to find the angular displacement /A of the

minimum analytically, we use the equation

sin (n - #.4) =
sin

e - cos .77\2V1 + COS2
sin e  sin n

Since the angleµ is quite small, this may be approxi-
mated by a simpler formula which actually gives better
slide -rule accuracy.

cos n sin n 0.1165 X 0.972
=

1 1 3.75 - 1.06
2

sin2 sin2 n

= 0.0422 radian
= 2 degrees 24 minutes.

Since this angle is counted positive in the direction to-
ward the nearer of the two midpoints, this will be found
to check the graphical results previously given.

For completeness, we include in this section a de-
termination of the probe admittance. Though this is not
needed in a routine measurement, it permits us to gen-
erate the observed pattern graphically and thus pro-
vides a check on the whole procedure. Referring again
to Fig. 2(a), a distance (r/r')XSD is laid off from S
along the tangent at S to circle C4, giving point R. The

admittance Y is then represented by vector DR to the
same scale to which SD' /2 represents the characteristic
guide admittance Yo. Numerically

Y = Yo(0.45 j0.06).

Referring to Fig. 2(b), we shall show how to generate
a probe pattern given the load -reflection coefficient and

Y.0 (C)

Fig. 3-Probe response as a vector in the Smith chart.

the probe admittance. Draw an arbitrary circle C1 with
center D. Construct the line SD so that the ratio r/ SD
is equal to the given reflection coefficient (here 0.56).
From the tangent ST drop the perpendicular TD' to
SD. Now to the scale of SD' /2 being equal to the guide
admittance Yo construct the vector Y (probe admit-
tance) to end on the point S. Here we have used the
same Y as found from Fig. 2(a). Finally, draw any line
SP V intersecting the circle and connect V and 0. As P
travels through angles 4 the rectified galvanometer cur-
rent varies as the square of the distance OQ. The probe
pattern thus obtained is drawn as the curve of Fig. 1,
the points of Fig. 1 being experimental. The proof of the
construction of Fig. 2(b) will be found in Appendix III.

III. A GEOMETRICAL PRESENTATION OF
PROBE RESPONSE

It is possible to give a general presentation for the
probe response by vectors in the Smith chart. Let P in
Fig. 3(a) be the chart point representing a given load
as it would be measured with a probe free of reflections.
The angular position of P gives the position of a refer-
ence point relative to the position of minimum response,
and the radius vector is a measure of the reflection co-
efficient. In particular, if P should fall at S (Fig. 3(a)
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it would be indicative of zero probe response at the refer-
ence point, the reflection coefficient being unity with the
minimum at the reference point. Now generally the
voltage at the reference point is represented in phase
and magnitude by the chart vector pointing from S to P,
as can be proved in the following manner. We recall that'
the contours of susceptance B are circles of radius 1/B
(Fig. 3(b)) and the conductance circles have radii
1 /(1 +G). From the geometry of Fig. 3(b), we have

5.p =

1 N2 1 v
B )4- +G)

4

B2 + (1 + G)2

To identify this with voltage, we will consider a line of
characteristic admittance Yo terminated by Y. The ratio
r of the incident A to the reflected C waves is

A Yo --= r -
'C Yo+Y

and the probe voltage V is

V=A+C=A (1 ± 17° -

and letting
plitude

1V12=

v 1 =
2A Yo

Yo + Y

170 and A =1, we have for unit incident am -

4 4

1 1 + 12 B2+(1+G)2

Thus the probe voltage may be represented by the
length of the vector SP. An alternative proof may be
derived from first principles as follows:

Considering that the Smith chart is the complex plane
of reflection coefficients r and that the short-circuit point
S represents a reflection coefficient r = -1, ( Y = infinity)
we see that the vector SP represents the complex quan-
tity (1 +r). On the other hand, the voltage at the refer-
ence point is the sum of the incident wave, of amplitude
unity, and of the reflected wave, of amplitude and phase
represented by r, and thus is given by the same complex
quantity (1 +r).

At other reference points P', P" (Fig. 3(c)) the
voltage is similarly given by the vectors SP', SP", etc.
Thus as we move the probe in a direction away from
the load, the voltage vector SP varies as P rotates along
the circle C1 (Fig. 3(c)) in a clockwise sense, through
angles which are proportional to the probe shifts. It is
permissible here to ignore the relative position of probe
and generator which affects merely the phase, not the

= 1 51, 12.

magnitude of the probe voltage. The square of SP' is a
measure of the rectified galvanometer current, the varia-
tion of which with probe position is a sine curve which
may be seen by virtue of simple geometry.

Fig. 4-Diagram representing general effect of probe admittance Y.

With a reflecting probe, circle C1 no longer represents
the load locus as seen at the probe but must be trans-
formed, point by point, in a manner allowing for a con-
stant additive amount of probe admittance. To find the
result of this transformation, it is expedient to change
temporarily from the chart diagram to the complex ad-
mittance plane. This transition is effected by means of
an inversion; i.e., a transformation by reciprocal radii
using the point S as the inversion center. It is expedient
to choose the unit radius of the inversion in a manner
such that circle C1 as a whole remains unchanged by the
transformation, its points merely changing places in
pairs Q, Q' (See Fig. 3(c)). This is accomplished by
choosing as the inversion unit the distance ST, T being
the point of tangency of t and C1 (Fig. 3(c)).

Referring now to Fig. 4, which represents a superposi-
tion of the chart and admittance diagrams, let C1 and S
have the same meaning as in Fig. 3(c). The distances
between the four characteristic probe positions, ex-
pressed in radians, are designated as follows: a, the dis-
tance between the minimum and the nearest midpoint;
13, between the maximum and its nearest midpoint;
y, between the maximum and its farther midpoint; and
5 between the minimum and its farther midpoint. It
can be shown (see Appendix I) that the four points on
C1 determine four chords such that pairs of opposite
chords have equal products; this means that a, (3, y,
and S follow each other consecutively. The inversion
with center S and radius ST carries the chart (center
D, radius DS) into a complex plane of admittances



1946 Altar, Marshall, and Hunter: Standing -Wave Phase Errors 37 P

transforming point D into D' (obtained by drawing a
line through T and perpendicular to DS). In the admit-
tance plane, points D' and Shave the significance of plus
and minus unity, respectively, and the imaginary axis
passes half way between them. The real axis passes
through S and D. The admittance locus is again circle
Cl but its center D no longer is identical with the point
of matched load, D'. Addition of the probe admittance
Y shifts the admittance circle C1 to a new position Cs.
From Cs we find C2, the apparent locus of operation in
the chart for the moving probe position, by applying the
inversion once more, using the same center S, and unity
ST as before.

These geome-ffical operations are the equivalent of
adding the admittance Y to each point of the circle Ci
in the chart. We see now how the distorted probe pat-
tern emerges from the construction of Fig. 4. As the
ideal operating point (that is, in the absence of probe
reflections) moves along circle C1 uniformly with chang-
ing probe position, its image on circle C2, obtained by
twice inverting as described, moves at a rate which is
subject to wide variations, the vector from S to the
image point being proportional to the square root of the
galvanometer deflection.

IV. ANALYSIS OF A PATTERN

Practically, however, the problem presents itself in
the reverse order, being the determination of quanti-
ties r and Y = G +jB from a measured curve of the type
of Fig. 1. It is not difficult to verify that the two mid-
points on circle C2 are the intersections of circle C2 and
the circle with center on line g and perpendicular to C2,
and which passes through the' point S (Circle C6,
Fig. 5). Since this circle is carried into the diameter h
of circle Cs by the inversion, it becomes clear that the
four characteristic probe positions are equally spaced on
the admittance circle Cs, and consequently on the
admittance circle C1. The proof of this will be found in
the Appendix IV. The lines g' and h' form a pair of
orthogonal diameters of circle C1, respectively parallel
to lines g and h. The corresponding four points on the
chart circle C1 must, therefore, form what is known as
a harmonic set, being the intersections of C1 with two
circles C4 and C6, both perpendicular to the circle C1 and
to each other. The circles C4 and C6 intersect in points
D' and S; circle C4, being related to g' by an inversion
at center S, must have radius SO perpendicular to g' and
thus to g. Its- tangent at S is the line g which passes
through the center of the circle Cs.

The analytic problem now resolves itself into the con-
struction of Fig. 4 from the angles a and 0. In order to
obtain a and 0, the positions of the maximum, the mini-
mum, and one midpoint between them must be meas-
ured. The actual values of the maximum and the
minimum must be known in order to calculate the value
of the midpoint (equation (1)) and to determine its
position. The apparent standing -wave ratio does not

enter explicitly, however, in this determination of the
true standing -wave ratio or the true load point in the
chart. Only if it is desired to determine the probe ad-
mittance does one use the apparent standing -wave ratio
explicitly.

c

Fig. 5-Auxiliary sketch used in showing relation among
maximum, minimum, and midpoint positions.

To solve the first part of the problem, a circle C1 of
arbitrary radius r is drawn to a scale to be determined
later. Three points separated by angles a and Q in ac-
cordance with the measured probe shifts are marked
on this circle. Next, circles C4 and C5 are drawn through
these points, both being perpendicular to the circle C1
and to each other as shown in Fig. 2, giving S as their
intersection point. The distance DS is the outer chart
radius; i.e., unity, and thus by comparison gives the true
value of the reflection coefficient r, and hence the true
standing -wave radio 1 +r/1 - r. The true chart point is
obtained as the intersection of line SD and circle C1,
indicating the error in the observed minimum position.
If the three characteristic points were plotted correctly,
not only relative to each other but also to an assumed
reference point, the chart point will also be in the correct
relation to this reference point.

It is an easy matter to complete the illustration by
incorporating the vector Y. The center of circle Cs is
found by marking a distance r/r' from S along line g
which is tangent to C4 at S. The apparent reflection co-
efficient

V-Ar'= -
-V.74 + B

is found from the observed galvanometer readings A
and B. On the other hand, the center of circle Cs is the
endpoint of vector Y plotted from D to a scale whose
unity Yo is represented by the distance SD' /2.

These constructions are straightforward and can be
carried out quickly except in cases representing extreme
conditions. For instance, if maxiinum and minimum are
approximately a quarter wave apart, circle C4 becomes
impractically large and the construction is awkward and
inaccurate. For better than graphical accuracy, the re-
flection coefficient can be computed directly by means
of the formulas
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cos ¢ -

where

and

sin n =

1 - tan (V2)r=
1 + tan (id 2)

sin n

sin e sin n 2

4/1 +
cos e - cos

a 4- 1.3
=

2

13 -a
=

2

(2)

For proof, refer to Fig. 6, which is an extraction of Fig. 4,
with some self-explanatory additions. From Fig. 6 it can
be seen that

d
-2-

e./34.1

Fig. 6-Auxiliary drawing used in proof of (2) and (8).

(cos e - cos n) cos n
tan 11/ =

sin e  sin n

(cos e - cos n) cos 77
sin ik -

\/(cos e - cos n)2 cos2 n + sin2 e  sin2 rl

sin e  sin tl

-V (cos e - cos n)2 cos2 n + sin2 e  sin2 ,

In order to determine the unit of the admittance scale
which, in Fig. 2, is represented by the length SD' 12, we
write

(3)

SD' = 2r tan n  sin IP
(cos e - cos n) sin n

NA(cos E - cos n)2 cos2 n + sin2 e  sin2 n
(4)

Inspection of Fig. 6 will show that the following prod-
ucts of distances are equal:

(DD')(DS) = (DT)2
or

(1)(1 - 2Y0) = r2. (5)

Hence we have a quadratic equation from which the re-
flection coefficient may be found

r2 + 2r tan n  sin 1p - 1 = 0 (6)

which together with (3) leads directly to (2).
For the probe admittance one derives (Appendix II)

the formula

Y =
1 - r2 r'2 [C.-) 1]

where the factor 2/1 - r2 refers the admittance to the
proper unit. The true minimum position is the point of
intersection of the line SD and circle CI (Fig. 6). From
the triangle OAD one has

OA OA r tan nsin (n - u) = -= = cos  sin n (8)
OD r tan n OD

from which one computes the angle u by which the mini-
mum has been shifted as a consequence of probe reflec-
tions. The angle is counted positive toward the nearer of
the two midpoints.

In concluding the general discussion, it should be
mentioned that the chart point can also be determined
in terms of the quantities a and S (Fig. 4). The intro-
duction of the angle S instead of i3 requires little labor,
since (2) remains correct when the letter in the defini-
tions of e and n is replaced by S and the letter 4' in (3)
by Equation (8) then remains valid with the same
changes. This form will be of use later when we take up
the case of high standing -wave ratios.

V. EXPERIMENTAL VERIFICATION

All measurements were performed with a standing -
wave detector of standard design using a rectangular
wave guide and operating at wavelengths of a few centi-
meters. The detector was coupled to the electric field by
means of a probe wire 0.010 inch in diameter which
protruded into the wave guide through a 3/32 -inch slot.
The arrangement of the apparatus is shown schemati-
cally in Fig. 7. At the right in the illustration is the

Fig. 7-Schematic arrangement showing wave detector
and variable load.

(7)

generator which is buffered by the fixed attenuator B.
At the left in the illustration is shown the load which
consists of a variable attenuator A backed by a short
circuit. The attenuator B was matched to the charac-
teristic impedance of the transmission line, and was of
such a value that the generator was always working into
a nearly matched load regardless of the position or the
setting of the attenuator A. The generator, a reflex kly-
stron, was operated from a well -regulated power supply.

The standing -wave detector was completely over-
hauled prior to the measurements, and with a matched
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load the probe response was constant within one per cent
all along the length of the slot. A low -resistance, criti-
cally damped galvanometer served as the indicator of
probe response. All attenuators were calibrated and the
square -law response of the probe crystal was carefully
checked.
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Fig. 8-Standing-wave patterns as a function of load. Curves
experimental. Constant probe penetration 25 per cent.
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Fig. 9-Standing-wave patterns as a function of load. Curves
experimental. Constant probe penetration 50 per cent.
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As a sample of the computations of Section III, the
true reflection coefficient r and the probe admittance
Y=G-jB have been computed for a fixed load and a
number of probe penetrations, and tabulated in Table
II. The load was the same as that used in Fig. 4. Probe
penetration is quoted in per cent of guide height. The
tabulated results bear out the contention that the probe

acts as a shunt admittance so long as the penetration is
not more than 65 per cent, and the theory presented
here should thus be quite satisfactory in all practical
standing -wave measurements.

In Figs. 8, 9, 10, 11, and 12 is shown the variation of
probe patterns with load, the probe penetration re -
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Fig. 10-Standing-wave patterns as a function of load. Curves
experimental. Constant probe penetration 75 per cent.
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Fig. 11-Standing-wave patterns as a function of load. Curves
experimental. Constant probe penetration 90 per cent.
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maining constant. For penetrations up to 25 per cent,
the shift of maximum and minimum is not noticeable
(Fig. 8), but this is no longer true for penetrations be-
tween 25 and 50 per cent (Fig. 9). For penetrations ex-
ceeding 50 per cent (Figs. 10, 11, and 12) the pattern
departs noticeably from a sine curve beyond the shifts
of maximum and minimum.
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The effect of increasing probe penetration on the pat-
tern for a given load (Figs. 13, 14, 15, and 16) is gener-
ally to reduce the apparent standing7wave ratio. In
these, as in the preceding illustrations, the appearance
of more than one maximum per half wave for extremely
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Fig. 12-Standing-wave pattern as a function of load. Curves
experimental. Constant probe penetration 97 per cent.
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Fig. 13-Standing-wave patterns as a function of probe penetration.
Curves experimental. Constant load reflection coefficient 0.31.
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90 per cent
97 per cent

deep penetrations is clearly unaccounted for by the
shunt -admittance theory and thus affords a sufficient,
though not a necessary, criterion that the formulas of
Section III are no longer applicable.

Fig. 17 shows four curves calculated for widely differ-
ent probe admittances, together with experimental
points found with probe penetrations such as to ap-

proximate the calculated curves most closely. The devi-
ations are not very striking even for the larger probe
penetrations of above 75 per cent, yet remind us that
our assumptions should not be carried to probe penetra-
tions beyond 65 per cent.

TT
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Fig. 14-Standing-wave patterns as a function of probe penetration
Curves experimental. Constant load reflection coefficient 0.56.
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Fig. 15-Standing-wave patterns as a function of probe penetration.
Curves experimental. Constant load reflection coefficient 0.82.
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Table III is a compilation of all measurements. In
each section, representing a constant load, the computed
reflection coefficients are correct for penetrations below
65 per cent and approximately correct for 75 per cent.

The probe admittance increases rapidly with probe
penetration for a given load and, contrary to what
might be expected, varies also with the load when the

211'
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penetration is kept constant. This is not quite so sur-
prising considering that the probe admittance, particu-
larly in its conductive component, is a sensitive function
of the tuning of the standing -wave detector. An attempt
was made to readjust the tuning for each probe penetra-
tion so as to obtain maximum response, yet the probe
admittance still showed variations independent of the
penetration.

As an additional and more direct check on the com-
puted values, the probe admittances were subjected to
measurement by means of the experimental setup shown
schematically in Fig. 18. The only changes compared
with Fig. 7 are the added standing -wave detector be-
tween the first standing -wave detector and the buffer
attenuator, as well as a carefully matched load substi-
tuted for the variable load of Fig. 7. The admittance
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Fig.16-Standing-wave patterns as a function of probe penetration.
Curves experimental. Constant load reflection coefficient 1.00.
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values measured with the second detector and the com-
puted values are plotted in the Smith chart (Fig. 19),
showing good agreement for a number of probe pene-
trations.

VI. SPECIAL CASE OF HIGH STANDING -WAVE RATIOS

For very high standing -wave ratios, the situation
requires a separate discussion, since the formulas of
Section III while, of course, still valid, are no longer
practical. In the first place, the reading of maximum and
minimum at the same power level is impractical and it is
expedient to use the two midpoints and the minimum
instead. The midpoints may now be taken as the probe
positions with twice minimum response, separated from
the minimum position by angles a and b. We must,
therefore, avail ourselves of the modified form of (2)
as was mentioned at the end of Section IV.

In the second place, with increasing standing -wave

ratios, the two midpoints move closer and closer toward
the minimum position and the two spacings become
equal in the limit. Thus, the value of e is small and of
higher order than n. This works toward a simplification
of the formulas, the net result being the same as if re-
flections were ineffective. This is true, notwithstanding

ANGULAR PROBE POSITION

Fig. 17-Comparison of experimental and calculated patterns. Points
experimental, curves calculated. Constant load reflection coeffi-
cient 0.56. -0-0-0-0 25 per cent

-X-X-X-X 50 per cent-0-0-0-0
---A---A---A---A 90 per cent

the fact that the true and the apparent standing -wave
ratios differ considerably. The situation is best under-
stood by considering the effect of increasing probe
penetration. Starting with an ideal probe one would ob-
tain a strictly sinusoidal pattern. As the probe admit-
tance becomes considerable, the pattern is distorted by
a shift and lowering of the maximum, and yet the dis-
torted patterns still pass very nearly through the same

Fig. 18-Schematic diagram showing arrangement for direct
measurement of probe admittance.

minimum and midpoints. For power standing -wave
ratio of 400, the correction term becomes much less
than 1 per cent.

A series expansion of the modified equation (2) in
powers of n (see Appendix 5) gives

1 - tan n/ 2 2 1 cos n tan n
r -

1 + tan n/2 2 1 - cos n (1 + sin n)
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Fig. 19-Comparison of experimental and calculated
probe admittances.

 =probe admittance measured
X = probe admittance calculated 25 per cent
0 =probe admittance calculated 50 per cent
A =probe admittance calculated 75 per cent
El =probe admittance calculated 90 per cent
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and since n itself is small SD' 1 - r2

1 - r =
2 2e2

1 cot n/2 n

A direct determination of e would be inaccurate owing
to the smallness of a and b plus the uncertainty attend-
ing the exact minimum position. The correction term
can be found with much greater accuracy by means of
the maximum position, which shows very considerable
shifts even for slight asymmetry of the minimum versus
midpoints. By virtue of Appendix I we can write

360-y-a-b
sin

and

Finally

a
,....,

sin a/2 2
=

a sin (5/2 sin -y/2

= cos n + cot (y/2) sin n

e/n = n/2 cot 7/2 + .

2
1 - r = n3/2 cote -y/2

1 + cot (0/2)
5

n - n2/2 - n3/2 [cot2 7/2 -
12

(9)

Inspection of Fig. 16 shows that the angle y stays well
above 45 degrees for probe penetrations up to 75 per
cent, so that the third -order correction term at its worst
will amount to less than 3 per cent of the total (1 -r) if
r 0.90.

APPENDIX I

RELATION BETWEEN FOUR HARMONIC POINTS

Four points (A, B, C, and D) in the complex plane
which can by a linear transformation be transformed
into four equidistant points on a circle are a harmonic
set which means that the anharmonic cross ratio X
(A, C; B, D) of their complex values is

X(A, C; B, D) =
(A - B) (C - D) = - 1.
(A - D)(B - C)

Each of the four brackets represents a cord of the circle
on which the four points lie, subtending the angles a, 0,
y, and 5 respectively. It is then easily seen that

sin a/2 sin 7/2 = sin 0/2 sin b/2

and this is the relation sought.

APPENDIX II

COMPUTATION OF THE COMPLEX PROBE ADMITTANCE

In the triangle formed by vector Y and line SD (Fig.
4) the third side has the length r/r' and is rotated
through V/. Since the vector SD is the unit vector, we
can write down the vector relation

1 + Y = r/r'ei#.

To write down the expression for Y, it is necessary to
refer it first to the proper unit Yo which, in the illustra-
tions, is represented by distance

2 2

(Note that line TD' in Fig. 4 is at right angles to SD.)
Hence

G = 2/1 - r2[- cos - 11
r'

B = 2/1 - r2[2:,- sin Id .

APPENDIX III

PROOF OF FIG. 2(b)

In Fig. 4 the circle C2 was obtained by inverting the
circle C1 in the point S, using ST as a radius, adding the
vector Y to C1 in the rectangular admittance plane giv-
ing C3, and then again inverting C3 at S, using radius ST.
Fig. 2(b) represents exactly the same process with the
exception that the vector Y is subtracted from S rather
than added to C1. Here C1 is inverted in S, using radius
ST (carrying P into V), and Y subtracted from S.
This latter step leaves circle C1 in the same relation to
point 0 as circle C3 is to the point S in Fig. 4. All that
remains now is the inversion of CI in the point 0 to
get a circle equivalent to C2 of Fig. 4. If ST were used
as radius, we would obtain a circle on the same scale
as C2 but to simplify the construction we will change
scales and use as inversion radius a tangent to C1
through point 0. This inversion carries the point V into
the point Q.

The result is, therefore, that with a true load point P,
the voltage as measured with a probe of admittance X,
will be proportional to the vector OQ rather than to
the vector SP. We may thus compute probe patterns,
if we are given the probe admittance Y and the true
load -reflection coefficient r.

APPENDIX IV

EQUAL SPACING OF THE FOUR CHARACTERISTIC
PROBE POSITIONS ON CIRCLE C3

Referring to Fig. 5, which is an excerpt of Fig. 4, we
remember that circle C2 was obtained from circle C3 by
an inversion in the point S, using radius ST. This carries
points A, B, M1, and M2 into points a, b, ml, and m2 re-
spectively, so that the following relation holds :

SA Sa = SBSb = SMiSmi= SM2Sm2= ST2. (10)

Now the maximum of the standing -wave pattern is pro-
portional to Sae, the minimum to Sb2, and the midpoint
(1) to

2 Sa2Sb2

g -a2+ Sb2-
m12 = Sin?. (1')

In Fig. 5, if M1, B, M2, and A are equally spaced on
circle C3, we have by geometry

SA + SB2 SB - SA2
SMI2 = SM 22

2 2
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TABLE II TABLE III
REFLECTION COEFFICIENT =0.56
VARIOUS PROBE PENETRATIONS

Probe Penetration 10 per cent 25 per cent 50 per cent 75 per cent 90 percent

Maximum 10.00 10.00 10.00 10.00 10.00
Position of Maximum 0.394 0.382 0.336 0.210 0.192
Minimum 0.80 D.80 0.87 1.52 4.40

0.035 0.033 0.013 .0.000
Position of Minima

0.752 0.756 0.748 0.728 0.712
Midpoint 1.48 1.48 1.60 2.64 6.11

Position of Midpoint
0.098 0.091 0.072 0.059

r0.60090 0.688 0.681 0.626 0.524
a (in degrees) 31 30 30 30 30
13 (in degrees) 149 144 123 72 67
y (in degrees) 149 154 174 208 168
a (in degrees) 31 32 33 50 95
n (in degrees) 90 87 76.5 51 48.5
e (in degrees) 59 57 46.5 21 18.5
r (calculated) 0.56 0.56 0.56 0.55 0.52
r' (apparent r) 0.56 0.56 0.54 0.46 0.23r/r' 1.00 1.00 1.03 1.20 2.26
sin # 0.001 0.026 0.147 0.600 0.630
cos 1' 1.00 1.00 0.99 0.87 0.79
2/1 -r2 2.91 2.91 2.91 2.82 2.73
B (probe) 0.003 0.08 0.45 1.98 3.88
G (probe) 0 0 0.06 0.12 2.14

or

VARIOUS PROBE PENETRATIONS

Probe Penetration

Maximum
Minimum
a (in degrees)
8 (in degrees)
7 (in degrees)
0 (in degrees)
r (calculated)
r' (apparent)
G (probe)
B (probe)

(a) Reflection Coefficient =0.31
25 per cent 50 per cent 75 per cent 90 per cent

10.00 10.00 10.00 10.00
2.81 2.94 3.70 6.00

54 53 51 57
124 112 82 89
126 135 144 122
56 60 83 92

0.31 0.31 0.30 0.25
0.31 0.30 0.24 0.12
0.00 0.04 0.09 1.49
0.04 0.50 1.92 2.68

(b) Reflection Coefficient =0.56
Probe Penetration 10 per cent 25 per cent 50 percent 75 per cent 90 per cent

Maximum
Minimum
a (in degrees)
8 (in degrees)
7 (in degrees)
S (in degrees)
r (calculated)
r' (apparent)
G (probe)
B (probe)

10.00 10.00 10.00 10.00 10.00
0.80 0.80 0.87 1.52 4.40

31 30 30 30 30
149 144 123 72 67
149 154 174 208 168
31 32 33 50 95
0.56 0.56 0.56 0.55 0.52
0.56 0.56 0.54 0.46 0.23
0.00 0.00 0.06 0.12 2.14
0.00 0.08 0.45 1.98 3.88

1 2 1 (c) Reflection Coefficient =0.82

SM12 SA2 + SB2 SM22

And substituting from (10) we have

F 2 Sa2Sb2sm12 - Sm22.
Sa2 Sb2

Probe Penetration

Maximum
Minimum
a (in degrees)
ft (in degrees)
7 (in degrees)
I (in degrees)
r (calculated)
r' (apparent)
G (probe)
B (probe)

25 per cent 50 per cent 75 per cent 90 per cent

10.00 10.00 10.00 10.00
0.11 0.16 0.30 2.05

11 11 11 12
166 131 57 37
172 205 276 289
11 13 16 22
0.82 0.82 0.81 0.79
0.82 0.78 0.70 0.38
0.00 0.06 0.34 4.00
0.04 0.44 2.11 6.40

Which is (1'), the definition of our midpoints, thus prov-
that inversion of and (d) Reflection Coefficient =1.00ing the the midpoints the maxi-

Probe Penetrationsmum and minimum give four equally spaced points on
Maximumcircle Ca. Minimum
a (in degrees)APPENDIX V 8 (in degrees)
.. (in degrees)

SERIES EXPANSION OF (2) FOR HIGH I (in degrees)

25 per cent 50 per cent 75 per cent 90 per cent

10.00 10.00 10.00 10.00
0.00 0.00 0.001 0.02
0 0 0 1

176 140 56 20
184

0
220

0
304

0
338

1

r (calculated) 1.00
STANDING -WAVE RATIOS r' (apparent) 1.00

G (probe) 0.00
From the definition of the equation for fi we have B (probe) 0.04

1.00 1.00 0.99
1.00 0.98 0.91
0.06 0.60 3.00
0.40 2.30 5.30

'n 1 - cos 7) V1 + (
sin E  sin n ) 2

COS E -COS n 1
COS2 n + (

sin  - sin n )2

COS E - COS f/
tan =

2 sin fi sin n

1 - cos n

+
e2 sin n 1 n 2 tan n

=
sin n 2 (1 - cos 91)2

1
cos n

= tan2
2 (1 - cos n)

Inserting this into (2), we have

1 - tan n/2 tan , 1 - tan n/2 2 1 + cos , tan n
r + 0= +

1 ± tan n/2 (1 - cos n)(1 + tan n/2)2 1 + tan n/2 2 1 - cos +t 1 + sin g
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An Explanatory Statement

Concerning

THE PROCEEDINGS OF THE I.R.E.

and

WAVES AND ELECTRONS

In placing before the membership of The Institute of Radio Engineers the first
issue of a new, dual publication of the Institute containing two technical journals,
rather than one as heretofore, it is believed appropriate to explain the purposes,
policies, and procedures adopted for the two journals to the extent that these have
been crystallized up to the present and, upon recommendation, approved by the
Board of Directors.

It has long been evident that the material appearing in the PROCEEDINGS OF THE
I.R.E. covered a wide range of subject matter and treatment. For convenience of
reference, ease of binding, comfort in reading, adaptation to the needs of the Insti-
tute membership, and adjustment to the trends of the field of the Institute, it has
seemed desirable to divide the technical material available for publication into
two major groups, and to include each of these groups in a separate and con-
veniently usable periodical. The provision of two such diversified journals will
permit the more flexible expansion or modification of each of them, and thus will
doubtless enhance their utility to the membership of the Institute.

Division of Material

The division of material between the PROCEEDINGS OF THE I.R.E., on one hand,
and WAVES AND ELECTRONS, on the other hand, can be made reasonably clear in
its present status through the following discussion:

Appearing in the PROCEEDINGS OF THE I.R.E. generally will be papers dealing
with advanced research topics; the more advanced types of equipment and method
development; mathematico-physical analyses of engineering problems; relatively
advanced or abstract studies of scientific or technical matters; Standards Reports
formally adopted by The Institute of Radio Engineers; adopted reports of the
Technical Committees of the Institute; and other matters which are likely to be
found of fundamental or basic nature.

In the pages of WAVES AND ELECTRONS, there will generally be included, accord-
ing to present plans, papers dealing with current engineering developments of
equipment or methods; tutorial papers covering specific aspects of radio -and -
electronic engineering in an authoritative and clear form and readily usable for
"refresher" purposes by our engineering readers and Student members; historical
papers tracing the development of concepts or aspects of apparatus or methods



now in common use and setting forth the trends of the radio -and -electronic art,
papers dealing with engineering welfare matters, including the problems, view-
points, and aspirations of our engineering members; reports of standards adopted
by organizations other than the Institute, together with the membership of the
committees of such organizations responsible for the standards in question; in-
formation concerning the activities and accomplishments of the members of the
Institute; intramural news items dealing with the activities of the Institute, its
Sections, its Committees, its Officers, and its Staff, together with the elements of
its collaboration with other learned societies; book reviews of current interest; and
bibliographical abstracts in such forms as may become available.

It is to be expected that the list of items included in both the PROCEEDINGS OF
THE I.R.E. and WAVES AND ELECTRONS will be expanded or modified as timegoes
on and experience develops methods whereby these periodicals may be made of
greater service to the membership. However, the foregoing discussion indicates
the nature of present plans to an extent which will enable our readers to form a
judgment relative to their utility.

It should be here emphasized that high technical standards and careful editorial -
review procedures will be maintained in both journals, and that papers in each of
them are regarded as on an equal basis professionally. The Editorial Department
of the Institute has encountered numerous and difficult problems in the preparation
and issuance of this first issue of our dual technical journals. For the present, these
journals will be published under a single cover, although it will be readily possible
for the readers to separate these either immediately upon receipt, or at the end of
each year for binding into appropriate volumes. Each journal, it will be found, has
its own contents page and numbered page sequence.

Comment of Readers Invited

The future usefulness and success of both journals will be dependent in con-
siderable measure upon the extent to which the readers of these journals convey
their views to the Institute. The Editorial Department will, accordingly, be grate-
ful for any comments which our readers may make concerning any aspect of these
journals and for any suggestions as to modifications, additions, omissions, or
changes in policy. The Institute of Radio Engineers and its Editorial Department
exist to serve the membership, and they will best accomplish this aim if the mem-
bership is thoroughly articulate. Each reader addressing the Editorial Department
may be assured that his views will be carefully considered and analyzed and, so
far as is consistent with basic policy, the professional standards of the Institute,
operating practicability, and a reasonable support for these viewpoints, will be
put into practice. Such expressions of opinion should be addressed to the Editorial
Department of the Institute at 26 West 58th Street, New York 19, New York. In
the meantime, the friendly support of the membership of the Institute is earnestly
solicited for the two journals which are submitted to them at this time.
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The following editorials appeared in a preliminary issue of WAVES AND
ELECTRONS in July, 1945. They remain pertinent and are accordingly here
reprinted, essentially in their original form.

Waves and Electrons
A Publication of the I.R.E.
ALFRED N. GOLDSMITH, EDITOR

IN PLACING before members of The Institute of Radio
Engineers and readers of its PROCEEDINGS of the I.R.E.
this issue of a new publication, WAVES AND ELECTRONS,

some historical and evolutionary information is properly
included.

A third of a century ago, a small group of "wireless engi-
neers" gathered with a common thought and intent. Their
thought was that the nascent "wireless industry" had before
it a future of untold promise; that there should be substituted
in the corresponding technical field for mere trial -and -error
and mysterious and confusing secrecy the frank expression of
widely disseminated scientific truth; that to these ends an
ethical attitude should be encouraged among the practitioners
of the new profession of radio engineering; that the common
good of the radio -engineering profession was not only the best
course but also the most practical aim for farsighted workers
in that field; and that to achieve these worthy and socially
productive aims it was essential that there be formed a new
radio -engineering society, strong in purpose, effective in
execution, and worthy of the loyal and willing support of its
members. Their intent was to form such a society and to give
it their best thought and effort.

It was not an easy task that they voluntarily assumed in
those days which are now so remote as to seem almost form-
less and incomprehensible to the modern and specialized
worker in our field. Human reactions and frailties combined
with material and financial difficulties to challenge the
aspirations of those men. But the obstacles were ultimately
surmounted and thus there was born our Institute of Radio
Engineers.

Today, it is truly The Institute of Radio Engineers, the liv-
ing embodiment of the professional aspirations of its members
and their chosen medium for co-operative expression of their
technical discoveries, plans, and proposals. Where once a
handful gave their support to the Institute, there are now
thousands; and thus The Institute of Radio Engineers in its
fourth decade enjoys a membership far advanced into its sec-
ond ten -thousand. It is world-wide in scope; fortunate in its
organic unity with its many Sections in three countries; and
properly encouraged by the work and standing of a national
I.R.E. Council in a friendly country other than that of its
origin. Its long-established publication is a recognized
medium of consistently maintained standing. Its repute
stands as high as its future seems bright.

For the latest decade, it has become clear that the original
scope of the Institute has naturally expanded far beyond its
former boundaries. The radio arts have been the ancestors of
a host of technical applications of ever-increasing engineering
and industrial interest and human significance. These later de-
velopments have come to be known by the generically descrip-

tive term of "electronics"-a convenient though scientifically
vague designation. Perhaps the most distinctive attribute of
electronic methods is the utilization, somewhere in the corre-
sponding systems, of electrons freed from material paths, and
flexibly and instantaneously controlled to produce the desired
effects.

The chosen publication medium of the I.R.E. members up
to this time has been the PROCEEDINGS of the I.R.E. Its pages
have literally been the history of the radio and allied arts.
When its successive volumes are scanned, it is found that they
have presented unobtrusively, but none the less comprehen-
sively, the basic principles, devices, and methods of elec-
tronics as well as radio. Of late, this fact has appeared with
ever-increasing clarity. It has seemed fitting therefore to
present on the cover page of recent issues of the PROCEEDINGS
a definite statement of the scope of that publication and the
more detailed topical headings covering its usual contents.
This accordingly has been done.

But another type of differentiation or evolution in the pub-
lication policy and procedure of the Institute now seems ap-
propriate. This involves the addition to its publications, in
one form or another, of an assembly of material of more gen-
eral, historical, or tutorial nature and in some instances of
particular and timely technical interest. This new material
will also deal with the communication and electronic arts.

Communication of intelligence is essentially based on
waves. Whether these be the pressure waves of touch and
sound, or the electromagnetic waves of light and perhaps of
neural messages, they constitute our basic means of com-
munication and thus our essential contacts as individuals with
the outside universe and with each other. Electronics, as
stated, is functionally an expression of electron behavior and
control. And, most remarkable of all, the electromagnetic
wave and the electron seem to be but two aspects or modes of
action of the same underlying and fundamental unity.
What could therefore be more expressive of our cosmos and its
contacts with humanity, as well as certain of the most power-
ful agencies now available for human communication and
advancement, than the title of the new I.R.E. compendium:
WAVES AND ELECTRONS?

In the hope and belief that The Institute of Radio Engi-
neers will continue to be the primary repository and dissemi-
nation means of the engineering wisdom and accomplish-
ments of its members in war and peace, and that its publica-
tions will ever be an agency promoting a brighter and more
fruitful future for mankind, there is thus added to the
activities of the Institute the issuance, according to an appro-
priate schedule, of additional material the title of which amply
indicates the scope and means of the electronic and com-
munication fields.
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Electronics and Communications
Their Present and Future

W. L. EVERITT, PRESIDENT, 1945

COMMUNICATION engineering has ever been the
originator of new applications of electricity and enter-
prise3 associated with it. The first commercial use of

electricity was in the telegraph, and more than one electrical
society was either established or fostered and encouraged by
the early telegraph engineers. An early commercial applica-
tion of electric currents generated by changing magnetic
fields was the telephone of Bell, and the first applications of
electronics were by Fleming and de Forest to the detection of
radio waves.

Because communication engineering has many applications
for small -current phenomena, it is usually the field in which
new discoveries in electrical physics find their first application.
Because it deals with such large ranges in power, impedance,
and frequency, it requires a careful approach to the study
of its phenomena to make sure that conclusions which may
be drawn from particular experiments are based on an under-
standing of broad general principles.

All energy is transmitted by waves. When we apply a force
(mechanical or electrical) to the driving end of a transmission
system, the corresponding response is not felt immediately at
the receiving end, but there is a finite time required for the
effect to be propagated. If the force changes slowly, or if the
transmission medium is stiff (as for instance in the connecting
rod of a low -speed engine) the designing engineer pays little
attention to the wave phenomena, or the finite time required
for transmitting the disturbance. As the frequency is in-
creased, approximations which neglect wave action are no
longer valid.

In the early telegraph circuits, the transmission of direct
currents over open wires seemed simple and straightforward.
But as time went on, the telephone was invented, the lines
became longer, cables with less stiffness were introduced, and
higher frequencies were employed. Signal distortion became
important, and a more complete theory of the travel of elec-
trical waves along guided paths became necessary.

Coulomb studied the properties of electrons at rest (even
though he did not know of their existence) and his law is the
basis of our knowledge of electric fields. Ampere studied the
properties of electrons in motion: and his law is the basis of
our knowledge of the magnetic field produced by electric cur-

rents. Maxwell studied the properties of the acceleration of
electrons and laid the basis for the initiation of those dynamic
electric fields which do not require charges on which their lines
of force terminate. He showed that the transmission of
electric energy is not necessarily confined to the highways
along which electric currents flow. Edison, and his successors
in the electronic field, showed also that even electron currents
are not necessarily confined to metallic highways. de Forest
and Arnold showed the advantages for electronic traffic control
of these nonmetallic gateways enclosed in the vacuum tube.
From these foundations we see that our understanding of all
electric phenomena is based on our knowledge of the prin-
ciples connected with waves and electrons.

The war has shown what concentrated research and
development and adequate financing may accomplish. The
future of electronics and communications is bounded only by
the ability of man to understand their principles and convert
them to his uses. The engineer is essentially a builder and not
a destroyer, and so the arrival of peace will stimulate him to
even greater endeavors in the days to come if he is given the
tools with which to work.

The primary function of The Institute of Radio Engineers
is one of education. Since its organization the PROCEEDINGS
has recorded most of the major advances in the electronic
and communication art. It will continue to do so. As a
result of the information dispensed in its pages many new
developments have been initiated. The applications of these
developments are spreading into many areas outside the field
of communication. The expansion of principles, techniques,
and applications are such that no longer can the individual
engineer or scientist be well versed in them all. Therefore, a
new educational function is required of the Institute in co-
ordinating and summarizing the growth of knowledge and its
application. To provide for this new function, either the re-
cording of new advances must be restricted (which is unthink-
able) or our publication activities must be expanded. I
regard the advent of WAVES AND ELECTRONS as an historical
event in the progress of the Institute whose significance will
be recognized as the years go by and its contributions to the
electrical arts expand and become of assitance to the profes-
sional workers in all the fields which it serves.
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Benjamin E. Shackelford
Board of Directors -1945-1947

Benjamin E. Shackelford was born on August 12,
1891, in Richmoud, Missouri. He received the A.B. de-
gree in 1912 and the A.M:degree in 1913, both from the
University of Missouri. In 1916, he received his Ph.D.
from the University of Chicago.

From 1912 to 1914, Dr. Shackelford assisted in the
physics department of the University of Missouri, and
in the summer of 1925 was the first Brush Research
Fellow at the Nela Research Laboratory. The following
year, he joined the staff of Westinghouse Lamp Com-
pany, where his activities included work in illumination
and incandescent lamp physics. His direct connection
with radio began in 1916 when he undertook the engi-
neering development of radio tubes for the company.
He became manager of the radio engineering depart-
ment in 1925, and his work with Westinghouse contin-
ued for approximately five years.

He became a member of the manufacturing depart-
ment, radiotron division, of the Radio Corporation of
America at Harrison, New Jersey, in 1930, and in 1934

was appointed manager of the. patent department,
activities of which included the operation of foreign
technical agreements. After serving as manager of the
company's foreign license service, Dr. Shackelford
transferred to New York where he became assistant to
the director of research and later to the chief engineer.
In 1942, he was appointed engineer -in -charge of RCA's
frequency bureau. Since 1944, he has been assistant to
the vice-president in charge of RCA Laboratories, and
manager of the license department of the RCA Inter-
national Division with particular responsibility in the
field of international activities.

Dr. Shackelford is a member of the American Physi-
cal Society, the Optical Society of America, the Ameri-
can Institute of Electrical Engineers, the Franklin
Institute, the American Association for the Advance-
ment of Science, Sigma Xi, Gamma Alpha, and Alpha
Chi Sigma. He joined the Institute of Radio Engineers
as an Associate in 1923, transferred to Member grade
in 1926, and became a Fellow in 1938.
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Preparation and Publication of I.R.E. Papers*
HELEN M. STOTEt

Summary-The various steps in the preparation of manuscripts
for publication in the PROCEEDINGS of the I.R.E. and WAVES AND
ELECTRONS as well as a short explanation of the handling of pa-
pers after they are received by the Institute, are outlined. The me-
chanical preparation of papers and the various stages through which
they progress will be treated.

I. INTRODUCTION

T0 SOME contributors to the pages of the PRO -
CEEDINGS,' certain of the policies and procedures
of the Editorial Department might seem either

unnecessary or without sufficient justification. Yet,
present methods of handling papers are based on long
experience and on many requirements, some of which
are not obvious. Further, it has always been the wish
and desire of this Department to be logical, fair, and
consistent in its treatment of all manuscripts submitted
for consideration so that the best relations may exist
between author and reader. This paper is presented in
the hope that many questions which may confront or
even puzzle authors may be answered.

Every publication has a broad underlying editorial
policy which may differ radically from that of other
periodicals, and even from those in the same field. Such
policies promote coherence and consistency in style and
form and thus reduce confusion or annoyance to the
reader. Some few authors go so far afield from a desir-
able treatment of material that intensive editing of their
papers is necessary (to say nothing of the required ap-
plication, at times, of the simple rules of grammar and
composition). Certain fundamental rules are also ap-
plicable to illustrations. It is obviously necessary that
figures be presented in a clear form or the resulting
printed page will lose in value to the reader.

It is one of the aims of the Institute to ensure the
technical quality and originality of the papers appearing
in its PROCEEDINGS. Accordingly, every manuscript re-
ceived by the Editorial Department of the Institute is
scrutinized by at least three members of the Papers
Committee and one or more members of the Board of
Editors before it is accepted for publication (or declined
as unsuitable for the PROCEEDINGS). These readers
carefully examine and study each paper and judge it on
its likely value to the membership. Their reviews are of
great benefit to the author whether the paper is finally
accepted or not, for fundamental or less serious errors
in manuscript are not infrequently caught, thus avoid-
ing damage to the reputation of the author and impair-
ment of the high quality of the PROCEEDINGS.

* Decimal classification: R053. Original manuscript received by
the Institute, August 31, 1945.

f Publications Manager, The Institute of Radio Engineers, Inc.,
New York, N. Y.

I In this paper "PROCEEDINGS" means PROCEEDINGS of the I.R.E.
and WAVES AND ELECTRONS.

II. THE MANUSCRIPT

Papers should be submitted in triplicate to the Edi-
torial Department, The Institute of Radio Engineers,
Inc., 26 West 58th Street, New York 19, New York. A
complete set of illustrations should accompany each
copy of the manuscript, since each paper is to be read
by each of the three selected members of the Papers
Committee. When three copies of the manuscript are
submitted, they can go to the readers simultaneously.
If only one or two copies are submitted, it is necessary
to wait until they are returned to the Editorial Depart-
ment before they can be forwarded to additional read-
ers. This, obviously, delays the processing of the manu-
script and the date of its publication.

The manuscript should be typed on white paper, regu-
lar letter size (81 X 11 inches), double-spaced, and with
margins about three quarters of an inch to one inch in
width. Only one side of the paper should be used, and
each page of every copy should be carefully checked to
be certain that it is completely legible and without errors
or omissions. Blueprint copies and silver -print copies are
not desirable because, in the mechanical editing process,
it becomes necessary to use a white pencil on the blue-
prints or a pen on the silver prints, and the clarity of
the marked corrections leaves much to be desired.

The paper should have a short title, preferably not
longer than five or six words. After the title, the name
of the author should follow immediately, and a footnote
reference should give the author's university, govern-
mental, or business affiliation and location. If the paper
has been presented at a meeting of any kind before any
organization, this should be noted either in the footnote
or in the letter of transmittal which accompanies the
manuscript. The name of the meeting, the place, and the
exact date should all be incorporated.

The author should state in his letter of transmittal
of the manuscript any plans for the publication of his
paper other than in the PROCEEDINGS. He should also
inform the publicity division of his organization that it
is the policy of the PROCEEDINGS not to publish any
paper which has appeared in English in any publication
having a substantial circulation among the readers of
the PROCEEDINGS. The purpose of this policy is to avoid
duplication of effort and waste of material, properly to
conserve the funds of the Institute. Further, if the au-
thor is aware of any earlier partial or complete anticipa-
tion of publication in any language of the work de-
scribed in his paper, he should state that fact early in
his paper to avoid possible confusion or misunderstand-
ing.

A short summary should precede the body of the

1946 Waves and Electrons 5 W



6 W Waves and Electrons January

paper explaining the context in brief. Footnote references
and equations should not appear in the summary.

It is desirable to have division headings, but to keep
the number of these within reasonable limits. Subhead-
ings are frequently confusing to the reader and should
not be employed unless absolutely necessary.

At the end of the paper, all of the captions for the
figures should be typed on a single sheet. Only the first
word of each caption should be capitalized. The figures
themselves should not carry these captions, but only an
identifying figure number. It is highly desirable that the
name of the author be on each figure. This identification
is particularly helpful to the Editorial Department
when the manuscript and illustrations are sent in sepa-
rately, and also in identifying the proper paper when
the illustrations are sent to the engraver to be made into
cuts for the printer. Unrelated figures should not be di-
vided into parts unless each part is an integral part of
the whole figure. All figures should be numbered in
chronological order according to the first reference made
to them in the text.

The footnote references should give the full name of
the author, the title of the paper, the publication in
which it has appeared, the volume number, the be-
ginning and concluding pages, and the month and year
of the publication. 'As an example: Dorman D. Israel,
"Looking forward in engineering education," PROC.

I.R.E., vol. 23, pp. 353-355; June, 1945. References to
books should give the name of the author, the title of
the book, the name of the publisher, and the city, date,
and year; where a particular page or chapter is referred
to, this should be added. For example: V. K. Zworykin
and G. A. Morton, "Television-The Electronics of
Image Transmission," John Wiley and Sons, New York,
N. Y., 1940, pp. 370-374. The editorial readers of the
PROCEEDINGS feel that while in some cases a bibliogra-
phy is desirable, generally speaking, it is better to indi-
cate references within the body of the paper by means of
footnotes which appear on the same page. In some cases,
such as in an historical paper, a full bibliography is more
desirable. Footnote references should appear in chrono-
logical order without exception. Numerals should be
used in place of asterisks or daggers.
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Fig. 1-Drawing made with black ink on blue cross -hatched paper
with major divisions in red.

III. ILLUSTRATIONS

Wherever possible, illustrations should be submitted
on sheets 81 inches by 11 inches (which is regular letter
size), since the standard file cabinets used by the Edi-
torial Department and others readily accommodate this
size folder. Where larger sized paper is used, or where
drawings are large and difficult to handle, there is the
risk that both the manuscript and illustrations may be
damaged in handling. Small illustrations or photographs
may be lost if not attached to the 84- by 11 -inch sheets.
Extremely large illustrations are awkward to mail and
are often a cause of trouble to the author and the pub-
lisher. (In some cases, the engraver makes an extra
charge for the reduction of very large figures.) It should
be kept in mind that most illustrations in the PROCEED-
INGS are reduced to a maximum width of 31 inches. In
some extreme cases, they are made larger, but in the
interest of economy in paper and in cost, the sizes are
kept to the named dimension wherever possible. There-
fore, all printing and symbols on the illustrations should
be of such a size that, when the figure is reduced to 31
inches or slightly less in width, the printing will be clear
and distinct and the symbols legible. A suggested letter-
ing size is given in the last paragraph of this section.
Printing and symbols should be of the same size on all
figures in any one group. Drawings should be done with
black ink on tracing cloth or white paper. They should
not be done with fountain -pen ink which may smear,
fade, or reproduce badly. Where graph paper is used,
it is desirable to use the kind which has a light -blue,
cross -hatched background with the major divisions in
red. In the photoengraving process, the blue drops out
completely, and the red appears as black. (See Fig. 1.)
Some authors submit figures on paper with yellow,
green, brown, orange, or red cross -hatched paper. Such
backgrounds reproduce in black with confusion and
blurring of lines and lettering. (See Fig. 2.) A search was
made for log -log paper with blue backgrounds and red
major divisions, but the two leading companies which
handle these papers do not manufacture log -log paper in
these combinations. Therefore, where this paper is to be
used, it is desirable to plot the chart on tracing cloth or
white paper with only the major divisions indicated.
Where this is impossible, and where the printing appears

I
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Fig. 2-Drawing made on cross -hatched paper with yellow, green,
brown, orange, or red backgrounds.
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on the figure itself, the author should copy the printing
on small pieces of white paper and carefully paste them
in the required places. When the cut is made, these let-
ters will appear on little white "islands" and will be
legible and sightly. However, one danger of this practice
is that these small pieces of paper frequently fall off
and are lost.

Photographs must be sharp in detail and on glossy
paper. While matte -finished pictures are more artistic,
much detail is lost in the photoengraving process. Any
printing which necessarily is included on a photograph
should be directly on it and not carried over into the
white margin of the picture. The reason for this pro-
cedure is one of economy, for unless this method is used,
the corresponding cut has to be made, in photoengraving
terms, as a "combination half tone," and the cost is ap-
proximately twice that of an ordinary half tone.

Some commercial companies have a practice of print-
ing a file number on the illustrations. Wherever possible,
this is eliminated from the finished production; if it is
impossible to "crop" it from the picture, it is necessary
to have an artist airbrush it out. This extra work, of
course, adds to the time element and to the cost of the
cut, and is to be avoided wherever possible. Sometimes,
holes are punched in the photograph itself, and these,
too, are eliminated from the figure when the cut is
made; or, where they interfere with the illustration it-
self, it is necessary to have the artist patch these holes.
This patching process also adds to the cost of the cut
and is not desirable. At present, the Institute does not
employ an art staff to handle such special matters. Ac-
cordingly, it is necessary to send out all such work to be
done by an artist. Sometimes, authors send in a rough
pencil sketch. In these cases, it is necessary to return
the drawing to the author for redrawing in an accepted
form, and this, of course, slows up publication. Illustra-
tions should not be mounted on heavy bristol board
since such material is awkward to mail and greatly in-
creases the postage cost.

For a drawing which is 8 by 10 inches, the lettering
should be one quarter of an inch high and all other ma-
terial in proportion. Figure numbers and captions
should never be included on the figure itself. The author
should submit with his manuscript three extra copies of
his illustrations, such as blueprints or photostatic copies,
so that these may be sent to the readers. He may indi-
cate that he will supply the original drawings when he
has been notified of the acceptance of his paper for pub-
lication, or he may send the original drawings at the
time of submission in which case they will be kept in the
files until needed.

IV. MATHEMATICS

Some authors are so familiar with their own hand-
writing and with the symbols in the equations that they
do not make these as clear or definite as could be desired.

The author should, therefore, take extreme care in writ-
ing his equations so that there will be no doubt of his
meaning in preparing the manuscript for use by the
printer and typesetter. To avoid possible confusion, it is
well for the author to write out the name of any new or
unusual symbol on the margin of the paper. In the case
of complex mathematical equations, he should insert
parentheses, braces, and brackets where needed.

The equation number should be enclosed in paren-
theses and put at the far right of the equation. Equa-
tions should be numbered consecutively. Some authors
start to renumber their equations with each section, or
with each appendix. This practice is confusing to any
later author who may use the paper as a reference.

Decimals should be preceded by a zero, such as 0.04,
rather than .04.

V. ABBREVIATIONS

In every field, certain abbreviations and even slang
terms are used. These are quite right and proper in their
ordinary usage, but are believed to be unsuitable for the
pages of the PROCEEDINGS. Slang and "shop talk"
therefore, should not be employed. All words should be
written out, (such as decibels, microvolts, megohms, and
the like). The underlying reason behind this procedure
is one which, until recently, was less important than
usual, but is nevertheless fundamentally sound. The
Institute of Radio Engineers is an international organi-
zation and has members in every part of the world who
derive great benefit from the PROCEEDINGS. Many of
these members have a reading knowledge of English, but
may not be familiar with abbreviations or peculiarly
idiomatic or popular expressions, and therefore may be-
come confused in reading papers published in these
pages unless they are formally presented. For the benefit
of our foreign readers and our younger student members,
the Editorial Department adheres to the strict policy of
writing out abbreviations. The only exception to this is
that, in tables, abbreviations occasionally may be
used. Also, because of the long-established custom in
all textbooks and journals, figures are always referred
to as "Fig. 1," "Fig. 2," etc.

VI. CONTRIBUTORS SECTION

In the Contributors section, there are published for-
mal portraits of authors. An attempt is made to keep
the portraits reasonably uniform in size so that the page
may present a pleasing appearance. The accompanying
biographical sketch should include the author's name,
date and place of birth, degrees received and dates
awarded, institutions which granted them, places and
dates of employment, and his affiliation with other pro-
fessional, honorary, and scientific societies. A careful
reading of several published biographical sketches
should prove helpful in the preparation of this material.
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VII. PROCESSING A MANUSCRIPT

The author may wish to know what happens to his
manuscript after it has been sent to the PROCEEDINGS
for consideration.

As stated, the manuscript preferably is submitted in
triplicate, and three sets of figures (blueprints, photo-
stats, etc.), should accompany it, together with a com-
plete set of original illustrations. The author should be
certain that the manuscript is complete and he should
not send additional material to be inserted later. Re-
ceipt of the manuscript is acknowledged to the author
by the Editorial Department; a card is made out listing
the name of the author, the title of the paper, and vari-
ous other data, which card is kept active and up to date
in the Editorial -Department files until final disposition
has been made of the paper. A form is filled in and sent
with one copy of the manuscript to the Editor for in-
spection. He examines the manuscript and selects the
readers on the Papers Committee and the Board of Edi-
tors to whom the manuscript should be sent for review.
The readers on the Papers Committee are skilled and
recognized specialists in the field covered by the paper,
and the member of the Board of Editors has a broad,
over-all knowledge of both the field of the paper and the
value of the submitted material to the PROCEEDINGS.
Every attempt is made to select a variegated and im-
partial group of readers.

If the Editor finds that the publication of the paper
might prove detrimental to the
sends the manuscript to a suitable referee or a govern-
ment department for a decision in the matter. If, in the
opinion of the reviewer, the manuscript falls into this
class, it is returned to the author with such a nota-
tion.

When the paper appears on the desk of the Technical
Editor, it is routed to the three designated members of
the Papers Committee for review. When these three re-
views have been received by the Editorial Department,
they are sent, together with one copy of the manuscript,
to the designated member of the Board of Editors. He
then gives his opinion, and the whole file is sent to the
Editor. The preceding steps are carried out by the
Technical Editor. According to the reports of the read-
ers, the Editor has three courses open to him : to accept
the paper as it stands; to return the paper to the author
for revision; or to classify it as unsuitable for publication
in the PROCEEDINGS.

When a paper is accepted, the author is so informed,
and any missing material is requested, such as a sum-
mary, original illustrations, captions for the figures, and
a biographical sketch and photograph of the author.
Where the author has previously had the last two items
published in the PROCEEDINGS, he is informed of the
date of their publication and requested to submit any
changes which he desires to have made.

The paper is then mechanically edited. The type sizes
are indicated for the printer, footnotes put in order, fig-

ures prepared for the photoengraver, and cuts made.
The engineering correctness of the language and equa-
tions is carefully checked by the Technical Editor. The
manuscript is edited for spelling, and the grammar is
carefully checked. The Editorial Department of the
PROCEEDINGS endeavors to make each paper as nearly
grammatically correct as is possible, and relies for this
purpose on the Second Edition of Webster's New Inter-
national Dictionary, Unabridged ; the Century Collegi-
ate Handbook; and the Manual of Style, published by
the University of Chicago Press. To any reader of the
PROCEEDINGS, it is evident that hyphens are abundantly
used. This conforms to the rules laid down by the previ-
ously mentioned books and is not arbitrary. Likewise,
the usage found in the PROCEEDINGS of writing non-
semi-, super-, etc., words solid is in accordance with the
spelling found in Webster's dictionary.

When the manuscript has been edited and the cut
proofs checked against the original figures and found to
be in good order, the paper is then sent to the printer.
He sets it in type and returns a galley proof to the Edi-
tor, the Technical Editor, the National Bureau of
Standards, and two copies to the author. The author
inserts his corrections on one of the proofs and returns
it to the Editorial Department, retaining the other copy
for his files. After the galleys have been read by the
Editor, Technical Editor, Department proofreader, the
author, and the printer, all corrections are made on one
master galley to which is added the decimal classifica-
tion assigned by the National Bureau of Standards. This
classification is inserted in the first footnote of the paper,
which carries an asterisk instead of a numerical desig-
nation. It is not necessary for the author to trouble
himself with the decimal classification.

The scheduling of papers for publication is carried out
systematically to produce balanced, instructive, and in-
teresting issues of the PROCEEDINGS. When this has been
done, all of the manuscripts scheduled to appear in that
particular issue are returned to the printer, together
with the additional material which appears in the sec-
tion of the magazine following the technical papers.
This material consists of the Contributors section,
book reviews, and miscellaneous items of interest to
readers of the PROCEEDINGS. The printer makes all of
the necessary corrections and returns page proofs to the
Editorial Department. The Associate Editor and Tech-
nical Editor check the page proof, and the Editorial
Department painstakingly goes over the dummied and
corrected material, comparing it with the corrected page
proof submitted. All corrections are checked, and final
errors are noted for the printer. This material is then
returned to the printer; after he has made the additional
corrections and changes, the issue is ready to go to press.

VIII. REPRINTS

When the author receives his galley proof, he also re-
ceives a reprint -order blank and a blank for the return
of his used material. Both of these should be filled in



promptly and returned with the corrected galley proof.
Reprints must be ordered at the time of publication,
since type may be broken immediately after the issue
is run off the press. Reprints are run at the same time
as the issue, but are not gathered together, trimmed,
and mailed until some time later. The reason for this is
that the most logical time to print the reprints is when
the issue is being run. However, since reprints are manu-
factured on a fill-in and low-cost basis, it is not possible
to have them completed immediately. In normal times,
reprints were usually shipped within thirty days after
publication, but, because of manpower shortages, re-
prints may not be shipped until sixty days after publica-
tion. The reprint bill is received some time after the
copies have been shipped, and the author is then billed
for the reprints.

IX. CONCLUSION

It is hoped that the above discussion will clarify many
problems in the minds of our authors, whether they have
already contributed to the pages of the PROCEEDINGS or
are contemplating writing a paper. The author should
bear in mind that, in addition to his paper being tech-
nically sound, it is most desirable that the manuscript
be presented in a clear and concise manner; and that,

physically, its appearance be attractive, (that is, clean
typing on white paper, wide margins, and equations
carefully written or typed), figures in good order, and
footnote and figure references presented chronologi-
cally. The paper is then far easier to review and does not
present a later mental hazard to the PROCEEDINGS
readers. It is reasonable to presume that a carefully pre-
pared paper, well presented, enables more prompt action
in the editorial processes than one less carefully pre-
pared.

If the prospective author will carefully study an issue
of the PROCEEDINGS, he will note the results of the pro-
cedure here described. A little thought and time spent
on such a survey will likely be valuable to him and, inci-
dentally, will greatly assist the editorial readers and the
Editorial Department.

The Editorial Department is at all times eager and
anxious to co-operate with the author, and any ques-
tions which he may wish to ask will be answered as
promptly as possible. It is deeply appreciative of the
friendly and effective help of many of the authors. It
exists to work for the authors and the readers and the
PROCEEDINGS of the I.R.E. and WAVES AND ELECTRONS
is their magazine. The Editorial Department is here for
no other purpose than to serve them.

An Ultra -High -Frequency Radio Range with Sector
Identification and Simultaneous Voice*

ANDREW ALFORDt, FELLOW, I.R.E., ARMIG G. KANDOIANt, SENIOR MEMBER, I.R.E.,
FRANK J. LUNDBURGt, ASSOCIATE, I.R.E., AND CHESTER B. WATTS, JR.t, ASSOCIATE, I.R.E.

Summary-The primary purpose of a radio range for aircraft use
is to provide a reliable indication to the pilot of an airplane as to his
location with respect to a predetermined course. In addition, it is
very desirable to identify quickly and positively the sector in which
the airplane is at any given time; i.e., whether it is east or west of an
east -west radio -range station. Voice radiated omnidirectionally is
also desirable for ground -to -plane communication.

The basis of the radio -range design described herein is the two -
course localizer used in instrument landing. A group of three loop
radiators provide two overlapping mirror -image patterns modulated
at 90 and 150 cycles, respectively. A cross -pointer instrument, the
vertical pointer of which is actuated differentially by the 90- and
150 -cycle modulation, provides the pilot with the necessary informa-
tion for orienting his plane.

INTRODUCTION

11 HE PRIMARY purpose of a radio range for air-
craft use is to provide a reliable aural or visual
indication to the pilot as to his location with re-

* Decimal classification: R526.1. Original manuscript received by
the Institute April 19, 1945; revised manuscript received, August 21,
1945. Presented, Winter Technical Meeting, January 14, 1942, New
York, N. Y.

f Federal Telephone and Radio Laboratories, New York, N. Y.

A second pair of outside radiators, similar but at right angles to
the first group, in conjunction with the center radiator, which is com-
mon to both the aural and visual systems, provides a keyed signal for
aural sector identification. Except for the carrier radiation which is
common to both the aural and visual signals, the two systems are
entirely independent. Voice is radiated only by the center antenna.

The theory of the antenna system is discussed in this paper, pay-
ing particular attention to the problem of interaction between the
aural, visual, and voice radiating systems. The various stages of
development leading up to the final range installation at the Civil
Aeronautics Administration Experimental Station in Indianapolis are
given.

spect to a predetermined course. In addition, immediate
and positive identification of the sector in which the
airplane is at any given time; i.e., whether it is east or
west of an east -west radio -range station, along with
voice radiated equally in all directions from the station
for communication purposes, is a very desirable feature.

The ultra -high -frequency radio -range with sector
identification and simultaneous voice represents a highly
specialized recent development to fulfill the above re-
quirements. It seems desirable, therefore, to precede its

January, 1946 Waves and Electrons 9 W



10 W Waves and Electrons January

description with a brief discussion of past developments
in this field.

FOUR -COURSE RANGE AND TWO -COURSE LOCALIZER

1. Four -Course Radio Range

The conventional four -course range, whether of the
low -frequency type used throughout the country, or the
ultra -high -frequency type, has a radiation characteristic
similar to that of Fig. 1. Two mutually perpendicular
figure -eight patterns are radiated successively, one
keyed with characteristic identification A(  -) and the
other N( -  ), the two signals being interlocked. The
course is determined by the merging of the two inter-
locked 1020 -cycle signals. A steady 1020 -cycle tone in-
forms the pilot that he is in the "on -course" region; a
definite A(  -) or N ( -  ) indicate the side of the course
on which the airplane is flying.

/
I "

0

N

0

Fig. 1-Four-course radio range.

A limitation of this type of range is the identity of the
"A" or "N" signals in opposite quadrants. As shown in
Fig. 1, the same signal is received in quadrant 1 as in
quadrant 3 (also quadrants 2 and 4). Information as to
the airplane position with respect to the radio -range
station is thus not conveyed to the pilot-a potentially
serious cause of difficulty in case a pilot is lost and de-
sires to fly to the nearest airport with a minimum of
fuel consumption. The reader is referred to the indi-
cated reference for further information on visual indica-
tion for orientation under instrument flight.'

2. Two -Course Localizer

With this localizer, the type installed at Indianapolis,
Indiana, some five years ago and now commonly used
for instrument landing, two characteristic patterns are
radiated simultaneously rather than successively. One
pattern is modulated at 90 cycles and the other at 150
cycles. The course is determined by an indicating instru-
ment of the zero -center type actuated by the ratio of the
90- and 150 -cycle modulations. When this ratio is unity
the pointer position is in the zero -center of the instru-
ment scale, thus informing the pilot that he is "on
course." Predominance of 90- or 150 -cycle modulation

P. H. Redpath and J. M. Coburn, "Air Transport Navigation"
Pitman Publishing Corporation, New York, N. Y., 1943, chapter 21,
pp. 472-482.

causes the pointer to swing to the right or left, respec-
tively, indicating "off -course" flight.

Despite the practicability of establishing a course at
least three times more sharply defined than with the
four -course range, the difficulty of locating position with
respect to the radio -range station remains. This will be

0
Fig. 2-Two-course localizer.

evident from Fig. 2; the same signal is received regard-
less of whether the airplane is in position "1" or "2"
("3" or "4"). The problem thus presented for solution
was the identification of the sector at any instant so as
to acquaint the pilot not only with his position with
respect to the course (information which both the four -

course radio range and the two -course localizer provide)
but also his location with respect to the radio -range sta-
tion.

ESSENTIAL RANGE REQUIREMENTS

Fig. 3 shows schematically the basic requirements and
might represent any radio range, such as that at Indian-
apolis. Two indications are necessary: (1) deviation from

U

6 a

Fig. 3-Two-course radio range with sector identification
and simultaneous voice.

the established course, provided visually by a zero-

center type indicator which goes off scale approximately
10 degrees each side of the course; (2) aural sector
identification; i.e., indication of the airplane position
east or west of the radio -range station. In Fig. 3, the
letter V represents voice which is radiated equally in
all directions about the station.
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METHOD OF SOLUTION

The solution of the signal problem of the two -course
range with sector identification and simultaneous voice
is indicated in Fig. 4. It is apparent from the preceding
discussion that the two -course localizer provides a par-
tial answer. Hence, two overlapping radiation patterns,

(0)

90 -
COURSE GouRs5S.

L.
VISUAL

(d)

CARRER
RADIATION PATTERN
HORIZONTAL PLANE

150-

(b)

U

90-1t
COURSE`,

150 -

AURAL AURAL ,VOICE & VIIs

SIDEBAND RADIATION PATTERNS
HORIZONTAL PLANE

(e)

125 MC
CARRIER

VOICE VOICE
SIDE BANDS SIDE BANDS

111.11*IleJ1 I Lrllu_
1020-: 90 6150- '1020 -

SIDEBANDS SIDEBANDS sioEsANDs

TOTAL SPECTRUM

Fig. 4-Components of complete radiation.

modulated at 90 and 150 cycles, respectively, are trans-
mitted simultaneously for the establishment of the east -
west visual course (Fig. 4(a)). In addition, for aural sector
identification, two radiation patterns are transmitted in
immediate succession with interlocking D( - ) and
U(  -) characters; the first predominantly towards the
east, and the second predominantly towards the west as
in Fig. 4(b). Simultaneous voice, when applied, is radi-
ated in a substantially circular pattern as illustrated in
Fig. 4(c).

The complete radiation, aural, visual, and voice, is
shown in Fig. 4(c), the relative sizes showing approxi-
mately the relative amplitudes of the aural, visual, and
voice signals. The discussion concerning radiation pat-
terns thus far refers to the sidebands only. By a process
to be discussed shortly, the carrier which is common to
the aural, visual, and voice signals is radiated in all di-
rections as in Fig. 4(d). Under these conditions, Fig.
4(e) represents the total useful spectrum of the complete
radio range.

ANTENNA PROBLEM

The visual course radiations are produced by a group
of three ultra -high -frequency loop antennas. These three
antennas lie on a straight line perpendicular to the visual
course with equal spacings between adjacent loops. The
aural course radiators constitute a similar array oriented
90 degrees with respect to the visual group, the center
loop being common to both groups. Voice, visual, and
aural sidebands and carrier are radiated circularly only
by the common center loop. The loop antennas used are
the type previously described.2

S A. Alfard and A. Kandoian, "Ultra -high frequency loop an-
tennae," Trans. A.I.E.E., (Elec. Eng., 1940) vol. 59, pp. 843-
848; 1940; and Elec. Comm., vol. 18, pp. 255-265; April, 1940.

The antenna -array problem is illustrated schemati-
cally in Fig. 5. S° represents the spacing of the loops in
electrical degrees. With the amplitudes and spacings in-
dicated the total radiation F(0) in the horizontal plane
is given by

F(0) = A ± 2B sin (5° sin 0). (1)

The choice of sign depends upon the relative phase of
the outer loops with respect to the center loop and de -

AMPLITUDES B B

PHASES .9e wee

Fig. 5-Derivation of three -loop radio range.
S° =spacing between loops in electrical degrees
Radiation pattern-horizontal plane: F(0) =A ±2B sin (S° sin 0)
Visual antenna array: A=1; B =0.707; S° =135 degrees
Aural antenna array: A=1; B=0.5; S° =100 degrees

termines the particular image pattern obtained; the
intersection of the two mirror -image patterns along di-

rection 0 = 0 degrees and 180 degrees determines the

VISUAL- RADIATION PATTERN
CURVE -CALCULAT D- POINTS -MEASURED

AURAL- RADIATION PATTERN

CURVE- CALCULATED
POINTS -MEASURED

Fig. 6-Comparison of visual- and aural -radiation patterns.

established course. The first term A represents the radia-
tion from the center loop; the second term, the radiation
from the outer loops.

Equation (1) is generally applicable to overlapping
radiation patterns. In this form, or slightly modified and
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expanded, it may be applied to a variety of radio -range
and localizer antenna arrays.

For the case of the visual and aural arrays, the re-
quirements impose a division of power between the
center and outer loops of A =1 and B=1 with S=120
degrees. These values give an infinite clearance at angles
of ±48.6 degrees to either course, where clearance is
defined as the ratio of the field strength of one mirror -

image pattern to the other at any selected distance from
the station.

Fig. 6 shows the visual- and aural-sideband radiation
diagrams for the values of A and B indicated in Fig. 5.
This choice of current ratios and spacings is not the
one used in the final range installation, but has been
included to illustrate the effect of antenna spacings and
current ratios on the radiation patterns.

1. Aural Array

The circuit of the aural antenna system is illustrated
in Fig. 7. By keying at the indicated location, the phase
of the two outer loops is reversed with respect to the
phase of the center loop; hence, the desired mirror -image
patterns are obtained alternately. In one radio -fre-
quency keyer position, radiation occurs predominantly

EF =FG-"i
RF KEYER

RF POWER
SIDEBAND GENERATOR

IDENTIFICATION
KEYER

Fig. 7-Aural antenna network.

toward the east and the keyed identification is D. In the
opposite position, radiation occurs predominantly to-
wards the west and the keyed identification is U. Two
separate antenna systems for radiating the two charac-
teristic patterns consequently are avoided, inasmuch as
the separate patterns are obtained at will by a simple
phase reversal.

In this type of array, the problem of interaction be-
tween the various radiators must be considered. Since
the outer loops have equal currents of opposite phase
they do not induce any current in the center loop. The
center loop, however, may excite the outer loops parasit-
ically. This parasitic action can be controlled and made
useful for certain applications. In the present case, how-
ever, it is undesirable and hence the relationship
EF=FG-''X/2 is maintained (Fig. 7). This places a
virtual short circuit at terminals E and G for parasitic
currents, and detunes these loops insofar as parasitic ac-
tion is concerned.

2. Visual Array

Fig. 8 depicts the visual antenna system which is simi-
lar to the aural array except that its position is oriented
90 degrees from the visual position. In this case, how-
ever, the two characteristic patterns must be trans-
mitted simultaneously, rather than successively, so that
a special network is required.

90^ MODULATED
CARRIER 150", MODULATED

CARRIER

Fig. 8-Antenna network, two-course visual radio range.

This network, a transmission -line bridge, is indicated
diagrammatically in Fig. 8. The 90- and 150 -cycle modu-
lations are fed into opposite terminals of the network
and arrive at the center loop in phase; but because of the
phase reversal in the arm of the bridge, they reach the
outer loops in opposite phase. This results in the simul-
taneous mirror -image patterns, one with 90 -cycle and
the other with 150 -cycle modulation.

The bridge circuit possesses another important ad-
vantage. At each of its two input terminals, in addition
to the 90 -cycle and 150 -cycle sidebands, there is present
the 125 -megacycle carrier, which arrives at the respec-
tive input terminals of the bridge in phase. At the
terminals leading to the outer loops, however, the car-
riers cancel out because of the previously mentioned
phase reversal in one arm of the bridge. Contrariwise,
at the center -loop terminals, the carrier is in phase and
is therefore additive. Hence, no mirror -image patterns
exist insofar as the carrier is concerned; the carrier is
radiated only from the center loop equally in all direc-
tions. The sideband power, however, divides equally
between the center and the outer antennas and makes
possible the radiation patterns already described.

The transmission -line bridge thus serves three highly
important functions: (a) the realization of two different
radiation patterns from a single antenna array; (b) the
removal of the sidebands from the carrier of two modu-
lated waves of the same carrier frequency without any
power dissipation; and (c) the radiation of the total
carrier energy solely from the center loop with uniform
circular distribution.
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THE VISUAL MODULATION PROBLEM

The problem of obtaining two equal sources of radio -
frequency power modulated at 90 and 150 cycles, re-
spectively, requires careful consideration. Early in the
development of radio ranges it became evident that two
separate transmitter output stages, each with its own
modulation, was not satisfactory. This was due to the
fact that variation of one output stage with respect to
the other resulting from a change in tube emission, or
any other reason, would alter the established course
correspondingly. It was necessary, therefore, to divide
the transmitter carrier output into two equal parts and
modulate each half separately by means not subject to
difficulties arising from change of tube emission. Me-
chanical modulation, consequently, was adopted.

The schematic diagram of the mechanical modulator
is shown in Fig. 9. It will be seen that the transmitter

RF LOAD

150A, MODULATED
RF OUTPUT

150A,
ROTOR

COUPLED

SYNCHRONOUS
MOTOR

UHF
TRANSMITTER

...04...RF LOAD

9040MODULATED
OUTPUT

SON
ROTOR

Fig. 9-Ultra-high-frequency mechanical modulator.

output is divided into two channels with a resonant
quarter -wave section coupled to each. Under these con-
ditions, the coupled sections effectively short-circuit the
transmission line to the antennas.' These resonant sec-
tions are detuned periodically by 3- and 5 -blade paddle
wheels rotating at 1800 revolutions per minute. Thus
the resulting output of each channel is modulated 100
per cent. By tuning the sections so that resonance is
approached but not reached, any lesser degree of modu-
lation may be obtained.

3 Andrew Alford, "Coupled networks in radio -frequency circuits,"
PRoc. I.R.E., vol. 29, pp. 55-70; February, 1941.

In arbitrarily dividing the output of a transmitter
into two channels, special precautions are required to
prevent cross modulation when the impedance of a
channel varies during the modulation cycle. For this
purpose the transmission -line bridge again proves to be

(a)

(b)

(c)

(d)

Fig. 10-Wave form from mechanical modulator.
(a) 90 -cycle modulation radio -frequency envelope
(b) 150 -cycle modulation radio -frequency envelope
(c) Detected 90 cycles
(d) Detected 150 cycles

a versatile tool. By varying the impedance at the termi-
nal opposite the transmitting end, it is possible to make
each branch entirely independent of the other, and
hence obtain substantially zero cross modulation. It is,
moreover, not difficult to show experimentally that no
power need be lost in the bridge terminating network to
obtain negligible, less than 1 per cent, cross modulation
between channels.
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The tendency prevails to associate mechanical modu-
lation with jagged, distorted, or at least square -wave
modulation rich in harmonic content. In the present
case, however, this type of wave configuration is de-
cidedly not obtained, as will be evident from Fig. 10,
showing representative results. It is, in fact, not difficult
to limit the total distortion of each channel to less than
10 per cent and, with somewhat more care, to less than
5 per cent.

AURAL AND VOICE MODULATION

The present method for application of aural and voice
modulation is a result of several years development and
experimentation. Throughout these years of growth
leading to the present radio range, several methods
were employed to achieve this addition. It seems logical,
therefore, to describe the three major methods in the
order in which they occurred.

Method I

Initially, only aural modulation without voice was
used to obtain sector identification. In the adaptations

would cause "kicking" on the visual course -indicating
instrument each time the aural signal was keyed. It
follows, therefore, that some means must be provided to
transmit only 1020 -cycle sidebands for the aural signal
and to make use of the already existing circularly radi-
ated carrier from the visual -instrument course.

To accomplish these results, the aural -channel facili-
ties employ a sideband generator giving an output pre-
dominance of sideband to carrier of 30 to 40 decibels
depending upon the care exercised in adjustment. At the
output of the sideband generator, a phaser is provided to
obtain the correct phase relationship between the side -
bands thus produced and the carrier from the main
transmitter.

Since a carrier common to both the aural and visual
modulation is utilized, it is not desirable to modulate
the carrier in the mechanical modulator 100 per cent.

This modulation, therefore, is reduced to approxi-
mately 70 per cent and the aural signal then modulates
the remaining 30 per cent.

INTERACTION PROBLEM

A, A, A,- AURAL LOOPS
V, V, V, - VISUAL LOOPS

Method I

The block schematic diagram of method I of the two-OV,
course radio range with sector identification is shown in
Fig. 11. The visual and aural loops shown in this illus-

1, I, VISUAL
COURSE tration are positioned above a metallic counterpoise.

LOAD

150 CYCLE
ROTOR

125 MC
TRANSMITTER

PHASER

90 CYCLE
ROTOR

ov,

TIE -LINE

LOAD

R

PASSER

KEYER X

PNASER

AURAL
SIDEBAND

GENERATOR

METHOD I- SCHEMATIC
VISUAL AND AURAL SYSTEM

Fig. 11-Method I, schematic visual and aural system.
A,, A2, A s=aural loops
VI, V2, Vs= visual loops

to be described later, voice is added to the total radiated
spectrum.

It is evident if a separate carrier were used for the
aural portion of the radio range, and the radiation di-
rected by means of the radio -frequency relay first to
the east, then to the west, the total carrier available at
the receiver would fluctuate, and hence the automatic
volume control of the receiver would be affected. This

Fig. 12-Tie line used in method I to prevent interaction
between aural and visual antenna systems.

The visual loops are placed a half wave above the coun-
terpoise and the aural loops slightly more than one
quarter. From previous discussion it is clear that the
four outer loops induce no currents in the center loops.
The center two loops, on the other hand, do not induce
currents in the outer loops because these loops are de -
tuned for parasitic current, since in Figs. 7 and 8

A C=CB=EF= FGL----_-'180 degrees.

Thus care is taken of all interaction, except that be-
tween the two center loops, one mounted above the
other. The coupling between these two loops is serious
because the visual signal will get into the radio -fre-
quency relay in the aural circuit; furthermore, the aural
sidebands would feed back into the mechanical mod-
ulator. Thus, a great deal of undesirable interaction
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between the aural and visual systems would result.
These difficulties are overcome by means of a properly

designed tie line such as the one shown in Fig. 11. The
installed tie line is shown in Fig. 12. The general func-
tion of the line is to borrow power from the source, and
control it in phase and amplitude so as to neutralize the
unwanted voltage at a specific point.

The design considerations will be clear from the fol-
lowing: assume the directly fed current in the visual
center loop V2 (Fig. 11) is represented by /1 and the
induced current in the center aural loop A2 is If, now,
a short circuit is applied along the feeder to the lower
loop, it is evident that can be controlled in amplitude
and to a certain extent in phase. In fact can be made
negligibly small by placing the short circuit at the correct
location P'. In practice, instead of an actual short cir-
cuit, a virtual short circuit is produced by means of the
tie line. As a result, the top center loop is made substan-
tially independent of the lower center loop. Conversely,
point P can be located on the visual center -loop feeder
in a manner such as to neutralize all the current induced
in the top loop by the lower loop. The tie line, to be
effective, requires a minimum of two controls: one for
change of phase and another for amplitude. For phase
control, some resistance is necessary in the circuit.
Optimum design dictates very low power dissipation;
but with negligible power loss, tuning of the line be-
comes critical. A power dissipation of approximately 10
per cent in the resistance load T (Fig. 11) results in
adjustments that are readily made and stay put in-
definitely.

Method I had the following disadvantages which re-
sulted in its replacement by method II: (1) the tie line
employed for the prevention of interaction between the
center loops did not lend itself to adjustment by a
maintenance man; and (2) the lower height of the out-
side aural loops above the metallic counterpoise gave rise
to a radiated vertical component along the visual course.
This vertical component occurred due to reradiation
from a high current concentration induced in the metal-
lic counterpoise below the center aural loop by the
outside aural loops. In such an ultra -high -frequency
radio range utilizing horizontal polarization, freedom
from any vertical polarization is highly essential if the
course is to be independent of the attitude of the air-
plane. If the course is dependent on the attitude of the
airplane, a flight phenomenon known as "pushing" oc-
curs, and the plane will zig-zag about the course in at-
tempting to follow it.

Method II

A block schematic of the second method appears in
Fig. 13. This differs from the previous method by the
addition of voice to the system and the elimination of
one center loop antenna and associated tie line.

The use of a bridge permits one antenna to be ener-
gized by two different sources without interaction be-
tween them. This ability of the bridge is utilized to

excite a single center loop by both the visual and the
combined aural and voice channels,' as illustrated in
Fig. 13. The bridge B1 also prevents either channel from
feeding into the other.

Another bridge B2 is used to apply voice. The voice
facilities consist of an additional sideband generator and
modulator. A phaser is provided at the output of each
sideband generator to place the sidebands in the proper
phase relation with the carrier at the output of bridge B1
feeding the center antenna.
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Fig. 13-Method II, schematic visual, voice, and aural system.
A,, Az, C=aural loops

Vz, C=visual loops
C= voice loop

The voice sidebands do not feed into the aural outside
antennas, due to the action of the bridge B2. Likewise,
the aural sidebands cannot reach the output of the voice
generator.

Initially, the voice sideband generator was modulated
by a 20 -kilocycle subcarrier. This 20 -kilocycle subcar-
rier was modulated with voice. The voice facilities were
later provided with a switching arrangement to permit
an instantaneous change from voice on the subcarrier to
voice directly on the main carrier. This permitted a close
comparison during actual flight tests. With voice di-
rectly on the main carrier, a 1020 -cycle rejection and a
high-pass filter were provided in the voice channel to
prevent any disturbance in the visual and aural courses
with voice modulation. Flight checks showed equivalent
results between the two methods or voice modulation.

The loads on the outside antenna feed lines shown in
Fig. 13 are used to dissipate an amount of sideband

4 The use of the transmission -line bridge in this manner was first
suggested by W. E. Jackson, chief of the Radio Development Section
of the Civil Aeronautics Administration.



16 W Waves and Electrons January

energy necessary to give the proper power ratio in the
outside loops to the center loop.

Method II had one inherent disadvantage. Half of the
total carrier power was dissipated in the load terminat-
ing the bridge B1. As a consequence, method II was re-
placed by method III.

Method III

The final system used utilizes an adaptation of the
mechanical -modulator bridge arrangement to the aural
and voice channels. The sideband generators used in the
previous method have been replaced by two 35 -watt
radio -frequency amplifiers (No. 1 and No. 2), shown in
Fig. 14. Amplifier No. 1 is modulated with voice plus
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Fig. 14-Method III, schematic visual, aural, and voice system.
VI, V2, C=visual loops
Al, A2, C=aural loops

C=voice loop

1020 cycles, while amplifier No. 2 is modulated with
voice only. The percentage of voice modulation on the
equal carrier outputs of each radio -frequency amplifier
is the same. As a result, the voice sidebands and carriers
cancel out at the terminals of bridge B2 feeding the out-
side aural antennas. The 1020 -cycle sidebands of ampli-
fier No. 1 divide equally between the center- and aural -
antenna feed lines.

Since no crossover exists in the arms terminating in
the upper junction of bridge B2, the carriers and voice
sidebands of both amplifiers add. The carrier power dis-
sipation at bridge Br is now a small fraction of that dis-
sipated in Method II. The sideband generators, which
require careful adjustment, have been replaced by
straightforward radio -frequency amplifiers.

The percentage modulation of each channel on the
carrier is approximately 50 per cent for the visual, 35 per

cent for the voice, and 15 per cent for the aural side -

bands. These values were found optimum by actual
flight tests.

125.020 -MEGACYCLE MARKER

A problem which presented itself, when flight checks
were begun on this radio range, was irregularity of
pointer indication when the plane flew at high vertical
angles with respect to the transmitting equipment. This
was due to lack of directly radiated signals, since the
loop antennas have substantially zero radiation verti-
cally. The receiver in the plane, because of its auto-
matic -volume -control characteristic, became very sensi-
tive and picked up whatever stray signal existed and
hence gave irregular pointer indication.

Several possible solutions were discussed with the
Civil Aeronautics Administration personnel, and as a
result, a special marker was used to overcome this diffi-
culty. Fig. 15 shows the marker array which is fed from

Fig. 15 -125.020 -megacycle marker antenna array.

an auxiliary 30 -watt transmitter removed in frequency
from the main transmitter by approximately 20 kilo-
cycles. This signal has no modulation and serves merely
to radiate carrier straight up in order to steady the cross -

pointer indicator and silence the receiver in the airplane
at high vertical angles over the radio -range station.

EQUIPMENT

The receiver, designed for this radio range, is a West-
ern Electric type RUM crystal -controlled 125 -mega-
cycle superheterodyne with an intermediate frequency of
10 megacycles. A high-pass filter, above 150 cycles with
1020 -cycle rejection, in conjunction with a 90- and 150 -

cycle pass filter and a 1020 -cycle pass filter, were inserted
in the audio channel to separate the aural and voice
signals from the 90- and 150 -cycle visual signals. A more
recent receiver, the Western Electric type 32A, has also
been used in flight checks with very satisfactory results.
The course indication is provided by a Weston cross -
pointer instrument, the vertical pointer of which is
utilized as illustrated in Fig. 2. The cross -pointer instru-
ment is used in conjunction with 90- and 150 -cycle pass
filters in parallel. The outputs of the filters are rectified
to actuate the meter. With a predominance of 90 -cycle
modulation, the vertical pointer deflects to the right of
its "on course" or center position, while a predominance
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of 150 -cycle modulation swings the pointer to the left. ministration Experimental Station of Indianapolis, In -
The receiving loop antenna on the airplane is similar to diana, is gratefully acknowledged.
the type used for instrument landing.5

Figs. 16, 17, 18, 19, and 20 show views of the complete
radio range, the transmitting equipment, antennas, and
the airplane equipment comprised in the radio range.

Fig. 16-Two-course radio range with sector identification and si-
multaneous voice, showing transmitter house, counterpoise struc-
ture, antenna house, and 125.020 -megacycle marker.

Fig. 17-Transmitting equipment, showing left to right, 125 -mega-
cycle, 300 -watt transmitter, mechanical modulator, and sideband
generator. Auxiliary marker transmitter is in the background.
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5 P. C. Sandretto, "Principles of Aeronautical Radio Engineer-
ing," McGraw-Hill Book Company, Inc., New York, N. Y., 1942,
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Fig. 18-Visual and aural loop antennas mounted
above metal counterpoise.

Fig. 19-Civil Aeronautics Administration Boeing used in
flight checks, showing receiving loop antenna.

Fig. 20-Cabin view of Civil Aeronautics Administration
Boeing ready for demonstration flights.



A Simple Optical Method for the Synthesis and
Evaluation of Television Images*

ROBERT E. GRAHAMt, MEMBER, I.R.E. AND F. W. REYNOLDSt

Summary-A combination of a 35 -millimeter motion -picture pro-
jector and a line screen enables the projection of still or motion
pictures closely similar in appearance to those produced by television.
This similarity of appearance is checked theoretically by an analysis
of the type previously reported by Mertz and Gray in a discussion
of the theory of scanning. From the analysis it is shown that five
parameters of the optical -simulation system may be varied to ob-
tain the equivalent of variations in television factors such as number
of scanning lines, size and configuration of scanning apertures, and
width of frequency band.

Photographs of simulated television pictures projected by this
method are presented. These pictures include subject matter of gen-
eral interest as well as selected subjects to illustrate the spurious
detail components introduced by the television scanning process.
These components produce moire patterns, "steps" on diagonal lines,
and impairment of vertical resolution. Simulation pictures projected
by this method have been compared with those produced by a tele-
vision system and the expected agreement observed.

Calculations are given of the diffraction effects in optical systems
of this type and it is shown that the departure from geometrical the-
ory is small in the arrangements described.

I. INTRODUCTION

T
MAGE transmission systems are often compared in
terms of frequency bandwidth, number of scanning
lines, and picture repetition rate. Specification of

these factors sets a theoretical upper limit for the system
performance. However, a number of other variables
exist which may greatly influence the image quality.
Among these are picture brightness, over-all tone repro-
duction, and the admittance characteristics of the
scanning apertures. It is possible to measure these
quantities, but difficult to obtain a quantitative esti-
mate of their effects upon subjective image quality. It
is therefore desirable to make subjective studies of such
factors, employing real or simulated television systems.

Optical -simulation methods have been found useful
in conducting these studies and in providing reproduci-
ble standards of image quality. Several methods have
been suggested and used for these purposes. Engstrom'
has described a method of optical simulation which uses
crossed pieces of lenticular film for subdividingan image
into elemental areas or picture elemedts. Goldmark and
Dyer2 have described a mechanical scanning arrange-
ment which produces television -simulation photographs.

* Decimal classification: R583. Original manuscript received by
the Institute, June 18, 1945. Presented, Sixteenth Annual Conven-
tion, New York, N. Y., January 11, 1941.

f Bell Telephone Laboratories, New York, N. Y.
1 E. W. Engstrom, "A study of television image characteristics,"

PRoc. I.R.E., vol. 21, pp. 1631-1652; December, 1933.
2 P. C. Goldmark and J. N. Dyer, "Quality in television pictures,"

Jour. Soc. Mot. Pic. Eng., vol. 35, pp. 234-253; September, 1940.

Baldwin' has used a motion -picture projector for simu-
lating television images for direct viewing, the area of
confusion being determined by the amount of defocusing
and an adjustable aperture at the projection lens.

The method of simulation described in this paper em-
ploys an out -of -focus optical system in combination
with a suitable line screen. Use of the latter enables an
accurate reproduction of the spurious components which
result from the strip -scanning process employed in tele-
vision. It is well known that these components cause a
definite loss in vertical resolution as well as occasional
annoying patterns which are superposed upon the nor-
mal image. They appear as a step -like structure at
oblique edges of object detail, and as moire patterns
when an array of object lines forms a small angle with
the scanning direction. In previous simulation work' the
effects of the spurious components upon picture sharp-
ness have been evaluated and allowed for on the basis
of subjective comparisons between out -of -focus simula-
tion images and television images of known character-
istics.

4

rd

Fig. 1-Optical-simulation apparatus.

The theory underlying the line-screen method of
simulation is developed at some length in this paper, and
it is shown that the method is capable of accurately
simulating the television process. Several examples of
simulation are shown and discussed, including subject
matter particularly selected to exhibit pronounced spuri-
ous patterns.

II. DESCRIPTION OF APPARATUS

A pictorial sketch of the equipment used in the simu-
lating process is shown in Fig. 1. A 35 -millimeter mo-
tion -picture projector P projects images from ordinary
film on the ground -glass screen S. A line screen S' con-
sisting of a parallel array of alternate lines and spaces
is interposed between the projector and the screen S.
The projected image is focused a given distance on the
near side of S' by means of the focusing control F, which

3 M. W. Baldwin, Jr., "The subjective sharpness of simulated tele-
vision images," Bell. Sys. Tech. Jour., vol. 19, pp. 563-587; October,
1940.
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controls the position of the projector lens. This results
in an out -of -focus image on S, each subject point giving
rise to a uniform' area of light A', which is a shape rep-
lica of the projector aperture A.

The control elements of the apparatus are: (1) the
degree of out -of -focus of the projected image; (2) the
number of lines in the screen S'; (3) the configuration
of the aperture A; (4) the positioning of the line screen
between the projector and S; and (5) the nature of the
opacity variation found by traversing the alternate lines
and spaces of S'. These factors collectively determine
the simulated television picture.

Briefly, the significance of these five factors is as fol-
lows: (1) determines the general resolution level of the
picture; (2) fixes the number of scanning lines in the
equivalent television system; (3) determines the con-
figuration of the television scanning apertures; (4) pro-
vides an adjustment for controlling the nature of the
spurious components; and (5) determines the amplitude
of the spurious components.

The pictures appearing in this paper were, except as
noted, taken under the following conditions. The projec-
tor lens had a focal length of 6 inches and was used with
a square aperture approximately 0.7 inch on a side. The
projected image was 8 by 10 inches and was formed at
an image distance of about 6 feet. The line screen con-
tained approximately 400 black lines across the 8 -inch
dimension.

In projecting still pictures with the apparatus, it was
found desirable to insert a water cell between the film
gate and the light source to avoid excessive heating of
the film. Also, film buckling was minimized by mounting
the film between glass slide covers. In order to obtain a
uniform light distribution across the projector aperture
A, a ground -glass diffusing screen was inserted behind
the film gate. For direct comparison of the simulation
pictures with actual television pictures, a color match
was desirable. This was attained by placing appropriate
color filters behind the film gate.

III. THEORY OF OPTICAL SIMULATION

The manner in which the optical system of Fig. 1

makes possible an accurate television simulation may
be brought out by developing a mathematical expression
for the transformation of the initial picture field into
the final image field as seen at S. This expression will be
compared with a like expression for the transformation
of the subject picture produced by television systems.
The similarity of result obtained in the two cases will be
used to support the validity of the simulation method.

A diagrammatic sketch of the optical system is shown
in Fig. 2. On the basis of geometrical theory, the light
from the point of the film plane on the optical axis passes
through the lens, is restricted to a ray bundle bounded

' Actually the light distribution in A' is uniform only in the ab-
sence of the line screen 8'.

by the aperture A, converges to a point on the axis at
the sharp -focus plane S", and then diverges to a light
spot A' on the screen S. The "confusion area" A' has
the same boundary shape as the aperture A, but does
not contain a uniform distribution of light because of
the striation introduced by the line screen S'. Similarly
off -axis points in the film plane are refocused in the
plane S" and give rise to confusion areas at S similar in
shape to the aperture A.

FILM
PLANE

E0(X,Y,$)8j

APERTURE (A)

1
RD

T(Y) i E(X,Y)

Y

3' S

CONFUSION AREA
(A')

---------

Fig. 2-Diagrammatic arrangement of optical -simulation system.

Setting up a system of axes with the y axis vertical,
the x axis perpendicular to the plane of the drawing, and
the origin on the optical axis; the intensity of illumina-
tion falling on the S" plane may be written as Eo(x, y).
This function represents the effective brightness dis-
tribution in the subject picture, and thus may be
treated as the source picture field. The illumination
intensity at S may be written as E(x, y), this function
representing the simulation picture field. Since the lines
of the screen S' are oriented parallel to the x axis and
are presumed to be uniform in opacity, the optical trans-
mission of the screen may be written as a function of y
alone, T(y).

For a convenient though unnecessary approximation,
it will be assumed that the increase in image magnifica-
tion in going from S" to S may be neglected. This ap-
proximation is valid as long as

Av-«1,'
a condition which will be fulfilled readily in the usual
case.

Out -of -Focus Transformation Without Line Screen

Before evaluating E(x, y) in terms of Eo(x, y) for the
actual system, the simple out -of -focus transformation
omitting the screen S' will be treated.

Referring to Fig. 3, any point x, y in the sharp -focus
plane S" gives rise to a uniformly illuminated confusion
area, A' on S. The boundary of the divergent cone of
light from x, y is indicated by the solid lines. If the
boundary of A' is symmetrical about an origin taken
at x, y then it may be seen that the point x, y on S
receives light from that portion of S" which is identical
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in shape, size, and orientation with A'. The envelope
cone of the rays from S" reaching x, y of S is indicated
by the dotted lines. -

Thus a measure of the resultant illumination intensity
at a point x, y of S may be determined by summing up
the contributions from S" over a region A' of S" cen-
tered at x, y. Since the contributions of points on S" are
weighted according to the function Eo(x, y), the illumi-
nation E(x, y) falling on S may be expressed as follows
(neglecting constant factors):

E(x, y) = f Eo(x t, y n)dEdn, (1)
A '

where and are integration variables measured on an
auxiliary set of axes centered' at x, y.

CONFUSION
AREA A'

Fig. 3-Analysis of out -of -focus image transformation,
without line screen.

In order to interpret (1), it is necessary to adopt some
functional representation for Eo(x, y). The form chosen
here is the two-dimensional Fourier series used by
Mertz and Gray.' The light distribution in the plane
S" is set up as an image field as indicated in Fig. 4.
The origin of axes is taken at the center of the field as
previously described, and the field height and width are
2b and 2a respectively. Then the intensity of illumina-
tion, Eo(x, y), may be represented at any point of the
field S" by the expression

tan 0 =
- mb

na

0 being the angle formed with the x axis.
For mathematical simplicity, (2) may be written in

exponential form as follows:

where

and

Eo(x, y) = E E Amnei.(mxi.+.00
n=,

a,
A mn =

2
eimmn

A -m,-n =
amn

2

Substituting (3) in (1), there results

E(x, y) = E E Y(m, n)Am,,einr(mxict+nylb),

where

(3)

(4)

17(m, n) = ff eiw(mEla±"nmdtdn. (5)
A'

Thus the result of the simple out -of -focus transforma-
tion in the absence of the line screen is to multiply each
component m, n by an amplitude or "admittance" factor

mx ny
Eo(x, y) = E E am. cos ' (2)[7r

m=0 n=-m a b

where any component m, n of the summation represents
a sinusoidal variation of illumination intensity extend-
ing across the image field. The wavelength of the in-
tensity variation is given by

Xmn -
1

m2 n2

4a2 4b2

while the orientation of the wave front is given by

Y

{E (X,Y)FOR PLANE 5
Eo(X,Y) FOR PLANE 5"

+b

-0 +a X

-b

Fig. 4-Image field.

Y(m, n). In general this admittance factor as given by
(5) has a decreasing amplitude with decreasing compo-
nent wavelength, thereby acting as a kind of low-pass
filter. For example, if A' is taken to be a rectangle of
height 2d and width 2c, then (5) readily yields, neglect-
ing constant factors,

5 If a variable -density film is used as the projector aperture A,
rather than a shaped hole, then an aperture transmission factor

m c and
sin

a
sin

T(E, n) must be introduced in the integrand of (1). Y(m, n) =
P. Mertz and F. Gray, "A theory of scanning and its relation to

the characteristics of the transmitted signal in telephotography and
television," Bell. Sys. Tech. Jour., vol. 13, pp. 464-515; July, 1934.

(6)
rmc rnd

a
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A plot of (6) for m =0, and bld=0.707N is given by
curve A of Fig. 6. Only positive values of n are plotted,
since Y(0, = Y(0, -n).

S"
Eo(x.T) T(Y)

J

E (X.Y)

6V

ItAV

Y

,Y

Fig. 5-Comparison of television and simulation systems.

Out -Of -Focus Transformation With Line Screen

Returning to the complete system, Fig. 2, including
the line screen S', the manner in which points on S"
contribute to the illumination at the point x, y of S is
indicated in Fig. 5. As before, the envelope of the cone
of rays from 5" reaching x, y of S is indicated by the
dotted lines drawn from the points marked y+d and
y-d, respectively. Letting y+n represent the ordinate

1.0

z
Z 0.8
0

g' 0.6

o c
E c 0.4

.4 0.2
z
0

cc

0.2

- 0.4
0

n

Fig. 6-Analysis of out -of -focus image transformation,
with line screen.
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of any point of S" within this cone, it may be seen that
the contribution of the point x+ E, y+ n to the illumina-
tion intensity at x, y of S depends not only upon Eo(x, y)
as before, but also upon the transmission of the screen
S' at the point where the ray from x+ y -En intersects
it. The ordinate of this point of intersection is seen to
be y+kn, where k is the ratio of the S'S spacing to the
S"S spacing. Therefore, summing contributions over
the region A',

E(x, y) =
Eo(x

y n)T(y kn)dEdn, (7)
A°

where T(y) is the transmission of the screen S'. If the
height of the image field 2b is taken to contain exactly
N black lines of the screen S', N being an integer; then
the transmission characteristic T(y) may be written as
a single dimensional Fourier series of the form

T(y) =
µ=-c0

TeirANY/b. (8)

For simplicity the screen S' will be positioned symmetri-
cally with respect to the x axis. Then the coefficients T
will be pure real quantities and

T = T,.
Substituting (3) and (8) into (7), there results

co c0 00

E(x, y) = E E E On, n kuN)
04.-c0 µ--co

 T,A,,,fieir(mx/41-(n-biN)y/b) (9)

where Y(m, n+kµAT) is an admittance factor whose form
is obtained by substituting (n d-ki.iN) for n in (5).

Equation (9) may be rewritten as follows, neglecting
a constant factor:

co co

E(x, = E v, , Azinimnei."(MX10+01/16)
T1=-00 0=-00

00

+ E
00 00

E E Y(m, kAN)
R=-00

T,
A m.eir(mx10-1-(0+AN)06), 0, (10)

To

where To is the value of T for µ= 0.
The first term in the right member of (10) is identical

with the expression given by (4) for the out -of -focus
transformation in the absence of the line screen. This
term may be called the "normal detail" field, since it
contains only components which were present in the
original subject matter, attenuated by the admittance
factor Y(m, n).

The second term of (10), contributed by the line
screen, evidently may be classified as a "spurious detail"
field, since the indexes of the components do not corre-
spond to those of the original image.?

The significance of (10) may be brought out more
clearly by the fact that a component m, n of the original
image field, having an amplitude 24,, gives rise in the
simulation image, not only to an identical component
m, n, having an amplitude Y(m, n)Amn; but also to a

7 However, it is possible for certain components of the spurious
field to coincide in wavelength and orientation with normal -detail
components.
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set of spurious components m, having ampli-
tudes Y(m, n-l-kµN) (TA/To) A... Here pi is any positive
or negative integer. If the series of T(y) is rapidly con-
vergent, as it will be if the lines and spaces of the screen
are roughly equal in width, and if the transition from
"line" to "space" is gradual rather than sharp,8 then

T<<1, for 1µI > 1.
To

Under these conditions, the higher order components
may be neglected, and the spurious components derived
from a subject component m, n may be written as
m, n ± N, having amplitudes Y(m,n+kN)(TilTo)Anin.
These expressions will be found to be similar to those
of the television system.

IV. TELEVISION -IMAGE ANALYSIS

A two-dimensional Fourier analysis of the picture de-
gradation imposed by television systems has been widely
published.8 The results of this analysis may be sum-
marized as follows.

Assuming negligible frequency -channel limitation, the
television image may be expressed by

E(x, y) = E Yi(m, n)Y2(m - n AN)
m --co µ=--oo

 A mneiircm-A)a-la-1- (n-FµN)ylb)

where 171 and 17.2 are the admittance characteristics cor-
responding to the transmitting and the receiving scan-
ning apertures (or beams) respectively, and N is the
number of scanning lines. If the optical confusion area
A' of (5) is replaced by the aperture area of the trans-
mitter or receiver, then Yi(m, n) or Y2(m, n) may be
found9 from (5).

As in the case of (9), (11) may be written as the sum
of a normal and a spurious field. Thus,

0, co

E(x, y) = E Evr w( )4
n,- 2,m, n,--m,,,eiir(nxia+nylb)

DO DO CO

Yi(m, n)Y2(m - n µAT)

 Amneiv(n-µ)xla+(n+01)0b) n
1.4 7.- V . (12)

The first term of (12) is the normal field, being the same
as the normal field of (10) if Y(m, n) is replaced by
Yi(m, n), Y2(m, n). The second term of (12) is the spuri-
ous field, there appearing to be somewhat more differ -

8 The line screens used in this work were made by photographic
copying of an original ruled screen. The sharpness of line -to -space
transition, as well as the relative widths of line and space, may be
controlled readily with this method.

9 This assumes the transmission of the television apertures to be
uniform within the aperture boundaries. Otherwise a factor T(E, n)
must be inserted in the integrand of (5), as was pointed out in foot-
note reference 5 for the optical system.

ence between this term and the spurious field of (10)
than was found between the two normal fields. However,
the difference is not important, as will be seen.

V. COMPARISON BETWEEN SIMULATION AND
TELEVISION FORMULAS

Normal -Field Comparison

Returning to the consideration of the normal fields,
definite constants for the television and simulation sys-
tems will be chosen to achieve concreteness.

The television apertures will be taken as identical
squares of side equal to the scanning -line pitch. The
optical area of confusion A' will be taken as a square of
side ki times that of either television aperture. Also the
number of black lines in the line screen will be taken
equal to the number of television scanning lines.

Under these conditions we may write, from (6), the
normal -field admittance factor for the television system
as"

n)Y2(m,Yi(m, n) =Yl2(m, n)

ion 2

sin -
N

Tm

N

Tnsin -
N

Tn

N

2

= Yi2(m, 0) Yi2(0, n), (13)

and the corresponding quantity for the simulation sys-
tem as,

Y(m, n) = Yi(kim, kin) =

Tkim
sin

N
7 klin

N

Tkin
sin

N

rkin
N

= Yi(kon, 0)11.1(0, kin). (14)

Expanding Y12(m, 0) in a Taylor's series,

1712(in, 0) = 1
1 (rm

l2+,
2 (irm

3 N ) 45 N

Similarly,

kit
(rn )2+ I42- (nn )4yoegn, 0) = 1 -

6 N 120 N

(15)

(16)

Equating coefficients of (rm/N)2 in (15) and (16), we
find ki =

Substituting this value for ki in (16), we have

1 m 1 rm
171(kim, 0) = 1 - - - - - 

3 N 30 N

10 Setting a = b, which incurs no essential loss of generality.



1946 Graham and Reynolds: Television -Image Optical Studies 23 W

which is a close approximation to (15) for the range of m
which is of interest. The quality of the approximation is
shown by the degree to which curve A matches curve C
of Fig. 6. Thus we may write

Yi(kim, 0) Yi2(m, 0), k, =

Similarly,

Y,(0, kin) n), k, = N/2.

Therefore, for the constants chosen, we may write

Y(m, n) Y n)Y2(m, n),

and the normal field expressions for the simulation sys-
tem as given by (10), and the television system as given
by (12) agree.

Spurious -Field Comparison

Continuing with the same constants as in the preced-
ing discussion, we proceed to an evaluation of the tele-
vision -image spurious field as given by the second term
of (12). The meaning of this term may be expressed in
the fact that an original subject component m, n of
amplitude gives rise to spurious components m
n -1-µN at amplitudes Yi(m, n) Y2(m n-1-12N)Amn,
µ being any positive or negative integer. The amplitude
expression decreases rapidly with increasing absolute
magnitude of p. Thus the consideration of spurious com-
ponents may be confined to those for which I µl =1. Ac-
cordingly, we may neglect µ compared to m with negligi-
ble error.

The resulting spur -Ions -component expression for the
television image is m, n+N, at an amplitude of
171(m, n)Y2(m, n+ N)A,n. This expression gives the
same spurious -component indices as were found for the
simulation system, so all that remains is to compare the
corresponding amplitude expressions of both systems.

Omitting A,,,,, as being common to both amplitude ex-
pressions, the spurious amplitude factor for the televi-
sion system with square apertures may be written as

Yi(m, n)Y2(m, n ± N) = Y12(m, 0)Y,(0, n)Y1(0, n ± N).

The corresponding quantity for the simulation system is

Y(m, n ± kN)
Ti
-= Y(m, 0)Y(0, n ± kN)

Tr-

To To

It was shown in the previous section that

Y(m, 0) = 0) Yi2(m, 0), k, = \/2

so that it is sufficient to compare

T,
Y,(0, n)Y1(0, n ± N) with Y(0, n ± kN) - 

To

There are two elements of control in the latter ex-
pression which may be used to obtain agreement of these

expressions. First, variation of the factor k (which may
be remembered as determined by the positioning of the
line screen) permits shifting of the expression along the
axis of n. Second, the magnitude of the expression may
be controlled by the factor Ti/To, which is determined
by the nature of opacity variation across the lines and
spaces of the line screen."

Since the two expressions are fairly similar, these two
adjustments permit a reasonably good agreement. A
comparison is shown in Fig. 6, Yi(0, n) n - N) be-
ing given" by curve D and Y(0, n -kN) Ti/To (for the
values k =0.6, Ti/To= 0.4, and lei= -V2) by curve B.
The divergence of the two curves for values of n above
0.7N is not important because of the small amplitudes
of A, found in this region. The fact that the simulation
curve B does not pass through the origin, for the choice
of k =0.6, means that there will be some structure show-
ing even when the original subject matter is a flat field.
However, this effect is small.

Thus we find that there is a substantial agreement
between the simulation and the television system, both
as to normal and spurious components, for the square
apertures assumed. A similar analysis holds for other
types of apertures. If the transmitter and receiver
apertures are alike in configuration and size, then the
optical aperture should preferably be chosen to be of
the same configuration," and the focusing adjusted so
that the optical confusion area is Al2 (in linear dimen-
sions) times that of either television aperture. The
number of black lines in the line screen should always
be chosen equal to the number of active scanning lines
in the television system. Finally, the parameters k and
Ti/To should be chosen to obtain a match between the
curves B and D of Fig. 6; that is, between the spurious -
component amplitude factors of the optical and tele-
vision systems for original subject components lying
parallel to the scanning lines (m =0).

Frequency -Channel Limitation

The foregoing has neglected the effect of a finite fre-
quency bandwidth in the television transmission chan-
nel. That an aperture characteristic may be used to
simulate an electrical low-pass filter is well known, al-
though the simulation has its limitations where the
effect of a sharp cutoff is desired. Following the usual
practice in this matter, it will be assumed that the actual
electrical -filter characteristic may be replaced by an
equivalent one having a gradual cutoff, which in turn
may be simulated by an aperture characteristic. Then,

A convenient method of controlling the T1/To ratio is to adjust,
via photographic processing, the ratio of optical transmission of the
"lines" and "spaces."

12 Because of symmetry, only one sign of the ± need be consid-
ered.

13 Tlie more important consideration is that the optical aperture
should have the same admittance in any direction as the television
apertures. For instance, the effect of a scanning beam having non-
uniform transmission over its area may be closely simulated by the
shaped -hole type of aperture.
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Fig. 7-Resolution diagram, with spurious structure.

Fig. 8-Resolution diagram, without spurious structure.
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since the principal effect of electrical frequency attenua-
tion is upon the components of the image perpendicular
to the scanning, the frequency limitation may be taken
intd account by increasing the horizontal dimension
(scanning assumed horizontal) of the confusion area of
the simulation system over the value arrived at from
previous considerations.

This is exemplified in the square -aperture television
system by the following procedure. The effect of the
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Fig. 9-Parallel lines, with spurious structure.

filter cutoff in the direction of scanning is evaluated as
that due to a rectangular aperture of length (in scanning
direction) 2c'. Then if 2c is the length of the transmitter
and receiver apertures, the required horizontal dimen-
sion of the optical simulation aperture is

2c" = \/(2c)2 (2c)2 (2c')2.

VI. DISCUSSION AND RESULTS

Photographs of simulated television pictures obtained
with the apparatus of Fig. 1 are shown in Figs. 7, 9, 11,
13, and 14. In each of these pictures the scanning aper-
tures of the equivalent television system have been
taken to be squares of side equal to the scanning -line
pitch. No allowance for electrical filtering has been

Fig. 10-Parallel lines, without spurious structure.

made, the aperture attenuation being considered as the
cutoff of the television channel." The other parameters

14 Within the limitations previously pointed out, the inclusion of
electrical frequency -attenuation effects would have been a simple
matter. However, because of the unavoidable resolution loss in re-
producing the photographs, further refinements were considered un-
necessary.
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are approximately those given previously for curves A
and B of Fig. 6.

Fig. 7 shows a simulation picture of a resolution dia-
gram, there being the equivalent of approximately 360
scanning lines across the height of the picture. The effect
of the spurious components, as given by the second term
of (10), may be seen in the steps along the lines of the
horizontal wedge, in the spurious pattern in the right
half of this wedge, and in the serrations appearing on the
numbers. It may be observed that the resultant resolu-
tion of lines in the horizontal wedge is markedly lower
than that for the vertical wedge.

Fig. 11-Zone plate, with spurious structure.

An interesting comparison may be made between Fig.
7 and Fig. 8. Fig. 8 is a simulation picture, purporting
to represent the same television picture as Fig. 7, made
by using an out -of -focus optical system omitting the
scanning structure. In order to take account of this
omission of spurious components, the height of the figure
of confusion has been increased by a factor of 1.4, an
average of the factors suggested by various investiga-
tors" to take account of the vertical -resolution degrada-
tion due to scanning structure. It may be seen that a
completely satisfactory equivalence factor" expressing

" See footnote reference 3. Baldwin lists the values which have
been obtained for this factor.

16 The estimates of this factor were usually based on the use of
general subject matter, rather than the specialized type of subject
used above.

the effect of the spurious components in terms of resolu-
tion degradation may be difficult to arrive at in general.

Fig. 9 is a simulation photograph of four sections of
parallel lines, each having a different pitch, arranged so
that the subject lines form a small angle with the
scanning lines. There are approximately 400 lines con-
tained in the picture height. Fig. 13 is the corresponding
simulation picture omitting scanning structure and hav-
ing a 1.4 -times -greater vertical aperture.

Fig. 11 is a particularly interesting illustration of the
peculiar effects arising from the spurious component
field. The original subject matter was the zone plate of

Fig. 12-Zone plate, without spurious structure.

Fig. 12, the spurious structure giving the effect of a
ghost image or echo of the original." Beats between this
spurious image and the original may also be observed.
The corresponding nonstructure simulation picture is
shown in Fig. 12.

Figs. 10 and 11 are simulation pictures" of 441 -line
television pictures which have about 15 per cent vertical
blanking. The scanning structure shows up throughout
the outdoor scene, and is evident in the portrait of the
girl, around the eyes, teeth, and hat.

Fig. 15 is an out -of -focus picture of the zone plate of
Fig. 12, which illustrates the significance of aperture

17 A picture similar to Fig. 11, showing a zone plate after transmis-
sion over a telephotograph system is given by Mertz and Gray. (See
footnote reference 6.)

18 Scene of Fig. 13 reproduced by courtesy of Loucks and Norling.
Scene of Fig. 14 reproduced by courtesy of Fox Movietone News.



Fi
g.

 1
3-

Si
m

ul
at

io
n 

pi
ct

ur
e 

of
 4

41
 -

lin
e 

te
le

vi
si

on
 p

ic
tu

re
.



28 W Waves and Electrons January

134



1946 Graham and Reynolds: Television -Image Optical Studies 29 W

admittance characteristics of the type shown in curve A
of Fig. 6. The confusion area is square and is arrayed
with its sides horizontal and vertical. The "waves of
sharpness," which may be seen principally along vertical
or horizontal radii as the pitch of the rings diminishes,
correspond to the lobes of the aperture admittance curve
appearing between successive crossings of the zero axis.
The first crossover point of the aperture admittance
characteristic was found very useful in checking experi-
mentally the size of confusion area. That practically no
lobular resolution is visible along 45 -degree radii is due
to the fact that the aperture appears as diamond -shaped
along these directions, the lobes of a diamond aperture
admittance characteristic being very small compared to
those for a square or rectangle.

Fig. 15-Zone plate; illustration of aperture effect.

There are several alternative optical arrangements
which may be used for producing simulation images
similar to those discussed above. One variation, which
permits the projection of large pictures viewed on a
reflecting screen, is obtained by placing the line screen
behind the projector lens close to the film plane. An-
other variation, of interest because it produces an almost
exact simulation, may be obtained by using a line screen
in conjunction with two out -of -focus transformations in
tandem. However, this would be suitable only for pho-
tographic work, due to the low picture brightness ob-
tained with this arrangement.

Simulations of both 240- and 441 -line television pic-
tures, still and motion, have been set up, and on numer-
ous occasions compared with the images produced by
the corresponding television systems. The fundamental
similarity between the simulation and television images
was strikingly apparent even at close viewing distances;

and the quantitative comparison agreed with that pre-
dicted by theory. Simulations of 525- and 625 -line
television images have also been made. The conversion
of the simulation picture from one grade of television
image to another was very simple, requiring only a
change of line screens and readjustment of the focusing
dial.

VII. APPENDIX

DIFFRACTION CALCULATION OF AN OUT -OF -FOCUS

OPTICAL SYSTEM FOR A RECTANGULAR APERTURE

The geometrical theory which has been used in the
paper to describe the figure of confusion of the optical
system is subject to appreciable error for planes near the
sharp -focus plane. In order to investigate the magnitude

Z,t

dxdY x2+y2+z2 .R2

Y. s

x, r
\P

/ 1 /
r,s.t-

SHARP FOCUS PLANE = {OR 'at =01

Fig. 16-Diffraction calculation of the confusion area for
an out -of -focus optical system.

of the error, a diffraction calculation of the system has
been made. The line screen is omitted from the calcula-
tion, since a simple estimate shows diffraction effects
arising from this source to be small for the dimensions
used.

The formulation of the diffraction solution follows
Fig. 16. It is assumed that the wave front of the light
emerging from the lens, due to a point source located on
the optical axis at the film plane, is a section of a sphere
with center on the optical axis at the sharp -focus plane.
The radius R of the sphere is the image distance of the
optical system. The active portion of the spherical wave
front is that section bounded by the rectangular aper-
ture of sides 2c and 2d oriented parallel to the x and y
axes, respectively. Then, neglecting the varying inclina-
tion of surface elements of the sphere over the aperture
boundary, the light amplitude at any point of the image
space r, s, t may be written as

a f
T

sin 2r - )dxdy,
Lerture T X
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where p= the distance from a surface element dxdy to
the point r, s, t,

T = time
X = wavelength of light

(assumed monochromatic).

By assuming the maximum values of the variables
x, y, r, s, t to be small compared to R, the following
result is obtained for the light intensity at a point r, s, t.
Neglecting constant factors, we find,

J = [C(al azr) C(al - a2r)12
[S(ai azr) S(al - a2r)12)

 ( [C(a3 azs) C(a3 - a2s)]2

[S(a3+ azs) S(a3 - a2s) ]2)

where C( ) and S( ) are the Fresnel integrals,
given by

C(x) = f cos - v2dv,
2

S(x) = J sin - v2dv,
2

and where, for positive values of t,

al = c4/
XR(R - 1)

21

a2 =

a3 =

2R

Xt(R - 1)

d
al-- 

(17)

being

For negative values of t, the absolute magnitude of I
must be used in (17) and in the following formulas.

al = c

az =

2/

V XR(R +1)

/ 2R

V Xt(R t)

d
a3 = al- 

Fig. 17 shows a plot of J in the plane t= -2 inches,
for s =0 and the representative values R = 76 inches,
c=d =1/2 inch, X =5000 angstrom units. The aperture
admittance corresponding to this intensity distribution
is shown in Fig. 18, along with the admittance curve
obtained from geometrical considerations. There is seen
to be very good agreement between the two, so that the
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Fig. 17-Diffraction calculation. Light distribution in the out -of-
focus plane t= -2 produced by an axial point source in the film
plane.
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geometrical theory may be used for the given dimen-
sions without appreciable error. For values of t less than
one inch, however, the error becomes noticeable, and
should be considered.



Problems in the Manufacture of Ultra -High -
Frequency Solid -Dielectric Cable*

A. J. WARNERt

Summary-This paper deals with the various types of semiflexi-
ble solid -dielectric transmission lines suitable for use at ultra -high
frequencies. Five general types are described, and their applications
discussed. These are (a) coaxial, (b) dual, (c) dual -coaxial, (d) low -
capacitance, and (e) high -impedance. Types (a) and (b) are general-
purpose lines, while type (c) is used in direction -finding equipments,
instrument -landing systems, etc. High -impedance cables find use in
cathode -follower and special delaying circuits.

The manufacture of these transmission lines is discussed, and
the various problems associated with extruding and braiding exam-
ined. The practical question of penetration of the braid into the di-
electric and jacket is considered, and the recent steps taken to
eliminate this problem discussed.

The contribution of the individual components of the cable to the
total loss is examined, and an apparatus described which enables a
direct measurement of braid resistance to be made at 150 mega-
cycles. A typical example is given for RG-8/U cable, showing close
agreement between the measured total loss of the line and the loss
obtained by a summation of the individual losses of dielectric, inner
conductor, and braid. The effect of varying the braid construction is
demonstrated. The electrical testing of high -frequency transmission
lines poses some problems, and a brief description, limited for secu-
rity reasons, of the various tests and equipments is given. The author
concludes by recommending immediate consideration of standardiz-
ation problems in this field.

INTRODUCTION

THE VERY rapid advances made in the electronic
field in the last decade, and particularly those
necessitated by the exigencies of war, have

brought many new and interesting developments to
fruitiofi. For obvious reasons, many of these develop-
ments must remain closely guarded secrets until after
this period of international conflict, but some of them
can now be discussed in general terms, and the progress
made outlined. In this paper it is proposed to deal briefly
with a not very spectacular, but nevertheless highly im-
portant, component of modern electronic equipments,
the ultra -high -frequency solid -dielectric cable. Such
cables have now attained a noteworthy place in the
components list, and are destined to play a more impor-
tant role in the future.

THE NATURE OF SOLID -DIELECTRIC LINES

One of the principal factors necessitating the develop-
ment of solid -dielectric semiflexible cables was the de-
sign of electronic equipments for moving vehicles such
as tanks, airplanes, and trucks; and for demountable
equipments such as instrument -landing systems, direc-
tion finders, gun -directing devices, etc. These equip-

* Decimal classification: R282.1 X R720. Original manuscript re-
ceived by the Institute, June 4, 1945; revised manuscript received,
August 25, 1945. Presented, New York Section, New York, N. Y.,
February 7, 1945.

t Federal Telephone and Radio Corporation, Newark, N. J.

ments called for cable components that would be light,
portable, easily assembled and disassembled, semiflexi-
ble, and having few (if any) maintenance problems. Not
the least of the requirements, however, was the ability
to obtain such cables in large quantities with the mini-
mum of expansion of production facilities.

The standard rigid line, consisting essentially of a
center conductor coaxially placed in a solid -copper tube
and supported by rigid discs, washers, or spacers of di-
electric material uniformly spaced, is well known. To
obtain satisfactory operation of such lines, it is neces-
sary to use somewhat complicated and expensive
"plumbing" methods to join the lines to equipments
and themselves, and to install a special nitrogen or
inert -gas atmosphere under pressure to prevent "breath-
ing" of the line and consequent moisture deposition
inside the structure. Such an installation is costly, but,
where the assembly is permanent, affords highly satis-
factory operation, since it can be rigidly installed and
with periodical maintenance check-ups can be expected
to maintain its original qualities. The mechanical con-
struction of these lines enables a high degree of uniform-
ity of electrical characteristics to be obtained, and be-
cause of their rigid construction from solid conductors,
the exact value of impedance and attenuation can be
calculated before the line is even constructed. With
semiflexible ultra -high -frequency transmission lines,
however, the maintenence of uniform electrical char-
acteristics is much more difficult, particularly when it
is remembered that such lines are expected to operate
over a wide temperature range, -40 degrees centigrade
to +80 degrees centigrade, to be capable of much abuse
in the field, and to be adaptable for the many different
types of equipment now in use.

At the present time, semiflexible cables for ultra -high -
frequency use fall into the following general types:
coaxial, dual, dual -coaxial, low -capacitance, and high -
impedance.

In the case of coaxial types, we have a center conduc-
tor insulated with a synthetic dielectric, a braid which
acts as the return conductor and also as an electromag-
netic shield, and an outer protective sheath of synthetic
resin. In certain cases, especially for shipboard use,
where installation in conduit is a requisite, a galvanized
steel or aluminum armor is put over the sheath, which
affords both mechanical protection and additional elec-
trical shielding. The dual types are similar to the coaxial
types, except that the two inner conductors are im-
bedded in the primary insulation. The dual -coaxial
types of cables are special designs for specific problems,
such as that in connecting up the antenna arrays of
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instrument -landing systems, in certain direction -finding
equipments, etc.

The low -capacitance cable consists of a center conduc-
tor held in position in a thin -walled tube of dielectric
by an insulating thread spirally wound around the
center conductor. Over the tube is put the usual braid
and jacket. Such a design, by virtue of its relatively
large volume of air, has a low effective dielectric con-
stant, and therefore the capacitance per foot is also low.

The high -impedance type of cable is a special design
for those equipments where an impedance of the order
of 1000 ohms is required in the cable. Such a cable com-

COAXIAL

DUAL

DUAL COAXIAL

LOW CAPACITANCE

HIGH IMPEDANCE

0

0
Fig. 1.-General types of ultra -high -frequency cables.

prises an inert supporting core on which is wound a
close -lay spiral of enameled wire. Over this is put a
synthetic insulation and then the conventional braid
and sheath. Fig. 1 shows the various types of cables
discussed above.

THE MANUFACTURE OF SOLID -DIELECTRIC CABLES

The chief operations in the manufacture of cables for
use at ultra -high frequencies are those of extrusion and
braiding. Extrusion is a process for forcing materials in
a semisolid state through a suitable orifice such that a
definite shape is obtained. The first operation in cable
manufacture is the extruding of the primary insulation
on the center conductor, which is done by means of a
specially designed plastics extruder. Such an extruder
consists essentially of a heated cylinder through which

the insulating material is forced by means of a rotating
screw, and in which the material is brought to the right
state of plasticity, a breaker -plate assembly which
serves to build up pressure and to ensure that all un-
dispersed or foreign matter is removed from the ma-
terial, a cross head through which the center conductor
to be insulated is fed, and a tip and die assembly which
forms the insulation around the center conductor to the
desired shape. The various parts of the machine can be
seen by reference to Fig. 2. Although at first sight it
might appear that this process is but little different from
that employed in the manufacture of conventional rub-
ber -insulated wires, the fact that we are dealing with
plastic materials of higher softening point and different
degrees of plasticity, necessitates machine modifications,
while the necessity for maintaining a high degree of
uniformity introduces manufacturing problems of no
mean extent. It is obvious that, for successful service
use, certain electrical parameters must be closely con-
trolled, and of these parameters, the characteristic
impedance introduces the first problem from the me-
chanical point of view.

Since it is desired to keep the characteristic impedance
of the cable as uniform as possible and at a fixed value,
the ratio of the diameter of the inner conductor to the
diameter of the outer conductor must be held to a close
tolerance. For most applications, it has been decided
that, with a nominal impedance of 50 ohms, a tolerance
of ±2 ohms is the maximum permissible. To achieve
this, it is necessary to hold the diameter of the dielectric
to within ± 15 mils. Since it is necessary during manu-
facture to have some little leeway in tolerance, it means
in practice that to keep rejections to a minimum, even
tighter dimensional tolerances must be maintained.
When it is recognized that this tolerance must ge main-
tained while the cable is being produced at speeds up to
100 feet per minute, it will be appreciated that the
equipments must be functioning correctly, the operators
well -trained and supervised, and constant production
engineering maintained.

To ensure uniform values of attenuation, and particu-
larly to maintain the lowest values possible, the dielec-
tric material must be rigidly inspected before use, and
handled with the greatest of care to avoid contamina-
tion. Since the velocity of propagation is a function of
the dielectric constant of the insulating material, care
must be taken in manufacture to avoid the presence of
voids or discontinuities in the dielectric and to see that
the material is applied uniformly as regards density.

When the frequency of operation becomes very high,
indeed, we find that additional problems are present. At
these frequencies, the presence of any form of discon-
tinuity will cause trouble due to reflections and standing
waves. This may occur even though the cable is well
within the tolerance values for size called for in the
specification. To overcome such problems, the nature
and extent of which are only just becoming very pain-
fully apparent, the highest degree of skill will be
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required from all phases of engineering, the raw -material
experts, the mechanical designers, and the electrical en-
gineers.

After the extrusion of the primary insulation, the
braid or outer conductor is put on by a process referred
to as "braiding." Two main types of braiding machines
are in operation, the so-called "Wardwell" type, and the
"New England Butt" type. In the Wardwell machine
we have two carriages, each having twelve bobbins con-
taining the braid wires, rotating horizontally in opposite
directions, the individual bunches of wires from the
bobbins being deflected by guides to interweave them
in the form of a basket weave. Such a braider is shown
in Fig. 3. For large cables, the New England Butt type
is often employed; here the bobbins, usually forty-eight
in number, are mounted vertically and rotate in a hori-
zontal plane around the periphery of the machine, form-
ing a basket weave around the centrally located cable.

MOTOR

OIL HEATERS a STORAGE TANK

CONDUCTOR OR CABLE
FROM PAYOFF

TENSIONING DEVICE

ii HOT OIL

(WIRE
STRAIGHTENER

Fig. 3-Copper-wire braiding machine.

with polyethylene, the braid wires may have a tendency
to imbed in the dielectric, particularly if the cable has
been heated or if the braid has been designed with a
relatively short lay and applied with a high tension. It
is even more common for the braid wires to be imbedded

FEED

HOT OIL RETURN

PREHEATER

EXTRUDER

OEN PT PR Eu Rs oFNE E.D OTFERR,

HOT OIL IN EXTRUDER BARREL

STOCK SCREW

SCREEN

BREAKER PLATE

DIE

TFP

\\43TORPEDO

ATE TYPE HEAD

Fig. 2-Schematic cross section of extruder.

In general, apart from design characteristics, the
problems in braiding are purely mechanical, and the
success of good braiding depends chiefly on the care with
which the individual wires are wound on the bobbins for
braiding.

There is one problem concerning' the braid which is of
particular interest to the equipment manufacturer, and
that is the adhesion or penetration of the braid to either
the primary insulation or the jacket. When softer dielec-
trics than the polyethylene now standard were em-
ployed, it was quite common for the braid wires to be
buried so deeply in the dielectric, due to the tensions
exerted during braiding, that it was a matter of great
difficulty to strip the braid wires back preparatory to
connector assembly. It sometimes happens that even

CABLE AFTER EXTRUSION

COOLING TROUGH

HOT OR COLD
WATER

in the jacket; this is caused by applying the plastic
jacketing material to the braided wire in a very soft
state and through a tip -and -die combination causing the
hot plastic to be forced through the interstices of the
braid. On cooling, the braid wires are often found to be
completely imbedded in the jacket. In such cases, it is
almost impossible satisfactorily to prepare a cable end
for connector assembly. The use of special tubing tips
and dies which serve to lay a tube of the protective
jacketing material on the braid under the right pressure,
has overcome this problem. The presence of jacketing
material in the braid also serves to introduce additional
attenuation losses in the line and to give it attenuation
instability with flexing.

The sheath, or jacket, is applied with the same type
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plastic tuber as the primary insulation, and affords
neither more nor fewer problems than those discussed
under that subject.

DESIGN COMPONENTS

One of the most important factors affecting the design
of a high -frequency cable is the nature of the dielectric
material to be employed. Such a dielectric has to have
the lowest attainable electrical losses, and these losses
must be substantially constant over a wide frequency
band and a considerable range of operating tempera-
tures. Apart from these electrical requirements, the di-
electric must also be capable of installation at tempera-
tures as low as -40 degrees centigrade and yet support
the weight of the center conductor at elevated tempera-
tures of +85 degrees centigrade without flow. The
search for suitable materials has been going on for some
considerable time, and it cannot yet be said that a com-
pletely satisfactory material has been developed. At the
present moment in this country and Great Britain, the
preferred insulation is polyethylene, a high -molecular -

weight hydrocarbon of the paraffin series. The properties
of this material are given in Table I. This material is

TABLE I

POLYETHYLENE, AVERAGE PROPERTIES

Tensile strength, pounds per square inch
Coefficient of thermal expansion
Rockwell hardness

1700
10.5 X10-5
R13Specific gravity 0.92

Elongation, per cent 500
Heat distortion point, degrees Fahrenheit 140
Water absorption after 24 -hour immersion, per cent 0.01
Dielectric strength, volts/mil, 3 to 15 mils thick 1000 to 1500
Volume resistivity, ohm -centimeters 1017
Dielectric constant

60 cycles 2.25 to 2.27
1000 cycles 2.25 to 2.27
1 megacycle 2.25 to 2.27
1000 megacycles 2.65 to 2.27Power factor
60 cycles 0.0002 to 0.0004
1000 cycles 0.0002 to 0.0004
1 megacycle 0.0002 to 0.0004
1000 megacycles 0.0002 to 0.0004

now being manufactured in large quantities, and a high
degree of uniformity is obtained. Its low value of power
factor (of the order of 0.00030) and its attendant low
dielectric constant (approximately 2.27) are maintained
over a wide range of frequencies, while its flexibility at
low temperatures and its rigidity at elevated tempera-
tures are satisfactory.

By skillful operating technique, a high degree of ex-
trusion precision can be obtained, which enables good
control of impedance and other electrical parameters of
the final product to be maintained.

The center conductor of a high -frequency solid -dielec-
tric cable is either concentric -lay, stranded, or solid,
dependent upon the general considerations applying to
its use. Stranded conductors are chiefly employed where
the greatest degree of flexibility of the cable is required;
solid conductors are generally employed where the low-
est electrical losses are necessary and also where a cable
is desired to have the highest value of initial corona -
starting potential. In order to reduce the losses still
further, it is common practice now to use silver-plated

conductors. For certain applications, it is desirable to
have a cable which has a high loss per unit length, and
for these cables, the center conductor usually consists
of a nichrome wire. To maintain constancy of imped-
ance, it is necessary for the center conductor to be manu-
factured with a high degree of uniformity, and some of
the troubles of the earlier high -frequency solid -dielectric
lines have been traced back to irregularities of stranding
and dimensions. The braid consists of a basket weave of
wires which vary in number, size, and mode of applica-
tion, dependent on the size of the cable and the use to
which it is to be put. For the smaller size of cables, it
is usual to have 24 separate ribbons of braid wires in
the construction, each ribbon comprising six to ten in-
dividual wires of no. 33 or no. 34 American Wire Gauge.
The lay of the braid, or number of ribbons of wires per
inch, is determined by the electrical and mechanical
properties required. Since at the frequencies employed
the current travels on the surface of the wires, it is obvi-
ous that the fewer the jumps the current has to make per
unit length, the lower the loss. On the other hand, the
shorter the lay of the braid, the more flexible is the cable,
and the more it is able to withstand repeated flexings
without failure or deterioration of electrical character-
istics.

It must be confessed that many of the braid designs
currently employed were chosen for expediency rather
than from a sound engineering design, but constant

and it is to be hoped that
...we will be able in future years to design cables a little
more scientifically than in the past.

Since plain copper wire has a tendency to oxidize in
air and also to corrode in the presence of electrolytes
such as salt, it is sometimes found advisable to use
tinned -copper wires for the braid instead of plain cop-
per wire. The presence of oxidation and/or corrosion
products on copper -braid wires not only causes an in-
crease in the electrical loss of the cable, but also gives
rise to fluctuating readings on equipments due to con-
tact -resistance variations when the cable is shifted or
flexed. To lower the losses, and also to avoid this
variation of contact resistance, especially for cables
used as test leads in precision testing equipments, it is
now quite common t6 use a silver-plated copper -braid
wire.

In certain applications, where good shielding is re-
quired, a second braid is sometimes employed. In such
double -braided cables it is usual to take advantage of
the electrical properties to be obtained by the use of a
long -lay braid, by employing as long a lay as practicable
for the inner braid, maintaining the outer braid with a
short lay for mechanical considerations. Consideration
has been given, from time to time, to the use of more
than two braids for additional shielding, but it has now
been demonstrated that the advantages gained by the
employment of a third shield are not sufficient to war-
rant the additional expense and problems of manufac-
ture and installation. Such shielding problems are best
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handled by investigating the over-all shielding of the
individual equipments concerned.

The jacket, or sheath, acts primarily as a protection
of the cable structure therein. It should be flexible,
resistant to abrasion, oil, gasoline, water, hydraulic -
brake fluids, etc., and should also preferably be non-
inflammable. The most commonly used jacketing ma-
terials for high -frequency cables are plasticized vinyl
compounds such as vinyl chloride or vinyl chloracetate,
sold under the trade names of Vinylite and Geon. It
has recently been found that, where the greatest degree
of constancy of operation of high -frequency solid -dielec-
tric cables is required, a special type of vinyl jacket must
be employed. Such a jacket has been developed and is
now in service on these special cables.

To increase the mechanical protection of lines, par-
ticularly for naval use, an outer armor is sometimes
employed. This is preferably of galvanized steel, but
during the wartime emergency, aluminum wire has been
substituted for the galvanized steel. Such armored cables
are painted with an aluminum paint to fill the interstices
in the armor and thus facilitate their watertight installa-
tion through bulkheads.

Fig. 4-Apparatus for measuring braid resistance.

Of great interest to the radio engineer is the contribu-
tion of the various components of the cable to the total
measured loss or attenuation, and particularly, how
this varies with frequency.

It is well known that the dielectric losses are a direct
'function of the electrical properties of the insulation and
frequency of operation, and thus a measurement of the
power factor and dielectric constant at those frequencies
enables the contribution of the dielectric to the total
loss to be calculated. Thus, taking polyethylene as an
example: the power factor of polyethylene at 400 mega-
cycles is 0.00030 and the corresponding dielectric con-
stant is 2.27. The loss due to the dielectric is therefore
«400 = 2.78 X 0.27 X 0.00030 X 400 decibels per 100 feet
= 0.503 decibel per 100 feet. Taking a standard cable,
for example RG-8/U, the measured loss of this
cable at 400 megacycles is 5.0 decibels per 100 feet.
The contribution to the over-all loss by the center
conductor and braid is therefore 4.5 decibels per

100 feet. To separate the loss due to the center con-
ductor from that due to the braid, and to determine
the effects of changing the lay of the braid on 'the cover-
age has been a somewhat complex problem and only
empirical calculations have hitherto been made. Re-
cently, however, Muller and Nordlin of the Federal
Telephone and Radio Laboratories have developed an
equipment (Fig. 4) which enables such measurements to
be made, and the preliminary results are very valuable
for future design work. At the present moment, due to
lack of suitable oscillators, it is not possible to measure
at frequencies other than 150 megacycles, but it is

hoped shortly to have such oscillators and to be able to
extend the usefulness of the equipment. Thus, taking
the standard RG-8/U cable, which has a measured at-
tenuation at 150 megacycles of 2.60 decibels per 100 feet,
the contribution of the individual components of the
cable is:

Dielectric component = 0.189 decibel per 100 feet
Center conductor =1.58 decibels per 100 feet
Braid = 0.903 decibel per 100 feet

Total 2.67 decibels per 100 feet.

It will be seen that the agreement is very good.
It is a well-known practical observation that the at-

tentuation of a transmission line can be improved by
increasing the lay of the braid wires; that is, by decreas-
ing the number of braid -wire crossovers
also been a matter of great interest, particularly from a
raw -material conservation standpoint, to determine how
the wire coverage, that is the ratio of surface of the di-
electric covered by the braid wires to the total surface,
affects the attentuation loss. Table II shows some

TABLE II

Lay angle Loss Coverage Loss

in degrees in decibels per in per cent in decibels per

100 feet 100 feet

63.4 1.94 97.75 0.888

55.9 1.36 93.30 0.856

47.7 1.22 86.70 0.825

38.6 1.05 77.90 0.804

26.1 0.888

of the results so far obtained. It will be seen that the
loss due to the braid is markedly affected by the lay
of the wires as would be expected, but that the per cent
coverage is not a critical factor.

This particular experimental equipment will be of
great use in studying the effect of different materials,
such as silver-plated copper, and tinned copper versus
plain copper wire, and also in studies to determine the
effects of corrosion and/or flexing on the attenuation of
transmission lines.

TESTING PROBLEMS

The testing problems encountered in high -frequency
solid -dielectric cables are of two types. First, those con-
cerned with production testing, and second, specialized
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problems concerned with the particular design and util-
ization of the cable type.

In general, factory production testing is chiefly a
problem of the application of known techniques. It is
necessary, however, to devise and build test equipments
which are very rugged, quick acting, and as foolproof
as possible. It must also be remembered that the equip-
ments are to be operated by persons having little, if any,
electrical background, and whose knowledge of high -

frequency radio problems is substantially nil. The chief
factory tests made are: capacitance, velocity of propaga-
tion, characteristic impedance, attenuation, dielectric
strength, initial corona -starting voltage.

Capacitance is very conveniently measured at 1000
cycles and affords no special problem since standard
equipment is employed.

The velocity of propagation is usually determined by
measurement of the frequency at which a known length
of cable, usually 4 of a wavelength, resonates when
terminated in an open circuit. Cables having a high
attenuation cannot be measured by this method, be-
cause the resonance effects are not prominent enough to
give an accurate determination. A convenient testing
equipment, shown in Fig. 5, was developed by the Naval

Fig. 5-Velocity-of-propagation meter.

Research Laboratories. It consists of an oscillator,
variable around 100 megacycles, coupled loosely to a
noninductive loop attached to one end of the cable un-
der test. This loop is tunable by a variable trimmer
capacitor. Resonance is indicated by a dip in a grid
meter. In the so-called "V -P Meter," the loop circuit,
and the oscillator circuit are tracked and controlled by
a single dial. When the cable under test is inserted into
the meter, resonance occurs and is indicated at one posi-
tion only on the dial which is calibrated to read velocity
of propagation directly.

The characteristic impedance is calculated from the
measured capacitance and velocity of propagation by
the usual formula. This calculation makes two assump-
tions which are justified: (1) That the effect of losses on
characteristic impedance is negligible, which is true ex-
cept for the lowest frequencies; (2) that the depth of
penetration of current into the conductors is negligibly
small, which is true for frequencies above 1 megacycle.

Fig. 6 shows the apparatus used by Federal Telephone

and Radio Corporation for the measurement of attenua-
tion at frequencies of 100, 200, 300, and 400 megacycles.
The basic design was developed by the Naval Research
Laboratories but was modified to give an equipment
more suitable for production use and capable of higher
precision. In this method, energy from a generator is fed
directly into a calibrated vacuum -tube voltmeter and
subsequently through the transmission line under test
into the same voltmeter, the ratio of the two voltmeter
readings giving the loss of the line. A diode voltmeter
operated with a large input signal is employed to mini-
mize transit -time effects and is calibrated at 60 cycles
directly in decibels. The power output of the generator
is adjusted with no transmission line connected until the
voltmeter reads zero decibels. The generator is coupled
to the input end of the line through a pair of critically
coupled tuned circuits, and the output end of the line
similarly coupled to the voltmeter, the critical coupling
properly terminating the line in its characteristic im-
pedance and eliminating reflection losses. The loss in the
line can then be read directly in decibels. The spiral
delay lines, or high -impedance lines, have relatively high
attenuation values per unit physical length, and are

Fig. 6-Equipment for measuring the total attenuation
of a transmission line.

therefore not capable of measurement on the above de-
scribed equipments. An equipment, operating at 5 mega-
cycles and measuring the resonant rise of voltage occur-
ring when a sample of cable, an odd number of wave-
lengths long, is terminated in an open circuit, has been
developed in our laboratories and has given very satis-
factory operation. This method is based on the previous
work of the Industry Service Division of R.C.A. Lab-
oratories for use with television lines.

For cables designed for operation at high voltages, it
is necessary to obtain as high an initial corona -starting
potential as possible. Corona is a momentary discharge
irregularly repeating at a rapid rate, and is caused by
the ionization of air or other gaseous inclusions in the
dielectric due to high electric -field strength. The corona-

starting potential can be measured by a variety of
means, but a convenient method comprises detecting
the transient in the 60 -cycle wave by means of an oscillo-
scope.



1946 Warner: U -H -F Cable Manufacture 37 W

Special problems are met in the electrical testing of
dual -coaxial balanced lines such as RG-23/U. Here
problems of preparing lengths of cable which are electri-
cally of the same length and which also show a high de-
gree of electrical balance between the individual coaxials
are often encountered. Fig. 7 shows a direct -reading
electrical -length meter, developed by Federal Telephone
and Radio Corporation, which operates on the principle
that, at a fixed frequency, the input impedance of an
open -circuited line is a function of the electrical length
of the line. A voltage -regulated crystal -controlled gen-

Fig. 7-Electrical-length meter.

erator applies a voltage to the input terminals of the
line to be measured in series with a vacuum -tube radio -
frequency milliammeter. The milliammeter is calibrated
to read electrical length directly.

To determine the electrical balance of dual -coaxial
lines, particularly over a frequency range, a special bal-
ance test was developed. This set applies an equal volt-
age to both coaxials of the line from a motor -driven
variable -frequency generator which slowly scans the
frequency spectrum. At the far end of the line, a bal-
anced -input amplifier operates a recording milliammeter
to record the voltage unbalance.

A study of the graph recorded reveals the degree of
unbalance and the frequency at, which the greatest un-
balance occurs. It will be seen that the development of
test equipments has kept pace satisfactorily with the
problems encountered in high -frequency transmission -
line testing, although much work remains to be done to
complete the picture. It will be appreciated that it is not
possible at this stage to discuss other testing equipments
which have been developed to meet special or specific
problems, or to indicate the full extent of our knowledge,
but the knowledge gained during this eventful period
will be put to very good purpose in the years to come.

FUTURE OUTLOOK

A review of the current situation in the field of high -
frequency solid -dielectric cables reveals the tremendous

strides taken by a relatively inexperienced industry. The
achievements of the past three years have been out-
standing, but such successes must not prevent a critical
examination of our present practices and theories, with
an abandonment of those which fail to stand the test of
scientific investigation. Certain fundamental weaknesses
are already becoming apparent, and unless steps are
taken to investigate these and to find solutions for them,
what is now a virile section of the industry may stagnate
and die, leaving other groups to find solutions to the
problems along other lines.

In particular, continued research must take place into
the field of dielectrics, with particular emphasis on the
electrical characteristics and the operating temperature
range. There are already many applications for trans-
mission lines to operate at temperatures higher than
85 degrees centigrade, the present rating for poly-
ethylene insulation, while the changes in characteristics
observed over a temperature cycle due to the high co-
efficient of the thermal expansion of the same material
are not very satisfactory. Braid designs, in view of
recent work, can and should be modified to give the
optimum mechanical and electrical properties.

One of the most important of the problems ahead is
that of standardization. This must be considered not
only from a national standpoint, but with an eye on
international considerations, since we are now entering
an era of widely expanded travel when equipments
manufactured in one country will have to be serviced in
another country. It will not be possible to uphold any
nationalistic claims or demands in the face of a problem
requiring over-all consideration, and the time is fast
approaching when such problems must be tackled. A
similar problem has been in the mind of industry for a
number of years; namely, frequency allocation; and just
as a series of conferences have been held on this subject,
so must we have discussion and agreement on such prob-
lems as the impedance of cables, the maximum permis-
sible attenuation at the various frequencies of operation,
the over-all size of the cables and the connectors to be
used therewith, etc. Without such standardization, the
cable manufacturers will make whatever is called for by
the customer and will have little inducement to study
the problem deeply. The radio -equipment designer will
continue to call for cables which may not constitute the
best in the way of design, and the equipment installer
and operator will go on decrying both. A vigorous dis-
cussion by all interested parties will clarify the position
and enable the industry to go forward to even greater
achievements.

The successful development of high -frequency solid -
dielectric cables marks a very decided milestone in the
history of radio, and it is up to the radio engineers to
exploit more successfully the opportunity afforded them.
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HOTEL ASTOR-NEW YORK CITY
Headquarters for 1946 Winter Technical Meeting

1946 I.R.E. Winter Technical Meeting
Program and Highlights

January 23, 24, 25, and 26, 1946
Hotel Astor, New York, N. Y.

Final plans have now been completed for what is
confidently expected to be the most important I.R.E.
Winter Technical Meeting in many years. When mem-
bers gather from January 23 to 26 at the Hotel Astor for
this first postwar meeting, they will be treated to an
array of features and events that are among the most
significant ever prepared for such an occasion.

Amid the crowded calendar of professional and social
events, members will have at this gathering an unprece-
dented opportunity to orientate themselves in the post-
war pattern of the electronics and radio fields, to gain

an understanding of the Industry's reconversion pro-
gram, and to catch up on the newest developments, and
future prospects in the field.

Space in the Radio Engineering Show, a display of
unprecedented variety and importance and four times
the size of any former I.R.E. Radio Engineering Show,
has been fully spoken for by more than 132 firms.

The total of 171 exhibits occupying two floors and
foyer space in the Hotel Astor will represent a compre-
hensive cross section of the Industry's newest and most
important postwar products and should provide mem-

38 W Waves and Electrons January, 1946



Waves and Electrons 39 W

bers with much information of value and interest to
them in their particular fields. The most recent list of
the firms which expect to take part in the Show is
given on page 42 W. The list indicates how completely
the suppliers of radio engineering equipment and serv-
ices are cooperating to make this year's Show, an
outstanding success.

The annual I.R.E. Banquet will be held Thursday,
January 24, 7:30 to 10:30 P.M. in the Grand Ballroom
of the Hotel Astor and the President's Luncheon, hon-
oring the Institute's incoming president, Dr. Frederick
B. Llewellyn, to be held on Friday, January 25, at
12:30 P.M. in the Grand Ballroom. The principal speak-
ers will be Dr. Frank B. Jewett, President of the Na-
tional Academy of Sciences who has accepted the
invitation to address the estimated 2500 guests at the
Banquet, and Mr. Edgar Kobak, President of the Mu-
tual Broadcasting System, who will act as Toastmaster;
Mr. Paul A. Porter, Chairman of the Federal Commun-
ications System, who will be the speaker at the Presi-
dent's luncheon, and Mr. Ronald J. Rockwell, Engineer-
ing Director, Broadcasting Division, The Crosley Cor-
poration, who will be master of ceremonies at the
Luncheon.

At Thursday evening's Banquet, the two annual
I.R.E. awards will be made: The Institute Medal of
Honor given in recognition of distinguished service in
radio communications; and the Morris Liebmann
Memorial Prize, made to a member of the Institute who
has made public during the recent past an important
contribution to radio communications. In addition, 12

fellowships given by the Institute will be awarded.
Another enjoyable feature, the annual Cocktail Party,

to be held Friday evening from 6:30 to 8:00 P.M. in the
Grand Ballroom, promises to provide a pleasant medium
for the renewing of old acquaintanceships and the mak-
ing of new social and business contacts.

Greystone-Sioller

FRANK B. JEWETT EDGAR KOBAK

The splendid array of important technical papers on
vital electronics and radio subjects will this year take
on added significance with discussion of the many re-
markable war developments and newly released infor-
mation on hitherto restricted items.

The subjects of the papers give some hint of their
importance. They include: Military Applications of
Electronics; Frequency- Modulation and Standard
Broadcasting; Circuits and Theory; Television; Radio
Navigation Aids; Vacuum Tubes; Microwave Vacuum
Tubes; Antennas; Radar; Microwave Technique; In-
dustrial Electronics; Communication Systems and Re-
lay Links; Radio Propagation; Broadcast Receivers;
Quartz Crystals; and Crystal Rectifiers.

This year, as has been announced, The Institute of
Radio Engineers will be host at a joint meeting with the
American Institute of Electrical Engineers, scheduled
to be held in the Engineering Society's auditorium on
Wednesday evening, January 23. Major General Leslie
R. Groves, Director of the Manhattan District, which is
the code name for the atomic -bomb project, will speak
on "Some Electrical Engineering and General Aspects
of the Atomic -Bomb Project. To accommodate any
overflow attendance such as occurred last year, ar-
rangements have been made to install a public-address
system and to reserve another large meeting room in the
same building.

The women guests at this Meeting will be entertained
with visits to the Museum of Costume Art and Sloane's
House of Years followed by luncheon and an art exhi-
bition at the Town Hall Club, and a Television Tour of
Radio City. They will also be escorted on tours through
the Cathedral of St. John the Divine anci Riverside
Church, as well as guests at luncheon.

The complete program of events for the three-day
Meeting follows.

PAUL PORTER

American

LEWIS M. CLEMENT



CATHEDRAL OF ST. JOHN THE DIVINE
Sanctuary and High Altar

Thursday, January 24, 1946
11:00 A.M.-3:30 P.M.

('athedral of St. John the Divine
Luncheon, Stoddards

Riverside Church

Gustafson

Women's Program
(Tentative)

RIVERSIDE CHURCH

Friday, January 25, 1946
11:00 A.M.-4:00 P.M.

Museum of Costume Art-Sloane's House of Years
Luncheon and Art Exhibition, Town Hall Club

Television Tour of Radio City

FROM THE COLLECTION OF THE COSTUME INSTITUTE OF THE METROPOLITAN MUSEUM OF ART



PROGRAM

Wednesday, January 23, 1946 Friday, January 25, 1946

9:00 A.M.-5:30 P.M. Registration and 9:00 A.M.-5:00 P.M. Registration and
Promenade Sale of Tickets Promenade Sale of Tickets
9:30 A.M.-12:30 P.M. Annual Meeting of 9:00 A.M.-10:00 P.M. Radio Engineering Show
Coral Room Sections' Representatives Eighth and Tenth Floors
12:30 p.m. -2:00 P.M. Luncheon for Sections'
Rose Room Representatives Technical Sessions
2:00 p.m. -5:00 P.M. Annual Meeting of 9:30 A.M.-12:00 NOON
Coral Room
4:00 p.m. -8:00 P.M.

Sections' Representatives
Radio Engineering Show Group A Group B

Eighth and Tenth Floors Grand Ballroom Rose Room

8:00 p.m. -10:00 P.M. Joint Meeting of Microwave Vacuum Tubes Antennas

Engineering Societies A.I.E.E. and I.R.E.
Building Friday, January 25, 1946

Thursday, January 24, 1946

8:30 A.M.-5:30 P.M. Registration and
Promenade Sale of Tickets
9:00 A.M.-7:00 P.M. Radio Engineering Show
Eighth and Tenth Floors
9:45 A.M.-10:30 A.M.
Grand Ballroom

Annual Meeting of The
Institute of Radio
Engineers, Inc.

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

Group A
Grand Ballroom

Military Applications of
Electronics

Group C
Coral Room

Circuits and Theory

Group B
Rose Room

Frequency Modulation and Standard Broadcasting

Technical Sessions
2:00 p.m. -5:00 P.M.

Group A
Grand Ballroom

Television

Group C
Coral Room

Vacuum Tubes

Group B
Rose Room

Radio Navigation Aids

Thursday, January 24, 1946
Annual I.R.E. Banquet

Dress Optional

7:30 p.m. -10:30 P.M.
Grand Ballroom

Awarding of Medal of Honor, Morris Liebmann
Memorial Prize, and Fellowship Awards

Address of Retiring President
Speaker: Dr. Frank B. Jewett, President of the National

Academy of Sciences
Toastmaster: Mr. Edgar Kobak, President of the Mu-

tual Broadcasting System, Inc.

President's Luncheon
Honoring President Frederick B. Llewellyn

12:30 P.M.
Grand Ballroom

Speaker: Mr. Paul Porter, Chairman, Federal Commu-
nications Commission

Master of Ceremonies: Mr. Ronald J. Rockwell, Engi-
neering Director, Broadcasting Division, The
Crosley Corporation

Friday, January 25, 1946
Technical Sessions
2:00 P.M. -5:30 P.M.

Group A
Grand Ballroom

Radar

Group C
Coral Room

Crystal Rectifiers

Group B
Rose Room

Microwave Technique

Friday, January 25, 1946
Cocktail Party

6:30 p.m. -8:00 P.M.
Grand Ballroom

Saturday, January 26, 1946
9:00 A.m.-3:00 P.M. Registration
Promenade
9:00 A.m.-2:00 P.M.
Eighth and Tenth Floors

Radio Engineering Show

Technical Sessions
9:30 A.M.-12:00 NOON

Group A
Grand Ballroom

Industrial Electronics

Group C
Coral Room

Radio Propagation

Group B
Rose Room

Communication Systems and Relay Links



Group A
Grand Ballroom

Broadcast Receivers

Radio Engineering Show-I.R.E. 1946 Winter Technical Meeting
Airadio, Inc.
Aircraft Marine Products, Inc.
Aircraft Radio Corporation
Aireon Manufacturing Corporation
Alden Products Company
Alpha Wire Corporation
Altec Lansing Corporation
American Brass Company
American Lava Corporation
American Phenolic Corporation
American Telephone and Telegraph

Company
American Transformer Company
Amperex Electronic Corporation
Andrew Company

Ballantine Laboratories, Inc.
Alfred W. Barber Laboratories
Barker and Williamson
Bird Engineering Company
Boonton Radio Corporation
Brush Development Company
H. H. Buggie and Company
Burndy Engineering Company, Inc.

Allen D. Cardwell Manufacturing
Corporation

Centralab, Division of Globe -Union, Inc.
Cherry Rivet Company
Sigmund Cohn and Company
Collins Radio Company
Communication Measurements

Laboratory
Communication Products Company, Inc.
Communications
Condenser Products Company
Continental -Diamond Fibre Company
Cornell-Dubilier Electric Corporation
Corning Glass Works
Cornish Wire Company, Inc.
Crystal Research Laboratories, Inc.

Daven Company
DeMornay-Budd, Inc.
Tobe Deutschmann Corporation
Distillation Products, Inc.
John C. Dolph Company
Allen B. DuMont Laboratories, Inc.
DX Radio Products Company
Dynamic Air Engineering

Eastern Engineering Company
Eicor, Inc.
Eitel-McCullough, Inc.

Electrical Reactance Corporation
Electronic Laboratories, Inc.
Electronic Mechanics, Inc.
Electro-Voice, Inc.
Electronic Industries
Electronics
Erie Resistor Corporation

Fairchild Camera and Instrument
Corporation

Fansteel Metallurgical Corporation
Federal Telephone and Radio Corporation
Ferris Instruments Company
F M and Television Magazine
A. W. Franklin Manufacturing

Corporation

General Electric Company
General Electronics, Inc.
General Radio Company
Globe Wireless, Ltd.

Hallicrafters Company
Hammarlund Manufacturing Company,

Inc.
Harco Tower, Inc.
Frederick Hart and Company, Inc.
Hewlett-Packard Company
Hytron Radio and Electronics Corporation

Industrial Instruments, Inc.
Industrial Products Company
Instrument Electronics
Instrument Specialities Company, Inc.
International Nickel Company, Inc.
International Resistance Company

J -B -T Instruments, Inc.
Jefferson -Travis Corporation
E. F. Johnson Company

Karp Metal Products Company, Inc.

Langevin Company, Inc.

Machlett Laboratories, Inc.
Madison Electrical Products Corporation
Maguire Industries, Inc.
Marion Electrical Instrument Company
Measurements Corporation
Mycalex Corporation of America

National Company, Inc.
National Research Corporation

Technical Sessions
2:00 P.M. -4:00 P.M.

Group B
Rose Room

Quartz Crystals

Final Adjournment
4:00 P.M.

Committee Meetings
(Open to Members of Committees Only)

0

National Union Radio Corporation
New York Transformer Company
North American Philips Company, Inc.

J. P. O'Donnell and Sons
Ohio Tool Company

Precision Tube Company
Presto Recording Corporation
Press Wireless, Inc.

Radio Corporation of America
Radio Craft
Radio Magazine
Radio News
Radio Receptor Company, Inc.
Raytheon Manufacturing Company
Rek-O-Kut Company
Remington -Rand Inc., Electronic Div.

Schweitzer Paper Company
Selenium Corporation of America
Shallcross Manufacturing Company
Sherron Electronics Company
Shure Brothers
Sola Electric Company
Solar Manufacturing Corporation
Sorensen and Company, Inc.
Sperry Gyroscope Company, Inc.
Sprague Electric Company
Stackpole Carbon Company
Standard Transformer Corporation
Star Expansion Products Company
Stupakoff Ceramic and Manufacturing

Company
Superior Electric Company
Superior Tube Company
Sylvania Electric Products, Inc.

Telequip Radio Company
Television Magazine
Turney and Beale

U. S. Television Manufacturing
Corporation

United Transformer Corporation

Ward Leonard Electric Company
Western Electric Company
Western Lithograph Company
Westinghouse Electric Corporation

Yardeny Engineering Company

Wednesday, January
MORNING

Antennas
Frequency Modulation

AFTERNOON
Circuits
Membership
Railway and Vehicular Communications

23, 1946

Radio Receivers
Radio Wave Propagation

Research
Television
Vacuum Tubes

Thursday, January 24, 1946
MORNING

Education Standards
AFTERNOON

Public Relations
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Institute News and Radio Notes

Board of Directors
November 7 Meeting: At the regular

meeting of the Board of Directors, which
was held on November 7, 1945, the follow-
ing were present: W. L. Everitt, president;
G. W. Bailey, executive secretary; S. L.
Bailey, W. L. Barrow, E. F. Carter, R. F.
Guy, R. A. Heising, treasurer; Keith Hen-
ney, F. B. Llewellyn, Haraden Pratt, secre-
tary; B. E. Shackelford, W. 0. Swinyard,
H. M. Turner, H. A. Wheeler, L. P. Wheeler,
and W. C. White.

Approval of Executive Committee Ac-
tions: The actions of the Executive Com-
mittee taken at its October 3, 1945, meeting
were unanimouly approved.

Annual Meeting of the Board: The An-
nual Meeting of the Board of Directors will
be held on January 9, 1946.

Elections
The report of the Tellers Committee was

accepted and the following nominees de-
clared elected:

President -1946
F. B. Llewellyn

VICE -PRESIDENT -1946

E. M. Deloraine

D1RECTORS-1946-1948
W. R. G. Baker V. M. Graham

D. B. Sinclair

Committee
The following were selected as members

of the Appointments Committee:
F. B. Llewellyn, Chairman

S. L. Bailey L. C. F. Horle
W. L. Everitt B. E. Shackelford
Keith Henney D. B. Sinclair

Duplicate Publication of Papers: The
Board of Directors established the following
policy in connection with duplicate publica-
tion of papers:

"While in general it is the policy not to
publish papers which have appeared else-
where; nevertheless, in certain cases of
outstanding importance, that policy shall
not be considered obligatory."

Dr. Alfred N. Goldsmith: The Board
extended expressions of sympathy in the ill-
ness of Dr. Goldsmith with best wishes for a
speedy recovery and a return to his duties.

Browder I. Thompson
Memorial Fund: A check for $4000 for

the Browder J. Thompson Memorial Fund
was presented and an account of the status
of the Memorial program outlined.

Award: The Browder J. Thompson
Award was established in the manner and
under the specifications outlined in the letter
from Dr. R. R. Law to Mr. Pratt dated
October 29, 1945, part of which is as follows:

"This award shall be known as the
Browder J. Thompson Memorial Prize.
Its purpose shall be to stimulate re-

search in the field of radio and electronics
and to provide incentive for the careful
preparation of papers describing such
research. The award shall be made an-
nually to the author or joint authors
under thirty years of age at date of sub-
mission of original manuscript (in case of
joint authrship, all authors shall be
under thirty years of age at date of sub-
mission of original manuscript) for that
paper of sound merit recently published
in the technical publications of The
Institute of Radio Engineers which, in
the opinion of the Awards Committee of
the Institute, constitutes the best combi-
nation of technical contribution to the
field of radio and electronics and presen-
tation of the subject."
RTPB: It was unanimously approved

that The Institute of Radio Engineers con-
tribute toward the expenses of the Radio
Technical Planning Board.

Co-operation and Liaison between I.R.E.
and Foreign Societies: It was unanimously
approved that the Board request the Execu-
tive Secretaries of the Institution of Electrical
Engineers, London, England, and the So-
ciete Francaise des Radioelectriciens, Paris,
France, to co-operate in publishing in the
PROCEEDINGS of the I.R.E. and WAVES AND
ELECTRONS and both foreign publications
statements inviting visitors from engineer-
ing societies abroad to get in touch with
I.R.E., the British Society, and the Societe
Francaise, and that further co-operation
between the societies and the I.R.E. be
carried out.

Executive Committee
November 7 Meeting: The Executive

Committee Meeting, held on November 7,
1945, was attended by W. L. Everitt, presi-
dent; G. W. Bailey, executive secretary;
S. L. Bailey, W. L. Barrow, E. F. Carter,
R. A. Heising, treasurer; and Haraden
Pratt, secretary.

Membership: Approval was given to the
371 applications for membership in the In-
stitute as listed on page 38A of the Decem-
ber, 1945, issue of the PROCEEDINGS. These
applications are as follows:

For Transfer to Senior Member Grade
For Admission to Senior Member Grade
For Transfer to Member Grade
For Admission to Member Grade
For Admission to Associate Grade
For Admission to Student Grade

25
12
76
90

129
39

371

Editorial Department: Because of the
temporary incapacity of the Editor to carry
out his responsibilities, the Technical Edi-
tor, Mr. R. D. Rettenmeyer, was assigned
to the special duty of Director of the Edi-
torial Staff, reporting to the Executive
Secretary.

Yearbook: The Yearbook will be sold to
nonmembers for $5.00.

Broadcast Engineering Conference: The
Institute of Radio Engineers will continue co-
operation with The Ohio State University
and the University of Illinois and the Na-
tional Association of Broadcasters in the
Broadcast Engineering Conference which is
to be held at the Ohio State University in
Columbus, Ohio, during the week of March
18 to 23, 1946.

LR.E.-RMA Committee: Raymond F.
Guy, chairman of the Standards Committee,
was invited as a representative of the
I.R.E. to attend the meeting of the Execu-
tive Committee of the R /IA Engineering
Department which was held in Rochester on
November 12, 1945. The recommendations
of the I.R.E.-RMA Co-ordination Commit-
tee which was chiefly concerned with joint
standards were accepted and approved.

ROCHESTER FALL MEETING

Over one thousand registrants at the
Rochester Fall Meeting, held on November
12 and 13, discussed their individual and
industry problems and certain wartime and

LEE A. DUBRIDGE

postwar developments. The Fall Meeting
Committee awarded a plaque for distin-
guished service to Dr. Lee Du Bridge, direc-
tor of the Radiation Laboratory, for the
able manner in which he administered the
vast National Defense Research Committee
project which led to radar and our wide-
spread and effective use of it during the war.
At the banquet, Dr. Du Bridge outlined the
capabilities and possibilities of the use of
radar in a war -free world, especially in its
service to navigational problems and to the
safe flight landing of airplanes in all kinds
of weather conditions.

The following papers were delivered to
capacity audiences of those in attendance at
the 1945 Meeting:

"A Coaxial Modification of the Butterfly
Circuit," by E. E. Gross of General Radio
Company, contained considerable informa-
tion on the mechanical problems arising in
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constructing measuring equipment to oper-
ate in the thousand -megacycle regions.

"The Radio Proximity Fuze," by H.
Trotter, Jr., of the Eastman Kodak Com-
pany, and "Proximity -Fuze Tubes," by
Marcus A. Acheson of Sylvania Electric
Products, Inc., not only disclosed a great
deal of data on the use of these remarkable
wartime devices but went to considerable
length into the construction of the minia-
ture tubes that made the fuzes possible.

"Microwave Radar," by Donald G. Fink
of Electronics, brought engineers up to the
minute on material that has been released
for discussion. This included descriptions,
including illustrations, of the apparatus for
applying radar on frequencies as high as
10,000 megacycles and interesting facts
about the actual usage to which radar was
put during the war.

"High -Quality Sound Recording on Mag-
netic Wire," by L. C. Holmes of Stromberg-
Carlson Company, gave those present a
revelation of the advances that have been
made in extending the frequency range and
decreasing the distortion in wire recording.
Demonstrations from RCA's new "un-
breakable" vinylite records indicated not
only the low record noise and wide dynamic
range but also the fact that there is now very
little difference between disk and wire re-
cording, provided both are done correctly.

"The Aurora and Geomagnetism," by
C. W. Gartlein of Cornell University, enter-
tained the audience with many of the still
unresolved perplexities of the aurora and of
the effects of magnetic storms on communi-
cation. The lecture was illustrated with
many photographs, including some in color,
of aurora displays.

"Recent Developments on Converter
Tubes," by W. A. Harris and R. F. Dunn of
the Radio Corporation of America, discussed
a new oscillator mixer good at 100 mega-
cycles and above and thus applicable to the
new frequency -modulation receivers. This
tube has sufficiently high transconductance
to be useful at the frequency indicated and
sufficient conversion transconductance to
operate at a 5- to 10 -microvolt input level.

"War Influence on Acoustic Trends," by
Hugh S. Knowles of the Jensen Radio
Manufacturing Company, revealed much of
the wartime usage of acoustic equipment and
materials for morale (plus and minus), for
training purposes, for getting speech and
other forms of intelligence into and out of
regions of high ambient -noise levels plus
descriptions of "Bull" horns, "squawk"
boxes, and other acoustic devices.

"Germanium Crystals," by Edward Cor-
nelius of Sylvania Electric Products, Inc.,
gave many details of the wartime renais-
sance of crystal detectors indicating that the
long -dormant crystal was henceforth a de-
vice to be reckoned with, due to modern
engineering.

Television was treated by D. B. Smith
of Philco Corporation in his paper "Industry
Standardization Work in Television" and
by E. W. Engstrom of the Radio Corpora-
tion of America who presented "A Review
of the Technical Status." Under the title
"Comments on Existing Television Systems
from the Measurement Viewpoint," Jerry
Minter of Measurements Corporation pro-
posed that the carrier of the television sys-

tem be amplitude -modulated for the picture
and that the same carrier be frequency -
modulated for sound; that receiver inter-
mediate -frequency stages be matched to the
transmitter characteristics resulting in over-
emphasis of the low -frequency video signals
and that the high frequencies be brought
up to match the low frequencies by "post-

emphasis." These proposals evoked consid-
erable discussion from the floor.

Not on the official program was a paper
by C. W. Carnahan of the Zenith Radio
Corporation giving the results of recent
measurements on the comparative efficacy
of the present frequency -modulation band
and the new band (100 megacycles) at dis-
tances of 75 miles. A lively discussion over
frequency -modulation allocations followed
the presentation of the paper.

JOINT ELECTRON TUBE
ENGINEERING COUNCIL

0. W. Pike (A'26-M'29-SM'43), chair-
man of the Joint Electron Tube Engineering
Council, the newly formed agency of the
National Electrical Manufacturers Associa-
tion and the Radio Manufacturers Associa-
tion, recently announced the complete or-
ganization of the Council which includes
L. C. Hector (A'26-SM'43), A. Senauke
(M'28-SM'43), G. R. Shaw (M'40-SM'43),
and R. M. Wise (A'26-M'30-F'37). The
Council approves standards before they are
forwarded to NEMA and RMA and provides
executive decisions as required. It also has
the responsibility of guiding the seven com-
mittees established to deal with individual
classes of tubes and the four committees
established to co-ordinate such matters as
sampling procedures, packaging, type de-
signations, and mechanical standards.

Broad general policies and matters of
financing the activities of JETEC are sub-
ject to approval of the Boards of RMA
and NEMA handled by the directors of the
Council who include W. R. G. Baker (A'19-
F'28). Most of the work of JETEC during
the past months has dealt with the needs
of the Armed Services for the standardiza-
tion of electron tubes necessary to the war.
The Council, however, is primarily a peace-
time organization and has been devoting
some of its energy to postwar problems such
as improved methods of defining tube types
more accurately so that equipment may be
designed with a better understanding of the
problems of tube interchangeability.

RADIO INDUSTRY'S
WAR PRODUCTION

With a total war output of approxi-
mately 71 billion dollars, the radio industry
produced nearly twice as much radio -radar
communications equipment during the war
than it produced radio equipment alone for
civilian use in all the years since commercial
radio began about 1922. This was recently
revealed by the Radio Manufacturers Asso-
ciation which has just received new produc-
tion records of the War Production Board
Radio and Radar Division.

From January, 1942, until the war ended
last summer, the radio industry's war pro-
duction mounted to the huge total of

$7,220,000,000, the records show. In addi-
tion, the industry produced about $250,000,-
000 in military equipment from September,
1941, until the end of that year, according
to the Radio Manufacturers Association,
bringing the aggregate contribution to the
war effort to close to the 71 billion mark.

Best industry and trade statistics show
that in the entire period of civilian radio
beginning in 1922, the total volume of
radio equipment manufactured was about
$4,225,000,000, not including transmitting
and communications equipment, the associ-
ation announced. This is some 31 billion
dollars less than the production total for
war.

WESTMAN AMENDMENT

The Westman Amendment, voting on an
increase in membership dues, was passed by
the members in August 1945.

Effective as of January 1, 1946, the new
dues rate will be as follows:

Fellow $10.00
Senior Member 10.00
Member 10.00
Associate. . .$10 .00 and $7.00*
Student 3.00

* $7.00 for each year that is within the
first five years of Associate membership,
starting January 1, 1946. After five years the
dues automatically shall be increased from
$7.00 to $10.00. The five-year period is
retroactive from January 1, 1946.

This constitutional amendment also dis-
continued the payment of all transfer fees
and set the entrance fee at $3.00 for all mem-
bership grades with the exception of the
Student grade which does not require an
entrance fee.

THE INSTITUTION OF ELECTRICAL
ENGINEERS (ENGLAND)

The Institution of Electrical Engineers
has offered I.R.E. members the privilege of
subscribing for its named publications at the
listed prices, which are half of the normal
annual rates:

JOURNAL
Part I (General) 10s.6d. ($2)
Part II (Power Engineering). 15s.9d. ($3)
Part III (Radio and Com-

munication Engineering) 10s.6d. ($3)
or

all three Parts together.. 31s.6d. ($6) per
annum.

SCIENCE ABSTRACTS
Section A (Physics Ab-

stracts) 17s.6d. ($3.50)
Section B (Electrical Engi-

neering Abstracts) 17s.6d. ($3.50)
or

both Sections together 30s.0d. ($6)

A similar reduction (one half) on the
PROCEEDINGS of the I.R.E. and WAVES AND
ELECTRONS in case of the IEE members
will result in the special rate of $6.00 a year
(which includes $1.00 foreign postage).
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NELSON P. CASE

NELSON P. CASE

Nelson P. Case (A'26-M'31-SM'43) has
joined the staff of the Hallicrafters Com-
pany, Chicago, Illinois, as chief engineer of
the receiver division.

In 1924, Mr. Case was graduated from
Stanford University with an A.B. degree in
physics, and in 1926 he received an E.E.
degree. He became active in geophysical
work and held the position of assistant
physicist at the Bureau of Standards, Wash-
ington, D. C., in 1928. The following year,
Mr. Case was named research physicist in
the department of engineering research at
the University of Michigan. In 1930, he
became a member of the staff of Hazeltine
Electronics Corporation where he was en-
gaged in various capacities for thirteen
years, later having charge of the New York
license laboratory of that organization. For
the past two years, Mr. Case has been direc-
tor of engineering design and development
for the Hamilton Radio Corporation in New
York City.

Mr. Case, holder of approximately thirty
patents on radio -receiver circuits, is vice-
chairman of the committee on broadcast
and short-wave home receivers of the Radio
Manufacturers Association's engineering
department. He also serves on various other
committees of this organization; namely,
television receivers, systems, very -high -
frequency receivers, and the executive com-
mittee of the engineering department's re-
ceiver section. Mr. Case is a member of
Panel 6-Tekvision Panel-of the Radio
Technical Planning Board, a Fellow of the
Radio Club of America, and a member of
Phi Beta Kappa and Sigma Xi.

E. FINLEY CARTER

E. Finley Carter (A'23-F'36) recently
was elected a vice president in charge of in-
dustrial relations of Sylvania Electric Prod-
ucts, Inc. Previously he was chief radio engi-
neer and later, as director of industrial rela-
tions he set up the company's industrial

relations department. He will continue to
be responsible for this function.

After he was graduated from Rice Insti-
tute in 1922, Mr. Carter joined the General
Electric Company as a development engi-
neer in the development of three early high -
power transmitters, WGY in Schenectady,
KGO in Oakland, and KOA in Denver. He
was division engineer in charge of the special
development division, handling television
and the facsimile development program. In
May, 1929, he became director of the engi-
neering division of United Research Cor-
poration, a subsidiary of Warner Pictures,
designing radios, circuits, and receivers.

Mr. Carter was a director of The Insti-
tute of Radio Engineers in 1945 and is an
Associate member of the American Insti-
tute of Electrical Engineers.

E. FINLEY CARTER

:
HERBERT J. REICH

Herbert J. Reich (A'26-M'41-SM'43),
educator and author of scientific articles
and textbooks, has been appointed professor
of electrical engineering at Yale University,
his work starting on January 1, 1946.

Dr. Reich was born on Staten Island,
New York, on October 25, 1900. He received
the M.E. degree from Cornell University in
1924, and the Ph.D. degree in physics in
1929. Since that time he has been on the
staff of the University of Illinois, where he
was professor of electrical engineering. On
January 1, 1944, he was granted a leave of
absence to join the staff of the radio research
laboratory at Harvard University.

He has specialized in the field of electron
tubes and electron -tube circuits, and has
published approximately forty papers on
these and related subjects in technical
periodicals. He is author of "Theory and
Applications of Electron Tubes," "Principles
of Electron Tubes," and co-author of "Ultra -
High -Frequency Techniques."

Professor Reich is a Senior Member of
the Institute of Radio Engineers. He has

HERBERT J. REICH

served on the Board of Editors and several
committees. During 1944, he was a Member
of the Board of Directors of The Institute of
Radio Engineers. He is a member of the
American Institute of Electrical Engineers,
the American Physical Society, the Ameri-
can Association for the Advancement of
Science, and the Society for the Promotion
of Engineering Education.

ROBERT J. GLEASON APPOINTED
COMMUNICATIONS SUPERINTENDENT

Robert J. Gleason (A'31-M'39-SM'43)
recently was appointed communications
superintendent of the Pacific -Alaska Divi-
sion, Pan American World Airways, with
headquarters in San Francisco.

Mr. Gleason, who served with the U.S.
Army since September, 1942, has been re-
leased from active service, in which he was a
Lieutenant Colonel. During the past three
years he served successively in Alaska, in
the Aleutians, where he was in charge of all
airways communications and was directly
responsible for the installation of all radio
communications in the Aleutian chain, in
India and China, where since 1944 he was
in charge of the 69th Army airways com-
munications system and the 63rd AACS
group in Kunming, China. These radio
ground facilities served the 14th Air Forces
under Major General Claire Chennault and
the Indo-China Wing of the ATC. All "over
the hump" flying between India and China
was dependent on the Kunming communica-
tions center.

Originally joining Pan American in 1932,
Mr. Gleason helped pioneer developments
in Alaska first as chief operator in Fairbanks
and later as communications superintendent
for the company's operations throughout
that area. He supervised the installation of
communications facilities from Fairbanks to
Juneau as well as fourteen of the radio sta-
tions throughout Alaska and Canada.
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CLURE H. OWEN

CLURE H. OWEN

Clure H. Owen (A'32) joined the general
engineering department of the American
Broadcasting Company on October 1, 1945,
as allocations engineer.

He will study allocations problems for
standard -broadcast, frequency -modulation,
and television facilities; be responsible for
the design of directional -antenna systems;
determine the location of suitable transmit-
ter sites; and generally work towards the
improvement of network coverage. He also
will co-operate with the station relations
department of the American Broadcasting
Company in advising affiliates regarding
allocation problems. Prior to joining the
American Broadcasting Company, Mr.
Owen was with the Federal Communica-
tions Commission as assistant chief of the
broadcast -engineering division.

LLOYD C. SIGMON

Major Lloyd C. Sigmon (A'29) has been
appointed radio communications officer for
the U. S. Group Control Council at Berlin.
In recognition of his services in the European
Theater of Operations, Major Sigmon was
awarded the Legion of Merit Medal, and
was made an honorary member of the French
Signal Corps for his assistance to that
organization. He has also recently been
given the Order of the British Empire.

In prior years, Major Sigmon attended
the school of electrical engineering, Milwau-
kee, Wisconsin, and from 1935 to 1940, was
chief engineer for KCMO, Kansas City,
Missouri. He then held the position of direc-
tor of engineering for KMPC, Los Angeles,
California, until his entry into the Armed
Services as Captain in the U. S. Army Signal
Corps in 1943. Shortly thereafter, he be-
came chief radio engineer officer for com-
munications in the European Theater. Be-
fore June of 1944, Major Sigmon selected

the sites and directed the installation and
operation of high -frequency and very -high -
frequency radio stations in the United
Kingdom for transatlantic and cross -chan-
nel communications in support of military
operations on and after D Day. This in-
cluded the planning for and implementation
of the system which carried, throughout the
world, the first news of the Allied invasion
of the Continent.

Major Sigmon became engaged in the
provision of radio communications facilities
for Headquarters, European Theater of
Operations, in Paris, where twelve high -
power, high -frequency radio transmitting
and receiving equipments were made opera-
tional within a month after that city's libera-
tion. Upon completion of this project, he
began the building of high -power mobile

LLOYD C. SIGMON

radioteletype stations to provide rapidly
installed communications in support of the
armies advancing in Germany. Among these
is the 60 -kilowatt, multichannel, suppressed -
carrier, radioteletype, and radiotelephone
station, whose equipment in actual opera-
tions was serviceable within twelve hours in
Germany, providing the first army com-
munications from that country to the
United States.

MAJOR ARMSTRONG
TALKS ON FREQUENCY MODULATION

"Frequency Modulation is now coming
into its rightful place in the communication
field," said Major Edwin H. Armstrong
(A'14-F'27) in an address delivered before
the Cedar Rapids Section of The Institute of
Radio Engineers on October 24.

Major Armstrong sketched the history
of frequency modulation and compared it
with amplitude modulation in regard to
noise and distortion. Using charts to illus-
trate his talk, he said that noise and dis-
tortion are inherent in both the transmission
and reception of amplitude -modulation sig-
nals, and that if pre -emphasis were used to

Bachrach

EDWIN H. ARMSTRONG

bring up the high audio response, distortion
in amplitude -modulation is aggravated. He
pointed out that the use of "exalted carrier"
in an amplitude -modulation receiver greatly
improves the quality of reception.

"Distortion due to multipath transmis-
sion is practically nonexistent in frequency
modulation," said Armstrong. He recounted
his extensive investigation into that phe-
nomenon, and his conclusion that multipath
transmission would cause distortion only in
mountainous country, and then only in ex-
tremely small areas.

The Major predicted that an 80 -mile
radius could be served from one frequency -
modulation station without the aid of booster
transmitters. The variety of programs trans-
mitted and the number of different stations
required for a given locality will be about the
same as the existing amplitude -modulation
service.

The frequency -modulation receivers will
have to be of very high quality and will be
relatively expensive if they are to be capable
of reproducing frequency -modulation trans-
missions with the high quality that is pos-
sible with frequency -modulation.

Discussing the inception of frequency
modulation, Major Armstrong said that he
started looking for a static eliminator back
about 1914, and that he worked a little
longer than most people did. He then hit
upon the idea of frequency shift -keying, and
from that went into frequency modulation.

JOHN J. GUARRERA

John J. Guarrera (S'42-A'44), formerly
a staff member of the Radiation Laboratory,
Massachusetts Institute of Technology, is
now affiliated with the engineering staff of
Bernard Rice's Sons, Inc., New York,
which during the war produced a wide
range of electronic devices. It will continue
to develop, engineer, and manufacture in the
microwave, ultra -high -frequency, and radio -
frequency fields.
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Map, showing new territorial boundaries
of sections, effective January I, 1946.
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W. e. MORRISON, VICE-CHMN.

COMMITTEE No.3
STANDARDS COMMITTEE -

FORMULATION OF PROPOSED
CANADIAN STANDARDS

BASED OH U.S. STANDARDS

W. . RICHARDSON, CHM N.
J.E. MAYES, VICE-CHMN.

STEERING COMMITTEE
(TECHNICAL)

R.A.HACNBUSCH - VICE-PRESIDENT
A. D.OXLEY - GENERAL CO-ORDINATOR

G.W. OLIVE - CO-ORDINATOR
G.J. IRWIN - CO-ORDINATOR

PANEL CHAIRMEN 4 VICE-CHAIRMEN

PANEL E

AERONAUTICAL RADIO
& RADIO AIDS TO NAVIGATION

(U.S. PANEL loco)

3.5. STEVENS, CHMN.
A.B. HUNT, VICE-CHMN.

PANEL F

INDUSTRIAL, SCIENTIFIC
& MEDICAL

(U.S. PANEL 12 )

DR.J.M.THOMSON, CHMN.
J. T. THWAITES, VICE-CHMN.

COMMITTEE No.1

INDUSTRIAL SCIENTIFIC
E. CONTROL APPLICATIONS

J. T. TMWAITES, OIMN.
R.J.GRAHAM, VICE-CilMN.

COMMITTEE No.2

MEDICAL & SURGICAL.
APPLICATIONS

COMMITTEE No.3

INTERFERENCE

K. B.STEELE, CHAIN.

AMENDED AS OF SETT. yss (ISSUE n0.3)
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Chairman
R. A. Holbrook
146 Lawrenceville Rd.
Decatur, Ga.
R. N. Harmon
1920 South Rd.
Mt. Washington, Baltimore,

Md.
C. C. Harris
Tropical Radio Telegraph

Co.
Box 584, Hingham, Mass.
A. DiMarco
Carabobo 105
Buenos Aires, Argentina

J. M. Van Baalen
282 Orchard Dr.
Buffalo 17, N. Y.
F. M. Davis
Collins Radio Co.
855 35 St., N.E.
Cedar Rapids, Iowa
Cullen Moore
327 Potomac Ave.
Lombard, Ill.

J. D. Reid
Box 67
Cincinnati 31, Ohio

H. B. Okeson
4362 W. 58 St.
Cleveland 9, Ohio
H. W. Sundius
Southern New England Tele-

phone Co.
New Haven, Conn.

J. D. Mathis
811 Telephone Bldg.
Dallas, Texas
L. B. Hallman
3 Crescent Blvd.
Southern Hills
Dayton, Ohio

L. H. Larime
Technical Service, Inc.
693 Monroe St.
Detroit 26, Mich.
N. L. Kiser
Sylvania Electric Products,

Inc.
Emporium, Pa.

H. I. Metz
Civil Aeronautics Authority
Experimental Station
Indianapolis, Ind.

R. N. White
4800 Jefferson St.
Kansas City, Mo.
B. S. Graham
Sparton of Canada, Ltd.
London, Ont., Canada

SECTIONS

ATLANTA
January 18

BALTIMORE

BOSTON

BUENOS AIRES

BUFFALO -NIAGARA
January 16

CEDAR RAPIDS

CHICAGO
January 18

CINCINNATI
January 15

Engineering Society
Headquarters

"Sound and Hearing"
John D. Reid

CLEVELAND
January 24

CONNECTICUT VALLEY
January 17
HARTFORD

"The Motorola Walki-Talkie,
Handi-Talkie and the New

152-160 Megacycle
Portable Mobile Equipment"

Daniel E. Noble
DALLAS -FT. WORTH

DAYTON
January 16

Dayton Engineers' Club
"Electronic Aspects of the

Geiger -Mueller Counter Tube
and Spectrometer"

Josef Heyd and Dexter H.
Reynolds
DETROIT

January 18

EMPORIUM
February 7

"Sound Recording on Mag-
netic Wire"
L. C. Holmes

INDIANAPOLIS

KANSAS CITY

LONDON, ONTARIO

Secretary
I. M. Miles
554 14 St., N.W.
Atlanta, Ga.
F. W. Fischer
714 S. Beechfield Ave.
Baltimore, Md.

A. G. Bosquet
General Radio Co.
275 Massachusetts Ave.
Cambridge 39, Mass.
H. Krahenbuhl
Transradio Internacional
San Martin 379
Buenos Aires, Argentina
H. W. Staderman
264 Loring Ave.
Buffalo, N. Y.
J. A. Green
Collins Radio Co.
855 35 St., N.E.
Cedar Rapids, Iowa
L. E. Packard
General Radio Co.
920 S. Michigan Ave.
Chicago 5, Ill.
P. J. Konkle
5524 Hamilton Ave.
Cincinnati 24, Ohio

A. J. Kres
16911 Valleyview Ave.
Cleveland 11, Ohio
L. A. Reilly
989 Roosevelt Ave.
Springfield, Mass.

B. B. Honeycutt
9025 Roanoak
Dallas 18, Texas
Joseph General
411 E. Bruce Ave.
Dayton 5, Ohio

R. R. Barnes
1810 Sycamore
Royal Oak, Mich.

D. J. Knowles
Sylvania Electric Products,

Inc.
Emporium, Pa.

V. A. Bernier
5211 E. 10
Indianapolis, Ind.

Mrs. G. L. Curtis
6003 El Monte
Mission, Kansas

C. H. Langford
Langford Radio Co.
246 Dundas St.
London, Ont., Canada

Books

Elementary Electric -Circuit
Theory, by Richard H. Frazier

Published (1945) by McGraw-Hill Book
Co., Inc., 330 W. 42 St., New York 18,
N. Y. 424 pages+l0-page index +ix pages.
267 illustrations. .5i X84 inches. Price,
$4.00.

This book treats elementary electric -
circuit theory on a general broad basis which
takes advantage of the present-day over-
lapping of the electric -power, communica-
tions, and electronics fields. The problems,
illustrative examples, and figures are care-
fully selected from all of these fields to give
the student the broad base so important
today. The book is designed to provide the
technical foundation in circuit analysis in
electrical -engineering courses irrespective
of the expected branches of specialization.

A knowledge of physics and mathematics
usually acquired by the end of the sopho-
more year is sufficient for successful use of
this text. The author claims no great glee in
going out of his way to use a sophisticated
mathematical approach, nor does he cramp
the development of subjects by avoiding
mathematics. A familiarity with the con-
cepts of the differential and integral calculus
and a mastery of algebra and plane tri-
gonometry are prerequisites.

The book opens with a chapter on elec-
tric -circuit definitions and concepts which
establishes a common starting point in such
things as the frequency spectrum, fields and
circuits, circuit elements, symbols, and
terminology. Resistance networks are then
treated because their simplicity allows con-
centration on principles. Chapters on basic
alternating -current concepts and complex
algebra lay the foundation for the chapter on
impedance networks. Nonsinusoidal waves
and polyphase networks are then covered in
separate chapters. The last chapter deals
with the classical method of transient analy-
sis. Abbreviated tables in the appendix
supply sufficient data for the problems found
at the end of each chapter. A welcome
feature rarely found in such texts is refer-
ence to historical sources such as the basic
works of Ampere, Joule, Ohm, Coulomb
and others.

The author has done a commendable job
in arrangement and exposition, especially
from the pedagogical standpoint.

F. ALTON EVEREST
Moody Institute of Science

947 Stanford St., Santa Monica, Calif
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Chairman
Fred Ireland
General Radio Co.
1000 N. Steward St.
Hollywood, Calif.
L. A. W. East
Canadian Pacific Railway
204 Hospital St.
Montreal, Que., Canada
G. B. Hoadley
85 Livingston St.
Brooklyn, N. Y.

W. A. Steel
298 Sherwood Dr.
Ottawa, Ont., Canada
D. B. Smith
Philco Corporation
Philadelphia 34, Pa.
J. A. Hutcheson
852 N. Meadowcroft Ave.
Pittsburgh 16, Pa.

Kenneth Johnson
5212 N.E. 73 St.
Portland, Ore.
G. R. Town
Stromberg-Carlson Co.
Rochester 3, N. Y.
B. B. Miller
2356 A Lawrence St.
St. Louis 10, Mo.
David Kalbfell
941 Rosecrans
San Diego, Calif.

David Packard
Hewlett-Packard Co.
Palo Alto, Calif.
E. H. Smith
823 E. 78 St.
Seattle 5, Wash.
F. H. R. Pounsett
Research Enterprises, Ltd.
Leaside, Ont., Canada
H. E. Hartig
University of Minnesota
Minneapolis, Minn.
H. A. Burroughs
Munsey Bldg.
Washington 4, D. C.
Harry Smithgall
Sylvania Electric Products,

Inc.
Plant No. 1
Williamsport, Pa.

R. C. Higgy
2032 Indianola Ave.
Columbus, Ohio
P. B. Laeser
9410 Harding Rd.
Milwaukee, Wisc.
L. J. Giacelleto
9 Villa Pl.
Eatontown, N. J.
W. C. Johnson
Princeton University
Princeton, N. J.
H. E. Ellithorn
417 Parkovash Ave.
South Bend 17, Ind.

Los ANGELES
January 15

MONTREAL, QUEBEC
February 13

NEW YORK
February 6

OTTAWA, ONTARIO
January 17

PHILADELPHIA

PITTSBURGH
January 14

Mellon Institute, 8 P.M.
"Magnetic -Tape Recording"

L. A. Umbach
"Working with Microwaves"

R. G. Plaisted and
S. A. Leiner

PORTLAND

ROCHESTER
January 17

ST. LOUIS

SAN DIEGO

SAN FRANCISCO

SEATTLE
February 14

TORONTO, ONTARIO

TWIN CITIES

WASHINGTON
January 14

WILLIAMSPORT
February 6

SUBSECTIONS
COLUMBUS
February 8

MILWAUKEE

MONMOUTH

PRINCETON

SOUTH BEND
January 17

Secretary
Walter Kenworth
1427 Lafayette St.
San Gabriel, Calif.

R. R. Desaulniers
Canadian Marconi Co.
Box 1690 (Place D'Armes)
Montreal 1, Que., Canada
J. T. Cimorelli
RCA Victor Div.
415 S. Fifth St.
Harrison, N. J.
L. F. Millet
33 Regent St.
Ottawa, Ont., Canada
P. M. Craig
Philco Corporation
Philadelphia 34, Pa.
C. W. Gilbert
52 Hathaway Ct.
Pittsburgh 21, Pa.

C. W. Lund
R.F.D. 4, Box 858
Portland, Ore.
A. E. Newlon
Stromberg-Carlson Co.
Rochester 3, N. Y.
N. J. Zehr
1538 Bradford Ave.
St. Louis 14, Mo.
Clyde Tirrell
U. S. Navy Radio and Sound

Laboratory
San Diego 52, Calif.
William Barclay
955 N. California Ave.
Palo Alto, Calif.
W. R. Hill
University of Washington
Seattle 5, Wash.
Alexander Bow
137 Oxford St.
Guelph, Ont., Canada
M. R. Ludwig
315 E. 24 St.
Minneapolis, Minn.
L. C. Smeby
4801 Connecticut Ave., N.W.
Washington 8, D. C.
F. L. Burroughs
2030 Reed St.
Williamsport 39, Pa.

Warren Bauer
376 Crestview Rd.
Columbus 2, Ohio
E. L. Cordes
3304 N. Oakland Ave.
Milwaukee, Wisc.
C. D. Samuelson
5 Russel Ave.
Fort Monmouth, N. J.
J. G. Barry
Princeton University
Princeton, N. J.
J. E. Willson
WHOT, St. Joseph and Mon-

roe Sts.
South Bend, Ind.

Proceedings of the National
Electronics Conference

Published (1945) by the National Elec-
tronics Conference, Inc. c/o Illinois Insti-
tute of Technology, 1951 W. Madison St.,
Chicago 12, Illinois. 605 pages+x pages.
389 illustrations, 9X6 inches. Price $3.00.

To the 2000 persons who attended the
first National Electronics Conference in
Chicago in 1944, this book needs no intro-
duction and little comment. It is a straight-
forward and carefully edited presentation of
fifty-one papers presented at the conference,
with brief abstracts of five others. Edited
by Messrs. Dudley, Beam, and Foster, of
the Conference Publications Committee, the
book is divided into sections as follows:
General Papers, Electron -Tube Develop-
ments, Electronic Measurements and Con-
trols, Communication Electronics, Indus-
trial Electronics, Electronic Aids to Medical
Science, and Theoretical Electronics and
Design.

It is a tribute to those who organized
the Conference that such an array of ma-
terial was made available, contributed by so
many leading figures of the art. The ma-
terial is up to date as of October, 1944, and
the majority portion of it has lasting refer-
ence value. The advantage of publication in
book form is manifest, not only for refer-
ence, but also to permit leisurely perusal of
papers heard as well as papers missed be-
cause it was physically impossible to attend
all the sessions. It is highly recommended.

DONALD G. FINK
McGraw-Hill Publishing Co.

New York 18, N. Y.

SECTION TERRITORY
ASSIGNMENT

Early in 1945, the Board of Directors
adopted a new policy concerning Section
territory in the Uuited States. It was de-
cided that instead of assigning a small ter-
ritorial area around the city center of each
section, the remaining unassigned territory
of the United States would be assigned to sec-
tions. It was also planned to do the same
with Canada.

The Sections' Committee met and drew
up a suggested assignment. The assignment
for the United States has been approved
and is to take effect January 1, 1946. The
proposed assignment for Canada has not
yet been approved as the desires of the
members and sections in that area have not
been received.

The new method of assigning territory
means that every member of the Institute
in the United States becomes a member of
some section. As such he will be on the mem-
bership list of his section and should receive
notices of meetings.

The assignments were made on the basis
of distance and travel habits so far as they
were known to the committee. The proposed
division was submitted to the Chairmen of
all Sections with a request for comments.
Several suggestions for changes were made
and where there was some doubt about the



wisdom of the changes, polls were taken of
the members residing in the areas in ques-
tion. These areas have now been assigned in
accordance with the majority vote received
from such members. The attached map,
which shows the outlines of the territor-
ies for the sectons was drawn up and ap-
proved.

The assignment of all territory to sec-
tions will call for certain new operational
policies upon the formation of new sections.
Heretofore, the formation of most sections
required only the assignment of unassigned
area to the proposed new section. A few
new sections have been formed which called
for removing some area from an older sec-
tion. Now all new sections will of necessity
be carved out of present sections. However,
the opportunity for the establishment of
new sections will not be reduced at all. The
practice followed in such establishment will
be modified only to the extent of asking the
new and old section officers to agree on their
respective areas. If any difference in opinion
exists, the Executive Committee will poll
the members in any disputed area, or decide
the matter upon whatever pertinent infor-
mation is available.

The assignment of all territory among
sections is a prelude to a proposed new ar-
rangement for naming members of the
Board of Directors. An effort is being made
to have more members on the Board from
sections remote from New York and plans
are being formulated which it is thought will
accomplish this result. Such plans envisage
grouping of sections into a few large areas
called "Regions" and providing these regions
with a co-ordinating council and representa-
tion on the Board. In the course of time,
therefore, after the necessary constitutional
changes have been made, a new type of
territorial division will be superimposed
upon the sectional division. It is planned
that each region will be composed of a
number of sections with their territories.
The number of these regions, and their
boundaries will be determined by the Board

of Directors. In the meantime, the establish-
ment of the new section territories will have
gone into effect for a period of time that it is
hoped will be sufficiently long to turn up any
shortcomings that should be corrected.

It is suggested that all members refer
to the map, determine how they are affected,
and register any objections before the plans
have been carried so far as to involve seri-
ous complications in making any changes.
Suggestions for changes should be addressed
to the Institute Office along with reasons
therefor. A member requesting a change
should give the name of his county, as the
smallest division made in area is along
county lines.

CANADIAN RADIO
TECHNICAL PLANNING BOARD

Of interest to the membership of The
Institute of Radio Engineers is the Organiza-
tional Chart of the Canadian Radio Tech-
nical Planning Board, as shown on the at-
tached insert. The Canadian Council of the
I.R.E. is one of the sponsor organizations of
the Canadian RTPB. It is expected that
the new Board will contribute constructively
to the development of radio and electronics
in Canada and presumably will collaborate
effectively with the corresponding groups in
the United States.

Notice to Sections
TRANSFERS AND ADMISSIONS TO HIGHER

GRADE MEMBERSHIP

In the interest of simplifying and ex-
pediting transfers and admissions to the
grades of Member and Senior Member in the
Institute, a procedure has been established
whereby the Section Membership Com-
mittees co-ordinate the routing of reference

forms on behalf of applicants residing in the
areas of the respective Sections. This pro-
cedure was outlined in President Everitt's
letter of July 11, 1945, to Section Chairmen
and Secretaries, and its substance is here re-
peated for the information of the Sections
and their members.

An applicant for transfer or admission
to higher grade is required to fill in an appli-
cation form in which he will designate per-
sons who will act as references. The Section
Secretary or member of the Section Mem-
bership Committee who may receive such
application will then forward to each of the
designated references the appropriate refer-
ence form and small white envelope on which
shall be inscribed the applicant's name in the
space provided for this purpose. A supply of
these forms and envelopes has been sent to
Section Secretaries. The reference, upon
completing the form, shall seal it in the
white envelope, bearing his own name and
address in the upper left-hand corner, and
return it to that official of the Section from
whom it was received. In order to maintain
the confidential character of the information
on the reference form, these envelopes will
not be opened by the Sections, but, when all
the responses have been received from the
references pertaining to any one applicant,
they shall be enclosed together with the
application in the large white envelope sup-
plied and forwarded to the I.R.E. Head-
quarters in New York.

Since in the past much of the delay in
effecting transfers or admissions to higher
membership has resulted from the length of
time often required to obtain responses from
references, it is felt that the handling of this
phase of the work locally by the several
Sections should greatly expedite the process.
The establishment of this procedure is not
intended in any way to preclude the former
practice in which an applicant sends an
application form directly to the I.R.E.
Headquarters. In this case, the Headquar-
ters office will continue to send out the
necessary forms to the indicated references.

Contributors to Waves and Electrons

Andrew Alford (A'35-M'40-F'42) was
born on August 5, 1904, at Samara, Russia.
In 1924 he was graduated from the Univer-
sity of California, and from 1925 to 1927 he
was a university Fellow and graduate stu-
dent there. During 1927 and 1928, Mr. Al-
ford was a teaching Fellow in physics at the
California Institute of Technology. He was
a research engineer with the Fox Film Cor-
poration, West Coast division, from 1929 to
1931; a geophysical prospecting and con-
sulting engineer from 1931 to 1934; an
engineer with the Mackay Radio and Tele-
graph Company from 1934 to 1941; head of
the air -navigation laboratory of the Federal
Telephone and Radio Corporation; and head
of the direction -finder and antenna division,
Radio Research Laboratory, Harvard Uni-
versity, from 1943 to date.

ANDREW ALFORD ROBERT E. GRAHAM
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ARMIG G. KANDOIAN

Robert E. Graham (M'45) was born at
Kansas City, Missouri, on October 4, 1916.
He received the B.S. degree in electrical engi-
neering from Purdue University in 1937. In
the same year Mr. Graham joined the tech-
nical staff of the Bell Telephone Labora-
tories, where he has since been engaged in
television research. During this period he
has engaged in part-time graduate work at
Columbia University.

He is an associate member of Sigma Xi
and the Optical Society of America.

G. Kandoian (S'35-A'36-SM'44)
was born at Van, Armenia, on November 28,
1911. He received the B.S. degree in 1934,
and the M.S. degree in electrical communi-
cation engineering in 1935, from Harvard
University.

Mr. Kandoian became associated with
the International Telephone and Telegraph
Corporation in 1935, and has remained with
that organization to date, working primarily
on very -high -frequency and ultra -high -fre-
quency developments dealing with antennas,
radiation, measurements, link communica-
tion, and air navigation. Since 1941 he has
been in the laboratories division of the Fed-
eral Telephone and Radio Corporation.

lot

FRANK J. LUNDBERG

He is a member of Tau Beta Pi, fiarvard
Engineering Society, and the American In-
stitute of Electrical Engineers.

Frank J. Lundburg (S'38-A'40) was
born on December 28, 1916, at Ashton,
Idaho. He received the B.S. degree in elec-
trical engineering in 1940 from Purdue
University, and from 1940 to 1941 he was a
student engineer in the general engineering
department of the Columbia Broadcasting
System.

From 1941 to 1942 Mr. Lundburg
worked in the short-wave division of the
same department, and from 1942 to date he
has been associated with the Federal Tele-
phone and Radio Laboratories. Since 1943
he has been doing graduate study at Stevens
Institute of Technology.

F. W. Reynolds was born at Colton,
New York, on February 10, 1897. He re-
ceived the B.S. degree in electrical engineer-
ing from Union College in 1919, and the
Ph.D. degree in physics from Cornell Uni-

F. W. REYNOLDS

versity in 1924. He was an instructor at
Union College in 1919 and 1920, and at
Cornell University from 1920 to 1924. In
1924 he joined the department of develop-
ment and research of the American Tele-
phone and Telegraph Company. Since 1934
he has been a member of the technical staff
of the Bell Telephone Laboratories. Dr. Rey-
nolds has been associated with the develop-
ment work in the wire transmission of
pictures and in television.

He is a member of the Optical Society of
America, the American Physical Society,
and Sigma Xi.

Helen M. Stote was born in Colorado
Springs, Colorado. She received the A.B.
degree in English from Stanford University
and the M.A. degree in Spanish from the
University of Wisconsin. In 1929, she be-
came an assistant to the Editorial, Advertis-
ing, and Circulation Departments of the
Institute of Radio Engineers. In 1930, Miss
Stote was made assistant editor, in 1943,
associate editor, and in 1945, publication
manager.

HELEN M. STOTE

Also, she has served as chairman of the
Women's Committee for New York Con-
ventions since 1937.

Chester B. Watts, Jr. (A'41) was born at
Washington, D.C., on June 16, 1918. He re-
ceived the B.S. degree in 1940 from the
Massachusetts Institute of Technology.
From 1940 to 1942 he was associated with
the radio navigation laboratory of the Fed-
eral Telephone and Radio Laboratories, and
since 1942 he has been at the Aircraft Radio
Laboratory, Wright Field, Dayton, Ohio.

A. J. Warner was born on March 25,
1913, at London, England. He received the
B.Sc. degree in chemistry from the Univer-
sity of London in 1935. He joined the staff
of Standard Telephones and Cables as a
metallurgical chemist in 1930, obtained a
leave of absence in 1932, and returned in
1935 to the same organization, where he
worked until 1940 as raw -material chemist
and as research chemist on problems relating
to electrical insulation.

In 1940, Mr. Warner was transferred to
the New Insulants factory at Enfield, Mid-
dlesex, and in 1941, to the International
Standard Electric Company. He is at pres-
ent employed by the Federal Telephone and
Radio Corporation, Newark, New Jersey, as
technical director of the Intelin Division
of the Company.

A. J. WARNER



HAR-CAM VISUAL ALIGNMENT SIGNAL GENERATOR
This new HAR-CAM unit provides the most
efficient and effective method of aligning the
IF circuit of FM receivers. By use of an oscil-

SPECIFICATIONS
t. Frequency range 100kc to 20Imc with

direct reading dial calibrated in mega-
cycles.
2. Linear frequency sweep deviation

adjustable from zero to 900kc peak to
peak.
3. Vernier frequency control o 100kc

allows zero beat calibration of main
tuning dial or for vernier frequency de-
viations about main dial frequency
setting.
4. Stable rf gain control independent of

frequency.
5. Five -step attenuator of rf output

lograph screen, the performance of the IF cir-
cuit is shown visually, and rapid, accurate
alignment is easily accomplished.

giving over-all voltage range of 1 micro-
volt to 1 volt when used in conjunction
with the gain control.
6. Output impedance, 1 ohm to 2500

ohms.
7. Phone jack for aural monitoring of

zero beat calibration of main tuning dial.
8. Panel jack to feed linear sweep

voltage to x-axis amplifier of oscillo-
scope, thus synchrorizing the frequency
linear sweep of the generator with the
spot trace on the scope screen.
9. Voltage regulated supply for inter-

nal oscillators.

For complete information on the HAR-CAM Visual
Alignment Signal Generator, write for Bulletin H-40.

HARVEY RADIO LABORATORIES,

10. Careful oscillator design to mini-
mize drift.
11. Stable and proven circuit principles
used throughout to insure complete
reliability.
12. Size, 7" wide, 91/2" high, 101/2"
deep. Weight, 18 pounds.

INC.
456 CONCORD AVENUE CAMBRIDGE 38, MASSACHUSETTS
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THE COMPONENTS YOU WANT
aye you ataat avid

Now-at a moment's notice-you have
an almost limitless number of circuit
components and power sources at your
command with the Harvey -Wells Decade
Unit.

Entirely new and unique both in design and applica-
tion, this unit saves time and expense in laboratories,
schools or workshops working on DC or low frequency
AC electrical circuits. A few of the possible applications
are filter circuits, power supply loads, phase shift circuits,
phase correction circuits, inductive or capacitive loads for
testing relay contacts, resonance circuits, control circuits,
voltage divider circuits, etc.

A complete technical data Booklet is now available.
Send for it today.

HARVEY - WELLS ELECTRONICS, INC.
SOUTHBRIDGE, MASS.

WELLS
ELECTRONICS, INC., SOUTHBRIDGE, MASSACHUSETTS
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ft The OWI did a neat and
decisive job with their 200 KW
short wave trans -Pacific radio- sta-

tions. Their Tokyo broadcasts are
credited with a definite part in
ending the war in the Pacific.

AmerTran transformers and re-
actors were used in the rectifier_
plateand modulation circuits. The
rectifier filament transformers
shown here are typical of Amer-
Tran adaptability to a unique
problem. Both stations were de-
signed and equipped by Federal
Telephone and Radio Corp.

AMERICAN TRANSFORMER COMPANY

178 EMMET STREET NEWARK 5,

and the Japs
yelled quits!

,.........

Efficiency figures for this O.W.I. installa-

tion: Overall audio frequency response

of the audio amplifier-modulator equip-

ment is within 0.5 db of the 1000 cycle

level from 30 cycles to 7500 cycles at

95 per cent modulation.

Pioneer Manufacturers
of Transformers, Reactors

and Rectifiers for Electronics
and Power Transmission

N
Typical AmerTran Filam.nt Trans-

former used in OWI Transmitters;
tube socket is integral with
transformer body. Secondary
leads are completely enclosed.

AmERTIRAN
MANUFACTURING SINCE 1901 AT NEWARK, N. J.

Proceedings of the I.R.E. January, 1946 35A.



9boAstatic Cartridges
Improve Phonograph Reproduction

INTENDED for use with both automatic record

changers and manually operated equipment,

these new Astatic Cartridges, in MLP and L-70 Series,

assure a degree of fidelity heretofore unparalleled in the

reproduction of recorded sound. All new Astatic Phono-

graph Pickup Arms will include these finer Cartridges.

L-70 Series Cartridges
are of the replaceable
needle type, are designed
with streamlined hous-
ing, high output voltage
and low needle pressure.

"You'll HEAR MORE
from Astatic"

MLP Series Cartridges are of the
permanent or fixed stylus type and
are engineered to operate at one -ounce
pressure, with increased vertical com-
pliance, higher output voltage and re-
duced needle talk.

 Astatic Crystal Devices
manufactured under Brush
Development Co. patents.

CORPORATION
CONNEAUT, OHIO

IN CANADA. CANADIAN ASIATIC LTD, TORONTO, ONTARIO
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ATLANTA

"The Multivibrator as a Signal Gen-
erator," by B. J. Dasher, Georgia School
of Technology; May 25, 1945.

"Demonstration of New Methods of
Program -Line Equalization," by Ben
Akerman, WGST; June 22, 1945.

"A Description of the Developmental
Frequency -Modulation Station at Tech,
W4XAG," by M. A. Honnell, Georgia
School of Technology; September 21,
1945.

BALTIMORE

"Significant Aspects of Magnetic Re-
cording," by S. J. Begun, The Brush
Development Company; October 23, 1945.

BOSTON

"Application of Circuit Theory to the
Design of Servomechanisms," by A. C.
Hall; Massachusetts Institute of Tech-
nology; November 16, 1945.

BUENOS AIRES

"Quartz Crystals and Their Applica-
tions-Second part: Various Cuttings-
Piezoelectric Resonators-Basic Cir-
cuits," by Alejandro Rojo, Laboratory
Transradio Internacional; September 21,
1945.

BUFFALO -NIAGARA

"Comparison of Frequency- and Am-
plitude -Modulated Signal Reception," by
M. G. Nicholson, Colonial Radio Cor-
poration; October 17, 1945.

"Tubes for the Proximity Fuze," by
L. G. Hector, National Unio Radio Com-
pany; November 21, 1945.

CEDAR RAPIDS

"Polyphase Broadcast Systems," by
Paul Loyet, Radio Station WHO; October
18, 1945.

"Dehydration by Means of Radio Fre-
quencies," by Mr. Himmel, President,
Inter -Therm Company; October 18, 1945.

"Frequency -Modulation Falacies," by
E. H. Armstrong, Columbia University;
October 24, 1945.

CHICAGO

"Frequency Modulation," by E. H.
Armstrong, Columbia University; October
29, 1945.

"The Atomic -Energy Project," by
Malcolm Dole, Northwestern University;
November 16, 1945.

"A Very -High -Frequency Omnidirec-
tional Radio Range," by D. M. Stuart,
Civil Aeronautics Authority; November
16, 1945.

CINCINNATI

"Atomic Energy and Nuclear Physics,"
by I. A. Balinkin, University of Cin-
cinnati; September 18, 1945.

"History of the Development of the
Vacuum Tube," by I. E. Mouromtseff,
Westinghouse Electric Company; October
16, 1945.

(Continued on page 38A)
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The belt on step pulleys slips instantly to any
position to set cutting pitch at 96-104-112-120-
128 or 136 lines per inch. Other pitches available
on special order.

ut just as NEW!

PRESTO'S newest turntable ... for highest quality master
or instantaneous recordings. The 8-D features instan-

taneous change of cutting pitch. An improved cutting head
provides higher modulation level, more uniform frequency
response and retains its calibration under all normal
temperature conditions.

The heavy cast-iron turntable and mounting base insure
exceptionally low background noise. Adjustable feet permit
accurate leveling on bench or stand at a height to suit
the operator.

PRESTO
RECORDING CORPORATION

242 West 55th Street, New York 19, N. Y.
Walter P. Downs, Ltd., in Canada

WORLD'S LARGEST MANUFACTURER OF INSTANTANEOUS SOUND RECORDING EQUIPMENT AND DISCS
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roster of all Eicor products, in their various types and sizes,
shows an astonishing number and diversity. But of special
interest to users of rotary electrical equipment is our
ability to produce units unusual in design or performance
. . . and do it quickly, accurately, and at reasonable cost.

Serving in an endless list of special applications, these
developments include . . . the smallest commercially produced
dynamotor, for 10 watts continuous output, in a 2-5/16"
diameter frame and weighing only 34 ounces . . . a motor
rated 1/5 hp at 3800 rpm for intermittent duty, 2-5/16"
in diameter, weight 38 ounces . . . an aircraft inverter
to supply output of 100 va, 400 cycle, single or three phase,
in a 3" frame and unit weight of 53/4 lbs. . . . a .6 hp,
4000 rpm, intermittent duty motor, 4" in diameter and 91/2
lbs. weight . . . a dynamotor 4-1/16" in diameter which
supplies 32 watts continuous output per pound weight
. . . a 12 vdc motor rated 1/4 hp at 1700 rpm with 150
in. lbs. lock torque in a 51/4" frame.

These highlights are an indication of what EICOR has
done in the past. In the days to come our creative engineering
will solve similarly difficult problems involving motors,
dynamotors, and generating equipment for industry.
Your inquiry is invited.

EICC, Ora 9 II Hco 1501 W. Congress St., Chicago, U. S. A.
DYNAMOTORS  D. C. MOTORS  POWER PLANTS  CONVERTERS

po,r Ad Aur,erna, 89 Brood Sr., New York, U. S. A. Coble Avrremo, New York

(Continued from papa 36A)

CLEVELAND

"Microwave Electronics," by E. U.
Condon; Westinghouse Electric Com-
pany; September 29, 1945.

"Protection of Electronic Equipment
and Mildewcides," by R. A. Shame!, Mal-
linckrodt Chemical Works; October 25,
1945.

"Miscellaneous Gadgets," (in the Paci-
fic Area), by R. A. Fox, WGAR; Novem-
ber 29, 1945.

CONNECTICUT VALLEY

"Functional Use of Music, by Harold
Burris -Meyer, Muzak Corporation; No-
vember 15, 1945.

DAYTON

"Air -Traffic Control," by G. A. Gilbert'
Civil Aeronautics Authority; November
15, 1945.

INDIANAPOLIS

"Organizational Structure of Engi-
neering Department," by M. C. Batsel,
RCA Victor; September 28, 1945.

"Sound -Film Control Tracks and Dy-
namic Range," by E. W. Kellogg; RCA
Victor, September 28, 1945.

"Automatic Positioner Mechanisms,"
by R. W. May, Collins Radio Company;
October 26, 1945.

Election of Officers; October 26, 1945.

KANSAS CITY

"Some Recent Developments in Fre-
quency -Modulation Transmission," by
E. H. Armstrong, Columbia University;
October 25, 1945.

"Very -High -Frequency Omnidirec-
tional Radio Range," by S. R. Anderson,
Civil Aeronautics Authority Experimen-
tal Station; November 27, 1945.

LONDON

"Fundamental Radar Circuit Design,"
by H. A. Ferris, National Research Coun-
cil; October 26, 1945.

MONTREAL

"Fundamental Radar Circuit Design,"
by H. A. Ferris, National Research Coun-
cil; October 31, 1945.

"Pulse Techniques," by R. W. Wilton
Royal Canadian Air Force; November 15,
1945.

OTTAWA

"Application of High -Frequency Heat-
ing in Industry," by J. B. Knox, RCA
Victor Company of Canada; October 11,
1945.

"Fundamental Radar -Circuit Design,"
by H. A. Ferris, National Research Coun-
cil; November 1, 1945.

38A
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EQUIPM

MR -71B RECEIVE

Now-a new Bendix Radio Receiver engineered
for the airline ground station and designed for
V.H.F. (Very High Frequency) fixed frequency
radio reception.

Built to the quality requirements that have
made Bendix Radio products "Standards for the
Aviation Industry," the MR -71B V.H.F. Radio
Receiver functions on a frequency range of 118-
132 Mc.-

-provides dual channel operation, extreme

-Bendi

GR  UND STATION

DUAL CHANNEL
FIXED FREQUENCY

sensitivity, high selectivity, excellent stability.
-incorporates positive squelch operation,

rapid amplified AVC, and effective noise limiter.
-engineered so that all adjustments are avail-

able from front panel without removing unit
from its rack.

For full information as to dimensions, weight,
construction, electrical characteristics and serv-
ice features, write the Sales Department, Bendix
Radio Division, Baltimore 4, Maryland.

BALTIMORE 4, MARYLAND

111111
111.11.11.1111MF

PRODUCT OF

Equipment en Apr
BENDIX RADIO

NNW

Pfl.Ci11011

AVIATION

STANDARD FOR THE AVIATION

101001.11.11Mili

CORPORATION

INDUSTRY
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1915. World's first vacuum tube
repeater, produced by Western
Electric, made transcontinental
telephone calls possible.

1919. Among use earliest P. A.
amplifiers were these made by
Western Electric and used at
Victory Way Celebration in New
York City after World World I,

1922. First amplifier used gen-
erally in commercial broadcast-
ing. Many of these 8 -type am-
plifiers are still in use.

1931. Negative feedback princi-
ple introduced by Western Elec-
tric in telephoneamplifiers, since
applied to broadcasting and pub-
lic address equipment.

1931. Western Electric develop-
ed this first all AC amplifier unit
which eliminated batteries,
made equipment more compact.

1944. 250 -watt beachmaster ampli-
fiers, used by the Navy to direct
landings on Saipan, Iwo. Jima, and
Okinawa.

11BILVIINESIIIMerlisr,

AMPLIFIER HISTORY... Made by

Western Electric
For more than 30 years, Western Electric has
made amplifier history. The skill and ability
that time alone can bring, plus experience
gained producing highly specialized sound
equipment for war, mean continued leader-
ship for Western Electric in the years ahead.

a

1936. One of the twenty 1000- 1937. 120-121 type Western
watt amplifiers used in the Electric amplifiers for use in
world's largest commercial pub- the finest audio systems for
lie address system at Roosevelt AM and FM transmission.
Raceway on Long Island.

Buy Victory Bonds and hold them!

U
1:1

1942. New and improved battle
announcing system amplifiers of
the type that helped save the
crippled carrier Franklin.
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BIRD MODEL 63-A WATTMETER AND

WIDE -BAND LINE TERMINATION

10 TO 1500 MEGACYCLE
Developed and proven under stress of war, this instrument is espe.
cially suited to equipment having 50 -ohm coaxial transmission
circuits. Solving the dual problem of power measurement and line
termination, this-cenuteni -impedance instrument supplies meter
readings thru thermocouples while dissipating the r -f energy in.
an ingenious artificial antenna. Power range 1 to 500 watts.

A SELECTOR SWITCH FOR COAXIAL CIRCUITS

This new switch was developed for airborne radar antenna switch-
ing. A 50 -ohm device, it maintains a constant chara:teristic im-
pedance. To retain .OW standing wave ratios and secure maximum
transfer of r -f enercy, specify "Coaxwitch". Available row, in two
nnoclAs; Model 74 for single coaxial circuits; Model 72-2 for handling
two coaxial circui-s simultaneously.

Write for Catalog Pages

BIRD ELECTRONIC CORPORATION
FORMERLY BIRD ENGINEERING COMPANY

lotat,tamteatatata eoaxiai 714.4.ast
1800 EAST 38th STREET CLEVELAND 14, OHIO
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WE MANUFACTURE

Radio coils
Solenoids

Bank -wound

Universal
Universal progressive
Paper section
Layer -wound

Toroids

From the middle of the
voice frequency to ultra-
high frequency. Electronic
and radio equipment of all
kinds.

ALSO

WE HAVE EQUIPMENT
FOR AilY TYPE OF TREATMENT:

Hermetic
Wax

Varnish -impregnating
Baking, vacuum -impregnating
Oil filing

We have a completely
equipped laboratory with Q
meters, twin -"T" bridges
and special bridges . . . for
frequency analyzing and
prima standard of fre-
quency.

We are equipped for turning out special sub -assembly work
... work on complete units where alliec to our various facili-
ties as well as small punch press work . . . lugging and ter-
minal assembly ... soldering, testing . . original design and
product design.

We invite you to consult with us without obligation.

COMMUNICATION PARTS
NOT INC.

1101 NORTH PAULINA ST. CHICAGO 22, ILLINOIS

(Continued from page 38A)

PHILADELPHIA

"Philco Philadelphia -to -Washington
Television Relay Link," by F. J. Bingley,
Philco Radio and Television Corporation;
November 1, 1945.

ROCHESTER
"A Coaxial Modification of the Butter-

fly Circuit," by E. E. Gross, General
Radio Company; November 12, 1945.

"The Radio Proximity Fuze," by H.
Trotter, Jr., Eastman Kodak Compay,
November 12, 1945.

"Proximity -Fuze Tubes," by M. A.
Acheson and H. K. Ishler, Sylvania Elec-
tric Products, Inc., November 12, 1945.

"Microwave Radar," by D. G. Fink,
McGraw-Hill Publishing Company; No-
vember 12, 1945.

"High -Quality Sound Recording on
Magnetic Wire," by L. C. Holmes, Strom -
berg -Carlson Company; November 12,
1945.

"The Aurora and Geomagnetism," by
C. W. Gartlein, Cornell University; No-
vember 12, 1945.

"Recent Developments in Converter
Tubes," by W. A. Harris and R. F. Dunn,
Radio Corporation of America; November
13, 1945.

"Industry Standardization Work in
Television," by D. B. Smith, Philco Cor-
poration; November 13, 1945.

"War Influence on Acoustic Trends,"
by H. S. Knowles, Jensen Radio Manufac-
turing Company; November 13, 1945.

"Germanium Crystals," by Edward
Cornelius, Sylvania Electric Products,
Inc.; November 13, 1945.

"Television-A Review of Technical
Status," by E. W. Engstrom, Radio Cor-
poration of America; November 13, 1945.

"Comments on Existing Television
Systems From A Measurement View-
point," by Jerry Minter, Measurements
Corporation; November 13, 1945.

"The Future of Radar," by L. A.
DuBridge, Radiation Laboratory, No-
vember 13, 1945.

ST. LOUIS

"High -Frequency Antennas," by C. R.
Cox, Andrew Company; November 29,
1945.

SAN DIEGO

"Aircraft Radio -Compass Receivers,"
by K. E. Geren, University of California
Division of War Research; November 6,
1945.

"General Aspects of Use of Aircraft
Radio Compasses," by Tracy Barnes,
Consolidated-Vul tee Aircraft Corporation;
November 6, 1945.

SAN FRANCISCO

"Present and Future Television," by
Klaus Landsberg, Television Production,
Inc.; April 9, 1945.

(Continued on page 44A)
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. Why WAAT bought its Ir111111
new 5 kw transmitter from Collins
The Bremer Broadcasting Corp., own-
ers of WAAT, had had previous ex-
perience with Collins equipment. Mr.
Frank V. Bremer, Technical Director,
puts it this way:

"It is with interest and pride that
I bring to your attention the per-
formance of the Collins 20K one
kilowatt AM transmitter installed at
Kearny on April 14, 1941.

"This transmitter has been on the
air a total of 39,000 hours, as of
October 15, 1945, with a total
elapsed lost time of only fifteen
minutes.

"This makes a most remarkable
record, since our station is on the
air twenty-four hours per day, seven
days per week, and it speaks well for
your transmitter.

"According to the logs checked by
Anthony Castellani, transmitter
supervisor, the fifteen minutes total
of lost air time was caused by
defective bias tubes and a coupling

condenser in the audio circuit.

"At no time in the period of
operation of the 20K have we had to
make a refund or make up allowance to
any sponsor due to lost air time.

"As director of the engineering
department of WAAT and FM-WAAW, I
give credit for this remarkable per-
formance to your efficient design and
to the capable operating supervision
by our transmitter staff."

(Signed) Frank V. Bremer

With this background of satisfaction,
the Bremer Broadcasting Corp. ordered
a new 21A 5 kw AM Collins transmit-
ter as soon as military restrictions were
lifted in the fall of 1945. An illustrated
bulletin, fully describing this transmit-
ter, will be sent you on request.

FOR BROADCAST QUALITY, IT'S . .

Collins Radio Company, Cedar Rapids, Iowa; 11 W. 42nd St., Now York 18, N.Y.
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Station Engineers take a load
off their shoulders when their
antenna problem is turned
over to Blaw-Knox.

Thousands of installations,
ranging from 66 ft. to 1000
ft., are ample proof that you
can rely on Blaw-Knox for
complete responsibility in
the fabrication and erection
of complete antenna systems.

BLAW-KNOX DIVISION
of Blaw.Knox Company

2037 FARMERS BANK BUILDING

PITTSBURGH, PA.

VERTICAL
RADIATORS

(Continued from Page 42A)

"Wartime Developments of Electron-
ics," by W. L. Everitt, President, The
Institute of Radio Engineers, Inc.; April
19, 1945.

Demonstrations of Microwave Char-
acteristics by L. F. Black, University of
California; May 23, 1945.

"An American Engineer in Europe,"
by R. V. Howard, Associated Broad-
casters; July 18, 1945.

"Television -Studio Equipment," by
Harry Lupke, Don Lee Television Sta-
tion; September 19, 1945.

"Television -Studio Equipment," by
L. E. Reukema, University of California;
October 17, 1945.

"Predicted Television Coverage in the
Bay Area," by Richard Brace, Associated
Broadcasting Company; November 14,
1945.

SEATTLE

"Current -Stabilized -Supplies," by W.
R. Hill, University of Washington; No-
vember 15, 1945.

TWIN CITIES

"Transformers and Filters," by W. E.
Lehnert, Audio Development Company;
November 6, 1945.

WILLIAMSPORT

"The Radio Proximity Fuze," by
Herbert Trotter, Eastman Kodak Com-
pany; November 14, 1945.

SUBSECTIONS

COLUMBUS

"Lecture and Demonstration of U. S.
Army Radio and Radar Equipment Used
by Department of Electrical Engineering
Research Department," by R. B. Jacques,
Ohio State University; November 4, 1945,

PRINCETON

"The Development of the Proximity
Fuze," by R. B. Roberts, Johns Hopkins
University; December 4, 1945.

SOUTH BEND

"Application of Carrier Current and
Space Radio To Electric Company," by
G. G. Langdon, American Gas and Elec-
tric Service Corporation; October 23,
1945.

"The Atomic Bomb, Its Development
and Use," by Bernard Waldman, Uni-
versity of Notre Dame; November 15,
1945.

THE HALLICRAFTERS BUILDING
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KNOW WHERE I AM

MY ELECTRICAL INSULATION

THIS YEAR !

...AND I KNOW TOO,

IMC CERTAINLY CAME THROUGH WHEN

THE GOING WAS TOUGH !

THEY ARE AGREED !....and no wonder
In -plant assistance by IMC Engineers, who

know the application of electrical insulation,

plus delivery service that approaches

perfection, is a combination that wins.

If you have not been using this

*CHICAGO 6
565 West Wasiington Blvd.

*CLEVELAND 14
1005 Leader Bailding

service in the past, we invite you to become

acquainted. There is an IMC Engineer
nearby to serve you. Write or phone
office nearest to you, and we will see

that he calls.

INSULATIO
MANUFACTURERS CORPORATION

Representatives In:

MILWAUKEE 2: 312 East Wi in AVOIWO
DETROIT 2: 11341 Woodward Avenue
MINNEAPOLIS 3: 1208 Harmon Place
PEORIA 5: 101 Heinz Court

INC PRODUCTS Macallen Mica Products-Vortex Varnished Cloth and Tapes-Varsiot Combination Slot Insulation-Varnished Silk and Paper-Fiberglas Electrical Insulation-
Manning I ns isiating Papers and Pressboards -Dow Corning SHi Dieflex Varnished Tubings and Saturated Sleevings of Cotton and Fiberglas-National Hard Fibre and Fishpaper
-Phenolite Bakelite- Adhesive Tapes-Asbestos Woven Tapes and Sleevings-CottonTapes,Webbings, and Sleavings-Pedigree Insulating Varnishes-Wedgie Brand Wood Wedges.
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When economy counts high
When your ultimate sales price
limits the cost of each component,
and you can't chisel from Moe to
give to Joe .. when time is money
and seconds saved count, a very
important person is the man who
knows "the more economical way"
to appropriate "parts" dollars.

Suppose a team of war -experienced
engineers could immediately tune
their thinking to your specific

transformer problem. A saving?
Considerable! And deliveries could
be assured to fit your production
schedules. Efficient use of money?
Undoubtedly!

Stamford Electric is such a source
of supply. Economy never crowds
out accuracy. Nor does accuracy
become an apology for delays at
Stamford Electric Products Co.,
Inc., Stamford, Connecticut.

power  adjustable  auto  voltage regulating ry step-up and step-down  plate and filament 
audio input  interstage and output  modulation  driver  microphone, line and mixing transformers 

filter and swinging chokes audio reactors

The following transfers and admissions
were approved on December 5, 1945:

Transfer to Senior Member
Allison, R. E., 33 Westwood Dr., Minne-

apolis 5, Minn.
Caldwell, J. J Jr., 39 Kenny Ave., Mer-

rick, L. I., N. Y.
Clark, T. H., Federal Telecommunications
Laboratories, 500 Washington Ave., Nut-

ley, N. J.
Grosselfinger, W. H., Western Electric Co.,

120 Broadway, New York, N. Y.
Hall, W. M., 1357 Massachusetts Ave.,

Lexington 73, Mass.
Isbister, E. J., 115 Lee Rd., Garden City,

L. I., N. Y.
Jacobs, M., 171 E. Hillcrest Ave., Day-

ton 5, Ohio
Krakora, J. J., Jr., 1006 N. Leamington

St., Chicago 51, III.
LaForge, L. H., Jr., 52 East Dr., Living-

ston, N. J.
Omer, C. L., 5904 Delmar, Mission, Kan.
Ports, D. C., 1226 Wisconsin Ave., N.W.,

Washington 7, D. C.
Robb, D. E., 264 Victor Ave., Dayton 6,

Ohio
Woodward, M. W., 8238 Belleview, Kansas

City 5, Mo.
Striker, G. 0., 3612 Franklin Blvd., Chi-

cago 24, Ill.
Yolles, J., 257 E. Melford Ave., Dayton 5,

Ohio

Admission to Senior Member

Hailes, W. D., 74 Oakdale Dr., Rochester
7, N. Y.

Johnson, H., RFD 1, Fisher Pl., Princeton,
N. J.

Pierce, J. A., 9 Ware St., Cambridge, Mass.
Schlesman, C. H., Hotel Walt Whitman,

Camden, N. J.
Templin, E. W., 319 Lenox Ave., South

Orange, N. J.
Truell, R., Department of Physics, Cornell

University, Ithaca, N. Y.
Williams, H. P., 112, Pkwy., Welwyn

Garden City, Herts., England

Transfer to Member
Anderson, L. N., 67 Broad St., New York,

N. Y.
Arndt, W. R., 236 Nutmeg Rd., Bridge-

port 4, Conn.
Ayton, J., 122 E. Water St., Lock Haven,

Pa.
Balog, M., Sylvania Electric Products,

Inc., Emporium, Pa.
Beier, M. G., 3930 Guilford Ave., Indian-

apolis 5, Ind.
Brantley, W. W., Maxwell Hotel, 20 and

G Sts., N.W., Washington 6, D. C.
Bruene, W. B., 1239-1 Ave., S.E., Cedar

Rapids, Iowa
Bulkley, A. W., 6907 Avondale Rd., Balti-

more 12, Md.
Buss, R. R., Radio Research Laboratory,

Cambridge 38, Mass.
Castenholz, F. E., Police Department,

Muskegon, Mich.
(Continued on page 48A)
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Send for Beliefs No.126

This handy RIteatrn Bulletin
makes it easy for you to
select the enact units for
your needs. Gives complete
data . . . lists stock units
and made-to-order units ...
includes dimensional draw-
ings. Write for it now.

NEW
1/2 Watt and

1 Watt
Vacuum Impregnated

Types ..  Hole in
center for Through

-
Bolt Mounting

Equipped with
Wire Leads or Lugs

Available from Stock ...or Made to Order
OHMITE presents a new line . . . a full line . . . of finer precision resistors! Every
type . . . every size . . . ready for every need! Each Riteohm is designed and built
with all the specialized skill and experience that have made OHMITE units the
standard in this field. However critical the application ... consistent accuracy and
reliability are assured. In these Riteohms, you get time proved protection against
humidity, temperature and corrosion.

Ideal for use in voltmeter multipliers, laboratory equipment, radio and electri-
cal test sets, attenuation pads, and in electronic devices requiring extremely ac-
curate resistance components.

AVAILABLE FROM STOCK in 1/2 watt and 1 watt units in a wide range of
values, in various types of mountings and terminals . . . or made to order. Com-
plete line of 6 different series includes non -inductive pie -wound vacuum impreg-
nated units ... single -layer wound vitreous enameled units ... and non -inductive
pie -wound hermetically glass sealed units. Some units are in a range of 0.1 ohm
to 2,000,000 ohms. Get full facts today!

OHMITE MANUFACTURING CO., 4860 Flournoy St., Chicago 44, U. S. A.

Se Re :94e etter4 HMOTE
RHEOSTATS  RESISTORS  TAP SWITCHES  CHOKES  ATTENUATORS
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POST FORMED LAMINATED PLASTICS

Problem: Produce an aircraft
cable guard for use where the
cost of hand -working metal
is prohibitive. Must be light,
strong, and rigid.

Solution: Richardson Plasti-
cians used laminated ther-
mosetting post forming
materials. Specially de-
signed tools, plus precision
production methods, re-
sulted in a laminated
INSUROK cable guard that
is light, strong, rigid, eco-
nomical, and easy to install.

Why not discuss your
product design plans
with The Richardson
Company? Here you will

find the expert person-
nel, diversified facilities,

and manufacturing skill
to help solve your plas-
tics problems - what-
ever they may be. Write
today for full details.

fteciatutPettatice

7/ze RICHARDSON COMPANY
LOCKLAND, CINCINNATI 15, OHIO FOUNDED 1858 Soles Headquarters: MELROSE PARK, ILL.

Sales Offices: NEW YORK 6 CLEVELAND 15 DETROIT 2
Factories: MELROSE PARK, ILL. NEW BRUNSWICK, N. J. INDIANAPOLIS, IND.

(Continued from page 46A)

Clark, J. W., Bell Telephone Laboratories,
463 West St., New York 14, N. Y.

Cohen, M. J., 77 Massachusetts Ave.,
Cambridge 39, Mass.

Cresswell, S. G., Sylvania Electric Prod-
ucts, Inc., Mill Hall, Pa.

Crosby, C., 16 Chauncy St., Cambridge
38, Mass.

Fisher, W. C., RCA Victor Co., Ltd., 1001
Lenoir St., Montreal, P. Q., Canada

George, E. M., Y.M.C.A., 117 N. 15 St.,
Philadelphia, Pa.

Graham, M. L., Radio Corporation of
America, 501 N. LaSalle St., In-
dianapolis 1, Ind.

Grantham, R. E., 3804 S. Capitol St.,
Washington 20, D. C.

Hensley, W. A., 913 Garden Dr., Balti-
more 21, Md.

Hodgson, C. C. V., 5, Countess Dr., Den-
ton, Newcastle -Upon -Tyne 5, Eng-
land

Hoffman, E. H., 633 Central Ave., Ardsley,
Pa.

Houston, C. E., 3826 Arbor, Houston 4,
Texas

Hull, M. I., 108 Forrester St. S.W., Wash-
ington, D. C.

Isserstedt, G., 96 Poplar Plains Rd., Tor-
onto, Ont., Canada

James, D. C., 3119 Bracken Woods Lane,
Cincinnati 11, Ohio

Kennedy, A., 299 Innes Rd., Wood -Ridge,
N. J.

Lanterman, W. F., National Broadcasting
Co., Merchandise Mart, Chicago
54, III.

LarRieu, E. A., Jr., 1624 E. 38 St., Oak-
land 2, Calif.

Liimatainen, T. M., 1090 Packwood Blvd.,
Schenectady 8, N. Y.

Maki, G. J., Collins Radio Co., Cedar
Rapids, Iowa

McKenna, W. E., 2993 Yorkway, Dundalk
22, Md.

Millen, T. I., 16 Deer Park Cres., Toronto
12, Ont., Canada

Palen, H. A., 122 E. Water St., Lock
Haven, Pa.

Parchman, J. B., 18 Whitney Ave., Floral
Park, L. I., N. Y.

Peake, H. J., 715 S. Washington St.,
Alexandria, Va.

Penners, B. A., 3678 Voltaire St., San
Diego 6, Calif.

Richardson, W. E., 5960 S.W. Brugger St.,
Portland 1, Ore.

Rinn, F. H., 24 S. High St., Lock Haven,
Pa.

Schneider, A. E., 538 Rutherford Ave.,
Lydnhurst, N. J.

Shapiro, D. L., 118-53 Metropolitan Ave.,
Kew Gardens, L. I., N. Y.

Steidley, J. W., Code 911-G, Bureau of
Ships, Navy Department, Washing-
ton 25, D. C.

Suski, H. M., Combined Research Group,
Naval Research Laboratory, Ana-
costia Station, Washington 20,
D. C.

(Continued on page 54A)
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TURNER likenD
TURNER No. 33

' HA TEVER the need for a microphone in elec-
tronic recording, P.A., sound system, and commercial
or amateur broadcast work, you can assure maximum
performance when you Team Up with TURNER.
Precision engineered to deliver smooth, accurate
reproduction of any desired sound without harmonics
or distortions .... ruggedly built to withstand severe
service conditions of shock, vibration, heat, cold,
humidity and altitude, TURNER Microphones are
CERTIFIED to help you select the right unit for your
particular job.
Before leaving the factory, each and every TURNER
Microphone is given an individual sound pressure
test over the entire audio band. Its performance char-
acteristics are checked and CERTIFIED to conform
with estab:ished specification standards.
Whether you need a unit with "Weighted Response"
to accent intelligible speech frequencies or a unit
with an even response for general purpose use, you
can depend on TURNER for accurate pick-up and
clear, sharp reproduction.
Write for Free Illustrated Catalog describing TURNER Microphones
for both specific and general applications. Turner Engineers will be
glad to offer impartial suggestions in helping you choose the right
unit for your purpose.

The TURNER Company
909 17th Street, N.E., Cedar Rapids, Iowa

Licensed ur der U.S. Patents of the American Telephone & Telegraph
Company and Western Electric Company, Incorporated.

Crystals licensed under patents of the Brush Development Company

TURNER !PionEst4 in 44E

COM rrutnica tiemps 9iitt

TURNER No. 211

TURNER No. L-40
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THE MAN
WE NEED
IS 3 MEN-

First: SCIENTIST
with a basic back-
ground in Nuclear
Physics and some
knowledgeofAcoustics.

Second: ADMINISTRATOR
A true leader who can
inspire and coordinate
the work of a substan-
tial research staff.

Third: ENGINEER
who can translate re-
search results into
production.

AS RESEARCH DIRECTOR
of a large organization devoted ex-
clusively to acoustic instrument re-
search and service. We are looking
for a man of vision, experience and
a standing which commands respect.
To this exceptional man we offer
commensurate rewards and the in-
creasing opportunities of an expand-
ing field.

Address: S. W. Pierce,
SONOTONE, Elmsford, N. Y.

ENGINEERS

MEN for design and develop-
ment work on radio and tele-
vision receivers.

We have openings in our lab-
oratory for a senior and two
junior engineers. Senior engin-
eers should be graduates in
electrical or communication en-
gineering and have had indus-
trial experience in radio or
television design. Junior en-
gineers should be graduates in
electrical or communication
engineering, but industrial ex-
perience is not necessarily re-
quired.

Please address Director of En-
gineering giving details of
education, experience, and
salary requirements.

Majestic Radio &
Television Corporation

St. Charles, Illinois

The following positions of interest to
I.R.E. members have been reported as
opal. Apply in writing, addressing reply
to company mentioned or to Box No. ....

The Institute reserves the right to refuse any
announcement without giving a reason for
the refusal.

PROCEEDINGS of the I.R.E.
330 West 42nd Street, New York 18, N.Y.

ASSISTANT CHIEF ENGINEER

Prominent Eastern radio set manufac-
turer requires assistant chief engineer to
take complete charge of laboratory. Must
be thoroughly competent in AM and FM
receiver design ; also television ; and pos-
sess executive ability. Excellent salary and
good future. Write complete qualifica-
tions and background. Box 408.

TECHNICAL EDITOR

Skilled in servicing electronic equip-
ment, to assist in writing and editing arti-
cles about radio repairing. Radio Mainte-
nance Magazine,. 295 Broadway, New
York 7, N.Y.

SALES ENGINEER

Graduate electrical engineer to apply
and sell small fractional horsepower mo-
tors to industry. Work direct from sales
office of established manufacturer in
Rochester, N.Y. Manufacturer's repre-
sentatives not considered. State fully edu-
cation, experience, age, and salary ex-
pected. Box 322, Rochester 2, N.Y.

RADIO ENGINEERS

For design and development of home
radio receivers. Can use men with ex-
perience in design laboratories on com-
munications and entertainment receiving
sets. Call or write Mr. Frank A. Hinners,
Vice President in Charge of Engineering,
Air King Products, 1523 63rd St., Brook-
lyn 19, N.Y.

SENIOR ENGINEER

Expanding New York radio and tele-
vision manufacturer, requires man with
several years thorough experience in de-
sign and production of home radio re-
ceivers. Not a temporary but a permanent
opportunity. High pay. Excellent future.
U. S. Television Manufacturing Corp.,
106 Seventh Ave., New York 11, N.Y.

ENGINEERS

A large midwest manufacturer has im-
mediate openings for the following en-
gineers :

Senior Development Engineers. Openings
in domestic radio and television receiver
development for two Senior Radio Project
Engineers and one Mechanical Engineer.

Assistant Chief Engineer. To assume com-
plete supervision of household and auto
radio receiver development. Extensive
prewar experience in above lines impera-
tive. Television receivers will be in our
line.

(Continued on page 52A)

ENGINEERS
For Design Work

on Radio Receivers,

Audio Amplifiers,

Television

Men with substantial com-
mercial experience wanted,
preferably those having De-
grees in Electrical or Com-
munications Engineering.
Write, giving details of ex-
perience and salary expected,
to :

FREED RADIO
CORPORATION
Makers of the Famous Freda-
Eisernann Radio -Phonograph

200 Hudson Street
New York 13, N.Y.

fLiElk
C.ONOENSFR
gaverimi
C) Thousands of rugged,

oil -filled, oil -impregnated
condensers at ridiculously
low prices. Write for list!
New Time Payment Plan if
desired.

BIG NEW CATALOG!
By mailing us your name

and address, you will be
among the first to get a
copy of our own big new
catalog, plus latest an-
nouncements of new and
bargain components and
equipment. Write today!
Address Dept. IR of near-
est Newark branch.

ooCAco

Newark fifffirlitompany n St.

115-111 W. 45th St.
0.1. 323 VI Madiso

CHICAGO 6

NEW YORK 19
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4mpur
FINEST PAGING, TWO-WAY ICOMMUNICATION

AND PUBLIC ADDRESS SYSTEMS FOR NDUSTRY

2

3

Thousands of Rauland AMPLICALL Systems are serving industry today with a
performance dependability second to none! Engineering, quality materials and
craftsmanship have been combined to insure AMPLICALL's dependability . . .

multiple uses, flexibility of design, superb tonal quality, low maintenance cost
and trouble -free operation are additional reasons for its preferred rating.
Whether you need an adequate Paging, Intercommunication or Public Address
System, or all three, be sure to check AMPLICALL ... you'll find a system of the
exact design and capacity to answer all of your requirements perfectly.

RADIO  RADAR  SOUND

1. AMPLICALL Intercommunication unit,
available for two-way communication
between multiple stations.

2. AMPLICALL Paging Control Unit.

3. AMPLICALL Weatherproof Speaker.

4. AMPLICALL Audio Amplifier unit for
laboratory, test equipment and gen-
eral applications.

COMMUNICATIONS  TELEVISION

Electroneering is our business
THE RAULAND CORPORATION CHICAGO 41, ILLINOIS
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Draftsman Wanted

Also

Designer

Detailer

Tracer and

Engineer

We are one of the largest
manufacturers of a wide vari-
ety of communication and elec-
tronic equipment in the world,
fully prepared and ready to go
ahead with a very ambitious,
expansion program as quickly
as we are permitted. There will
be unlimited possibilities for
creative, ambitious men to ad-
vance to key positions both in
research development and pro-
duction field.

At present, we are produc-
ing vital equipment for our
fighting forces.

Good Starting Salaries

Exceptionally fine working conditions.

Apply Personnel Office
8 A.M. to 5 P.M.

FEDERAL TELEPHONE &
RADIO CORP.

the Mfg. unit of the International
Tel. & Tel. Corp.

PI Broad St., Newark, N.J.
WMC Rules Observed

Positions Wanted
By Armed Forces

Veterans
In order to give a reasonably equal op-

portunity to all applicants, and to avoid
overcrowding of the corresponding
column, the following rules have been
adopted :

The Institute publishes free of charge
notices of positions wanted by I.R.E. mem-
bers who are now in the Service or have
received an honorable discharge within a
period of one year. Such notices must not
have more than five lines. They may be
inserted only after a lapse of one month or
more following a previous insertion, and
the maximum number of insertions is
three per year. The Institute necessarily
reserves the right to decline any announce-
ment without assignment of reason.

TECHNICIAN

Maintenance and repair, receiving and
transmitting equipment. Eleven years ex-
perience. Discharged Chief Petty Officer
Navy, available immediately, work any-
where. Carl Morris, P.O. 1094, Lexington,
Ky.

POSITION WITH STATION

Young man, 35 years of age, married,
desires position with station contemplating
expansion. Licensed since 1931. Nine years
at transmitter before entering Navy. Ex-
perienced in installation and maintenance
of transmitter and studio equipment. Naval
experience all in materiel, and FM.
Los Angeles preferred. Box 1W.

Remler Appointed
as Agent for

R.F.C.

. . . to handle and sell gov-
ernment owned electronic
equipment released for
civilian use.

Write for Bulletin Z-1

listing a wide variety of

equipment covering entire
electronic field.

Remler Co., Ltd.  2101 Bryant St.
San Francisco 11, Calif.

REMLER
SINCE 1918

Communications Electronics

(Continued from page 50A)

Research Engineers. Two research men
with prewar development experience in
the radio receiver or television field.

All inquiries will be treated as con-
fidential. Reply to Box 406.

ENGINEERS

With experience in audio circuit work
for engineering development on hearing
aids and associated devices. Experience on
hearing aids not actually necessary. Ap-
ply to Chief Engineer, Zenith Radio Cor-
poration, 6001 West Dickens Avenue, Chi-
cago 39, Illinois, giving details of educa-
tion, age and experience. Excellent op-
portunities for interested personnel.

CHIEF MANAGING ENGINEER AND
RESEARCH ENGINEERS

CHIEF MANAGING ENGINEER to
take full charge of a division of a large
manufacturing organization. Must have
extensive experience in communications
field, with substantial background in elec-
tronics and micro -wave research and
product development. Salary $12,000 to
$15,000.

RESEARCH ENGINEERS with
thorough experience in electronics, and
micro -wave development. Salary $5,000
to $6,000.

Write qualifications to Boyd King, 10
Rockefeller Plaza, New York 20, N.Y.

HIGH ACCURACY
In Measuring:

 CAPACITANCE-RESISTANCE-INDUCTANCE
 STORAGE FACTOR (CI) OF COILS
 DISSIPATION FACTOR OF CONDENSERS

 MODEL 200-A IMPEDANCE BRIDGE is port-
able, self contained instrument of highest quality
used extensively by the Army. Navy, and many
manufacturers.
The range of measurement for capacitance is 1
micro microfarad to 100 microfarads ; for resistance,
1 milliobm to 1 megohm ; for inductance, 1 micro.
henry to 100 microhenrys. The accuracy on the main
decade is 1% for capacitance or resistance mess-
urements and 2% for inductance tests.
Reading obtained from 6 inch direct reading dials.
All controls and connections plainly marked and
conveniently located on the panel. 35 -page book
gives methods for many types of measurements.

IMMEDIATE DELIVERIES
Our factory is in  position to make fast deliveries
on Model 200-A and other products including pre-
cision mica condensers, binding posts, several types
of AWS rheostat -potentiometers and decade and low
capacity switches.

Brown Engineering Co.
4635 S. E. Hawthorne Blvd. Portland IS, Oregon
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`pCltE and AREAso

STODDART

NOISE AND FIELD
INTENSITY METER

Model NMA-4

100 to 400 MC in single band.

 One Microvolt sensitivity.

 Direct reading in Microvolts.

 Measures conducted and radiated noise.
 Provision for External Recording Meter.
 Measures Field Strength of Transmitters

in the U.H.F. Range.

 It assists in the production of noise -free
products by manufacturers.

 It locates and analyzes existing noises
which interfere with radio reception.

 Its stability and accuracy enable trans-
mitter engineers to obtain dependable
field strength patterns.

Write for further information and com-
plete technical data.

r--

STODIART filliClififT 'MIDI° CO.
6644 SANTA MONICA BLVD. HOLLYWOOD 38, CALIFORNIA
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JUST PUBLISHED!

The Most Indispensable Reference in Radio -Electronics!

Electronic Engineering Master Index

Cloth
71/2" a IOW
320 pages

A master compilation of over 15,000 titles of texts
and articles selected for their value to the research en-
gineer, this INDEX covers the years 1925-1945 and
enables you to survey twenty years of research litera-
ture on any subject in a matter of minutes!

Vitally Needed in Every Laboratory and Library

COMPLETE IN ONE VOLUME

PART I

January 1925 to
December 1934

PART II

January I935 to
June 1945

PARTIAL LIST OF PERIODICALS INDEXED
Bell Laboratories Record
Bell System Technical

Journal

Communications

Electrical Communication
Electronics
Electronic Industries
Journal of I.E.E.

General Electric Review
Journal of Applied

Physics

Proceedings I.R.E.
Transactions of A.I.E.E.
Radio News
R.C.A. Review

Wireless Engineer

A $500 Reference Library in One Volume for $17.50
Descriptive circular on request.

ELECTRONICS RESEARCH PUBLISHING COMPANY
2 West 46th Street New York 19, N.Y.

NEW ENGINEERING
NEW DESIGN  NEW RANGES

30 RANGES
Voltage: 5 D.C. 0-10-50-250-500-1000

at 25000 ohms per volt.
5 A.C. 0-10-50-250-500-1000
at 1000 ohms per volt.

Current: 4 A.G. 0-.5-1-5-10 amp.
6 D.C. 0-50 microamperes-
0 -1-10-50-250 milliamperes-
0 -10 amperes.

4 Resistance 0-4000-40,000 ohms -4-
40 megohms

6 Decibel -10 to +15, +29, +43,
+49, +55

Output Condenser in series with
A.G. volt ranges

MODEL 2405

Volt Ohm
Milliammeter

25,000 OHMS PER VOLT D. C.

STANDARDS ARE SET BY

SPECIFICATIONS
NEW "SQUARE LINE" metal
case, attractive tan "hammered"
baked -on enamel, brown trim.

ElPLUG-IN RECTIFIER-
replacement in case of

overloading is as simple as
changing radio tube.

READABILITY-the most
readable of all Volt-Ohm-

Milliammeter scales -5.6 inches
long at top arc.

Model 2400 is similar but has D. C. volts
Ranges at 5000 ohms per volt.

Write for complete description

riplett
ELECTRICAL INSTRUMENT CO.

BLUFFTON A, OHIO

(Continued from page 48A)

Swarm, H. M., 6405-8 St. N.E., Seattle 5,
Wash.

Thomason, J. F., 44 Cambridge Ave.,
Garden City, L. I., N. Y.

Thomforde, C. J., 1327 L Ave., N.E.,
Cedar Rapids, Iowa

Tetley, W. H., Box 2752, Cannel, Mon-
terey County, Calif.

Van Dyck, K. A., Box 1644, Hq., A.T.S.C.,
Wright Field, Dayton, Ohio

Venable, D., 1421 Bolton St., Baltimore
17, Md.

Webb, H. D., 1306 H St., Belmar, N. J.
Weiss, M. E., Sylvania Electric Products,

Inc., Mill Hall, Pa.
Wilson, L. B., 129-2 St., Garden City,

L. I., N. Y.
Whealy, J. E., 406 Riverdale Ave., Ottawa,

Ont., Canada

Admission to Member

Allen, A. J., University of Pittsburgh,
Pittsburgh 13, Pa.

Anderson, P. M., 2905 Dean Blvd., Min-
neapolis 5, Minn.

Astholz, P. T., 4225 Larchmont Dr., Day-
ton 7, Ohio

Babakian, J., 184 Concord Ave., Belmont
78, Mass.

Balthis, D. L., 204 N. Beechwood Ave.,
Catonsville 28, Md.

Bower, M. M., R.D.F. Branch, Evans Sig-
nal Laboratory, Belmar, N. J.

Brown, W. C., 211 Washington Ave.,
Spring Lake, N. J.

Burcham, D. P., 6850-36 Ave. N.E.,
Seattle 5, Wash.

Butt, C., 31 Wilde Rd., Waban 68, Mass.
Byrnes, F. X., 1359 Chalcedony St., San

Diego 9, Calif.
Christianson, H. J., 5833 W. Iowa St.,

Chicago, Ill.
Chute, D. H., 22 Bowker St., Lexington 73,

Mass.
Cornet, E., 4013 Claridge St., Philadelphia

24, Pa.
Cottony, H. V., 1132 Curtis Ave., West

Belmar, N. J.
Craig, F. D., Box 1421, Juneau, Alaska
Doughty, D. R., 4769 Kensington Dr., San

Diego 5, Calif.
Drake, D. T., 13 Bigelow St., Cambridge,

Mass.
Dunn, E. B., Box 63, Halifax, Va.
Esmond, D. C., 1515 Canora Rd., N.,

Town of Mt. Royal, P. Q., Canada
Frank, J. M., 2060 Fargo Ave., Chicago 45,

Ill.
Gadsden, C. P., 142 Chilton St., Belmont

78, Mass.
Gilmartin, T., 1873 E. 17 St., Tulsa, Okla.
Gimble, E. G., 625 Belden St., Monterey,

Calif.
Haney, W. L., 117 Borgne St., Hull, P. Q.,

Canada
Hollis, W. C., 129-2 St., Garden City,

L. I., N. Y.
Holt, D. L., 1312 E. 28 St., Anderson, Ind.
Hultquist, 3. A., Fort Hill Village, Scars-

dale, N. Y.
(Continued on page 56A)
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Wherever shown, the new Type 554 Ceramic Trimmer has attracted
the attention and admiration of the radio industry. First, its original
and compact design, its obvious ease of installation and adjustment;
later, its demonstrated superb performance-these qualities have not
only aroused curiosity and interest, they have won immediate accept-
ance. Type 554 will be standard equipment on many receiving sets,
from now on.
Note, in photograph and drawing, that the metal rotor completely
covers the stator track. Contact surfaces of both rotor and stator are
lapped, providing a high degree of stability, excluding dust, and
keeping noise level to a minimum at high frequencies.
Capacity change is essentially constant per degree of rotation, and full
range is covered in 180° rotation. Type 554 Trimmers will be avail-
able shortly in production quantities in the following capacity ranges:
in zero temperature coefficient, 3-12 MMF and 5-25 MMF; in -750
parts/million/°C, 5-30 MMF and 8-50 MMF. They will also be avail-
able in an intermediate temperature coefficient. Trimmers are held
firmly in place in a D -hole in the chassis by means of a multiple -tooth
spring clip, furnished with the trimmer.
Specifications and capacity ranges are given in the table at right.
For complete information, contact our nearest representative or write
us direct.

1:111:41.
S1eetn4gie4 Diveaog

ERIE RESISTOR CORP., ERIE, PA.
LONDON, ENGLAND TORONTO, CANADA.

ERIE 554 CERAMICON TRIMMER
Voltage Rating: 350 volts D.C.
Flash Test: 700 volts D.C. for 15 seconds
Initial Q Factor at 1MC: 500 minimum
Initial Leakage Resistance: 10,000 meg. min.
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011?
Anoth
Ingenu

Concentrating on electrical
performance, Andrew engi-
neers have designed a unique
Folded Unipole Antenna
which-according to compar-
ative tests-easily outper-
forms other antennas at sev-
eral times the price.

Used for transmitting and
receiving at frequencies from
30 to 40 MC and for powers
up to 5,000 watts, this an-
tenna has proved so success-
ful that similar models for
higher frequencies are now
being designed.

Atilitts*/
xample of ANDREW
in Engineering

20 ME BAND WIDTH CURVE 11111

11.11111111IME
EN11111111111111=1

,, IIIMIIIIIMIIII
MIIIIMEN111111111

MR08
3.5

FREQUENCY. MEGACYCLES

37

80

76: PANIMEASMIES
50

NM FREQUENCY. MEGACYCLES

30 32 34 36 38 40

RADIATION IMPEDANCE, OHMS

FEATURES:
 Light weight - only 15 pounds - simplifies installation.
 Lightning hazard minimized by grounded vertical element.
 "Slide trombone" calibration permits exact adjustment for any frequency be-

tween 30 and 40 MC, using only a wrench. Optimum performance for that
frequency is guaranteed without "cut and try" methods.

 Proper termination of coaxial transmission line. Unlike other "70 -ohm" anten-
nas, the Folded Unipole actually provides a non -reactive impedance with a
resistive component varying between 62 and 75 ohms (see lower curve).

 Excellent band width, ideal for FM (see upper curve).

Andrew Co. specializes in the solution of antenna problems. For design-
ing, engineering and building of antenna equipment, consult Andrew Co.

ANDREW CO.
363 EAST 75th ST., CHICAGO 19, ILL.

56A

WRITE FOR FULL
INFORMATION

(Continued from page 54A)
Ihrig, L. C., 18 Lillian Ave., Freeport,

L. I., N. Y.
Jacques, R. B., 1306 Republic Ave., Co-

lumbus, Ohio
James, F. M., 2216 N. Harlam Ave., Elm-

wood Park 35, III.
Jastram, P. S., 104 Prospect St., Provi-

dence, R. I.
Jenkins, E. F., 1132 Groesbeck Rd., Cin-

cinnati 24, Ohio
Jenness, R. R., Northwestern Technical

Institute, Evanston, Ill.
Johnson, G. L., 49 Academy Rd., Albany

3, N. Y.
Karlson, J. E., 8 Raymond Court, Garden

City, L. I., N. Y.
Kibling, C. A., 336 Oakland Beach Ave.,

Rye, N. Y.
Laban, J., 55 N. Menard St., Chicago 44,

Ill.
Larson, C. 0., 7909 St. Louis Terrace, La

Jolla, Calif.
Matthews, R. P., 2054 Claremont Ave.,

Montreal 6, P. Q., Canada
McGinnis, F., 25 Lincoln Ave., New Hyde

Park, N. Y.
Mitchell, 0. V., Radio Corporation of

America, 30 Rockefeller Pl., New
York 20, N. Y.

Parker, C. B., 1717 Attucks Pl., Dayton 8,
Ohio

Parker, R. H., Riverside Dr., Augusta, Me.
Plusc, I., 200 Bidwell Pkwy., Buffalo 9,

N. Y.
Rheaume, R. H., 181 Grove St., Stamford,

Conn.
Rowlatt, J. H., 2010 Union Ave., Mont-

real, P. Q., Canada
Sauer, W. A., 2128 Pine St., San Diego 3,

Calif.
Stewart, N. H., Box 1312, Hoult Rd.,

Westinghouse Tube Plant, Fair-
mont, West Va.

Thompson, A. C., 111 Garden St., Great
Neck, L. I., N. Y.

Tricamo, V. A., 65 Grand Ave., Freeport,
L. I., N. Y.

Upton, A. P., 3019 Ulysses St., Minneapo-
lis 13, Minn.

Warnock, E. W., RFD 1, New Carlisle,
OhioYoungblood,

H. R., Lacey Field, New-
burgh, N. Y.

Admission to Associate
Alfie, C. L., 111 Lewis Ave., Box 566,

Eatontown, N. J.
Alsmeyer, R. L., Raytheon Manufacturing

Co., G Bldg., Seyon St., Box 31,
Waltham 54, Mass.

Anacker, P. J., 608 W. 192 St., New York
33, N. Y.

Anderson, F. L., Jr., Pan American -Grace
Airways Inc., Limatambo, Lima,
Peru

Anger, H. 0., 3742 California Ave., Long
Beach 7, Calif.

Angle, B. C., Astatic Corp., Conneaut,
Ohio

Appa Rao, D., 6, Sambasivam St., Thy-
agarayanagar, P. 0., Madras, South
India

(Continued on page 58A)
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TALK IS QUICK!

AIR Amin.

Pick up a 'phone and talk-to an
airplane; a speeding train; an inter -city
bus; a boat at sea.

Aireon's radio 'phones make this as simple, sure and easy as using a
conventional telephone.

Aireon radio equipment for airlines is used by twenty domestic, four foreign
companies; Aireon railroad radio, introduced under war -time restrictions,
is already in use by four leading railroads. Aireon truck, taxi and bus
communications equipment has been proved in service on the trucks of one of
the nation's largest fleet operators. It's now in production. Aireon marine
equipment will be available soon.

On the crowded highways and skyways of the future, radio 'phone
communication will keep traffic moving under quick, efficient control.

Airejks MANUFACTURING
CORPORATION

Radio and Electronics  Engineered Power Controls

NEW YORK  GREENWICH  CHICAGO  KANSAS CITY  OKLAHOMA CITY  BURBANK  SAN FRANCISCO
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The SHURE Gaiiti Phonograph
Pickup is equipped with the
SHURE Lever -Type Cartridge

The "Glider" Pickup consists of the light -weight, low -mass Tone
Arm and the Lever -Type Cartridge. The Arm is aluminum, uses no
springs or counterweights and permits the needle -point to glide
along the record smoothly and easily. This means longer needle
and record life. The "Glider" is less susceptible to floor vibrations
and improves the playing of warped records. The lightness of the
Arm permits a needle force of only 11/s oz. The "Glider" is espe-
cially suitable to the playing of the Vinylite records.
The Cartridge employs a radically different means of driving the
Crystal Element. The Crystal is driven by a lever which consider-
ably improves the transmission of needle chuck torque into the
Crystal. Lower needle point impedance is obtained through this de-
sign, as well as greater immunity to shock. The lever arrangement
absorbs the full impact of sudden jars to the Cartridge or needle,
thus freeing the Crystal from strain or breakage. The output volt-
age is from 1.6 volts to over 3 volts. The new Cartridge is available
in an aluminum case and weighs only .43 oz. (12 grams). The Cart-
ridge is also furnished in steel, weighing .85 oz. (24 grams). The
high needle -point compliance of this light -weight Cartridge affords
"Faithful Tracking", which results in clearer, fuller tone qualities.

("Glider" Model Number is 93A)
Patented by Shure Brothers. Licensed under the Patents of the Brush Development Company.

SHURE BROTHERS
Designers and Manufacturers of Microphones and Acoustic Devices

225 West Huron Street, Chicago 10, Illinois
Cable Address: SHUREMICRO

(Continued from Page 56A)

Applegate, C. C., 737 Blaine Ave., South
Bend, Ind.

Arnold, M. F., 1804 N. Broad St., Phila-
delphia, Pa.

Bargery, C. J., 8 Torbay Rd., Castle Cary,
Somerset, England

Bartlett, P. R., Radio Station KFRE,
Fresno, Calif.

Baulch, E. L., 463 West St., New York,
N. Y.

Belinski, A. M., 16 Marcella St., Cam-
bridge 41, Mass.

Berman, J., 19 Washington St., Dorchester
21, Mass.

Bernier, E. J., Box 541, Southridge, Mass.
Black, J. G., 1455 Elmdale St., Chicago 26,

Ill.
Blanchard, H. R., 3410 St. John, Kansas

City 1, Mo.
Bloch, H., Moerlistr. 63, Zurich, Switzer-

land
Brennan, J. J., USN Supply Corps School,

Morris B-12, Soldiers Field, Boston
63, Mass.

Brown, R. W., Sperry Gyroscope Co.,
Manhattan Bridge Pl., Brooklyn 1,
N. Y.

Bryant, H. L., 7000 Santa Monica Blvd.,
Hollywood 38, Calif.

Burdine, W. G., RFD 2, Waynesville, Ohio
Cahill, A. J., 275 Catchart St., London,

Ont., Canada
Campbell, E. J., 114 Fenner Ave., Clifton,

N. J.
Campos, S. C., Calle Bascunan Guerrero

43, Santiago, Chile
Carney, R., 3433 Gillespie St., Dallas 4,

Texas
Cartier, A. P., 2 rue Lefort, Geneva,

Switzerland
Clark, C. G., "The Spinney," Wigan Lane,

Chorley, Lancashire, England
Clarke, L. G., 77 Martin St., Cambridge

38, Mass.
Clelland, F. W., Jr., 36 Gammon Ave. S.E.,

Atlanta, Ga.
Close, R. N., 611 E. Willow Grove Ave.,

Chestnut Hill, Pa.
Coleman, P. D., 6 Colin Kelley Dr., Over-

look Homes, Dayton 3, Ohio
Cooper, Z. R., 345 Five Oaks Ave., Day-

ton 5, Ohio
Court, G. W. G., T.R.E., Great Malvern,

Worcs., England
Cox, R. C., 554-9 St., Lorain, Ohio
Crawford, B., Radio W9BDO, Seneca,

Nebr.
Crise, G. M., Radio -Suisse S. A., Prangins,

Switzerland
Czepinsky, W., 6181 Parkman Ave., Los

Angeles 26, Calif.
Davis, W. B., 16 Kennedy St., Box 56,

Xenia, Ohio
Day, J. L., 20 Belshaw Ave., Eatontown,

N. J.
Dean, A. W., Near East Arab Broadcast-

ing Station, Jaffa, Palestine
DeJong, P. G., 4079 Minnesota Ave. N.E.,

Washington 19, D. C.

(Continued on page 604)
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TELEVISION

We Design. We Develop We Manufacture

Television - FM - Transmitters and
and television test equipment.

Our demonstrated experience in design-
ing, developing and fabricating equip-
ment employing video amplifiers, cathode
ray tubes, oscilloscope controls and allied
circuits to television, establishes our skill
and capacity to serve the Television
Industry. Our Design section, Engineering
department, Development section and
Manufacturing department, staffed with
expert and experienced personnel, enable
us to offer to the television industry for
their consideration:

Television Transmitters - Video and Aural
FM Tr ansmitters
Studio Control Consoles
Maste: Control Boards
Transmitter Control Consoles
Audio Control Consoles
Television Test Equipment

Studio Controls, Monitors

Outstanding evidence of our service to the
television industry is the establishment of
our Experimental Station W2XDK. Over
these facilities, transmitters, monitor con-
trols - plus television test equipment -are
subjected to operational inspection. This
"proving -ground" assures the purchaser of
Sherron Electronics Company Television
equipment of tested and accredited broad-
casting apparatus.

SHERRON ELECTRONICS CO.
Division of Sherron Metallic Corp.

Brooklyn 6, N. Y. 1201 Flushing Avenue

See our Television Exhibit
Booths 34 and 35

IRE Winter Technical Meeting
Hotel Astor

January 23, 24, 25, 26, 1946
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STANDARD SIGNAL GENERATOR Model 80
SPECIFICATIONS:

CARRIER FREQUENCY RANGE: 2 to 400 megacycles.
OUTPUT: 0.1 to 100,000 microvolts. 50 ohms outpu impedance.
MODULATION: A M 0 to 30% at 400 or 1000 titles internal.
Jack for external audio modulation.
Video modulation jack for connection of external puke generator.
POWER SUPPLY: 117 volts, 50-60 cycles.
DIMENSIONS: Width 19", Height 104", Depth 91/2".
WEIGHT: Approximately 35 lbs. PRICE-$465.00 f.o.b. Boonton.
Suitable connection cables and matching pads ca s be supplied on order.

METAL -TO -GLASS SEALS
Intricate glass work and tubes

made to your specification
The Universal X -Ray plant specializes in the pro-

duction of metal -to -glass seals. Intricate glass seals
are made to customers' specifications for electronic
tubes, transformers, resistors, capacitors, condens-
ers, vibrators, switches, relays, instruments, gauges,
meters, receivers, transmitters, and other scien-
tific apparatus.

A strong metal -to -glass bond assures unfailing
protection against rust, corrosion, and extreme
climatic conditions in a vacuum -tight seal. Good
deliveries can be made on volume orders. Submit
your metal -to -glass seal problems to the Universal
engineers for recommendations and estimates.

UNIVERSAL X-RAY PRODUCTS INC.
1800-1( N, FRANCISCO AVENUE CHICAGO 47, ILLINOIS

60A
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Duggan, J. R., 2323 Davidson Ave., c/o
Considine, Bronx 53, N. Y.

Dvorsky, A. L., c/o The Astatic Corp.,
Harbor and Sackson St., Conneaut,
Ohio

Eckardt, F., 1691 Jackson Ave., Colum-
bus, Ohio

Edgar, R. B., Education Department, 11
Phase, Navy Pier, Chicago, Ill.

Emanuel, F., 1417 Grand Concourse,
Bronx 52, N. Y.

Emery, C. W., 4281 W. 40 P1., Los Angeles
37, Calif.

Evans, W. F., 114-63-227 St., St. Albans,
L. I., N. Y.

Fishbein, S. B., 752 Ocean Ave., West End,
N. J.

Fiske, P. E., 2430 Seaside St.. San Diego,
7, Calif.

Folan, A. J. P., 134 N. Circular Rd., Dub-
lin, N.W. 5, Eire

Forni, P. A., Smith Paper, Inc., Lee, Mass.
Forrest, R. 0., 1742 E. Lombard St.,

Baltimore 31, Md.
Foster, G. P., General Electric Co., 14 and

Baltimore St., Kansas City, Mo.
Francoeur, G. R., 110-11 Ave., Belmar,

N. J.
Frey, G., 7 Rue Renault, St. Mande, Seine,

France
Fricke, R. H., RCA Victor Division, Bldg.

53, Section C, Camden, N. J.
Frost, S. H., 2921 E. Meyer Blvd., Kansas

City 5, Mo.
Goodell, C. E., V.E.H.P., 5 Ave. and Hill

St., Ann Arbor, Mich.
Gray, R. P., 5 Oak St., Marblehead, Mass.
Green, V. L., 3337 Bellefontaine St., Kan-

sas City 4, Mo.
Griffith, B. H., Jr., 2119 S. 74 St., West

Allis 14, Wis.
Gryp, E. S., 166-4 St., Elizabeth 1, N.J.
Guettinger, P., Department HF-VL,

Brown Boveri and Co. Ltd., Baden,
Switzerland

Hamby, T. A., 4044-18 St., San Fran-
cisco 14, Calif.

Hawkins, J. E., 89 E. 16 St., Hamilton,
Ont., Canada

Hedlund, K. W., 6967 Eastman St., San
Diego, Calif.

Heenan, P. J., 11 King St. W., Toronto,
Ont., Canada

Heidelberg, R. F., 515-14 Ave., Laurel,
Miss.

Heindl, J. J., Jr., 3935 Frisby St., Balti-
more 18, Md.

Ho, L. C., Hotel Commander, Cambridge,
Mass.

Holley, A. T., Calle Constitucion 097,
Santiago, Chile

Homaday, G. J., 960-B Suburban Pkwy.,
Portsmouth, Va.

Hough, J. B., 117 E. 37 St., New York 16,
N. Y.

Hunn, R. J., E. I. du Pont de Nemours and
Co. Inc., Wilmington 98, Del.

Jerold, W. W., 36 Quaker St., Hillside
Heights, L. I., N. Y.

(Continued on page 62A)

Proceedings of the I.R.E. January, 1946



METAL ASSEMBLIES AND COMPONENTS
FOR

ELECTRONIC AND MECHANICAL DEVICES

e

ENGINEERING

DEVELOPING

FABRICATING

ELECTRO-FORMING

PLATING
0

FINISHING

B ERNARD R ICE'S ONS
I N C O R P OR A T ED

MANUFACTURERS OF QUALITY METAL PRODUCTS SINCE 1867

OFFICE: 325 FIFTH AVENUE, NEW YORK 16, N.Y.
WORKS-: 139-145 NORTH TENTH STREET, BROOKLYN 11, N.Y.



*0//1A SIMPLIFIED
VERTICAL MOUNTING

FOR SMALL TRANSFORMERS

Sizes fit Core Stacks with
1/2" to 7/8" center legs

To fully mount the smaller sizes of transformers,
Chicago Transformer has developed a new, vertical,
shield -type construction possessed of many out-
standing characteristics.

 Readily adaptable to various chassis mounting re-
quirements.

 Flexible in application to varying core thicknesses.

 Simple in design: two -unit construction makes for
economy.

 Allows grounding of core by direct cDntact with
mounting surface.

 Meets the requirements of the Underwriters' Labora-
tories.

CHICAGO TRANSFORMER
DIVISION OF ESSEX WIRE CORPORATION

3 5 0 I WEST ADDISON STREET
CHICAGO, 18

11311 PCO

Continued from page 60,4)

Joffe, A. S., 1624 Widener Pl., Philadelphia
41, Pa.

Johnson, R. A., Radio Research Labora-
tory, Harvard University, Cam-
bridge, Mass.

Johnston, C. M., Sperry Gyroscope Co.,
Stewart Ave. and Clinton Rd.,
Garden City, L. I., N. Y.

Joubert, J. G., 63 C.D. Coy, S.S.S., SA
Corps of Signals, Box 797, Port
Elizabeth, South Africa

Kane, L., 203 E. 18 St., New York 3, N. Y.
Kavlak, D. J., 10919 S. Park Ave., Chicago

28, Ill.
Kennedy, J. F., El Heurah Apts., Dover,

Del.
King, C. W., 1527 W. 15 St., Topeka, Kan.
Kinney, W. E., 3519 N.W. 13 Ave., Miami

37, Fla.
Kircher, J. J., 2450 S. 35 St., Milwaukee 7,

Wisc.
Koitto, H. E., 17 W. 91 St., New York 24,

N. Y.
Kolen, N., Jr., 350 E. Armour Blvd., Kan-

sas City 2, Mo.
Kuck, J. H., 7444 Georgia Ave., Washing-

ton 12, D. C.
Lessem, M., 2527 Ford Ave., Detroit 6,

Mich.
Leff, B., 1930 N. Humboldt Blvd., Chi-

cago, Ill.
Levin, H. S., 512 Eastern Pkwy., Brook-

lyn, N. Y.
Long, R. L., 124 E. Harrison Ave., Mau-

mee, Ohio
Loudon, R. E., 2436 N. Beachwood Dr.,

Los Angeles 28, Calif.
Lyman, J. R., 12 Cass St., Springfield 4,

Mass.
Lynch, P. E., 4325 Waverly St., Kansas

City, Kan.
MacDonald, D. B., Cardigan, Prince Ed-

ward Island, Canada
Manning, C. H., 1548 Hollywood Ave.,

Salt Lake City 5, Utah
Markley, H. G., AAF, ATSC, Watson

Laboratories, Red Bank, N. J.
Maxson, J. F., 512-9 Ave., Belmar, !N.J.

McLin, J. T., Box 12, Drew, Miss.
Melancon, N. J., 140-71 Ash Ave., Flush-

ing, L. I., N. Y.
Metcalfe, J. D., Staff, Radio Materiel

School, Treasure Island, Calif.
Michelson, L., 129 Wilson Rd., Nahant,

Mass.
Mielke, E. S., Westinghouse Electric

Corp., 2519 Wilkens Ave., Balti-
more 3, Md.

Miller, C. E., Jr., 6203 MacDill Ave.,
Tampa 6, Fla.

Miller, H. G., Bell Telephone Company of
Pennsylvania, 1835 Arch St., Phil 
delphia 3, Pa.

Miller, R. E., 1433 S St., S.E., Washington
20, D. C.

Morrell, G. A., Jr., c/o Astatic Corp., Con-
neaut, Ohio

Mudry, J., RCAF, R and C School, Clin-
ton, Ont., Canada

Mulkey, C. R., Box 2504, Carmel, Calif.
(Continued on page 64A)
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LABORATORY INSTRUMENTS FOR SPEED AND ACCURACY

What Happens Inside

an -hp- Model 500A

Frequency Meter

1111I1 1

1

111
11 11 11

LIMITING
AMPLIFIER SWITCHER RECTIFIER

This Instrument Counts Cycles of an Unknown Frequency

The above diagram shows how the
-hp- 500A analyzes an unknown fre-
quency so that cycles per second will
accurately register on the specially
calibrated d -c meter.

The unknown frequency is intro-
duced to a limiting amplifier which
generates a square wave output. The
square wave voltages are applied to
two switching tubes which become
alternately conducting on opposite
half cycles. From a constant current
supply, the two switching tubes de-
liver a current to load resistors. Each
load resistor causes the charge on a
pair of capacitors to vary in ac-
cordance with the switched current
pulses. Thus a current flows from
the combination to the rectifier. The
rectified pulses are delivered to the
d -c meter. Each pulse is of the same
size and independent of other fac-
tors. The meter integrates these
pulses and gives a deflection which
is proportional to the number of

pulses per second. Thus the meter
reading is directly related to the un-
known frequency.

The instrument is easy to use and
requires but a small amount of power.
It has good sensitivity and a wide
range of usable voltages. The input
range is from 0.5 to 200 volts-input
impedance is 50,000 ohms. A switch
on the panel selects one of ten ranges
which are read directly on the meter.

Accuracy of the instrument is
± 2% - independent of line volt-
ages, vacuum tube characteristics
and magnitude and wave form of
applied voltage-because the meter
reading is dependent only upon the
constant current supply and the RC
combination.

The uses for this meter become
readily apparent. Of special interest
is its use as a high speed tachometer.
(See column at right.) Write for
more detailed information today.
-hp- engineers are at your service.

HEWLETT-PACKARD COMPANY
BOX I 073D, STATION A, PALO ALTO, CALIF.

Audio Frequency Oscillators Signal Generators Vacuum Tube Voltmeters

Noise and Distortion Analyzers Wave Analyzers Frequency Meters

Square Wave Generators Frequency Standards Attenuators Electronic Tachometers

..t
You can measure

3,000,000 r.p.m. with this
-hp- Electronic Tachometer

Using a photo electric cell
pickup in conjunction with an
-hp- Model 500A Frequency
Meter provides an Electronic
Tachometer capable of accu-
rately measuring incredible
speeds. This method places no
load on the device being
clocked.
Two special models of -hp-
frequency meters, complete
with light source and pickup,
are available for this purpose.
One model (505A) is cali-
brated in r.p.m. from 600 to
3,000,000 r.p.m.; the other
model (505B) is calibrated in
r.p.s. from 50 to 50,000 r.p.s.
Speeds as slow as 600 r.p.m.
(10 r.p.s.) are conveniently
measured directly, while still
slower speeds can be measured
by a simple expedient.
Ask for special technical bul-
letin on -hp- Models 505A and
505B.

1073
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SAVE APPROXIMATELY 25% IN ASSEMBLY TIME

Only 2 parts to Female Assembly:
1. The bakelite casting.
2. Eby patented snap -lock contacts.

Here's assembly speed! It's as simple as this:
Attach contact to wire and push into cavity.
Contact automatically locks in place.
(Casting and contacts supplied unassembled.)

Male Assembly - nickel -plated brass prongs.
Bakelite casting - Standard arrangement for
3, 4, and 5 prongs. Other arrangements to
specifications.

Write today for samples and prices.

Eby #60 Male and Female Speaker Connectors
Are the Standard of the Industry

IF IT'S IN A CIRCUIT

... EBY COMPONENTS

AND SERVICES WILL

HELP YOU DO IT BETTER

HUGH H.

INCORPORATED
18 W. CHELTEN BLOC.

PHILA., PENNA.

Membership
(Continued from page 62A)

Murray, D. G., Station CHWK, Chilli-
wack, B. C., Canada

Myers, A. S., Jr., 7126 Lincoln Dr., Phila-
delphia 19, Pa.

Nelson, L. 0., 9 Phase, RMS, Navy Pier,
Chicago, Ill.

Newton, I. T., Jr., 1606 Abingdon Dr.,
Alexandria, Va.

Nikonow, J. P., 551-5 Ave., New York
17, N. Y.

Nilson, 0. J., 4725 East Side Ave., Dallas
1, Texas

Norkus, B. S., Box 117, Stratford, Conn.
O'Dell, D. L., Kansas City Power and

Light Co., 14 and Baltimore Ave.,
Kansas City, Mo.

Palin, E. L., 98 Donlea Dr., Leaside, Tor-
onto 12, Canada

Pao, C. S., 282 Massachusetts Ave., Cam-
bridge 39, Mass.

Phillips, W. S., 4207 Tunis St., Philadel-
phia 24, Pa.

Pickering, C. K., 2203 Pickering Ave.,
East Liverpool, Ohio

Poll, V. M., 6410 S. Sacramento, Chicago
29, Ill.

Porter, A. D., 126 Villa St., Waltham 54,
Mass.

Powell, R. M., 5024 H St., S.E., Washing-
ton, D.C.

Prondzinski, R. C., 6325 W. Greenfield
Ave., West Allis, Wis.

Quick, A. E., Jr., 180 Hilton Ave., Hemp-
stead, L. I., N. Y.

Rabinowitz, I. M., 2137 Wallace Ave.,
Bronx 60, N. Y.

Reed, F. C., Jr., Glen Head, L. I., N. Y.
Concord Ave., Cambridge,

Mass.
Richon, E., 76 Willow St., Brooklyn 2,

N. Y.
Riechers, H., 35-42-73 St., Jackson

Heights, L. I., N. Y.
Rivman, J., 764 McDonald Ave., Brooklyn

18, N. Y.
Robertson, G. W., 55 Newton Ave., Hali-

fax N. S., Canada
Ryder, E. M., 1475 Centre St., Roslindale,

Mass.
Sammon, P. J., 828 Sorolla Ave., Coral

Gables, Fla.
Sargent, D. L., 6 Ave. B., Turners Falls,

Mass.
Sather, B. M., 3632-15 Ave. S., Minne-

apolis 7, Minn.
Schroeder, G. W., Edison General Electric

Appliance Co., Inc., 5600 W. Taylor
St., Chicago 44, Ill.

Scrafford, R. L., c/o Fleet Post Office,
New York, N. Y.

Segal, A. A., 301 Sea Breeze Ave., Brook-
lyn, N. Y.

Seitz, H. J., 89-01-73 Ave., Glendale,
L. I., N. Y.

Semmelink, A., Groeneweide, Stellenbosch,
South Africa

Seney, J. S., 1507 Hampton St., Richmond
20, Va.

Serota, R. M., 3813A N. 52 St., Milwaukee
10, Wisc.

Shipman, W. A., 99 N. Front St., Colum-
bus 15, Ohio

Smith, J. W., 28-05 Ditmars Blvd., Long
Island City 5, L. I., N. Y.

Smoller, M., 825 E. 175 St., Bronx 60,
N. Y.

(Continued on page 78A)

HIGH GRADE Patterson phosphors,
such as those required in the manufacture
of cathode ray tubes and for scientific re-
search, are now available in quantity.

For more than thirty years, the Patter-
son Screen Division of the Du Pont Com-
pany has produced luminescent chemicals
for fabrication into x-ray screens. These
screens have long been recognized through-
out the world as the standard of screen
quality. Patters phosphors are known
for their uniformity of emission, color and
grain size. They meet exacting needs of a
wide variety of specific requirements.

A BOOKLET-"Patterson Lu-
minescent Chemicals" de-
scribes the general character-
istics of various high grade
phosphorsandoutlines their
production. It will be
mailed upon request. Pat-
terson Screen Division of
E. I. du Pont de Nemours
SP Co. (Inc.), Towanda,
Pennsylvania.

Patterson
Luminescent
Chemicals

BETTER THINGS FOR BETTER LIVING
...THROUGH CHEMISTRY
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Especially for HEAVY DUTY
Industrial Applications

This high power industrial tube built
by Federal is the result of the widen-
ing use of induction heating for heavy
applications...especially designed for
the purpose...built to meet the exact-
ing demands of severe operating con-
ditions.

Federal's 9C23 is a tube that can
stEnd the gaff...with extra ruggedness
for stamina...heavy duty filament for
long life and high power output . . .

Proceedings of the I.R.E. January, 1946

and with the inherent reliability and
exceptional qualities that characterize
every tube in the extensive Federal line.

Here is another instance where
Federal's long experience and leader-
ship in tube design and construction
contribute to electronic progress. And
it is a good reason to see Federal first
for industrial power . . . rectifier . . .

transmitting tubes.
Remember-"Federal Always Has

Made Better Tubes."

off

Technical Data 'or Type 9C23
Maximum Ratings for Maximuns

Frequency of Megacycles
D C Plate Voltage E.000 molts
D C Plate Curreat - 4-0 amperes
Plate Dissipation . . 25 a lowatte
Filament Voltage . . . 22 .rolt3
Filament Current . . . - 82 am eree

Overall Length . . . 19% ladies
Type of Cooling rater
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FOR

LOUD SPEAKERS
From 1/2 oz. to over 30 lbs.... and from start
to finish ... Arnold manufactures better Alnico

permanent magnets for loud speakers. They
are now available for all civilian applications,
and include the proposed Radio ManLfac-
turers Association standard speaker magnets
in Alnico V.

The speaker magnets illustrated above are rep-

resentative, yet are just one type of permanent

magnets described in the new 24 -page Arnold

bulletin, "Permanent Magnets for Industry."

company !etterhead

FOR THIS NEW BULLETIN

147 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS

Specialists in the manufacture of
ALNICO PERMANENT MAGNETS

Peacetime Development of
New Weapons

No sooner had news of the complete
victory in Japan reached this country than
the War Department of the United States
of America began placing into effect a plan
which should bring comfort and confidence
to all but future potential enemies.

HARRY DIAMOND

r Remembering the days of Pearl Harbor,
days that caught the Nation unprepared, an
unpreparedness that can be measured only
in the countless numbers of lives sacrificed in
the effort to stem the surge of the aggressor
nations; remembering these things, there
has been awakened the realization that
even the powerful nations might never sur-
vive if caught in the storm of another war
in the same state of preparedness as the
United States faced on December 7, 1941.

Silently but swiftly on V -J Day, machin-
ery was placed in operation under a plan
which had been set up as far back as Octo-
ber, 1944, and held in readiness for the war's
end, the plan to provide the United States
with the best weapons and counterweapons
ever conceived, weapons which would exceed
the best any potential enemy could devise,
weapons such that no other nation would
venture to entertain the idea of an attack.

ROBERT 0. HUNTOON

Evidence of this plan was revealed in an
announcement by the Secretary of War on
October 24, 1945, of Army Ordnance plans

(Continued on page 68A)
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0K/2 ACTUAL SIZE

III TYPE 1 006/CK 1 006
A HEAVY DUTY

FULL -WAVE GAS RECTIFIER

TYPE 1006 CK IC06 RATINGS
FULL -WAVE RECTIFIER SERVICE

tonically Heated
Hee ed Directly

Filament Voltage I 1.75 volts

Filament Current - - - 8 2.00 amps

.Acximum Peak Anode VaMoe
tiler anode) no load - S00 800 volts

.Actimum Peak Inverse V:Itege 500 1600 volts

Average D.C. Voltage Drop 30 25 volts

ins ximum D.C. Output C.srr-ent 200 200 ma.

skinimum D.C. Output Current '0 0 ma.

Ainimum Starting Peak voltage
half wave or dc) - - S50 450 volts

Aisimum Storting Peak V,Itoge
--full wove) 350 420 volts

Actinium Steady State Peak

Anode Current per anode - - 000 600 ma.

RAYTH E N
MANUFACTURIN3 COMPANY

ilrevAmine in 64c4elein*

F A DIO RECEIVING TUBE DIVISION
NE"V1ON, MASSACHUSETTS MEW YDRK K. c.Hrcnc,o

To supply the requirements of small transmitters
or other equipment where rectification efficiency
must be maintained at a high level, Raytheon
engineers developed type 1006/CK1006.

Utilization of an inert gas enables this tube
to perform its functions through a wide range.
of ambient temperatures. The cathode may be
directly heated as shown in the ratings-or where
greater efficiency is desired, ionic heating is pos-
sible provided the specified minimum load is
maintained without rapid intermittent operation.
The internal drop is low even during the time
rated peak current is flowing.

A very important feature of the 1006/CK1006
is the fact that no cathode preheating time is
required. Full load can be handled immediately
and starting is practically instantaneous.

Obviously, the foregoing electrical character.
istics are applicable to many types of mobili
equipment. Structurally, too, the 1006/CK10016
fits well into such service because rugged design
allows it to withstand considerable shock without
change in characteristics.

Many thousands of Raytheon 1006/CK1006
tubes have individually given hundreds of hours
of reliable service in equipment subjected t.)
adverse conditions of temperature and vibration.
Another convincing "exhibit" of evidence that
Raytheon builds fine tubes . . . tubes well worth
considering for your postwar products!
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The new Altec Lansing A-323
portable amplifier is specifically
engineered to operate ade-
quately from low level phono-
graph pick-ups, microphones or
radio tuners. Up to its rated
power, it reproduces high qual-
ity sound over the full frequency
range without overload or dis-
tortion. It is a small, compact,
6 -tube portable amplifier espe-
cially designed and manufac-
tured to efficiently operate with
the Duplex Speaker, public ad-
dress systems, home radio re-
ceiving sets and other applica-
tions where high quality, low cost
amplification is desired.

$118"
WITH INPUT TRANSFORMER

$15800
AT ALL LEADING DIALERS
OR SEND YOUR ORDER TO

1210 TAFT BLDG., HOLLYWOOD 28, CALIF.
2.50 WEST 57 STREET, NEW YORK 19, N. Y.

IN CANADA: NORTHERN ELECTRIC CO.

Peacetime Development of
New Weapons

(Continued from page 66A)

for pressing vigorously new research on the
radio proximity fuze, one of the top secret
weapons of the war. On October 31, 1944,

CLEDO BRUNETTI

General L. H. Campbell, Chief of Army
Ordnance, asked the National Bureau of
Standards to set up a postwar establishment
for carrying on development work on elec-
tronic ordnance under Army sponsorship.
In a memorandum to Dr. Lyman J. Briggs,
director of the National Bureau of Stand-
ards, General Campbell requested the Bu-
reau to undertake a program of development
of new and better radio fuzes and other
electronic weapons. What these other
weapons are is not known, but it suffices that
these practical scientists who proved their
worth in the radio -fuze development can
be depended on to do a job worthy of
confidence.

Selection of the National Bureau of
Standards as the center of this important
work was based on its extensive experience
for the past four years, in which the Bureau
pioneered in the development of the radio
fuze and other devices, the latter in the
category of secret weapons as yet unrevealed

C. H. PAGE

to the public. Together with the Johns
Hopkins Applied Physics Laboratories, the
Bureau served as the focal point for all
radio -fuze development in this country and

(Continued on page 70A)

EASTERN HEAT
DISSIPATING UNIT
The Eastern Heat Dissipating Unit is
used in connection with television,
radar, short wave radio communica-
tions, high pressure mercury lamps,
X -Ray tubes, induction heating units,
and many other applications. It was
developed for military requirements in
conjunction with radar and electronic
tube cooling problems. Units were de-
signed in various sizes and capacities,
some with the close heat control range
of 2 degrees C. Used successfully for
ground, water and airborne service,
they combine rugged construction, com-
pactness and light weight.

The model illustrated will dissipate up
to 1200 watts with a constant controlled
temperature, irrespective of surrounding
temperatures, within 2 degrees C. It is
complete with Thermostat control,
Thermostatic valves and flow switch.
Eastern has built airborne units of
much smaller sizes and industrial units
of much larger sizes and capacities.
The specifications for the unit shown
are: SIZE: 16" x 71/2" x 71/2"; METALS:
Steel, Bronze, or Aluminum. Other
models can be designed to dissipate up
to 5000 watts,

A. Thermo flow -regulator F. Motor
B. Reservoir G. Fan
C. Flow Switch H. Radiator
D. Thermostat 1. Filter
E. Auxiliary Heater K.Pump

Eastern's experience in solving heat con-
trol problems, especially where com-
pactness and light weight are neces-
sary, makes them the logical people
with whom to discuss heat control ap-
plications. If you are designing or plan-
ning to build equipment that calls for
heat dissipation or the close control of
operating temperatures, Eastern will de-
sign and build the entire unit for you
to meet your specific requirements.

An inquiry about your heat dissipating
needs will not obligate you in the
slightest.

A large part of Eastern's business is the
designing and building of special
pumps, in quantities ranging from 25
to several thousand for the aviation,
electronic, chemical, machine and other
special fields. Eastern builds over 600
models, both centrifugal and positive
pressure, ranging in size from 1/100
H.P. to 3/4 H.P. as standard units.

Eadteue Eageozettwg ea.
86 FOX STREET, NEW HAVEN 6, CONN.
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HALLICRAFTERS NEW $600,000 HOME NOW UNDER
CONSTRUCTION.

CLAIM STAKING
Hallicrafters and Very High Frequency

Based on the facts in the case, Hallicrafters can stake out a
very strong claim to leadership in the very high frequency
field. The facts include such things as the Model S-37, FM -
AM receiver for very high frequency work. The Model S-37
operates from 130 to 210 Mc.-the highest frequency range
of any general coverage commercial type receiver.

Hallicrafters further supports its claim to domination in
the high frequency field with the Model S -36A, FM -A M-
CW receiver. The 36A operates from 27.8 to 143 Mc., covers
both old and new FM bands and is the only commercially
built receiver covering this range.

Further developments in this direction can soon be revealed-
adding further support to Hallicrafters claim to continued supremacy
in the high frequency field.

Win -afters RADIO THE HALLICRAFTERS CO, MANUFACTURERS OF RADIO
AND ELECTRONIC EQUIPMENT CHICAGO 16, U. S. A.
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DEPENDABLE performance

and durability of a Test Instrument is
assured by its design and sturdiness of
construction. All B. R. C. instruments
are ruggedly built to give exacting and
precise direct reading measurements
with simplicity of operation.

Rugged construction
of the 170-A Q Ca-
pacitor designed to
maintain the high ac-
curacy of the indi-
vidually calibrated
dial.

Q METER TYPE 170-A
This instrument embodies the general operating principles
and characteristics of the 160-A Q -Meter but with such de-
sign and structural modifications as are required for accu-
rate performance at higher frequencies. Has a frequency
range of 30 mc to 200 mc.

Q METER TYPE160-A-A standard for "Q" measure-
ments with a reputation for accurate and dependable service.
Has a frequency range of 50 kc to 75 mc which may be ex-
tended with external oscillator down to 1 kc.

BOONTO RADIO
BOONTON, N. .1 eta/Wit

DESIGNERS AND MANUFACTURERS OF THE "0" METER ... OX -CHECKER FREQUENCY MODULATED SIGNAL

GENERATOR . BEAT FREQUENCY GENERATOR ... AND OTHER DIRECT READING TEST INSTRUMENTS

Peacetime Development of
New Weapons

(Continued from page 68A)

abroad. It was from the Bureau laboratories
that the first successful radio fuze in the
world was conceived and built.

Further interest in the selection of the
National Bureau of Standards for this work
is offered by the fact that not only will the
bureau study the applications of new scien-
tific knowledge to war uses, but it will under -

A. S. CLARKE

take the study of peacetime applications of the
knowledge gained in the development of new
weapons. So far as this information does
not interfere with the safety of the United
States and her Allies, the benefit of the new
development will to
everyone. The National Bureau of Stand-
ards maintains widespread contacts with
industry on new research and developments,
new industrial processes, and new ma-
terials. Such contacts present fertile possi-
bilities for translating current industrial
advances into the electronic -ordnance art
while, at the same time, bringing to industry
the fruits of new developments resulting
from long-term research on electronic -
ordnance devices. Continuity of basic re-
search at the Bureau in the new art of
electronic ordnance which has sprung up
during the war will lead to the development
of new circuits and circuit components
which will prove of benefit to industry.
Particular examples are new radio tubes,
miniature radio components, tiny high-
powered electrical generators, mechanical
and electronic controls, and new plastics.

To promote the organization of the best
of facilities, the Ordnance Department ar-
ranged for the construction of a half -million
dollar Ordnance Laboratory on the grounds
of the National Bureau of Standards. Con-
struction of the building began on May 8,
1945. At the cornerstone -laying ceremonies
on July 23, 1945, Genral Campbell stressed
the advantages that peacetime military
research could afford not only to national
security, but also to the promotion of the
industrial economy.

The work at the National Bureau of
Standards will be centered in its Ordnance
Development Division under the direction
of Harry Diamond (A'26-M'30-SM'43-
F'43). Several hundred physicists, engineers,
and technicians will comprise the staff led
by experienced scientists including Robert

(Continued on page 86A)
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MOLDED COIL FORMS
THE MODERN ANSWER TO INEXPENSIVE MECHANICAL

COAXIAL
Type
Type

end
x .220"
x .280"

LEADS each
DR I . . .750"
DR - 2 . . .875"

(

SINGLE endHAIRPIN lead each
Type DR - 3 . . 875" x .280"

'..

-w'

SINGLE HAIRPIN lead one end
DOUBLE HAIRPIN lead other end
Type DR -4 . .875" x .280"

,.:.

DOUBLE HAIRPIN lead each end
Ts Pe DR -5 . . .875" x .280"

coilTypical use formof molded
with Stackpole W-1976 iron

sleeve core attached

SUPPORTS FOR WINDINGS

Reduced space factor . . . simplicity of

assembly . . . point-to-point wiring . . .

one third fewer soldered connections

. . . extreme flexibility of application . . .

absolute minimum cost

These proved advantages mean wide use for
Stackpole molded bakelite coil forms in a
variety of applications. Hairpin anchored
leads mean that the soldered core wires are
not disturbed or strained when leads are
flexed or moved. The forms being smooth,
coils may be wound on separate tubes and
slipped over the forms-or windings may
be wound directly on the forms. Where re-
quired, forms may be provided with Stack -
pole molded iron sleeve cores, thereby
increasing Q materially, decreasing the
amount of wire for a given inductance and
reducing stray magnetic fields. Write for
details or samples to meet your requirements.

STACKPOLE CARBON CO., ST. MARYS, PA.
Electronic Components Division

SIACKPOLE

Typical Stackpole Molded Coil Form Applications'

SOLENOID WINDING
BENT AT 90

ANTENNA OR COUPLED
WINDINGS

POWDERED
IRON WASHER

POWDERED
IRON SLEEVE

IRON CORED I -F TRANSFORMER
OR COUPLED COILS

FIXED AND VARIABLE RESISTORS  IRON CORES  SWITCHES
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MEANS MAXIMUM PERFORMANCE
AT AN ECONOMICAL PRICE ...

THERE is more to STANCOR design than theory and paper
engineering. Behind -the -scenes operations reveal unremitting

fact-finding-nothing is taken for granted. For the STANCOR
engineer is as persistent as he is practical, demanding-and
receiving-high standards of performance.

Engineering design implies more than mere conversion of the
customer's electrical requirements to manufacturing specifications.
At STANCOR it includes the employment, to the greatest advantage,
of selected materials to achieve optimum performance-all with
the constant practical thought-more useful watts per dollar.

Competent laboratory and sales engineering facilities are avail-
able NOW to meet your most exacting transformer specifications.

STANCOR
STANDARD TRANSFORMER CORPORATION
1500 NORTH HALSTED STREET CHICAGO 22, ILLINOIS

RESEARCH CORPORATION OFFERS
$2,500,000 FOR POSTWAR
COLLEGIATE RESEARCH

Scientists who made the atomic bomb,
radar, and a host of other vital war weapons
will have a chance to return promptly to
college laboratories for scientific research
and teaching through $2,500,000 in grants
offered to educational institutions by Re-
search Corporation of New York, a non-
profit organization devoted to advancing
research and technology by use of revenues
from inventions assigned to it by public-
spirited inventors.

Preference in making these grants will
be given, other factors being equal, to
smaller institutions and those of more
limited financial resources for research.

From 100 to 200 grants of $2500 to
$5000 each year will be available in order
that talented young scientists engaged, for
the most part, in war research, in uniform
or as civilians, will be able to undertake at
universities and colleges research of peace-
time importance in pure science, especially
chemistry, physics, mathematics, and engi-
neering.

Grants will be made to the institutions
at which the scientists will work and teach.
The funds allotted will be available for the
purchase of needed equipment and for em-
ployment of assistants either as Fellows or
otherwise. Awards will be based primarily
upon the demonstrated ability of the men
who will conduct the researches and con-
tribute to the teaching program of the
school.

These special postwar grants will round
out the plans that are being made for the
most effective and most prompt return of the
war -engaged scientists to peacetime funda-
mental and applied research. The Rockefel-
ler Foundation has already announced a
comprehensive plan of predoctoral fellow-
ships which will return to college former
graduate students who left their studies and
researches for war research. Current govern-
ment legislation and proposed bills being
considered by Congress will aid the return
to college of students whose scientific and
technological education was interrupted by
the war. Research Corporation grants will
assist colleges in building research -minded
staffs which will help train the students re-
turning to colleges from the war, as well as
the future contingents of students from our
secondary schools in future years.

The grants are made possible by the fact
that, during the war years, research pro-
grams that normally would be supported by
Research Corporation grants have been
laid aside in order to free men and facilities
for war research.

To scientists of the Office of Scientific
Research and Development, Army, Navy,
and other war research agencies, the possi-
bilities of these grants are being made known
with an invitation to send applications to
Dr. Robert R. Williams, Research Corpora-
tion, 405 Lexington Avenue, New York 17,
New York.
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AT LEFT. Two Langevin Type 111-A Dual Pre -
Amplifiers and one Langevin 102-A Line -Ampli-
fier mounted on a 3-A Mounting Frame. This unit
provides four pre -amplifiers and one line -ampli-
fier, or three pre-cmplifiers, one booster -amplifier
and one line -amplifier, all in 101/2" of rack

mounting space. External power supply such as
the Langevin 201-11 Rectifier, as shown below, is
required.

SPEECH

INPUT EQUIPMENT
of an Engineer's Careful Consideration

TYPE 102A Amplifier is one of the 102
Series Line Amplifiers of which four dif-
ferent types are available. The "A"' is

mostly used to drive the line after the
master gain control. It is quiet, has ex-
cellent frequency characteristic and am-
ple power output with low distortion
products.

The 201-8 Rectifier is one of the 201
Series Rectifiers, of which two types are
available, the "8" having additional
filtering, thereby giving a slightly lower
ripple content than the "A." This unit
is capable of supplying power for one
102 Series Line Amplifier and three 11

Pre -Amplifiers (six pre -amplifiers).

Every unit of Langevin speech input equipment is
held to a rigid standard of performance. These units

may be cascaded in accordance with good engineer-

ing practices and still be well within the allowable
limits of FM requirements as to frequency response,

noise and distortion products.

All Langevin speech input equipment units are
mounted on standard 51/4" x 101A" chassis. Three of

these units can be mounted on a Langevin 3-A
Mounting Frame, which occupies 101A" of space on

any standard rack. Wall mounting steel cabinets for

housing these units are also available.

We are proud of the products which bear the
name Langevin. It will only appear on good
apparatus.

The 1 1 1 -A Amplifier consists of two indi-
vidual pm -amplifiers on a single chassis
for use in high quality speech input
equipment. Its compact unitized con-
struction saves rack space. Input impe-
dances of 30, 250 and 600 ohms; output
impedance 600 ohms. It is quiet and has
excellent frequency characteristics and
ample power output with low distortion
products.

The 108-A Amplifier is one of the 108
Series Monitor Amplifiers, of which four
different types are available. The "A"
is ordinarily used to drive o monitor sys-
tem from a 600 ohm or bridging source.
Its distortion is low for this type of serv-
ice. It is quiet and has ample power with
excellent frequency characteristics.

The Lange vinoCompanyINCORPORATE

SOUND REINFORCEMENT AND REPRODUCTION ENGINEERING
NEW YORK SAN FRANCISCO LOS ANGELES

37 W. 65 St., 23 1050 Howard St., 3 1000 N. Seward St., 38



RADIO INTERFERENCE ?

TYPICAL CURVE
OF HYPASS VS. CONVENTIONAL

CONDENSER

CURVE 1 CONVENTIONAL
CONDENSER

(TWO EMINAL)

CU
CURVE 2 HYPASS CONDENSER

(THREE

T

TE

RRMINAL)

P

From inexpensive noise suppression capacitors for automotive
use, to heavy-duty designs for service on power equipment, and
for current ratings from 5 to 200 amperes capacity, Sprague
produces modern filter units for practically any need. An un-
surpassed background of engineering experience in dealing
with all types of radio noise interference problems, is here
at your disposal. Write for Sprague Capacitor Catalog 20.

ANTI -RESONANT FREQUENCY PROBLEMS SOLVED
Have you a vibrator "hash" problem that
a conventional by-pass capacitor shunted
by a mica capacitor only partially solves ?

If so, write for details on Sprague HYPASS
Capacitors, the 3 -terminal networks that
do the job at 100 megacycles or more!

SPRAGUE ELECTRIC COMPANY
North Adams, Mass.

PRAGUE 5 -Times Cited for`
Distinguished

Wartime Service
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Industrial Condenser
Corporation's

NEW HOME

THE WORLD'S MOST
MODERN CONDENSER PLANT
with these outstanding features

* 1,000,000 VOLT RESEARCH LABORATORY
* VERY LATEST PRODUCTION EQUIPMENT
* SPECIALIZED WAR -LEARNED TECHNIQUES

From this NEW ultra -modern factory come capacitors

carefully engineered and accurately produced. Staffed

by skilled engineers and backed by 16 years of
technical progress, Industrial Condenser Corp. is sup-

plying capacitors for every application. If your speci-

fications call for Electrolytic, Paper, Oil, or Motor

capacitors, look to Industrial Condenser Corporation.

INDUSTRIAL CONDENSER
CORPORATION

3243-65 NORTH CALIFORNIA AVENUE, CHICAGO 18, U. S. A.
District Offices in Principal Cities

PAPER, OIL AND ELECTROLYTIC MOTOR CAPACITORS

FUTURE OF RADIO COMMUNICA-
TION AND ELECTRONICS

A vast system' of radio'yelay stations,
blanketing the entire country, carrying tele-
phone and telegraph messages, broadcast
programs, facsimile, and television simul-
taneously, was envisaged at Corpus Christi
recently by Dr. C. B. Jolliffe, (M'25-F'30),
executive vice-president in charge of RCA
Laboratories, in an address on "The
Radio -Electronic World of Tomorrow," de-
livered at the Naval Air Technical Training
Center on Ward Island.

Pointing out that wartime research has
greatly accelerated the normal progress of all
branches of communications, Dr. Jolliffe
mentioned radar, citizens' radio, electronic
heating, and aviation radio as other fields
that will become of increasing importance
to the public in peacetime.

"Each of these new applications of
radio," he said, "can create a new industry
which will affect other industries. As the
war approaches its conclusion, engineering
developments and planning must be speeded
up so that the trained men who come out of
the armed services are not unemployed or
their skills lost because it becomes necessary
for them to take employment in:other in-
dustries."

Discussing television, he said, "It does
not take much imagination to see television
as a possible five- or ten -billion -dollar enter-
prise, employing thousands of men and
women, directly and indirectly. At the pres-
ent moment all the instrumentalities are
ready." Organization of television into a
service, he added, needs the enthusiasm and
imagination of creative thinking by young
mei@ ho will not be stopped because of ob-
stacles.

"It also needs the American spirit of en-
terprise which means pioneering by capital
and industry, and encouragement by Gov-
ernment. Television should have the normal
development of a new service, not hampered
by unnecessary restrictions or limitations
and not retarded by those who may not have
the will to pioneer or the inclination to enter
a new field now."

Dr. Jolliffe predicted wide application of
radar to postwar aviation.

"Radio instruments," he said, "can look
ahead, warn the pilot of obstacles and tell
him at all times the altitude of his plane.
Radio can make flying a safer and more reli-
able service; therefore it can be an impor-
tant part of another great industry."

Recalling the many uses of handie-
talkies and walkie-talkies by the armed
forces, Dr. Jolliffe prophesied counterparts
of these applications in peace:

"A farmer's wife can talk to her husband
while he is on the tractor; a construction
superintendent on a skyscraper give direc-
tions to his workers, a doctor can keep in
touch with his office; a businessman can talk
to his office even though he is in his car on
the highway, in his airplane or on a train.
The possible uses are as extensive as the
human mind can imagine."

Discussing developments in ultra -high
frequencies, Dr. Jolliffe pointed out that
radio relays could do the job now being ac-
complished in the telephone and telegraph
fields by wires.

"It is not fantastic," he explained, "to
imagine long telephone and telegraph lines

(Continued on page 78A)
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SHIPPERS! Your product can be
seriously damaged by rust, corrosion,
or mildew ... because of "in -the -package"
moisture. Avoid such damage. Include

Jay Cee Silica Gel, the ideal drying
agent, in the packages with your product.

Your container may be sealed "tight as
a drum" against outside moisture. Yet, the
vapor within can cause untold harm.
Particularly, a slight drop in temperature
can release dangerous moisture.

Jay Cee Silica Gel keeps the air in the
package dry . . . adsorbs the vapor . . .

prevents moisture damage. Jay Cee Silica
Gel is a crystalline substance resembling rock
salt in general appearance . . . chemically inert. Has amazing power to

moisture without its particles changing in size or
shape. Packed in 1, 2, 4, 8 oz. and 1 and 5 lb. bags.

Used widely with shipments of metal parts, precision
instruments, electronic equipment, dehydrated
foods, fabrics, and chemicals.

no rust
no corrosion
in this container
The Illustration shows Mr. Otte Mueller, packaging
foreman, inspecFing one of his Arnpre Sound -On -
Film Projectors sealed tightly within a representative
moisture vapor -proof barrier, ready to be placed in
a shipping carton. Packed within the barrier, with
the Projector, are three small bags of Jay Cee Silica
Gel . . . which adsorb "in -the -package" moisture
and prevent damage from rust or corrosion.

(Cellophane packaging was used in this illus-
tration as a substitute for the actual wrapping).

take up

JOLIET CHEMICALS, LTD.
116 INDUSTRY AVENUE

JOLIET, ILLINOIS
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U Oil ISTO1 Process

Wire The it
Can be seen only

oder high

We can draw wire as

small as

1 of an inch
100,000 in diameter

... available in Platinum
and some other Metals

.00001" is less than 1/30 the
diameter of the smallest wire
die commercially available.
Yet our Wollaston Process
wire (drawn in a silver jacket)
closely meets your specifica-
tions for diameter, resistance
and other characteristics.

This organization specializes
in wire and ribbon of smaller
than commercial sizes and
closer than commercial toler-
ances. Write for List of Products.

SIGMUND COHN & CO.

SINCE 1901

44 GOLD STREET NEW YORK 1

FUTURE OF RADIO COMMUNICA-
TION AND ELECTRONICS

(Continued from page 76A)
being replaced by lines of towers spaced 25
to 40 miles apart each equipped with small
automatic radio transmitters and receivers
carrying coast to coast many messages
simultaneously over highly directive radio
beams. A single line of radio relays can carry
telegraph, telephone, and television or radio
programs simultaneously with less mainte-
nance or service than wire lines. Radio beams
need no supports; maintenance problems are
reduced to a minimum."

Another use of radio frequencies which
promises great impact on industry," he
said, "is in electronic heating." He men-
tioned the gluing of assemblies, hardening of
surfaces, metal welding, and the speeding
up of certain production processes such as
the drying of penicillin, as established and
successful applications of radio heat.

Turning to another phase of postwar
technical work, Dr. Jolliffe emphasized that
electronic research and development must
be directed toward the prevention of another
World War.

"In peacetime as well as in war" he
stated, "research must be maintained on a

' wide basis in order to seek solutions of scien-
tific problems from as many angles as pos-
sible. Research workers must be permitted
to probe all fields freely and not be limited
to fields which someone thinks may be use-
ful to war or defense.

"America has a great reservoir of scien-
tific talent-therein lies one of the greatest
hope for the future of this country."

Membership
(Continued from page 64A)

Southern, C. D., 1135 Lincoln Bank
Tower, Fort Wayne 2, Ind.

Stephenson, H. L., 582-5 St., Brooklyn
15, N. Y.

Stewart, E. C., 6023-34 St. N.E., Seattle
5, Wash.

Stone, R. L., Soundscriber Corp., 82 Audu-
bon St., New Haven, Conn.

Swarthout, W. M., 789 E. 17 St., Brooklyn
30, N. Y.

Thomas, E. A., 34, Woodland Grove, Farn-
borough, Hants., England

Thompson, L., Mountain View Rd., West
Cheshire, Conn.

Thornley, R. F., 839 Fairfax Rd., Drexel
Hill, Pa.

Tietz, E. C., 2025 Wood St., La Crosse,
Wis.

Timoshenko, G. S., University of Con-
necticut, Storrs, Conn.

Vosburgh, M. C., 606 W. 116 St., New
York, N. Y.

Waddell, R. B., 21 Chandler St., Somer-
ville 44, Mass.

VVIadron, R. E., 55 Morgan St., Tuckahoe
7, N. Y.

Weiss, H. R., 5222-A Von Phul St., St.
Louis 7, Mo.

Weissenberger, E. G., 1096 Cherry St.,
Winnetka, Ill.

White, J. P., 806 Maryland Ave. N.E.,
Washington 2, D. C.

Woodroffe, D. W., 675 Manukan Rd.,
Auckland, S.E. 3, New Zealand

Wrench, 0., 726 Illinois St., Lawrence,
Kan.

Yancovitz, M., 779 Shepherd Ave., Brook-
lyn 8, N. Y.

* Clarostat offers an exceptional
selection of sound -system controls.
For instance, there is the Clarostat
Constant - Impedance attenuator,
Type CIB, illustrated above. It dis-
sipates 10 watts at any setting.
Used as output level control for
power amplifiers, or as individual
input attenuator for individual
speakers. Linear up to 30 db in 10
steps, beginning at absolute zero,
then 3 db steps to 24, then 30 db.,
and infinity.

Clarostat also offers L -pads, T -
pads, faders and mixers, in widest
range of resistance values, and in
both the wire -wound and the com-
position -element types.

* Submit your problem

If it has to do with sound -system con-
trols or with controls, resistors or re-
sistance devices, send it to us for en-
gineering collaboration. Literature on re-
quest.

CLAROSTAT MFG. CO., Inc. 2851 N.6to St., Brooklyn, N.Y.
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TODAY -A complete radio set for less than
half the cost of the tubes alone in /923
 Today you can buy a six -tube table
model radio for about $25. A little over
twenty years ago the six tubes alone
cost $54 -nine dollars apiece.

Think of it-from $9 to 800. You can
buy eleven of these more powerful,
longer -lasting radio tubes today for
what you used to pay for only one!

This was brought about through
RCA's combination of research, engi-
neering skill, manufacturing efficiency
and our American philosophy of mak-
ing something better -for less.

Such progress means far more than
simply a saving of $8.20 on every radio
tube. It means that radio has been

brought within the easy reach of prac-
tically everyone in this country.

There are now fifty million more ra-
dios in America than there were twenty
years ago. Almost everyone depends
upon broadcasting in some measure
for entertainment, news, education.

Research and pioneering at RCA
Laboratories contributed many of the
scientific advances that so greatly im-
proved and extended the services of
radio to the American people.

Radio Corporation of America, RCA Building,
Radio City, New York 20, N. Y. . . . Listen to
The RCA Victor Show, Sundays, 4:30 P. M.,
Eastern Time, over the NBC Network.

1946 RCA Victor Table
Model (56X) costing about $25.
With our civilian production increas-
ing, you can again look to RCA for
the finest instruments of their kind
that science has yet achieved. The
principle of making it better - for
less-applies to RCA Victor radios,
television sets, Victrola radio -phono-
graphs . every product bearing the
RCA label.

The new

RAD/0 CORPORATION of AMERICA

Proceedings of the I.R.E. January, 1946
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Mountings
and

Antennas

ArFor All
Mobile
Units

Premax Mountings for mobile

installations give the necessary
support for both vertical and
"whip" type Antennas . . . com-

bined with the proper insulation.

Available in many standard
designs, including the popular
"Spring" type which relieves
the antenna of undue strain over

rough roads.

Standard Equipment for
Police Cars, Public Utility
Emergency Trucks and

Other Mobile Units

Premax Antennas have been
adopted by many municipalities
and public utilities because of
their sturdy construction and
ability to bring in the signals at
full strength.

Write for complete informa-
tion on Premax Antennas and
Mountings .

Division Chisholm -Ryder Co., Inc.

4613 Highland Ave. Niagara Falls, N.Y.

Binders
for the Proceedings

Protect your file

of copies against

damage and loss

Binders are available for those who
desire to protect their copies of the
PROCEEDINGS with stiff covers. Each
binder will accommodate the twelve
monthly issues published during the
year. These binders are of blue Span-
ish grain fabricoid with gold lettering
and will serve either as temporary
transfers or as permanent binders.
They are so constructed that each indi-
vidual copy of the PROCEEDINGS will lie
flat when the pages are turned. Copies
can be removed from the binder in a
few seconds and are not damaged by
their insertion.

Available for both the old, small
size PROCEEDINGS or the new, large
size (1939 to date).

Price: $1.50

either size (specify which)
Post paid to all countries

You may have a volume number or
your name stamped in gold for 50
cents additional.

Remittance should accompany
your order

THE INSTITUTE OF
RADIO ENGINEERS, INC.

330 West 42nd Street,
New York, N.Y.

ENGINEERED
TO THE

APPLICATION

ELECTRICAL
REACTANCE
CORPORATION
FRANKLINVILLE, N. Y.
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BEFORE PURCHASING ANY VOLTAGE CONTROL

SEE SECO
 VARIABLE VOLTAGE TRANSFORMERS 
 AUTOMATIC VOLTAGE REGULATORS 

 TESTING EQUIPMENT 

WHEN purchasing any type of
equipment, the most important con-
sideration is to obtain the correct

apparatus for each application. This is especially true in regard to voltage control equipment.
A misapplication or the adaptation of a standard unit to an unusual requirement (where really a
special design is necessary) can only produce faulty performance. For this reason, it is our sug-
gestion that a SECO engineer be consulted whenever there is need for an a -c voltage controller.
His complete and comprehensive understanding of all phases of voltage control is your assurance
of the right equipment for the job.

By simply outlining your particular problem to one of us at SECO results in a prompt
recommendation whether it involves a POWERSTAT variable transformer to vary the output
voltage from a -c power lines, a SECO Automatic Voltage Regulator to maintain a constant output
voltage, or test apparatus such as the VOLTBOX a -c power supply. Call or write and take ad-
vantage of the SECO KNOW- HOW.

Send for Bulletin ER

SUPERIOR ELECTRIC COMPANY
781 LAUREL STREET, BRISTOL, CONNECTICUT
Proceedings of the I.R.E. January, 1940



at booth 144.

200.500 K. C.
EXTREMELY STABLE CRYSTALS
FOR HIGH OUTPUT AND KEYING
Clamped low frequency plated crystal

units with permanent frequency precision,
t.01 from -30°C to +60°C! None of
the instability typical of old-style spaced
units. A crystal that can take it, designed
for use in such places as the 30 -ton Coast
Guard buoy transmitter, lighthouse trans-
mitters, aircraft landing, etc. Each unit sub-jected to rigid Government specification
keying tests. Mounted in aluminum her-
metically -sealed holder.

* 3 point edge suspension. Top 2 points are spring
adjusted, tamper -proof sealed for permanentfrequency stability.

* Electrical contacts soldered to silver plate at
nodal points - no mechanical strain.

* Hermetically sealed holder accomplished by spin-
ning aluminum can over gasket under high pres-sure.

 Another Crystalab-engineered development.

See us at the I. R. E. Show

tk, EmomEmmaw

INCORPOR A T ED
LABORATORIES ARO MAIN OFFICE. 7! ALLYN STREET. HARTFORD 3. CONN.
New Yo'h 011ice. 15 E. 76111 Slreel, Nen Yorli IO. N Phone M U. 5 7552

 The meeting of extraordinary

applications-the designing and
developing of new and specialized

transformers-these are the day-by-

day jobs Electronic Engineering is

known for doing well.

will meet your most
exacting requirements, ordinary or

unique-and the finest engineering

talent and most complete electronic

laboratories available are ready to-

day to consult with and help you.

''SPECIALIZED

ENGINEERS"

ELECTRONIC ENGINEERING COMPANY  3223-9 WEST ARMITAGE AVE.  CHICAGO 47, ILLINOIS

AVAILABLE
I.R.E. STANDARDS

Price
Standards on Electreacoustics, 1938 .40.50

Definitions of Terms, Letter and
Graphical Symbols, Methods of Test-
ing Loudspeakers. (vi + 37 pages, 6 X
9 inches.)

Standards on Electronics: Definitions
of Terms, Symbols, 1938 $0.20A Reprint (1943) of the like -named

section of "Standards on Electronics,
1938." (viii + 8 pages, 834 X 11
inches.)

Standards on Electronics: Methods of
Testing Vacuum Tubes, 1938 $0.50

Standards on Transmitters and Anten-
nas: Definitions of Terms, 1938 $0.20

A Reprint (1942) of the like -named
section of "Standards on Transmitters
and Antennas, 193&" (vi + 8 pages,
834 X 11 inches.)

Standards on Transmitters and Anten-
nas: Methods of Testing, 1938 $0.50

A Reprint (1942) of the like -named
section of "Standards on Transmit-
ters and Antennas, 1938." (vi + 10
pages, 854 X 11 inches.)

Standards on Radio Receivers: Defi-
nitions of Terms, 1938 $0.20

A Reprint (1942) of the like -named
section of "Standards on Radio Re-
ceivers, 1938." (vi + 6 pages, 834 X
11 inches.)

Standards on Radio Receivers: Meth-
ods of Testing Broadcast Radio Re-
ceivers, 1938 $0.50

A Reprint (1942) of the like -named
section of "Standards on Radio Re-
ceivers, 1938." (vi + 20 pages, 854 X
11 inches.)

Standards on Radio Wave Propagation:
Definitions of Terms, 1942 $0.20

(vi + 8 pages, 834 X 11 inches.)

Standards on Radio Wave Propagation:
Measuring Methods, 1942 $0.50

Methods of Measuring Radio Field
Intensity, Methods of Measuring
Power Radiated from an Antenna,
Methods of Measuring Noise Field
Intensity. (vi +16 pages, 854 X 11
inches.)

Standards on Facsimile: Definitions of
Terms, 1942 $0.20

(vi + 16 pages, IPA X 11 inches.)

Standards on Facsimile: Temporary
Test Standards, 1943 $0.20(iv + 8 pages, 834 X 11 inches.)

ASA STANDARDS
(Sponsored by the I.R.E.)

American Standard: Standard Vac-
uum -Tube Base and Socket Dimen-
sions $0.20(ASA C16.2 - 1939). (8 pages, 7g X

1034 inches.)

American Standard: Manufacturing
Standards Applying to Broadcast Re-
ceivers $0.20(ASA C16.3-1939). (16 pages, 734 X

10% inches.)

American Standard:
ing

(ASA C16.4-1942)
VI% inches.)

American Standard:
meats of Electrical
gram Waves

(ASA C16.5-1942)
1094 inches.)

Loudspeaker Test -

(12 pages, 7g X
$0.25

Volume Measure -
Speech and Pro -

$0.20
(8 pages, 734 X

Prices are net and include postage to any
country. Include remittance with

order, and address:

THE INSTITUTE OF
RADIO ENGINEERS, Inc.

330 West 42nd Street, New York 18, N.Y.

82A
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Does your oscillograph have single or
recurrent sweep frequencies as low as
0.2 cycles per second? IT CAN ...

...."71111111

oar

with the Du MONT Type 215
LOW -FREQUENCY LINEAR-

TIME -BASE GENERATOR

Here's the means for vastly increas-
ing the usefulness of your already useful
oscillograph.

This accessory instrument provides a
450 v. d.c. or peak -to -peak undistorted
linear -time -base signal voltage of a fre-
quency variable from 0.2 to 125 cycles
per second! Special compensating cir-
cuit assures linearity.

The single sweep can be initiated
either manually or by observed signal.
The oscillograph-screen pattern can usu-
ally be spread out to three times' full
toI ALLEN B. DUMONT LABORATORIES. INC.

scale deflection. Return trace blanking
signal of either positive or negative
phase.

For single sweep, and for low -fre-
quency recurrent -sweep studies, the
DuMont Type 215 Low -Frequency Linear -
Time -Base Generator used in combina-
tion with the DuMont Type 208-B general
purpose oscillograph, or equivalent, pro-
vides excellent results. Note the typical
studies herewith. Definitely "must"
equipment.

ELECTROCARDIOGRAPHY

FLASH BULB CHARACTERISTICS

MACHINERY VIBRATION STUDY

ELECTROENCEPHALOGRAPHY

RELAY REBOUNCE STUDY

DIESEL ENGINE CYLINDER
PRESSURE

1P"
Descriptive literature

on request.

ALLEN B. DUMONT LABORATORIES, INC., PASSAIC, NEW JERSEY  CABLE ADDRESS: ALBEEDU, PASSAIC, N. J., U. S. A.
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SHORT CUT to Model Development
and Product Assembly ...

C. T. C. /4W-Ser
TERMINAL
BOARDS

C.T.C. All -Set Terminal Boards save time
and money both in the laboratory and on the
production line. Available in a variety of
sizes covering the entire range of standard
resistors and condensers, All -Set Boards come
completely assembled, ready to use. No time -
wasting board cutting, drilling and lug mount-
ing. Simply select the proper width board and
go to work.

C.T.C. All -Set Terminal Boards are made in
four widths, ;4"; (lug row spacing 1.1/r);
2%" (lug row spacing 2"); 3" (lug row spac-

ing 234") and are furnished with any size
C.T.C. Terminal Lug.

Made of 3/32", 1/8" and 3/16" linen bake-
lite only, C.T.C. All -Set Terminal Boards
come in five sectional boards which may be
broken into fifths by bending on a scribed line.
Scribing does not weaken the board permitting
use of one fifth or more at a time.

All -Set Boards are sold in sets of the four
widths or in lots of six or multiples of six
in any single width. Extra lugs and stand-offs
are included.

Write for C.T.C. Catalog Number 100 for further information on C.T.C.
All -Set Terminal Boards and other C.T.C. Components That Click.

CAMBRIDGE THERMIONIC CORPORATION
456 Concord Avenue Cambridge 38, Mass.

Have You an Application for
a Capacitor Weighing 1/2 of
Comparable Paper Capacitors?

Plasticons
are favored

by aeronautical
engineers

because
they

On low voltage
capacitors,

there is an average
saving

of 10010

in weight.
As the voltage

rating of capacitors
increases,

as

are lighter and smaller.

much as 90°A,
of the weight is saved

If weight
is a factor, specify

PLASTICONS.*

Pioslicons-plastic
Oro dielectric

capacitot'S

Condenser Products Company
1373 NOR TM BRANCH STREET CHICAGO 22. ILLINOIS

Attention
Associate

Members!

Many Associate Members can

qualify for higher membership

grades and should certainly do

so. Members are urged to keep

membership grade up in pace

with their present development.

An Associate over 24 years of

age who is occupied as a radio

engineer or scientist, and is in

this active practice three years

may qualify for Member Grade.

An Associate who has taught

college radio or allied subjects

for three years may qualify.

Some may possibly qualify for

Senior Grade. But transfers can

be made only upon your appli-

cation. For fuller details request

transfer application -form in

writing or by using the coupon

below.

Coupon

Institute of Radio Engineers
330 W. 42nd St.
New York 18, N.Y. 1-46

Please send me the Transfer
Application Membership -Form.

Name

Address

Place

State

Present Grade

84A Proceedings of the I.R.E. January, 1946



KEEP PRODUCTION MOVING with

SERVICE
FAST DELIVERY

REASONABLE

PRICES!

 61.4411.1 C,1197.. M.S. /VC
1,1 VV. !WWIhlK , Ie.I,Of CAP.n.

4/4.14
row

 
'Ca

1.1,11,0

le;
'MUM

,:13 trt,

LOOP ANTENNA FRAMES  CABINET BACKS
(complete with envelope protector)

BAFFLES  LOUD SPEAKER GASKETS
Die cut and printed complete
to your specifications from

NON-METALLIC PULPBOARD, FIBRE BOARD
BINDERS BOARD, NEWS OR CHIPBOARD

paraffins treated or plain.
Tested for non-conductive properties.

Manufacturing processes include lining
of board for special papers.

Don't let shortages of the above items bottleneck your production. For
ON -TIME -DELIVERY, call on PIERCE. Years of experience, plus accelerated
War Production, has given us the "KNOW-HOW" and trained personnel to
expedite your job and produce accurate, superior work.

The modern PIERCE factory is amply equipped with up-to-date machinery
for Die cutting by Rotary, Platen and Punch Press or Hollow Die Methods.
A complete die -making department and an adequate supply of
board insure prompt delivery!

SUBMIT SAMPLE OR SPECIFICATIONS FOR
IMMEDIATE QUOTATIONS-NO OBLIGATION

Imo GE PAPER PRODUCTS COMPANY
2711 AUBURN STREET ROCKFORD, ILLINOIS

SUBSIDIARIES
Charles H. Luck Envelope Company, Chicago. Capital Envelope Company, St. Paul.
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Peacetime Development of
New Weapons
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D. Huntoon (A'40), Cledo Brunetti (A'37),
C. H. Page (A'41), and A. S. Clarke (A'25).
This group will draw on the facilities and
experience of the Bureau through consulta-
tion with and laboratory assistance of the
other regular divisions of the Bureau. The
Ordnance Development Division of the
National Bureau of Standards henceforth
will serve as the central Electronic Ordnance
Laboratory (on radio fuzes and other elec-
tronic weapons) for the Research and
Development Service of the Office of the
Chief of Ordnance.

Electronic Mechanics Inc. 29A
Electronics Research Pub. Co. 54A
Erie Resistor Corp. 55A

Fed. Tel. & Radio Corp. 27A, 52A, 65A
F. T. Fishers Sons, Ltd. 86A
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Stackpole Carbon Co.
Standard Transformer Corp.
Stoddart Aircraft Radio Co.
Stupakoff Ceramic & Mfg. Co.
Superior Electric Co.
Sylvania Elec. Products Inc.

Triplett Electrical Inst. Co.
Turner Co.
Tung -Sol Lamp Works Inc.

85A
37A

86A
80A
25A

79A
5IA
67A
52A

61A
48A
22A

59A
58A
50A

7A

75A
46A
71A
72A
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54A

49A
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United Transformer Corp. Cover II
Universal X -Ray Products Inc. 60A
United States Television Mfg. Corp. 88A

Westinghouse Elec. Corp. IA
Wilcox Electric Company, Inc. I 5A

Western Electric Company 40A

Paul D. Zottu 86A

Professional Service
M. F. M. Osborne Associates

Consulting Physicists

Fluid Dynamics, Mechanics, Electronic De-
sign, Electromagnetic and Acoustic Wave
Propagation, Mathematical Analysis.

703 Albee Bldg., Washington 5, D.C.
ATlantic 9084

FRANK MASSA
Electro-Acoustic Consultant

DEVELOPMENT PRODUCTION DESIGN
PATENT ADVISOR

ELECTRO-ACOUSTIC & ELECTRO-MECHANICAL
VIBRATING SYSTEMS

SUPERSONIC GENERATORS & RECEIVERS
3393 Dellwood Rd., Cleveland Heights 18, Ohio

W. J. BROWN
Electronic & Radio Engineering Consultant
Electronic Industrial Applications, Com-
mercial and Broadcasting Transmitter and

Receiver Design, Test Equipment, etc.
23 years experience in electronic

development
2879 Coleridge Rd., Cleveland Hts., Ohio

Fairmount 0030

STANLEY D. EILENBERGER
Consulting Engineer

INDUSTRIAL ELECTRONICS
Design-Development-Models

Complete Laboratory and Shop Facilities
6309 -13 -27th Ave.

Kenosha, Wis. Telephone 2-4213

ALBERT PREISMAN
Consulting Engineer

Specializing in Television and Pulse
Techniques, Video Amplifiers,

Industrial Applications.

616 St. Andrews Lane Silver Spring, Md.

Paul D. Zottu
Consulting Engineer
Industrial Electronics

High Frequency Dielectric and Induction
Heating Applications, Equipment Selection,
Equipment and Component Design, Develop-
ment, Models.
314 Washington St., Newton, Mass. BIG -9240

F. T. Fisher's Sons Limited

Consulting Engineers

Broadcast Transmitters, Antenna System,.
Studio Equipment, Mobile and Fixed Com-
munication Systems.

1425 Dorchester Street W., Montreal
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....000./yogs THE COUNTERSIGN OF DEPENDABILITY IN ANY ELECTRONIC EQUIPMENT

750

625

500

375

15

10

0

POWER OUTPUT -CLASS -C TELEGRAPHY

EIMAC 4.250A PERFORMANCE DATA
DRIVING POWER AND POWER OUTPUT

vS

FREQUENCY

DRIVING POWER-C LASS -C TEL

5 10

FREQUENCY -MEGACYCLES

NEW EIMAC 4-250A TETRODE
Heading a parade of sensational new tubes now in
production, the Eimac 4 -250A Tetrode - introduced
several months ago - is already in great demand. It
may pay to check these performance characteristics
against your own requirements.

As can be seen by the chart above, the new Eimac
4 -250A Tetrode will deliver 750 watts output at fre-
quencies up to 70 Mc. with a driving power of only 5
watts. At frequencies up to 40 Mc. an output of 750 watts
may be obtained with a driving power of 3.5 watts.

The grid -plate capacitance of 0.12 uufd. is extremely
low, allowing operation at high frequencies without
neutralization. Use of Eimac "X" process control grid
reduces both primary and secondary emission which
provides utmost stability.

You are invited to supplement the information given
here with a technical bulletin on Eimac 4-250A Power
Tetrode. It contains an elaboration of the tube's char-
acteristics and constant current curves. Send your name
and address and a copy will go to you by return mail.
The Lid's Coming Off...
Watch your favorite trade journals
for announcements of other new
Eimac tubes to be released this year.

FOLLOW THE LEADERS TO

CAUTION! Check serial numbers
on Eimac tubes before you buy. Be
sure you're getting newest types.
Look for latest serial numbers.

EITEL- McCULLOUGH, INC., 1086 San Moteo Avenue, San Bruno, Calif.

Plants located at: San Bruno, California and Salt Lake City, Utah
Export Agents: Frazar & Hansen, 301 Clay St., Son Francisco 11, Calif., U.S. A.

TYPE 4-250A-POWER TETRODE
ELECTRICAL CHARACTERISTICS

Filament: Thoriated Tungsten
Voltage 5.0 volts
Current 14.5 amperes

Plate Dissipation (Maximum) 250 watts
Direct lnterelectrode Capacitances (Average)

Grid -Plate 0 12 uufd.
Input 12.7 uufd.
Output 4 . 5 uufd.

Transconductance (in= 80 ma.,
. . . Ea = 3000 v., Ec2 = 500 v.). 4000 umhos

1086



A NEW AND DIFFERENT

SWEEP GENERATOR
Needed in

TELEVISION, FM, RADAR, HIGH FREQUENCIES
.1 Volt, Max., 500 Kc to 110 Mcs;
100 Ohms, 10 Mc. Sweep Width

$395.00 APPROXIMATE PRICE

For your work in television, FM, radar, high fre-
quencies, etc., you will need one of these newly
developed electronic frequency modulated signal
generators covering a continuous range between
500 Kc and 110 Mc. Designed primarily for use for
field, laboratory, or production alignment of wide
band r. f., i. f., or video amplifiers used in radar,
direction finders, television, or other wide -band
systems.

Sweep range is adjustable from 10 Mc. down to
5,000 cycles at any frequency within the above
range for alignment of narrow -band receivers or
amplifiers. Self-contained power supply. Input
110 V., 50-60 cycles. A.C. 60 watts. Two internal
"markers" are provided, one at
intervals of 10 Mc., the other at
intervals of 1 Mc. for band -width
measurement. The amplitude of
these markers is adjustable from
the panel. The main dial is

SAVES TIME
- In Production and in Testing

LIGHT
- Only 16 lbs.

SMALL
-141/2"x 8" x 8"

Also Available Immediately
In Sample Quantities

HIGH VOLTAGE RF POWER SUPPLIES
(10 KV, 24 KV, or 30 KV) for 7, 10, 12, or 14 inch
direct -viewing Kinescopes and for projection
sets
ICONOSCOPE YOKES
CATHODE RAY RECEIVING TUBE YOKES
DEFLECTION TRANSFORMERS

Write for preliminary technical data. A lim-
ited number of orders placed now for the
Sweep Generator can be filled immediately.

marked in megacycles/sec. and when set
at any frequency the sweep is plus and
minus 5 Mc. from this setting.

An attenuator is provided
which reduces the output signal
of .1 V. to about 30 microvolts,
which is well below the gain
control region of most receiver
or amplifier systems.

UNITED STATES TELEVISION MFG. CORP.
106 Seventh Avenue  New York 11, N. Y.  CHelsea 2-1154

RADIO  TELEVISION  ELECTRONIC PRODUCTS
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stop that noise!

_oldasair

Vehicular radio equipment manufactured
for military use was free from radio noise
. . . thanks to the engineering that produced
small compact capacitors and filters for gen-
erators, inverters, motors and other equip-
ment. Now these can be adapted to a multi-
tude of peace -time products where noise sup-
pression is a "must".

The NI' series of C -D feed-thru capacitors is specially de-
signed and built for this service .. . to reduce radio noise.

Small and compact, they can be
mounted in any position and will
operate over a temperature range
of plus 85° to minus 55° C. One
power line can be fed through
the unit, reducing internal in-

ductance and resistance and in-
creasing filtering efficiency. Rated
up to 250 V. AC -DC, 100 amps., in
sturdy, round metal containers.

46

Other types of filters and feed
thru capacitors are available in a
range of sizes and ratings.
Write for information. Cornell-
Dubilier Electric Corporation,
South Plainfield, N. J. Other
plants at New Bedford, Brook-
line, Worcester, Mass., and Provi-
dence, R. I.

MICA * DYKANOL * PAPER 4c ELECTROLYTICS

50

45

40

35

30

25
1

NOISE REMOVED BY NF -10081 FEE13,-THRU CAPACITOR
OVER A FREQUENCY RANGE OF .16 TO 30 MC

1. 10.

FREQUENCY -MEGACYCLES



IN ANY LABORATORY ,
It is difficult to picture aiy modern scientific or in-

dustrial laboratory that does not have need for some
G -R instrument. The considerable impetus given to elec-
tronic research during the war has greatly expanded the
need for G -R equipment.

Since it was founded in 1915, General Radio has de-
veloped, manufactured and supplied industry with an
increasingly large number of instruments fcr audio -
and radio -frequency measurements, until at the present
time the complete line of G -R equipment and accessories
Is numbered in the hundreds of models.

General Radio instruments include:

INDUSTRIAL INSTRUMENTS: Stroboscopes, Sound
and Vibration Meters and Analyzers, D -C Amplifier,
Variac Continuously-aCistable Transformers

WAVEFORM INSTRUMENTS: Wave Analyser, Mod-
ulation Meter, Distortion Meter, Wave Filters, Os-
cillograph Recorder

FREQUENCY MEASURING EQUIPMENT: Primary
and Secondary Standards of Frequency, Interpola-

tion Equipment, Heterodyne Frequency Meters, Fre-
quency Monitors, Wavemeters

BRIDGES for measuring: Capacitance, Power Factor,
Inductance, Resistance, Vacuum -tube Characteris-
tics

RESISTANCE: Standards, Decade Resistors, Resist-
ance Units, Aitenuators, Rheostat -potentiometers

CAPACITANCE Air and Mica Standards, General -
Purpose Fixed and Variable Condensers

INDUCTANCE: Standards and Variable Inductors
STANDARD -SIGNAL. GENERATORS
OSCILLATORS: Electronic Audio- and Radio-fre-

quenty, Pulse Generator, Tuning Forks
METERS: Vacuum -tube and Rectifier -type Voltmeters,

Microvolter, Megohmmeters, Oxide Rectifiers
PARTS AND ACCESSORIES: Switches, Dials and

Knobs, Plugs and Jacks, R -F Chokes
Before you buy any electronic laboratory measuring
equipment, it will pay you to investigate the G -R line.

GENERAL RADIO COMPANY Cambridge 39,
Massachusetts

90 West St., New York 6 920 S Michigan Ave., Chicago 5 1C00 N. Seward St.,. Los Angeles 38


