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Many people realize and take advantage of the fact that ‘‘the tough ones
go to UTC.’ Many of these ‘‘tough ones,’’ while requiring laboratory preci-
sion, are actually production in quantity. To take care of such special re-
quirements, the UTC Laboratories have a special section which develops
and produces production test equipment of laboratory accuracy. The few illus-
trations below indicate some of these tests as applied to a group of units
used by one of our customers in one production item of equipment:

The campanent being checked here is a dual saturable reactor where the test and

adjusting canditians necessitate unifarmity of the complete slope of the saturation
curve. The precisian of this equipment permits measuring five widely separated points
on the saturatian curve with saturating DC cantrollable to .5% ond inductonce to .5%.

Servomechanisms and similar apporatus depend, to o considerable degree, on phase
angle operation. The transformer adjusted in this operation requires an occuracy
of .05 degrees phase angle calibration under the resonant candition of application.
With wide change in vollage and temperature range from =40 to +85 degrees C.,
the phase angle deviation cannot exceed .2 degree. To efect this type of stability,
specific temperature cycling ond aging methods have been developed so that
permanent stability is effected.

This test position involves two practicol problems in a precision inductor. The unit
shown is adjusted to an inductance accuracy of .3%, with precise (high} Q limits.
It is then oriented in its case, using a test setup which simulates the actual final
equipment so that minimum inductive coupling will result when installed in the
final equipment,

The hermetic sealing of transformers involves considerable precision in manufac-
turing processes and materials. To ossure consistent performance, continuous sam-
pling of production is run through fully automatic temperoture and humidity cycling
apparatus. It is this type of continual production check that brings the bulk of

hermetic sealed tronsformers to UTC,

A A

150 VARICK STREET v NEW YGRK 13, N. Y.
EXPORT OIVISION: 13 EAST 40th STREET. NEW YORK 16. N Y CABLES: “"ARLAB"
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1954 WESCON SHOW—Pan Pacific Auditorium—August 25-26-27

WESCON (Western Electronic Show and Convention) is co-sponsored by WCEMA
(West Coast Electronic Manufacturers’ Association) and the Los Angeles and San
Francisco Sections of the IRE (Institute of Radio Engineers), alternating annually
between San Francisco and Los Angeles. LSeﬂion __)0

R The 1954 WESCON Show, scheduled for the Pan Pacific Auditorium, will feature ALl
520 exhibits displaying the products of more than 600 electronic manufacturers. WESCON Convention activities
will be headquartered at the Ambassador Hotel and will be highlighted by an outstanding technical program
consisting of twenty-eight sessions and over 100 advanced technical papers.

WESCON, second only to the National IRE Convention in scope and stature, reflects the interests and progress
of the industry and assures unequaled attendance in keeping with the continual expansion of electronics in

the West.

Plan on attending; join some 20,000 executives, engineers and key industry personnel in a preview of the
latest electronic development and production.

Mark Your Calendar 7fow! --
Plan to ttend Hie Second -.

Sponsored Cedar Rapids

Section
!_,_ ............. -
!
CEDAR RAPIDS, IOWA
Roossuelt Holel ,' ]
SEPTEMBER 17-18 P
Exhibits : Speakers : Banquet : Tours
A Conlinualion a/féc fm«ymd/952 C’M[cwwe .-
FOR INFORMATION ON: WRITE TO:
REGISTRATION . . . .o v v e nnnnn. Robert L. Olson “GConference on Communications”
HOUSING . . . . ... .. . it i Warren B. Brvene
EXHIBITS . . . . v v s e e e Vernon R. Hudek P'o" Box 1625

Cedar Rapids, lowa

PRreceepings oF THE 1.R.E. August, 1954, Vol. 42, No. 8, Published monthly by the Institute of Radia Engineers, Inc., at 1 East 79 Street, New York
21, N.Y. Price per copv: members of the Institute of Radio Engineers $1.D0; non-members $2.25. Yearly subscription price: to members $9.00; to non
members in United States, Canada and U.S. Dossessions $18.00; to non-members in foreign countries $19.00. Entered as second class matter, October
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in the act of February &, 1925, embodied in Paragraph 4, Section 412, P. L. and R., aunthorized October 26, 1927.
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A VERY WIDE RANGE SWEEPING OSCILLATOR
PROVEN BY YEARS OF APPLICATION. VALUED &
RECOMMENDED BY ENGINEERS IN MANY FIELDS

110-A CALIBRATED MEGA-SWEEP

FEATURES — Model 110A

Wide Range—from 50 kc to 950
mc.

Single Dial Tuning

Wide Sweep Width Adjustable to
30 mc (wider on special order).

Very Flat Amplitude vs. Fre-
quency Response.

Precision Micrometer-controlled
Wavemeter.

High Stability, Negligible Distor-
tion.

Sawtooth Sweep Voltage Avail-
able for Deflecting Oscillo-
scope.

Electronically Regulated Power
Supply.

SPECIFICATIONS:
FREQUENCY RANGE: 50 k¢ ta 950 mc.

SWEEP WIDTH: Variable ta 30 mc.

Nate: Frequency sweeps up ta 60 mc in width
may be abtained with slight sacrifice in canstancy
of signal avtput while sweeping.

R.F. OUTPUT VOLTAGE: High autput, apprax. 50 mv
max. into 50 ahm laad.

Law output, apprax. 2.5 mv max. into 50
ahm load.

R.F. OUTPUT CONTROL: Uncalibrated micrawave
attenuvator cantinvausly variable to 26 db.
Attenuatian characteristic flat over frequency
range.

FREQUENCY MEASUREMENTS: Apprax. output cen.
ter frequency indicated by a calibrated dial
accurate to abaut 109%. In additian, center
frequency af sweep may be pre-set ar frequency
indicated at any paint an ascillascape display
within £ 5 mc by use of the precisian micra-
meter-cantralled wavemeter.

AMPLITUDE MODULATION: Cantral of autput sig-
nal amplitude by fixed frequency klystran pra-
duces an amplitude variatian while sweeping
af less than 0.1 db per mc.

CATALOG Na. 110-A.

PRICE: $495.00 f.a.b. factary.

ALSO THREE OTHER MODELS...

MEGA-SWEEP

Same as Calibrated Mega-Sweep,
except:

1. Center frequency control not
calibrated.

2, Variable klystron repeller volt-
age peaking controlled manu-
ally instead of automatically.

3. Frequency range: 50 kc to 1000
mec.

CATALOG No. 100-A.
PRICE: $465.00 f.0.b. tactory.

l-A MEGA-SWEEP

Same as Calibrated Mega-Sweep,
plus:
1. Much higher autput

2. Wider Sweep Width (ta 40 mc)
3. Zero level Baseline

EXCEPT:

Ovutput
Frequency Output Valtage (inta
Range Impedance 70 ohm laad)
1. 10 mc ta 70 ahms un.  0.15 volts
950 me balanced
2. 450 mcta 300 ahms 0.3 volts
900 me balanced

CATALOG No. 111-A

PRICE: $575.00 f.ob. factory, includ-
ing Ultra-Former.

112-A MEGA-SWEEP
Same as 111-A Mega-Sweep, except frequency range is 800 mc to 1200 mc

4 Maple Avenue

KAY ELECTRIC COMPANY

Pine Brook, New Jersey

PROCEEDINGS OF THE LR.E.

Meetings with Exhibits

@ As o service both to Members ond the
industry, we will endeovor to record in
this column each month those meetings of
IRE, its sections and professional groups
which include exhibits.

a

August 25, 26 & 27, 1954
Western Electronic Show & Con-
vention, Pan.Pacific Auditorium,
Los Angeles, Calif.
Business Manager: Mr. Mal Mobley,
Jr., 344 North La Brea Ave., Los
Angeles, Calif.

September 13-22, 1954

First International Instrument
Congress & Exposition, Com-
mercial Museum and Convention
Hall, Philadelphia, Pa.

Exhibits: Mr. Richard Rimbach, In-
strument Society of America, 921
Ridge Ave., Pittsburgh 12, Pa.

September 17 & 18, 1954
Conference on Communications,
Cedar Rapids Section, Roosevelt
Hotel, First Ave. at Second St. N.E.,
Cedar Rapids, Iowa.
Exhibits: Mr. Vernon R. Hudek, c/o
Collins Radio Co., Cedar Rapids.

September 30, October 1, 1954

Fifth Annual Meeting of The Pro-
fessional Group on Vehicular
Communications, Rice Hotel,
Houston, Texas.

Exhibits: Mr. McKinley Rhodes, Ten-
nessee Gas Transmission Co., 1401
Rice Avenue, Bellaire, Texas.

October 4, 5, 6, 1954
National Electronics Conference,
Sherman Hotel, Chicago, Ill.
Exhibits: Mr. George H. Wise, ¢/
DeVry Technical Institute, 41¢
Belmont Ave., Chicago 41, Ill.

November 4 & 5, 1954

East Coast Conference on Air-
borne and Navigational Elec-
tronics, Sheraton-Belvedere Hotel,
Baltimore, Md.

Exhibits: Mr. C. E. McClellan, Air
Arm Division, Westinghouse Elec-
tric Corp., Friendship Airport, Bal-
timore, Md.

November 18 and 19, 1954
Sixth Annual Electronics Confer-
ence, Hotel President, Kansas City.
Exhibits: Mr. Robert W, Butler, P.O.
Box 8857, Kansas City, Mo.

February 10, 11, 12, 1955
Seventh IRE Conference, Baker

Hotel, Dallas, Texas
Exhibits: T. W. Sharpe, Collins Radio
Co., 1930 Hi-Line Drive, Dallas 2.

March 21-24, 1955
Radio Engineering Show and
LR.E. National Convention,
Kingsbridge Armory, N.Y.C.
Exhibits: Mr. William C. Copp, In-
stitute of Radio Engineers, 1475
Broadway, New York 36, N.Y.

Note on Professional Group Meetings:
Some of the Professional Groups con-
duct meetings at which there are ex-
hibits. Working committeemen on these
groups are asked to send advance data
to this column for publicity informa-
tion. You may address these notices to
the Advertising Department, and of
course listings are free to IRE Profes-
sional Groups.

August, 1954



PIONEERS

" NEW/ =

for convenient

point-to-point
wiring . . .

MINIATURIZED 5 AND 10 WATT WIRE-WOUND RESISTORS!

Here are two truly miniaturized self-mounting

wire-wound power resistors to simplify your

TV and industrial electronic production where
space is a factor. They're ideal for point-to-
point wiring, terminal board mounting, and
processed wiring boards, where they fit in ad-
mirably in dip-soldered subassemblies.

Axial lead Blue Jackets are rugged vitreous
enamel power resistors built to withstand the
severest humidity performance requirements
As for economy, these newest members of the
Sprague Blue Jaeket family are low in cost . . .
eliminate need for extra hardware. . . save time
and labor in mounting!

‘?p, y s

;
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You can get these outstanding new Blue Jack-
et Resistors without delay in any quantity you
require. Sprague Engincering Bulletin 111
gives full data on these and all other commer-
cial Blue Jacket Resistors. Send for vour copy.

SPRAGUE ELECTRIC COMPANY
235 Marshall Street, North Adams, Mass.

SPRAGUE WATTAGE

DIMENSIONS MAXIMUM
TYPE NO. RATING L (inches) D RESISTANCE
27E 5 1% s 17,500 0
28E 10 1% A 35,000 @

Standard Resistance Tolerance: =59

NORTH ADAMS, MASSACHUSETTS

EXPORT FOR THE AMERICAS: SPRAGUE ELECTRIC INTERNATIONAL LTD, NORTH ADAMS, MASS.

CABLE: SPREXINT

IN ELECTRIC AND ELECTRONIC DEVELOPMENT



In a quiet room at Bell Laboratories an engineer scales off the distance
between two condenser microphones during a calibrating test. Able to
measure air pressure variations of a few billionths of an atmosphere, such
microphones play a crucicl role in the scientific study of telephone instruments.

Those small cylinders facing each other
are condenser microphones—measuring tools
that play a vital part in making your tele-
phone easier to hear and ta'k through.

They are being ¢alibrated by an engineer
at Bell Telephone Laboratories to give ex-
tremely accurate information on the kind of
sound your telephone company handles.
Armed with these vital fundamental data on
what seund is, Bell Laboratories scientists

SOUND STEPS ON THE SCALES

devise the instruments and equipment that
transmit it best,

At Western Electric, manutacturing unit
of the Bell System, a condenser microphone
“listens” as your ear would listen to every
telephone before it goes into service. The
condenser microphone is but one of many
precise tools that Lahoratories scientists
have developed to make telephone service
better and more economical.

S el N
¢ e

BELL TELEPHONE LABORATORIES 1‘

Improving America’s telephone service offers careers for creative men in scientific and technical fields.

13)
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GERMANIUM

ano SILICON

JUNCTION

DIODES

precision produced to RAYTHEON
standards of stability and uniform
excellence of performance

providing extreme stability, wide temperature range, high back resistance {100 megohms

RAYTHEON JUNCTION SILICON DIODES

or more), and high ratio of back to forward resistance.

Peak Max. Avg.
Minimum Forward Maximum Reverse Current Maximum Avg. Maximum Peak inverse Power

Type Current at +1 Volt at — 10 Volts at Voltage Shown Rectified Current Rectified Current Voltage | Dissipaton
(ma.) (ua.) ua. volts (ma.) {ma.) (volts) (mw)

o »
CK735 5 0.01 - — 30 150 15 125
CK736 3 0.1 5 —50 20 150 70 100
CK738 1 0.1 1.0 —100 20 150 125 100

) CK746 2** 2.0 50 —50 15 125 60 10C
RAYTHEON JUNCTION GERMANIUM DIODES
2 providing extreme stability, fast switching (CK741 and CK747), high forward current
and high ratio of back to forward resistance.
Peak Max. Avg.
Minimum Forward Maximum Reverse Current Maximum Avg. Maximum Peak Inverse Power
Type Current at + 1 Volt at — 10 Volts at Voltage Shown Rectified Current Rectified Current Voltage | Dissipation
(ma.) (ua) pa. volts (ma.) (ma.) (volts) (mw.)
CK739 100* 2 20 —50 125 300 60 125
CK740 100* 2 — - 150 300 15 150
CK741 300 —_ 500 -8 100 35¢C 8 50
CK742 100 5 20 —10¢ 50 300 L 50
15 20 at —20 volts 10C — 130 40 100 ' 4
100 - 10C -2 100 300 100

PROCEEDINGS OIF THE I.R.E.

“*Measured at (. Rxolt maxamum

s*Measured at 1. 5 volts maximum.
{E of the abole ratings are af 25°C

Lo

RAYTHEON MANUFACTUIHNG COMPANY

August, 1954
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S NEW HUDSON CATALOS
@ ﬂ % @ «+ « &1 complete guide

~ 1o a dependable
.. source of

supply!

-

STANDARD CASES
AND COVERS
— prompt shipment
in large quantities
from stock!

°
SPECIAL SHAPES
AND FEATURES

— fast service
on specification
metal stampings!

CLOSURES
STAMPINGS

GEARED TODAY TO THE ELECTRONICS
FUTURE — When you make Hudson your
headquarters for cases and covers, you can
schedule your production with confidence. Hun-
dreds of special shapes and sizes, with many
optional features available, are carried in stock
at Hudson. Ample stocks assure prompt delivery
and standardized production provides precision
workmanship at economical prices. From simple
closures to intricate, multi-operation shapes
and sub-assemblies, you can depend on
Hudson to meet your specifications.

CALL OR WRITE
FOR NEW CATALOG
OR QUOTATIONS,

TODAY!

HUDSON TOOL and DIE COMPANY -In¢

118-122 SO. FOURTEENTH ST., NEWARK 7, NEW JERSEY

6A PROCEEDINGS OF THE I.R.E. August, 1954



“Desisned for Application”

Delay Lines and Networks

The James Millen Mfg. Co., Inc. has been
producing continuous delay lines and lump
constant delay networks since the origination
of the demand for these components in pulse
formation and other circuits requiring time
delay. The most modern of these is the distrib-
uted constant delay line designed to comply
with the most stringent electrical and mechani-
cal requirements for military, commercial and
laboratory equipment.

JAMES MILLEN

MAIN OFFICE

MALDEN, MASSACHUSETTS, U.S.A.

Millen distributed constant line is available as
bulk line for laboratory use and in either flexible
or metallic hermetically sealed units adjusted
to exact time delay for use in production
equipment. LLump constant delay networks may
be preferred for some specialized applications
and can be furnished in open or hermetically
sealed construction. The above illustrates sev-
eral typical lines of both types. Our engineers
are available to assist you in vour delay line
problems.

MFG. CO., INC.

AND FACTORY

PROCEEDINGS OF THE LR.E. August, 1954
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Do you believe your own eyes? Accept our invitation to see the new Type 329,
right in your own lab.

Operate it yourself. See how easily you can stabilize a hard-to-sync signal on the
screen for measurement. Give it a “tough” signal like a short pulse of low repetition-
rate or a long, slowly-rising wavefront and watch the Type 329 perform. Compare
the Type 329 with any cathode-ray oscillograph in your fab, with any signal you
have to offer.

When you have put the Type 329 through its paces on your own terms, you'll undoubt-
edly agree with us that this is the best general-purpose cathode-ray osciliograph
available.

Some specific reasons why ...

® The Du Mont Type 5ATP- Cathode-ray Tube used is the most precise, distortion-
free cathode-ray tube ever used.

® High-level, linear sweeps permit accurate front-panel-reading time calibration.

® Revolutionary new Notch expansion permits a ten times, calibrated expansion
of any 5% of the sweep, leaving the remaining signal unexpanded.

® The linear wideband amplifier extends with full response to d.c. and 3db
down at 10mc, a response commensurate with a seven-decade sweep rate
of 1 second to 0.1 usec/major division.

® Accurate, direct, amplitude calibration makes the Type 329 a precise cathode-
ray voltmeter, with eleven full-scale ranges of 0.2 to 400 volts.

® Use of printed wiring throughout assures product uniformity, ease of access,
and neat appearance.

*For your demonstration or for more complete information on the Type 329 send
postcard to Technical Sales Department, 760-I1 Bloomfield Ave., Clifton, New Jersey.
Or, better still, phone MUIberry 4-7400, Clifton, N. J., for a prompt demonstration.
See the DuMont exhibit at Booth 536-537 at the WESCON Show
82 PROCEEDINGS OF THE LR.E. August. 1954




22,000 m¢

20 000y

NEW! P

- ANALYZER

3.000

10 TO 22,000 MCS

ONLY 3 R.F.
HEADS

SINGLE DIAL
TUNING

Now, a new Polarad spectrum analyzer only 21 inches high that covers the
entire frequency range 10 to 22,000 mcs with but 3 interchangeable R—F
0 tuning heads. The model TSA operates simply—single dial frequency control—
with utmost frequency stability. It provides highest accuracy, and relia-
bility for observation and true evaluation of performance over the entire
R—F spectrum—saving engineering manhours.

This instrument is designed for maximum utility and versatility in the lab-
} oratory and on the production line providing an easy-to-read 5 inch CRT
100 display of the R—F spectrum.

%0 The model TSA Spectrum Analyzer has these exclusive Polarad design and
50 operating features:

S o Single frequency control with direct reading dial. No klystron modes
to set. Tuning dial accuracy 1%.

e Only three interchangeable R—F tuning units for the entire frequency
0 range 10 to 22,000 mcs.

o Temperature compensation of Klystron Oscillator.

o Swept IF provides 250 k¢ to 25 mc display independent of R—F
frequency setting.

- e Internal R—F attenuator.

o Frequency marker for measuring frequency differences from 100 kc
to 25 mc.

Write today to your nearest Polarad representztive, or directly to the factory
for complete information.

-t

J 10 mc

ELECTRONICS CORPORATION

100 METROPOLITAN AVENUE, BROOKLYN 11, NEW YORK

RTABLE
° DIRECT READING

- .
° SPECTRUM /..
¢ engifieering

& manhours

Model No.  Equipmant

Model TSA.....Spectrum Display
and Power Supply

Mode! STU-1..R-F Tuning Unit
10-1,000 mc.

Model STU-2..R-F Tuning Unit
910-4,560 mc.

Model STU-3...R-F Tuning Unit
4,370-22,000 mc.

SPECIFICATIONS:

Frequency Range:
10 mc to 22,000 mc

Frequency Accuracy:
1%

Resolution:
20 ke

Frequency Dispersion:
Electronically controiled,
continuously adjustable
from 50 kc/in. to 7 me/in.

Input impedance:
50 ohms

Over-all Gain:
120 db

Attenuation:
RF...Internal: 120 db con-
tinuously variable
IF....60 db continuously
variable

Input Power:
400 watts

REPRESENTATIVES » Albuquerque  Atianta  Boston o Chicago « Cleveland ¢ Fort Worth e Kansas City « Los Angeles ¢ New York
Philadelphia « San Francisco « Seattle « St. Paul « Syracuse » Washington, D.C. * Canada, Arnp-ior — Export: Rocke International Corporation

PROCEEDINGS OF THE IL.R.E Aungust. 1954
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ANOTHER TRUSCON

THOUSAND FOOTER GOES

ON THE AIR

® Truscon builds them tall! Latest Truscon tower of
strength to lift an antenna over the thousand foot mark
now is on the air for WFM]J-TV in Youngstown. This
Truscon triangular uniform guyed tower mounts an

RCA antenna.

Your own tower requirements will be in well-quali-
fied hands when you call on Truscon. Truscon knows
towers. Truscon has engineered and constructed many
hundreds of towers that now stand strong and tall in

all parts of the world, in all kinds of wind and weather.

Truscon will build your towers tall or small. . . guyed
or self-supporting . . . tapered or uniform in cross
section . . . for AM, FM, TV, and Microwave trans-
mission. Your phone call or letter to any Truscon dis-
trict office or to “tower headquarters” in Youngstown

will get your tower program started without delay.

REPUBLIC STEEL CORPORATION

(i B Lk
prmepeiamon 1072 Albert Street . Youngstown 1, Ohio
PRODUCTS Export Dept.: Chrysler Bldg., New York 17, N.Y.

a name you can build on

PROCEEDINGS OF THE 1.R.E, August, 1954
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New, wide band thermistor and bolometer mounts

require no tuning, speed microwave measuring

Here are four new wide band thermistor and bolometer mounts for use with
coaxial or waveguide equipment at frequencies between 10 mc and 12.5 kmc.
These new instruments are extremely simple to use, require no tuning, have
low VSWR, and may be used with a power meter such as -hp- 430B to provide
direct reading measurements.

Bricf descriptions of new -/p- 420A and X421A Detector Mounts and -5p-
excellent canversion affcidhey. 1D {0 ing: 477A and 487A Fixed Tuned Thermistor Mounts appear at left. The broad
Uses modified 1N21 crystal. $50.00. complete coverage -hp- linc of detectors and mounts is listed below. For details,

J}’ see your local -hp- sales engineer, or write direct for Technical Bulletin, specify
; ;- ing instrument model number.

-hp- 420A Crystal Detector
Employs a silicon crystal 1o detect rf signols
in a coaxial line employing Type N fittings.
Covers frequencies 10 mc fo 12.5 kme. Fre-
quency response flat within =3 db full range,

-hp- X421A

Crystal Detector Complete Coverage—All Frequencies!

Model Instrument Frequency Element Price
420A Detector Mount 10 me to 12.5 kme 1N21 Crystal $ 50.00
X421A Detector Mount 8.2 kmc to 12.4 kme 1N26 Crystal, mod 75.00
X-Band Crystal Detector for use in wave- 440A Detector Mount 2.4 kmc to 12.4 kme Crystal, Bolometer 85.00*
guide systems at frequencies 8.2 to 12.4 kme.
Frequency response is flat within =2 db. No 4428 Broad Band Probe 2.4 kmc to 18.0 kme — 35.00
tuning. Detector has square law character-
istic within =1 db over a 40 db dynamic 444A Broad Band Probe 2.6 kmc to 18.0 kme — 50.00
range. $75.00.
Tunable Bolometer Barretter, Thermistor,
475B Mount 1.0 kmc to 4.0 kme s 200.00
476A Universal Bolometer | 1 me to 1.0 kme 1/100 amp. fuses 85.00
477A Thermistor Mount 10 me to 10 kme Thermistor 75.00
S485A Detector Mount 2.6 kmc to 3.95 kme Bolometer 125.00*
-hp- 477A Thermistor Mount 64858 Detector Mount 3.95 kmc to 5.85 kmc | Botometer, Crystal 95.00*
For coaxial measurements. Provides complete — <
caverage of all frequencies 10 me to 10 kme. J4858 Detector Mount 5.85 kmc to 8.2 kme Bolometer, Crystal 90.00
VSWR s less than 1.5. Operates with -hp- H4858 Detector Mount 7.05 kme to 10.0 kme | Bolometer, Crystal 85.00*
4308 Power Meter for direct power readings. —— -
No tuning. Not subject 1o burnout. Input con- X4858 Detector Mount 8.2 kmc to 12.4 kme Bolometer, Crystal 75.00*
is T N; ovtputis T BNC. $75.00. —— N
il P485C | Detector Mount 124 kme to 18.0 kme | Thermistor 110.00
G487A Thermistor Mount 3.95 kmc to 5.85 kme Thermistor 95.00
J487A Thermistor Mount 5.85 kmc to 8.2 kme Thermistor 30.00
H487A Thermistor Mount 7.05 kme to 10.0 kme Thermistor 80.00
X487A Thermistor Mount 8.2 kmc to 12.4 kme Thermistor 75.00

Data subject to change without

All mounts contain element unless marked (*). E i
notice. Prices f.0.b. faclory.

HEWLETT-PACKARD COMPANY
3149D Page Mill Road » Palo Alto, California, U.S. A.
Sales and service engineers in all principal areas.

Export Division: 275 Page Mill Rd., Palo Alto, Calif.
Cable “"HEWPACK”

-hp- 487A Thermistor Mount

For fast, accurate waveguide measurements.
Each mount covers full range of its waveguide
frequency. Available for all frequencies 3.95
through 12.4 kme. No tuning reguired, VSWR
less than 1.5. Not subject to burnout. Oper-
ates with -hp- 4308 Pawer Meter for direct
power readings. $75.00 to $95.00.

WESCON Booths 552,553

INSTRUMENTS FOR
COMPLETE COVERAGE SEE, OPERATE NEW
-hp- INSTRUMENTS

PAN PACIFIC AUDITORIUM
LOS ANGELES— AUG. 25-26-27
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Up-to-date news of every
~ British development

WIRELESS WORLD, founded in 1911, was the first radio journal in the
world. Today, it is still far ahead, and is the chief source of technical
information for all who are interested in the design and manufacture of
British radio, television and electronic products. Articles of a high standard
cover every phase of radio and allied technical practice, and its news items
embrace the wider aspects of international radio. Theoretical treatises
written by experts deal with all new developments, and design data and
circuits for every application are published regularly.

Published monthly $4.50 per year

WIRELESS ENGINEER—the journal of radio research and progress—is
produced for research engineers, designers and students in radio, television
and electronics. It publishes only original work, and its Editorial Advisory
Board contains representatives of the National Physical Laboratory, the
B.B.C,, and British Post Office. Keep in touch with the latest advances
in Britain . . . read these important journals every month. Mail the

order blank today. Published monthly $7.50 per year
(Including Annual Index 1o Abstracts und References formerly published separately)

RECENT EDITORIAL CONTENTS
Diagnosis of Distortion—The “Difference Diagram” and its Interpretation.
Electronic Film-making. Remote Display of Radar Pictures— Centimetric
Radio Link. Stereoscopic Television—Is it Practicable for Broadcasting ?
Spectrum Equalization — Use of Differentiating and Integrating Circuits.
Automatic Ionospheric Height Recorder — Frequency Range 0.65 to
25 Mc/s. Squirrel-Cage Filament Structures—Equivalent Cathode Diameter.
Design of Series Peaking Transformers. Distributed Amplifiers — Mutual-
Inductance-Coupled Type.

MAIL THIS ORDER TODAY

To ILIFFE & SONS LIMITED, DORSET HOUSE, STAMFORD STREET, LONDON, S.E.1, ENGLAND

Please forward ... for 12 months. Payment is being made*

* Payment can be made by Bankers' Draft or International Money Order.



Bomac

We invite your in-
quiries regarding
{ B ENGINEERING
3 m OEVELOPMENT
m PROOUCTION

U

PRUCEEDINGS OF TIHE LRI,

9280mc

1
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August, 1934
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Pomac Laboratories, Inc.

BEVERLY,

GAS SWITCHING TUBES - DIODES - HYOROGEN THYRATRONS « DUPLEXERS - MAGNETRONS

=R R SIS U R ey VTR —.-:-._-Tx we

REFERENCE CAVITIES

Bomac has developed a line of high-precision
Reference Cavities covering six different frequencies.
Essentially, Bomac cavities are fixed-frequency,
vacuum-sealed, transmission-type tubes. They are
used primarily as frequency determining references,
and frequency stabilizers in radar beacon applications.
The performance and stability of Bomac Reference
Cavities over a wide range of temperatures is far
superior to many other commercial cavities. Stability
of the resonant frequency is maintained under severe
conditions of shock and vibration by a unique cushion-
ing arrangement that prevents excessive movement of
the tube within the block.

e o s o 5 o

RESONANT FREQUENCY (mc) 9280 + 0.5 mc
VIBRATION 10 G's + 0.1 mc
SHOCK 50 G's + 0.1 mc
AVERAGE Q 2100
INSERTION LOSS 40db— 6.0db
TEMPERATURE COMPENSATION

Room Temp. to 100°C + 0.3 me

Room Temp. to 0°C + 0.3mc

Room Temp. to — 55°C + 1.0mc
ATMOSPHERIC PRESSURE

To 45 psi (abs.) + 0.15me

To 5in. hg. (abs.) + 0.15me
ALTITUOE RATING | 50,000 ft. (max.)

CAVITIES FOR OTHER FREQUENCIES

1Q22 — 9250 me 6040 — 9308 mc
1Q24 —93.10 mc 6041 — 9312 me
5846 — 9280 mc

MATCHED CAVITIES — For special applications, matched
cavities are now available. We invite your inquiries
regarding special applications for our reference
cavities.

Catalog on request. g

Wrnite (on your com- !

pany letterhead) %

MASSACHUSETTS Oept. T-8 BOMAC

Laboratories, Inc. ¥

Beverly, Mass. |

- MODULATORS - Y
-

13a



COMPLETELY
SELF-CONTAINED
FIELD TEST INSTRUMENTS

FREQUENCY
 STANDARDS

These precision-built field test instruments were designed by
Frequency Standards to provide rapid and accurate means of
frequency measurement in the field. Frequency is determined
by means of a micrometer dial. This reading is translated to
frequency by accurate individual calibration charts or curves.
Transducers, fittings, and cables can be supplied to meet the
requirements of customers and convenient storage space for
these items is provided in the lid of the instruments.

FREQUENCY RANGE ACCURACY
900-1200 MC 01%

1200-1700 MC 02%

1700-2300 MC 02%
 2300-3500 MC 02%

3500-4500 MC 7 01%
144005800 MC 01%
5800-8200 MC 01%

ILLUSTRATED
BULLETINS
SENT ON

R EQ U EST Addaeasxinqsuic;i:s to

PROCEEDINGS OF THE I.R.E
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| 0 RTC SERIES

speed up inspection...testing...maintenance! facilitate interchangeability!

You can connect, disconnect, interchange, replace, test,
and inspect instruments, assemblies, and sub-assemblies
easily and rapidly when you use Cannon *‘Unit Plug-In"’
muflti-contact electric connectors.
You'll find some with shells. . . some without. Shell
style units . . . in a wide variety of designs . . . are ruggedly
constructed to take the many “*in'’ and “*out’’ operations of
rack, panel, chassis, and sub-assembly applications. Varied,
simple, but always rigid mounting facilities provided on each
connector half. Standard, miniature, sub-miniature sizes.
Either connector half may be made into a plug by use of an end bell.
Up to 156 contacts. And .. . an amazing number
of combinations of contacts for control, audio, thermocouple,
co-ax, twin-ax, as well as pneumatic connections. In single- or
double-gang. Special moisture-proofed types. Standby units
feature gold-plated contacts to withstand deterioration and corrosion.

Write for full information. Write TODAY!

(3
RO

"LICTRiC

first in connectors

CANNONIPIUGS]
Piease refer to Dept. 377
CANNON ELECTRIC COMPANY, 3209 Humboldt Street, Los Angeles 31,

California. Factories in Los Angeles; East Haven; Toronto, Canada; London,
England. Contact representatives and distributors in all principal cities.

for rapid disconnect

use cannon

“unit plug-in”

connectors




NEW PRODUCTS

ANEWS and

August 1954

Flow Pickup

Waugh Engineering Co., 15306 Dickens
St., Sherman Qaks, Caiif., has a new series
“FL" flow pickups which form a complete
line of turbine type sensing elements,
covering flow rates from 0.3 to 3,000 gpm.
They are applicable to rocket and turbojet
engine testing, and to many difficult indus-
trial flow measurements.

LTI

|
|
|

Fluid flow drives a frecly spinning
turbine wheel, which gencrates pulses in an
externally-mounted magnetic coil. Pulse
frequency is used as a measure of flow
rate, while the total number of pulses
measures total volume of fluid.

To indicate, record, or totalize fluid
flow, either electronic counters or dc in-
struments may be used, the latter in con-
junction with the Waugh pulse rate con-
verter.

Simplified, rugged design permits ac-
curacies of 0.5 per cent at pressures up to
3,500 psi, temperatures from —300°F to
+800°F, and under severe shock and
vibration. Transient response up to 100
cps is available.

Range between maximum and mini-
mum flow varies from 6 to 1 for the 2
pickup, to 40 to 1 in the larger sizes.

Magnetic Amplifier

A new compact, lightweight magnetic
amplifier is now being manufactured by
Kollsman Instrument Corp., 80-08 45th
Ave., Elmhurst, N. Y., wholly-owned sub-
sidiary of Standard Coil Products Co., Inc.
This amplifier, Type 2063-01, is designed
for use in meteorological sensing systems,
in aircraft, navigational, gun-fire and other
precision automatic controls.

These manufacturers have invited PRO-
CEEDINGS readers to write for literature
and further technical information. Please
mention your L.R.E. affiliation.

The amplifier is entirely self-contained
in a hermetically sealed case, 1% X3} %3]
inches. The unit weighs 15.5 ounces. Con-
sisting of two stages of vacuum-tube pre-
amplification and a magnetic-power out-
put stage, the amplifier operates from a
115-volt, 400 cps source and requires ap-
proximately 14 volt-amperes at a power
factor of 0.7. Input impedance is 5,000
ohms and the maximum time delay is
1/400 of a second. Inquiries for additional
information should be directed to Girard S.
Toombs, Manager of Motor Div.

Hermetic Seal For
Subminiature
Switches

The Model 5030 Hexseal has recently
been added to the line of toggle-switch
boots for high pressure service manufac-
tured by Automatic & Precision Mfg. Co.,
252 Hawthorne Ave., Yonkers 5, N. Y.
When installed on the exterior of a panel
in place of a conventional lock-nut, this
device affords both hermetic sealing and
fastening in one unit. The design incor-
porates a gasket rib, molded as an integral
part of the boot, which scats against any
panel surface to keep out moisture, dust,
or combustible vapors.

]

1

Hexseals are made of silicone rubber,
chemically bonded to a threaded insert.
They meet the vibration and weather re-
quirements of MIL Spec E-5272A and sur-
pass the requirements of MIL Spec B-
5423. Operating temperature range is from
—80° to 500°F. Dimensions are: 3 inch
high over all, i% inch between flats. It
accommodates a toggle bat ¢ inch high,
and mounting thread is 3-10.

Additional information and descriptive
literature may be obtained from Automatic
& Precision Mfg. Co.

PROCEEDINGS OF THE I.R.E.

General Instrument
Promotes Klabin

Robert L. Klabin has been named Vice
President and General Manager of the
newly-created Elizabeth Div., General In-
strument Corp., Ilizabeth, N. J., major
producer of television, radio and elec-
tronics components, it was announced re-
cently by Monte Cohen, President of the
corporation.

1954 WESCON Exhibitors
Announced

Mr. Mal Mobley, Business Manager of
the 1954 Western Electronic Show and
Convention, to be held in the Pan-Pacific
Auditorium in Los Angeles on August 25,
26 & 27, has announced that the following
firms will exhibit:

EXHIBITOR

Abbott Instrument &
Engineering Co....... .. 200-207
Ace Engincering & Machine Co., Inc..760

Booth No.

Advance Electric & Relay Co. ... 308
Aerovox Corporation. . .. 540547
Air Associates, Inc... .. ... ... 1218
Air-Marine Motors, Inc..... = ... .. 639
Aircraft-Marine Products, Inc.. 144 -445
Airpax Products Co........ ... 750
Airtron, Inc........... ... ... .. .. 463
Allied Chemical & Dve Corporation. . 1201
Altec Lansing Corporation. . ... 550-551
American Electric Motors, Inc.. ...265
American Lava Corporation. .. .. ...243
American Microphone Co.. .. ..326
American henolic Corporation. .523-524
Ampex Corporation......... L 112
Andrew Corporation. .. .. ... ...532
Harry Appleton Co., Inc...... ... 667
L.H.Appleman............ L. T42
Applied Science Corporation

of Princeton.............. L 647

(Continued on page 184)
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"PLUG-IN™

ATTENUATION NETWORKS

Combining a wide range of attenuation with a “plug-
in’’ feature for adjusting input and output impedance.

n Daven Series 690 Attenuation Networks, the exclusive “plug-i
feature permits input or output impedance to be changed to any value by sulls
stituting “plug-in” pads of the particular impedance desired.

These networks are intended for use in general laboratory and production
testing. They are extremely rugged, flexible and reliable. They are available in
either “T” or “Balanced H” circuits. A range of either 110 DB in 1 DB steps can
be obtained on the 2-dial series, or a range of 111 DB in 0.1 DB steps on the 3-dial
series. A special card type, non-inductive winding is used, giving a frequency
range of from zero to 50 KC. These units may be used above 50 KC with only a
slight decrease in accuracy. Resistor units are calibrated to 4-1.0%, accuracy and
operate at a +20 DB (0.6 watt) maximum input level.

To insure low contact resistance and uniform contact pressure Daven
patented “knee-action” switch rotors are used. Silver alloy rotors, slip-rings and
contacts insure finest electrical performance. Daven’s exclusive “plug-in” impe-
dance Matching Networks are available in a wide range of impedance and loss.

Write for complete catalog data

N
DA ME co. 195 Central Ave., Newark 4, N. J.

ATTEMGATIM
£ NEY
TR, o
P Dy o Yan
HE Davew (o0,

@ Wann ANY

Series 690

WORLD'S LARGEST MANUFACTURER OF ATTENUATORS
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metallized-paper
CAPACITORS

Aerolene* does it! This Aerovox-exclusive solid impregnant

accounts for the higher temperature ratings and longer

life of Aerovox metallized-paper capacitors. The accompanying

curve (Operating Voltage vs. Temperature) tells the story. Further

gains from permanently-imbedded sections in solid Aerolene impregnant
are: maximum immunity to vibration and rough handling. And of course
minimum size and maximum convenience. Install them—forget them!

R AL )

»2

= |

\rencce/

Available in a wide variety of case styles including modified molded tubular,
and all types of metal-cased hermetically-sealed construction with
capacitance ratings from .0005 mfd. to 100. mfd. at voltages up to 600 VDC.

Ask for literature on Aerovox metallized-paper
capatcitors in both standard and special types. Our
metallized-paper specialists will gladly collaborate
on your extra-compact-capacitor needs.

AEROVOX coRPORATION

NEW BEDFORD, MASS.

CINEMA
ENGINEERING CO.
BURBANK, CALIF.

Gef the FACTS!

*Trade Mark

Hi-Q
DIVISION
OLEAN, N. Y.

ACME
ELECTRONICS, INC.
MONROVIA, CALIF.

In Canada: AEROVOX CANADA LTD., Hamilten, Ont.
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News—New Products

1954 Wescon Exhibitors
(Continued from page 16A4)

EXHIBITOR Booth No.
Arco Electronics, Tnc.. .. ..816
Aremac Associates. .. .. ..630
Arga Division, Beckman
Instruments, Inc................ 1114
The Arnold Engineering Co.. . ...320-321
Assembly Products, Inc.............. 233
Audio Devices, Inc.................. 409
Audio Products Corporation. ........ 138
Automatic Electric Sales Corporation. 345
Avery Adhesive Label Corp... ... 221-222
Ballantine Laboratories, Inc.......... 814
Barron-Jur Company.............. 900A
Barry Corporation.................. 364
Herb Becker Company.............. 154
Belden Manufacturing Co............ 636
Bendix Aviation Corporation
Computer Division........... 745-746
Eclipse-I’ioneer Division. .. ... 711-712
Pacific Division.............. 719-720
Radio Division............... 743-744
Red Bank Division........... 716-717
Scintilla Division............. 650-651
Bennett Products Mfg. Co........... 606
Benson-l.ehner Corporation. . ... 722-723

Berkeley Scientific Corporation, .243-244
Div. of Beckman Instruments

Jack Berman Company......... 502-503
Beta Electric Corporation........... 363
Bird Electronic Corporation. ........ 510
Bliley Electric Company............ 158
Bodnar Industries, Inc............. 1211
Boesch Manufacturing Co., Inc....... 702
Bogue Electric Manufacturing Co....110
Bomac Laboratories, Inc......... 461-462
Boonton Radio Corporation...... 507-508
Bourns Laboratories Instrument
SalesCorp............ccovivnnnn. 640
Browning Laboratories, Inc.......... 1301
Brubaker Manufacturing Co., Inc..... 123
Brush Electronics Company......... 330
Burgess Battery Co................. 128
Burlington Instrument Co........... 115
Burnell & Company............... 427A
Burroughs Corporation............. 1303
Bussmiann Manufacturing Co........ 136
Calidyne Company............. 304-341
California Computer Products.. . ... 700F
California Magnetic Control Corp.. ..109
Cal-Tronics Corporation.........201-202
Cambridge Thermionic Corporation. .362
Camloc Fastener Corporation....... 9008
Cannon Electric Company........... 134
Carad Corporation................. 726
Allen D. Cardwell Mfg. Co........... 113
Cargo Packers, Inc.................. 753
Carruthers & Fernandez, Inc......... 701
Carstedt Research Laboratory....... 721
Carter Motor Company............. 211
Cascade Research Corporation. . ..... 141
CBS—Hytron Div. CBS, Inc.....226-227
CEC Instruments, Inc........... 130-131
(Sub. of Consolidated Eng. Corp.)
Centralab Division................. 18

Div. Glove-Union, Inc.
Century Geophysical Corporation.609-610
Chicago Standards Transformer Corp..541

Cinch Manufacturing Corp....... 906-907
Howard B. Jones Div.
Cinema Engineering Co.............. 548
Clarostat Manufacturing Company. . .213
Clary Multiplier Corporation. ....... 255
Clear Beam Antenna Corporation. . . . . 543
Irv M. Cochrane Co................ 258
Coil Winding Equipment Co......... 301
Collins Radio Company......... 911-912
Coleman Engineering Co., Inc........104
Color Television, Inc................ 231
Communication Accessories Co.. ... .. 608
Communication Products Co., Inc..1206
Condenser Products Co.............. 566

(Continued on page 20A4)
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COMPRESSING
TIME

In any security program time is the one irreplaceable ele-
ment. Making the most of time is particularly vital in guided
missiles projects. Fairchild’s Guided Missiles Division has
demonstrated its ability to “spend” time effectively. Its com-
pletely integrated engineering and production organization

can, in effect, compress time.

With a balanced engineering team and an experienced pro-
duction staff housed together in a facility built specifically
for the development and manufacture of missiles, Fairchild
can cut down lags in moving a missile project from the

design and development phase into the production phase.

It has done so.

U

FAIRCHILD ’
Guided Mesoilos Derissn.

WYANDANCH, N. Y.

Aircraft Division, Hagerstown, Maryland - American Helicopter Division,
Manhattan Beach, Calif. - Engine Division, Farmingdale, N.Y. + Speed
Control Division, Wickliffe, Ohia - Stratos Division, Bay Share, N.Y.

. e

-
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News—New Products

1954 Wescon Exhibitors

I (Continued from page 18A4)

EXHIBITOR Booth No.
Connecticut Telephone &

‘ Electric Corporation......... .. ... 638
Conrac, Inc............ .. .. ... ... . 127
| Conrad, Inc............ .. .. . .. . 705
: 4 - L.L. Constantin & Co.. ... ... ..... 900C
Control Products, Inc.. ........ ... ..529
Coruell Dubilier Electric Corp...228-229
P Corning Glass Works. .. ... ... .. 142-143
®For Miniature Installations . R W. Cramer 0., Inc....... .. L. 204
. Crucible Steel Co. of America. .. 107-108
Dalohm deposited earbon re- resistance to abrasion. Cubic Corporation....... . ... ... ...903
sistors are manufactured un- Dage Electronics Corporation. . . . 1219
der rigid controls to deliver From 1 Ohm to 200 Megohms, Dale Products, Inc......... .. ... 601-602
matchless performance and depending on type. The Daven Company............ ... 209
economy in any high-low re | Joe I)avgison & Associates. . . . 266-267
s - - s G ris Sal ....614-615
sistance range. Temperature coefficient 200 Dfaojrﬁ?— .'—\;:1\slcso (E;})(()r?ntion ’ 254
Dalohm resistors ar led P,PM per degree C for lower re- ' Digital Instrument Co., Inc'...: .......... 4 2'}B
o8 Sistors are sealec  sistance ranges up to 500 PPM Doelcam Corporation. ... ... .. .. 1205
against moisture with special per degree C for higher ranges. The Robert Dollar Co.. ... . ... 807
5{1100“9 _coating having high Donner Scientific Company. . .. .. 737
di-electric strength, excellent 19 accuracy. 2%, 5%, and l Dressen-Barnes Corporation. . . . 567-568

thermal conductivity, and high 109% tolerances also available. Allen B. DuMont

Laboratories, Inc.. . ... ..536-537
Write, Wire or Call L)ulnczj&n}lliohne & Coooool 70;)0G2
aly astings. ., . ... Saana
RS AN SeS R | EBY Sales Co. of New York... .. 1208
Jackson Edwards & Co.... ... .. 260
Eitel-McCullough, Ince.... . ... 150-151
Elastic Stop Nut Corp. of America. . 700E
Elco Corporation........... .. .. ... . 542
1 Electra Manufacturing Co....... ... 530
| Llectro-Data Corporation. ... ... ... 1214
— — — ——————— | Electro Engineering Works.. . ...... 317
Ilectro-Measurements, Inc....... ... . 560
Electro-Mechanical Specialties
[ Co,Incoo.. ... . ..o L. 165
plan your Electro-Pulse, Inc..... 662
d i ; :ectrom(‘ me.m 5, Tne.. L...283
ectronic Engineering
proaucton | i .\ssocnauiz, Lt(l o ...254
1 lectronic Enginecering Compan
with of California.. ... ... ... . y 459-460
KA H L E | Electronic Products Corporation. . . . 1209
| lI:‘.lectr(ﬁx]lic Sia'pecialtygo“ o 0, ?(2)0
H “lgin Metalformers Corp.. ... 1108-1109
mac hi nery | Frank A, Emmet Co... ... ... oo 162
Empire Devices Products Corp....... 623
| Endevco Corporation. ... ... ... .. .. .32¢4
bulit speclfically for Jour operation... Enright Engincering Co.. ... ... 1217
| Erie Resistor Corporation........ ... 544
Essex Wire Corporation ....... .. ... 528
Industry leaders in | R-B-M Div.

Fairchild Camera & Instrument Corp.220
| Potentiometer Div,
| Federal Telephone

electronics, glass, and allied
fields have continuously

General Ceramics & Steatite Corp....358
General Electric Company

keyed their operations to | &Radio Co.. ... .. 900D-900E
KAHLE Machines for over Felts Corporation. . . . .. B, 1207

a quarter of a century. Microdot Div.

Your production rate, your Fenton Company........... ... . ... 628
specifications, yowr require- | Filtron Company, Inc......... . 428429
ments—are "planned-in” | I'. R. Finn & Company, Inc.. . ... .. 1111
KAHLE Machi F-R Machine Works, Inc.. .. .. ... .. 1105

e [ Furane Plastics, Inc...............700D
' Eu?)ite IC((j)rporationil.l. R 622
abriel Company ectronics Div.. . . 64!
. ol | The Gamewell C}ompany ...... coo 1104
machines | Garrard Sales Corporation........... 114
that think for you!" } Gates Radio Company... ... ... ... 1119
|
|

Lalhle

Apparatus Sales Division.. .. .811-812

Electronics Division. .. ... ... 616-617

ENceolwﬂiiz'yG General Radio Company ........ 251-252
Genisco, Incorporated. . ... .663-664

1314 SEVENTH STREET Gertsch Products, Inc...... ... .. 511-512
NORTH BERGEN. N J- M. B. Gilbert Co., Inc......... ... .. 642

(Continued on page 36A)

20 PROCEEDINGS OF THE IL.R.E. August, 1954



EL SEGUNDO

£

CALIFORNIA [

4 Largest
Range in the
Industry

_ PHOTORECTRIC (%
"/'
CARTRIDGE TYPES

> 1.5 mato 60 ma
PHOTOELECTRIC CELLS - 20 volts to 10,000 volts

Send for Bulletin PC-649 2 Send for Bulletin H-1

I NTERNATIONAL RECTIFIER
C O R P O R A T ! O N

GRAND AVE EL SEGUNDO, CALIFORNIA, PHONE: OREGON 8-37738

A GO 205 W W A CKER DRI VE P HONE FRANKLIN 2 3 9

Y O R K 5 01 M A DI S ON A VENUE, PHONE PLAZA 5 - 8 5
ON DISPLAY AT WESCON EXHIBIT, AUGUST 25-27
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| SAVES
ENGINEERING

TIME

PROTECTED UNDER STODDART PATENTS

The Type 531 Oscilloscope saves engi-
neering time two ways. It provides yvou
2 a2 ™ with an extremely wide range of facili-
ties. It eliminates the need to hunt up
re c Is Ion e" ua Ion another oscilloscope when your require-
ments change --say from “high-gain”

to "‘wide-band”, or to “*dual-trace’.

' Plug-in preamplifiers are used for
o m c maximum flexibility in signal handling.
n Sweep-speed range is 600 million to

one - -the widest you can get in a single
. . oscilloscope. Accelerating potential is
TURRET ATTENUATOR featllfmg “PULL-TURN-PUSH” action high enough to permit photographing
a single sweep...even at the fastest
sweep speed.

: FR%%UtiNggogﬁgE: Direct-Reading in Time and Ampli-

“IN. A t s tude. You can read time and amplitude

SINGLE IN THE “NE CHARACTERISTIC IMPEOANCE: with accuracies comparable to indicat-
ATTENUATOR PADS cof;{oNgg?ﬂsRS ing meters.

: and Type “N” Coaxial female fittings each end Sweep Range—0.02 usec/cm to 12 sec/cm.

10KV Accelerating Potential
Versatile Triggering Circuitry

50 ohm COAXIAL AVAILABLE ATTENUATION:

f TERMINATIDN vsAny value from .1 db to 60 db Price—$995 plus price of desired plug-in units
' <l 2661%1;0 3000 mc., for all values from 10 PLUG-IN UNITS
| <1 5, dc to 3000 me., for valugs from . to | T T C 10 M08 s6s
b TYPE 53B —Some os 53A with additional
ACCURACY. ac-sensitivity to S mv/em ..., ..., $125
105 db TYPE 53C —Dual-trace unit. Two identical amplifier
hannels, dc to 9 , 0.05 v/em 50 v/em,
POWER RA"“G: - - EI:ﬂr:nsic swciu:ing Ozsgered by o:cillo'socope sw/ece:,
One watt sine wave power dissination ar free-running at abaut 100 ke. ..$275
TYPE 53D — Differentiol input. DC ta 350 ke at
Send for free bulletin entitled ;wl-lv/cm—pcs]sbunj e
ull range—1 mv/cm to v/em. .. .00
Meas“rement Of RF Attcnuatton Prices f.a.b. Partland (Beavertan} Oregan
t{";%‘t‘sf 'fft""“’i':{ff?g CO?Cefm"Et le? o See the Type 531 at Booths
i dwerent connector styles | 556 and 557 at the 1954 WESCON

STODDART AIRCRAFT RADIO Co., Inc. KO ELaliCul /ALl

P. O. Box 8318

6644-C Santa Monica Blvd., Hollywood 38, California - Hollywood 4-9294 Ve §  Phone: Craress 3any
| Cable: TEKTRONIX
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THE PRODUCTION UNIT
IS LIKE THE SAMPLE .. . AND
EACH PRODUCTION UNIT IS LIKE THE
OTHER ... ELECTRICALLY AND
MECHANICALLY!

®

FERRITE RES

Electronic Components Division, STACKPOLE CARBON COMPANY, St. Marys, Pa.
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TRIAD HS-442's

Aircraft electronic equipment designers,
with this one stock type of transformer,
can supply needs for a 3-phase to 2-phase
conversion or for single phase filament
power. This limits the necessity for special
transformers, necessarily of high cost
because of small quantities.

This universal, compact, MIL-T-27 style
transformer, with 2 units Scott-connected,
supplies at the secondary 2-phase 26 or
13 voit power for resolvers, computers,
remote indicators and control devices. One
transformer, single phase, will supply 26
volts C.T. at 2 amperes, 12.6 volts C.T. at
4 amperes, or two 12.6 volt, 2 ampere
windings, one center tapped.

All this in a MIL-T-27 case only 1'¥" x
1'%, x 2%" high, with the proved-in-
service Triad Hermetic Seal Terminal and
permanently affixed schematic decal.

Secondary
Type List Primacy ——————
Ne, Price Volts. Volts Amperes
W42 2250 4.5:96-115-120 126 C.T, 2
Single phase. 12,6 ?

Two HS-4427's can be used, 115 volt J phase to 26 volt 2 phase, Scott-connected.

TRANSFORMER CORP

STAND-OFF
INSULATORS

® Dependable mechanical and electri-
cal performance—and trim good looks
—characterize these standoff insulators,
of which Lapp is a major supplier to
the radio, television and clectronics
industry. Included in this illustration
are representative units of catalog
items—usually available from stock—
and certain examples of special stand-
offs. Hundreds of types have becn pro-
duced for support of equipment and
bus runs. Lapp engineering and pro-
duction facilities are eminently suited
to design and manufacture of units to
almost any performance specification.
Write for Bulletin 301 with complete
description and  specification data.
Lapp Insulator Co., Inc., Radio Spe-
cialties Division, 216 Sumner St., Le
Roy, N. Y.
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G.E. CONTINUES INDUSTRY LEAD WITH
NEW GOLD BONDED GERMANIUM DIODES

" . ¥ /
'~ v’f A
O al < . -

@ High Forward Current Characteristics
@ High Peak Inverse Voltage

@ High Back To Forward Resistance Ratio
@ High Frequency Response

XACTING military specifications provided the impetus for
E G-E’s design of these new gold bonded germanium diodes.
But, their application is certainly not limited to government
wuse. Each superior characteristic points up a
potentially broad market in commercial equipment.

Here, then, you have an indication of General Electric’s
planned program to supply bigh quality germanium
products for every conceivable user vequirement.

It will benefit you to examine not only these

new units but to become familiar with all of

the many diodes, rectifiers and transistors

G.E. manufactures. Call us or mail the

coupon below for detailed information.

Produdts

TRANSISTORS » DIODES - RECTIFIERS L= DIMENSIONS:

. CASE: Diomerer .220 = .005 '/,,
by V%, inch maximum length. !,
: LEADS: 1 inch minimum with ‘ /
G-E Type Number IN139  IN140  IN141  1N142  1N143 4 .020 diometer. /
I y PINS: Y inch length with
.079 £ 001 diometer.
Forward Cur. (a) +1v (MA) 20 40 20 8 40
Maximum Reverse Cur, (3) —50v (ua) 1500 300 50 - —_
(a) —100v (ua) — - - 100 100 -
Peak Inverse Voltage (Volts) 50 85 85 125 125 a :
Cont. Reverse Voltage (Volts 40 7 7 1 1 General Electric C i
¢ Voltage (Volts) 0 0 00 00 El . ¢ Company, Section X5284
Cont. DC Forward Current (ma) 70 85 70 60 85 ectronics Park, Syracuse, New York
Peak Oper. Cur. (ma) 250 350 250 200 350 Please send me complete ificat:
Surge Cur. for 1 Second (ma) 500 750 500 400 7% W& G-E "¢te specifications on the
( Gold Bonded Diodes, new
Ambient Temperature Range —50°C to +80°C NAME
Derating above 25°C om0 MY AME
Average Shunt Capacitance 08utd W o
Average 100mc Rect. Eff. &% T e

GENERAL %5 ELECTRIC

PROCEEDINGS OF THE I.R.E. August, 1954 2R



Page-full of ideas for you

on Sirityed, Mognzly

““MAGNETIC MATERIALS CATALOG”

Write for your copy

Contains handy data on various types of
Alnico Magnets, partial lists of stock
items, and information on other perma-
nent magnet materials. Also includes
valuable technical data on Arnold tape-
wound cores, powder cores, and types
“C" and "E" split cores in various tape
gauges and core sizes,

ADDRESS DEPT. P-8

26A

“OFF-THE-SHELF” ITEMS or
SPECIAL SHAPES to suit your needs

Magnets of sintered Alnico offer endless opportunities to designers
who need their useful combination of self-contained power and small
bulk. A wide range of sintered Alnico shapes are carried in stock
for quick shipment. Special shapes to meet an individual design
need can be developed, where the quantity required is large enough
to justify the tooling costs. Arnold sintered permanent magnets
are fully quality-controlled and accurately held to specified toler-

ances. ® We'll welcome your inquiries.
b

Al

-
A eo1®

ARNOLD [NGINEERING (JOMPANY

SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION ‘
General Office & Plant: Marengo, lllinois
DISTRICT SALES OFFICES . . . New York: 350 Fifth Ave.

Los Angeles: 3450 Wilshire Blvd. Boston: 200 Berkeley St.
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etic seals, consu!}fE-I
k-
\ .‘\_’_,-:
\\ y

\) terminals to fit

HERMETICALLY -
SEALED

E-l .. Heorcoarers for
Herme: cclly-sealed
Muli'zle Hecders
Oc-c! Plug-ins
Terminals. Color-coded
Terminc n- Seals

- % vy 7
\ 3 -
N y p
— DIVISION OF AMPEREX
= ELECTRONICS CORPORATION
® et
-7

44 SUMMER AVENUE, NEWARK 4, NEW JERSEY

PATENT PENDING ALL RIGHTS RESERVED



Synchro Controi
Transformer
(% Size)

Servo Motor
(Y% Size)

Servo Motor
Tachometer
Generator

(3% Size)

KEARFOTT COMPONENTS
INCLUDE:

Gyros, Servo Motors, Synchros,
Miniaturized Servo and Magnetic
Amplifiers, Tachometer Generators
Hermetic Rotary Seals, Aircraft Navi-
gational Systems, znd other high ac-
curacy mechanical, electrical and
electronic components.

Visit the Kearfott display at the West-
ern Electronic Show and Convention,
August 25-27 at the Pan-Pacific Audi-
torium, Los Angeles, Calif., and the
first International Inntrument Congress
& kFxposition, September 13-24, Phila-
delphia, Pa.

KEARFOTT COMPANY,

Sales and Engineering Offices:

Midwest Office: 188 W. Randolph Street, Chicago, Mi.

Kearfott row offers Servo Motors.
Synchros, and Servo-Motor Generators

able to operate continuously in tempera- ‘

tures up to 185 degrees C. They are the

same size and weight, and have the same |

characteristics as standard Kearfott
Motors, and may be operated with them
interchangeably. Besides the use of a new
high-temperature insulating material, the
stainless steel bearings, laminations and
housmgs enable them to resist corrosion
accelerated by hightemperature operation.

Complete technical information or these
and other Kearfott Components is availa-
bic in bulletin form. Write today

earfott

SINCE 1917

INC., LITTLE FALLS, N. J.

1378 Main Avenue, Clifton, N. J.
South Central Office: 6115 Denton Drive, Dallas, texas

West Coast Office: 253 N. Vineda Avenve, Pasadena, Calif. -

A GENERAL PRECISION

{

284

EQUIPMENT

CORPORATION SUBSIDIARY

PROCEEDINGS OF THE I.R.E

TELEMETERING

FILTERS

FEATURES . ..

¢ HYCOR telemetering filters
have excellent characteristics
due to the use of high “Q”
toroid inductor elements.
The filters may be used in
low level circuits with

¢ In addition, only the finest
capacitors are employed
to assure stability.

e Available in standard
RDB frequencies.

GENERAL SPECIFICATIONS

Impedance 5007500

negligible hum pickup resulting.

TYPE | BANDWIDTH| ATTENUATION

FREQUENCY RANGE

=7V2% 3 db or less |

1500 30 db or more

400 ¢ps to 14.5 ke

3 db or less
-40 db or more

4300 ——

}_400 cps 10 960 cps
J1300 cps 10145 ke

F -3 db or less

} 400 cps to 960 cps

4000 45 db or more

§1300 cps o 14.5 k¢

-3 db or less
-45 db or more

22 ke 10 70 ke

Other frequencies and impedances
availuble on request.

REPRESENTATIVES
Hycor Saies Co. of California

Beebe Associates
1155 Waukegan Rd., Glenview, lilinois
Burlingame Associates
103 Lafayette St., New York City
Harrison J. Blind, 1616 Cord St.
Indianapolis 24, Indiana
G. M. Howard & Assoc.
734 Bryant St., San Francisco 7, Calif.
EXPORT DIVISION
Morhan Exporting Corporation

458 Broadway, New York 13, N.Y., U.S. A,
Cable: “MORHANEX"’

1
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DECADE SCALERS

0 to 10 Mc covered in four ranges, 40 k¢, 100 k2, 1 Mc and 10 Mc Max.

Direct Decimal Display throughout, including 10 Mc.

Light in Weight.

Plug-In Construction for all 4 ranges:
Decode Qutput with 8 pin bose
Individuol Stage OQutputs for remote readout with 11
pin base optional on 40 ke, 100 ke and' 1 Mc models.

Zerc Reset; ‘9" Reset optional on 40 ke and 100 ke models.
Reliabilized Tubes.
Low: Power Consumption.

Wid2 operating voltage Range :
approximotely =307, on 40 ke ond 100 ke Models
+20%, on 1 Mc Model
+5% on 10 Mc Model

Dimensions, approx.” 40 ke woke | ime 10 Mc
Width 13" 134" 1%" 4"
Height 5% " 5% " 5% " 5%

Depth (including tubes) 5% " 5% " 6% " 6% "
Weight 10 0z. 10 oz. 13 0z. 24 0z

4
Nominal Current 9 Ma. 14 Ma. 75 Ma. 125 Ma.
45 Ma.

Nominall Voltage 300 V. 300 V. 300 V. 200 V.
215V

Tube Complement 4-5963 4-5963 4-5365 6-5687
- (or 12A¢7)

LABORATORY FOR ELECTRONICS

75 PITTS STREET, BOSTON ¥4, MASS.
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MEASURE
HIGH-FREQUENCY
VOLTAGES

with the Heterodyne Voltmeter
Model BL-2002

This selective vacuum tube voltmeter is
particularly useful in radio, radar and
television circuit measurements, signal
generator control, and monitoring of
coaxial carrier frequency systems. It is
designed for the measurement of high-
frequency voltages and has very high
sensitivity for measuring extremely
small R. F. voltages.

All measurements are made through
a test probe. The input voltage is indi-
cated on one meter, and the degree of
amplitude modulation of the signal on
a second meter. Normal sensitivity is
in the microvolt and millivolt range;
however, by using an external attenuator
this range can be extended to a maxi-
mum of 10 volts.

For specifications on the Model
BL-2002 Heterodyne Voltmeter and
information on the complete line of
Bruel & Kjaer Instruments, write Brush
Electronics Company, Dept. F-8, 3405
Perkins Avenue, Cleveland 14, Ohio.
Outside U.S.A. and Canada, address
Bruel & Kjaer, Naerum, Denmark.

ACOUSTIC AND TEST INSTRUMENTS

Bruel & Kjaer instruments, world famous
for their precision and workmanship, are
distributed exclusively in the United States
and Canada by Brush Eleetrenics Company.

BL-1012 Beat Frequency Oscillator

BL1-1502 Deviation Test Bridge

BL-1604 Integration Network for Vibration Pickup
BL-4304

BL-4304 Vibration Pickup

BL-2105 Frequency Analyzer

BL-2109 Audio Frequency Spectrometer

BL-2304 Level Recorder

BL-2423 Megohmmeter and D. C. Voltmeter

BL-3423 Megohmmeter High Tension Accessory

BL-4002 Standing Wave Apparatus

BL-4111 Condenser Microphone

BL-4120 Microphone Calibratior Apparatus and
Accessory

BL-4708 Automatic Frequency Response Tracer

BRUSH ELECTRONICS
COMPANY

formerly
The Brush Development Company.
Brush Electronics Company
is an operating unit of
Clevite Corporation.

30a
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Eimac Klystron Report

IKOI5XA - coaxial output

Ruggedized X Band local IKOISXG'waveguide outpu

oscillator reflex klystrons

o >
Ruggedized Eimac 1KOISXA ’\ gy =
and 1KOI5XG reflex klystrons ¥

Reliable X band performance through the VAST* punish-
ment of airborne environment plus the features of single
adjustment tuning and rapid production are offered only in
Eimac 1K015X A and 1K015XG local oscillator reflex klystrons.

*WIBRATION—withstands 10G's of continuous vibration.

*ALTITUDE —arc-guard protection of leads eliminates possibility

of flash-over at extremely high altitudes.
*SHOCK —withstands 100G’s of impact shock.

*TEMPERATURE — maintains frequency stability through a

temperature variation of —20° to 80°C,

EITEL-McCULLOUGH, INC.

SAN BRUNO ¢ CALIFORNIA

TYPICAL OPERATION
(with flat load)
IKOISXA and IKOISXG KLYSTRONS

MODE 734 534
D-C Resonator Voltage 250 300
D-C Cathode Current 36 47
D-C Repeller Voltage -65 —-170
Power Output 30 100
Frequency <000 2000
Electronic Turing Range 55 40

RAPID PRODUCTION—simplified design permits rapid, low
cost production.

RELIABLE PERFORMANCE —25 to 100 millinatts power
output from 8400 to 9600mc with low power consumption—plus
assurance of uncompromising Eimac quality provad through 20
years of electren-puower tube design and manufacture.

SINGLE TUNING —one-adjustment tuning without the use of

lock nuts.

®For further information abont the iKOISXA,
IKOISXG or any of the complete line of
Eimac klystrons, including bigh power UHF-TV
amplifiers, contact our Tcchnical Services department.

®

THE WORLD’S
LARGEST MANUFACTURER OF
. TRANSMITTING TUBES
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High Quality Fixed Resistors

Bradleyunits are rated at an ambient tem-
perature of 70C . . . not at 40C . . .
giving them an ultra-conservative rating.
No_ other molded fixed resistors have such
a margin of safety.

Type J 2 watt
Bradleyometer

Type G /5 watt
Bradleyometer

High Quality Adjustable Resistors

Bradleyometers incorporate a composition
resistor molded to the resistance-rotation
curve that is specified. They are unaffected
by temperature or humidity.

-
L’-:‘

‘WA SRy

BACK OF DIODE BOARD

showing Bradleyunit Resistors

At the left is a rear view of a portion of
the complex circuitry of the diode board
in the CRC 102A general purpose com-
puter.
Bradleyunits are visible. Their dependable
characteristics
continuous accuracy of this computer.

Several hundred Allen-Bradley

are necessary for the

e

CRC HIGH RELIABILITY COMPUTER

relies on Bradleyunit Fixed Resistors

The CRC 102A general purpose com-
puter, made by the Computer Re-
search Corporation of Hawthorne,
California, is a versatile digital com-
puter consisting of a computing unit
and a control console which may be
used with a variety of input-output
equipment. It can perform 25 diffe--
ent arithmetic and logical commands
in less than 15 milliseconds. As many
as 80 complete 3-address commands
can be executed per second. Such
performance demands precision and
dependability of all comporents.
Bradleyunit fixed resistors are
standard equipment on tke CRC
102A, and many other computers,
because they are so conservatively
rated. They will operate at full rat-
ing for 1,000 hours with less than

5 per cent resistance change, be-
cause they are rated at 70C . . .
not 40C. They withstand heat and
humidity, and have high mechanical
strength.

Bradleyunits are solid molded with
their leads imbedded in the densely
compacted body of the resistor. No
wax impregnation is needed to pass
salt water immersion tests. The dif-
ferential tempering of the leads pre-
vents sharp bends near the resistor.
They are made in all standard
R.E. T. M. A. values in the Y, watt
and 2 watt ratings from 10 ohms to
22 megohms, and the 1 watt rating
from 2.7 ohms to 22 megohms.

Let us send you a complete Allen-
Bradley resistor chart.

Allen-Bradley Co., 114 W. Greenfield Ave., Milwaukee 4, Wis,

ALLEN-BRADLEY

\

RADIO & TELEVISION COMPONENTS
s ’

>~

<= U=
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ML-200 Series
Crystals for color television are available
to your specific calibration for either the
ringing or ascillator circuit. This new design
provides hermetic seal at an economicol cost.

MIDLAND :

MINIATURES
Midland has devel-
oped, and is ex-
panding, o new
series of crystal
units which will
comprise the MID-
LAND MINIATURE
line. Their small
glass enclosures in-
sure true hermetic
seal and long-
term stability.

Jawms — NOW IN
I PRODUCTION...

Newly-Designed CRYSTALS for
COLOR TELEVISION
MIDLAND is ready now to supply you in
quantity with color TV crystals to your

exact specifications...and to advise with
you on any phase of this subject.

PAY OFF IN PERFORMANCE

Type ML-4 Range
1.0 - 10.0 me. Sup-
plied per mil Type
€R.5, CR-6, CR-8, CR-
10 when specified.
Holder is phenolic,
gasket sealed. Holder
size is 1% x 1} x 7o
with .093" diameter
pins %2’’ long spaced
486",

The quality of Midland Crystals —which is
another way of saying the completely dependable
job they will do for you—is assured by exacting
tests and controls through every step of process-
ing. The finest precision equipment and most
advanced techniques known to the industry

are used by Midland from selection of raw quartz
to final sealing of the crystal.

Type ML-13

Units of this type are
currently undergoing
tests on experimental
) basis. The unit is her-
metically sealed. Pin
dimensions are the
same as our Type ML.
6. Height of can is
1V2-inch.

That's a big reason why Midland has climbed
to its present position as the world’s largest
producer of quartz crystals for use in 2-way
communications and other electronic devices.

Type ML-1A Range
20 - 150 mc. Sup-
plied per mil Type
CR-1A when specified,
Holder is phenolic,
gasket sealed. Holder
size is 1%"” x 1%" x
127/ 64" with 125" di.
ameter pins %' long,
spaced at .500”,

Midland’s engineering staff is ready to help in
any project involving the use of crystals.

SEE US AT WESCON!
BOOTH 212, Western Electronic Show & Convention,
August 25-26-27, Pan-Pacific Auditorium, Los Angeles

M itanct

MANUFACTURING CO., INC.
3155 Fiberglas Road Kansas City, Kansas

Type ML-10 Range
15.0 - 500 mc. Sup-
plied per mil Type
CR-24 when specified.
Over-all length is
1.055"". Pin contacts,
062" diameter.

WORLD'S LARGEST PRODUCER OF QUARTZ CRYSTALS

PROCEEDINGS OF THE LR.E. August, 1954 33a



TUNG-SOLTUB

2AF4
(Prototype—6AF4)
Heater Volts 2.35
Heater Current 0.6 A

3ALS
(Prototype—4ALS)
Heater Voits 3.15
Heater Current 0.6 A

3AU6
{Prototype—6AU4)
Heater Volts 3.15
Heater Current 0.6 A

3AVé6
(Prototype—5AVé)
teater Volits 3.15
Heater Current 0.6 A

3BC5
{Prototype—éBCS5)
Heater Volts 3.15
Heater Current 0.6 A

3BES
{Prototype—6BE4)
Heater Volits 3.15
Heater Current 0.6 A

»

3CB6
(Prototype—6CBé)
Heater Volts 3.15
Heater Current 0.6 A

4BQ7A
{Prototype—6BQ7A)
P s «++designed and engineered
to highest performance

requirements

These are the new Tung-Sol Receiving

4BZ7 Tubes for television sets having all of

(Prototype—6B27)
Heater Volts 4.2
Heater Current 0.6 A

the heaters series-connected across
the power line. Thermal characteristics
of all the heaters are controlled so
that ‘heater voltage surges during the
warm-up cycle are minimized, provided
of course, that these tubes are used

5ANS with other types similarly controlled.

(Prototype-—6ANBS]
Heater Volts 4.7
Heater Current 0.6 A

Heater ratings are based on 600 milli-
amperes of current with the heater volt-
age adjusted for the same power as in
the prototype. All other characteristics
and ratings are identical to those of the
prototype. Use of these tubes provides
completely satisfactory receiver char-
acteristics during warm-up.

5AS8

(Prototype —6AS8)
Heater Volts 4.7
Heater Current 0.6 A
All of the statistical quality ccntrol

methods which make the performance
of Tung-Sol tubes so outstanding, are
utilized in the manufacture of these new
types. In performance, uniformity and
dependability they will be found fully
reliable. For more detailed information,
write Commercial Engineering Depart-
ment, Tung-Sol Electric Inc., Newark 4,
New Jersey.

578
(Prototype-—6T8]
Heater Volts 4.7
Heater Curtent 0.6 A

Sales Offices: Atlanta, Chicage, Columbus,
Culver City (Los Angeles), Dallas, Denver,
Detroit, Newark, Philadelphia, Seattle.

Ny
et Tung-Sol All-Glass Sealed

Beam Lamps, Miniature Lamps, Signal Flashers,
Picture Tubes, Radio, TV and Special Purpose
Electron Tubes and Semiconductor Products.

5U8
{Prototype—6U8I
Heater Volts 4.7
Heater Current 0.6 A

*Using heaters parallel
connected




SERIES STRING TV SETS

6AU7 12BQ6GT
{Prototype—12AU7) (Prototype—6BQEGT)
Heater Volts 3.15* Heater Volts 12.6
Heater Current 0.6 A Heater Current 0.6 A

6AX7

{Prototype—12AX7) 12BH7 A

Heater Voits 3.15* (Prototype—128H7]
Heater Current 0.6 A Heater Volts 6.3%

Heater Current 0.6 A

654A
{Prototype—654)
Heater Volts 6.3
Heoter Current 0.6 A

12L6GT
Prototype=—25L6GT)
Heater Yolts 12.6
Heater Current 0.6 A

6SN7GTB (‘P?:;?t—mam
(Prototype—6SIN7GTA} Homer\\‘;ohs 6.3*

Heater Volts 6.3 Heater Current 06 A

Heater Current 0.6 A

12W6GT
{Prototype—aeW4sGT)
Heate- Volts 12.6
Heater Current G.6 A

b?
12AX4GTA ( }7
Protoiype =12AX4GT) WA
Heater Volts 12.6
Heater Current 0.6 A

19AU4
Prototype—6AU4GT)
Heater Volts 18.9

12B4A Heate:- Current 0.6 A

(Prototype—12B4)
Heater Volts 6.3*
Heater Current 0.6 A

25CD6GA
{Prototype—25CD6G)
Heater Volts 25
Heater Current 0.6 A

*Using heaters parallel
connected

TUNG-SOL ranio ano rvruses, oiac ames




make by-pass coupling easier...
more dependable

® Impervious to moisture (.0075; or less).

® Lighter in weight per capacity value.
® Small size (down to .200" x .400").

® High capacity (to .013 MF.).

® Special insulation (CRL developed).

® Convenient leads (radial — no bending).
® Low power factor (.3 to 2.09).

&

® High leakage resistance (5,000 megohms).

® Maximum dependability (guaranteed).

® 1009, factory tested for voltage and

capacity.
® End your field troubles.

So write for bulletin 42-3 right now.

)
c R L TS variaste /"f"" SWITCHES

RESISTORS o
Industry’s greatest source of standard and special
D1 electronic components

36A

BC Hi-Kaps are color-coded to
RETMA specifications

A Division of Globe-Union Inc.

920-H E. Keefe Avenue e
In Canada: 804 Mt. Pleasant Road, Tororto, Ontario

CERAMIC
CAPACITORS

Milwaukee |, Wisconsin

e

(IECIIONIC CllCU“S

INsuuvols
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News—New Products
1954 Wescon Exhibitors

(Continued from page 20.4)

EXHIBITOR Booth No.
Girard-Hopkins. . ..., 426
Glass Solder E ngmeenng ...730
Globe Industries, Inc.. ....264
Goodyear Aircraft Corp J1117-1118
Gonsct Company .. . .161
Gramer Transformer Corpor.mon "1203
Graphik Circuits, Inc....... . .. ... 709
Gremar Manufacturing Co., Inc......728
The Gudeman Company....... ..404
Hammarlund Manufacturing Co., Inc.504
W.S. Harmon Company....... .. .749
Heinemann Electric Co.. .. .166
Helipot Corporation. 246-247
Hermetic Seal Products Co. . . .. .905
Carl W. Herrmann. . . . .805
Hetherington, Inc...... ... .. . .. ... 208
Hewlett-Packard Co.. . . ..552-553

Hickok Electrical Instrument Co.. . .1001
Hi-GInc............ ........1002

J. T. Hill Sales Co.. . .. 538-539
Hoffman Radio Corporation. . 118-119
Huggins Laboratories, Inc.. . . ...508
Hughes Aircraft Company. 564-565
Hycon Manufacturing Compan) ...160
Hycor Company, Inc.. . ...901
I E Manufacturing COmeoo 230
Indiana Steel Products Co.. . .. ... 425
Induction Motors Corporation. .655A
Industrial Laboratories

Publishing Company . . . L1113
Institute of Radio Engincers .. 145
Instruments Publishing Co. ..263
Insulation & Wires, Inc. 533-534
International Electronic

Research Corporation . . . ..909
International Rectified Corporation. ..412
International Resistance Co. .. .. 527
Iron Fireman Manufacturing Co.....1102
Jennings Radio Manufacturing C orp 248
Kaar Engincering Corporation. . ... ..446
Karp Metal Products Co. 618-619
Kay Electric Company . . L. 342
KAY-LARB (Kalbfell

Laboratories, Inc.). . .. 562-563
Kearfott Company, Inc. S 152
Kepco Laboratories. .223-224
Robert J. Kerr Chemicals, Inc... ... . 1103
Ketay Manufacturing Corp. . 105-106
Kings Electronics Co., Inc.. . ... T18
Kittleson Company. .. 467-468
The James Knights Co.. 3
W. Bert Knight Co.. . .241-242
Krengel Manufacturing Co., Inc. .. ..703
Kulka Electric Mfg. Co., Inc.........638
Laboratory for Electronics, Inc. 464
Lambda-Pacific Engincering, Inc. 1115
James B. Lansing Sound, Inc. 327
Harry A. Lasure (ompan) 116-117
Lavoie Laboratories, Inc. ..632
Leach Corporation. . .. 713-714
G. H. Leland, Inc.. .. ..103
Lenkurt Electric Co., Inc. .346
Lenz Electric \Idnufacturmg Co....163B
Librascope, Inc... .. .. .. 561
Litton Industrics. . . . ..611
Lowell Manufacturing Co. ..659
Lynn Electronic Research Co. ..435
McColpin-Christic Cnrpor.ltion ..... 755
McCoy Electronics Co. R .. 817

McGraw-Hill I’ub]lshmg Co., Inc....648
McKenna Laboratories. .. ... ... ..

Machlett Laboratories, Inc... ... ... .. 747
Magnavox Company .. L1112
Magnecord, Inc.. .. .. ..328
Magnecraft Electric Co.. ..653
Magnetic Research Corporation ..645
Magnetics, Inc.. 236-237
D. E. Makcpcacc Co. Div.

Union Plate & Wire Co. ..725
P. R. Mallory & Co., Inc.. .. .634
Marion Electrical Instrument Co.. ... 361

(Continued on page 42:1)
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Technology Instrument Corp., has pioneered
in the development of PHASE MEASURING
and STANDARDIZING EQUIPMENT and will
continue its contributions in this critical and
importaat field. .

= for Measurement

o o
e
Doy
b o

Phase Range: 0-360° without ambigulty
FreqJency Range: 20 cycles to 100,00)

. cycles
Absolute Accuracy: 1‘%: o¢ full scalz

1
Incremental Accuracy: As close as me-
ter scale ca1 be

iread.
Meter Scales: 0-36°, 0-%0°, 0-180°,
0-360°

Phase Range: 0-360° without ambiguity

Frequency Range: 20 cycles to 1 Mc,

Absolute Accuracy: +1° uwp to 20,000
cycles, slightly de-
creasing accuracy
2MO,)00 cycles w0

c
Incramental Accuracy: +0.1° up to 22

Ke.
Meter Scales: 0-360°, 0-30° (any 30°
segment 0-360°)

wn—

Phase Range: 0-360° without ambizuiy
Frecuency Range: 20,000 cycles to 45

Abselute Accuracy: :L-4° over enthe

range
Incremental Accuracy: #:0.25° over
entire range
Metar Scales: 0-360°, 0-0° (any 9C°
segmen: 0-360°)

Range of Generated Phase Shif::
0-360°, variable

Available for any one of the following
standard frequencies: 60 400, 1000,
20,000 cycles . . . or

Available for any one specific frequency
between 60 and 20,000 cycles
:\bszolute Accuracy of Phas2 Shift: With-
n

Incremental Accuracy of Phase Shif::

Wittin 0.1°

- for Comparison
- for Calibration

These instruments have been
designed for sustained, consist-
ent performance. They are as
simple and rapid in operation
as possible. Full details are
available upon request.

MEASUREMENT. The advance

AMPLITUDE
For many years the industry has been well sup-
plied with fine tools from many sources, for the
measurement and control of amplitude and fre-
quency. Weil trodden paths of experimental
procedure, based
tion, have built up a tremendous body of know-
how and familiarity with problems in this area

FREQUENCY

upon accurate instrumenta-

of development.

PHASE 1t has remained for Technology
Instrument Corp., to provide superb
tools designed exclusively for attack
on less familiar problems in the field of PHASE
in_electronics tech-
nology has, more and more, exploited PHASE rela-
tionships and control. Famitiarity and understanding
of this field, together with techniques based upon
measurement devices of greater accuracy,

make

available a Third Dimension in electronic mastery.

Phase measurement and phase
reference are the keys to: ;
VIDEQ-PERFORMANCE

SERVO SYSTEM ORCRERIGH DATA TRANSMISSION SYSTEMS

| RADIO NAVIGATION PROBLEMS

VECTOR ANALYSIS

POWER FACTDR MEASUREMENTS
{MPEDANCE DETERMINATION

TRANSMISSION NETWORK ANALYSIS
SYNCHRONOUS OPERATIONS

PRECISE ELECTRICAL CONTROL
HIGH ACCURACY TIMING

INVESTIGATION OF FEEDBACK SYSTEMS
MAGNETIC STUDIES

PHASE DETECTOR FUNCTIONS
CORRELATION STUDIES

PHASE NULL DETERMINATION IN BRIDGE CIRCUITS

for any problem, large or small.

Range of Genersted Phase Shift:
0-360°, variable
Available in Standard Model for 82 Kc.

or
Available in Special Models for any
single frequency between 20,000 cycles
and 200 kilocycles

Accuracy of Phase 3hift: Within 01°

Range of Generated Shif:
0-360°, variable

Available for any single frequency be-
tween 60 cycles and 20,000 cyclas
Absolute Accuracy of Phase Shitt: At
least 0.05°, multip es of 1° establishexd
to at least 0.02°

Phase

AMPLIFIERS

As adjuncts to the phase meas-
uring and generating instru-
ments described on these pages,
an extensive iine of amplifiers
is available. These ampliiiers
have inherently low phase shift
which is definitely known and
which may be controlled to an
accurately fixed vaiue.

CONSULTATION ON PHASE PROBLEMS:

Technology Instrument Corp., as the leader in phase measurement
techniques, will welcome the opportunity to assist in any problem in
this field. A hand-picked engineering staff is ready at any time to
consult with you on your phase problems. This staff has available the
finest phase laboratory to be found and its services may be sought

TECHNOLOGY INSTRUMENT CORP.

535 Main St., Acton, Mass.
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MORE PROOF that engineers rate Lamhda power supplies

TWO NEW, INDEPENDENT SURVEYS
SHOW WIDE PREFERENCE FOR LAMBDA

Stock models

which hove been
modified to customers’
requirements,

Bench Model 41
Unreguloted
0-500 VDC @ 0-200 MA

$149.50

Bench Model 50
0-500 VDC @ 0-500 MA

$415.00

200-325 VDC
@ 0-100 MA
$64.50

Rock Model 32

200-325 VDC @ 0-300 MA
$129.50

Rack Model 28
200-325 VDC (@ 0-100 MA

$57.50 Rock Model 32M

200-325 VDC @ 0-300 MA
$159.50

LAMBDA POWER SUPPLIES ARE RANKED FIRST - concluded, places Lambda in the same position of leadership.

50 per cent ahead of the next identified manufacturer — by The reasons for this preference for Lambda by men who
engineers who participated in a comprehensive survey of know power supplies intimately are simple: Lambda power
buying practices and preferences just released by one of the supplies are precision equipment — dependable, and attrac-
leading electronics publications. tively priced. Lambda is a pioneer in the development of
Another independently conducted survey, also recently power supplies and a specialist in this field only.

Send for new Lambda Power Supplies Catalog 11

LAMBIDA /A ELECTRONICS CORP.

THE FIRST NAME IN POWER SUPPLIES
103-02 NORTHERN BOULEVARD « CORONA 68, NEW YORK °
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PIPELINE TO
PRECISION

Quick, dependable carrier
measurements—3 to 500 kc

e i

MODEL WWVR

A receiver of the instrument class |
which is setting a new standard
for the reception and presentation

of the world’s finest standards of
time and frequency as broadcast
by the National Burcau of Stand- |
ards from: WWYV and WWVH.

The fundamental use of this re-
ceiver is in the calibration of local
equipment to the accuracy of

these Prill]ar}’ tune and frequency New Mode! 104 Carrier Frequency Voltmeter —5 to 150 ke
standards.

Four Frequency-Selective Voltmeters

This time saving instrument

incorporates all the latest tech- Four preciston .frequency-selective volt- ments }mvc direct reading meters cali-
niques for clear reception. A meters for carrier system measurements brated in dbm from — 20 to + 2 dbm on
are now offered by Sierra. Including the meter ard —50 to + 40 dbm on the
glance at the front panel will at | the new Model 104, these instruments range changing attenuator. All contain
once show the ease of operation ! cover all frequencies 3to 500 kc. They a built-in calibration oscillator and a
and instant availability of the pr(.\vide a fast, accurate means of meas- VIV .for swift, snmple.callhratmn.
. . . uring voltages in telephone, telegraph, For details, request Bulletin 107. ¢ /%r
desired Radio and Audio fre- telemetering and control circuits. They wave analysis and harmonic studies 1.5 to
quencies. . alsn make possible quick, dependable 300 ke. Sierra offers Aadel 121 1T ave
tracing of circuit faults. All four instru- Anabyzer. Request Bulletin 1053 }.

Model WWVR allows the op-

, SPECIFICATIONS
erator full use of the world’s finest

primary standards of frequency T R A Selectivity Direct Reading in dbm
and time. All frequencies broad- No. Range—ke | Range—dbm

Down 3 db Down 45 db Balanced Unbalanved
cast from \WWV (or WWVH) are
accurate to one l)art in ﬁfty mi]_ 101A 20— 500 —80 te “+ 42 -+ 750 cps -+ 6000 cps ' 660 ohms
lion. This instrument in your lab- ([ { 1o3a: | 3-40 | —80to+42 | + 400 cps | - 3000 cps . 600 ohms

oratory will truly give you a...

PRIVATE PIPELINE TO PRECISION.

104 5—150 | —8Gto 442 | -+ 300 cps | == 1500 cps ¢4 600 ohms

108A 15500 | —80to 4 42 | -+ 600 cps | =+ 3000 cps | 135 ohms* | 60C ohms

Send for complete specifications,
*May be corverted far 135, 500 or 600 ohm bolonced line measurements with Sierro 122 Line-Bridging

prices and (Ieliuery schedule. Transformer. (Low cost, plug-in unit). **Some as 101A except uses Mode! 155 Transformer.
tContains carrier re-insertion oscillator for monitoring single side bond suppressed carrier systems.
Data subject to change without notice.

Sierra Electronic Corporation
San Carlas 2, Califarnia, U.S.A.
Sales representatives in major cities

sPEc'FIc PRUDUCTS Manufacturers of Carrier Freauency Voltmetwrs
| Wove Analyzers, line Fault Asalyzers, Diructionol
14515 DICKENS STREET "“"\ Couplers, Wideband RF Traasformers, £ustom
. 2 Radio Tronsmitters, VHIE-U-F Detectors, Varizble Im-
SHERMAN OAKS 2, CALIF. k j pedance Wattmeters, Reflection Coefficiant Maters.

|

4068
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FAMPEX

MAGNETIC RECORDERS

The most complete line of data tape recorders

AMPEX has applied magnetic tape recording to more varied prob-
lems in research, testing and control than any other manufacturer of
tape equipment. To meet specific demands for broad frequency
response, precise timing, extreme tape stability, high shock resistance
and reliable transient accuracy, Ampex has built machines of a wide
variety of designs. And from this experience has come this line of
proven magnetic recorders:

F=M CARRIER TYPE RECORDER = MODEL 306
Explosions, shock waves, geophysical data and other highly transient
phenomena can be recorded on the Model 306 with excellent
“instantaneous’’ accuracy. Because the machine uses an fm carrier
to modulate the signal, the accuracy of the recording is unaffected
by minor tape imperfections.
Also, the Model 306 is able to record the vast majority of all
mechanical occurrence, since it covers the extremely useful fre-
quency range from 5000 cycles/sec. down to zero (D.C.).
OPTIONS: One to 14 tracks
Rack, console or combination mounting
Record and playback, record only or playback only

WIDE RANGE DIRECT RECORDER = MODEL 307

With a frequency response from 100 to 100,000 cycles per second,
the Model 307 is particularly suited to steady state data occurring
over a wide range of frequencies. The 307 has had extensive
application in fm-fm telemetering, sharing this field with the Model

500 described below.
OPTIONS: Same as Model 306

PULSE WIDTH RECORDER = MODEL 303

This model can record any type of phenomena that lends itself to
pulse width coding. Pulses can range from 60 to 1000 micro-
seconds and will be accurate in duration to closer than 2 micro-
seconds. Since each track on the machine may record commutated
data consisting of many channels, it is possible to record hundreds
of paralle! data channels on one tape on a Mode! 303 machine.

OPTIONS: Same as Model 306

COMBINATION RECORDERS = MODELS 309, 31, etc¢.
Special Ampex Data Recorders can incorporate combinations of
the heads and electronic circuitry of the 303, 306 and 307. Thus
the parallel tracks on the same combination recorder might have
the widely differing characteristics of each of those models. For
example, on its parallel channels such a recorder might have an
overall frequency response of 0 to 100,000 cycles/sec.
OPTIONS: Same as Madel 306 (but 2 or mare tracks)

“LOW FLUTTER” WIDE RANGE RECORDER = MODEL 500
The Model 500 is a four-track, two-speed magnetic tape recorder
designed to achieve extreme stability of tape motion while record-
ing information in the frequency range between 100 and 100,000
cycles. Thus it is able to record fm-fm telemetering data without
introducing any objectionable data error from small variations in
tape speed. It has the lowest known flutter and wow characteristics
of any tape recorder—less than 0.1% peak-to-peak by RDB
standards.

Consale mounting anly
Faur tracks only

Series 300 data recorder
in rack mounting.

Series 300 data recorder

in console mounting.

Rack mounting of poriions of the
electranic camponents may be
necessary an multi-track cansale
maunted recarders.

G
. | P
" aoeeoescase®
i . coe 2°i.=
S

rl

Ampex Madel ECO Recarder

AMPEX CORPORATION
934 Chorter St., Redwood City, California

BRANCH OFFICES:

New York, Chicogo. Atfanto, Son Froncisco
and College Pork, Morylond (Washington,
D.C., orea)

DISTRIBUTORS:

Rodio Shosk, Boston; Bing Crosby Enter-
prises, Los Angeles, Southwestern Engi.
neering & Fquipmeat, Calles ond Houston;
Canodion Generol Electric Compony in
Conodo.

AMPEX

oy

40

For specifications and other information, write Dept. G-1535A

MAGNETIC RECORDERS
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select your

semiconductor devices | *

from TI’s wide range

PHOTOTRANSISTOR

i

v

* 'HEARING AID P-N
& N-P-N TIANSISTOIS

TEXAS INSTRUMENTS

6000 LEMMON AVENUE

SEE O UR

PROCEEDINGS OF

"

03
2ol
25

EXHI

1.R.I:

SILICON POWER
TRANSISTOR
SILICON TRANSISTORS

SILICON
* JUNCTION DIODES
P-N-P JUNCTION
TRANSISTORS

I Well-planned

coordination between research and

production makes Texas Instruments your best
source of supply for reliable semiconductor devices.
Assembly live production of the widest range of semiconductor
devices in the industry —illustrated in actnal size at left —is one
direct result of this close teamwork. The new silicon transistors
— produced first in commercial quantities by Texas ITnstruments —are the
most recent result of this unexcelled research-to-production teamwork. A pio-
neer in silicon semiconductor devices, TT has both silicon junction diodes and
silicon grown junction transistors in production and available. Thorough
quality control —including over 20 rigorous test procedures —assures reliable
performance. All units are aged for 48 hours at rated ontput and again
tested belore shipment. And. of course, all Texas Instruments sei-
conductor devices are glass-to-metal hermetically sealed. It

you use semiconductor devices, look over the complete Tine shown

here . .. then look to T1, vour best source of supply.

* new WRITE FOR LITERATURE: Detailed

model in the complete Tl line shown
above. Write!

R A T E

DALLAS ®, TEXAS

BIT AT THE WESCON SHOW

cAngust. 1951

models information is available on every

SR

«Eedil
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TANTALUM
CAPACITORS

Just
BETTER

TANTALUM
CAPACITORS

Electrically proven in every way, and over a twenty year pe-
riod, there’s really nothing “new” about tantalum *capacitors
except in the significantly increased demand for them, and the
continually expanding list of their applications.

Incorporating a porous tantalum anode assembly, tantalum
capacitors derive their unusual stability from the characteristics
inherent in tantalum itself— the most stable of a/l anodic film
forming metals. It has been observed consistently that no im-
portant changes of characteristics occur in  Ngw. ..
long periods of operation; there is no shelf ~ Power Factor Slide Rule

All plastic, 87 circular rule gives

aging. Large capacity in extremely small  rpowerfoctorof capacitors from
g g g p y y 0.06 10 10,000 mfd., of o glonce.

size is also an important advantage. :
The growing demand for Tantalum ® 5 -4
Capacitors is being adequately met by ——
0 Send o dollar bill with your 'et.
Fansteel and other leading manufacturers.  temead to caver partiol cost of

. A A rule, postage ond hondling. No
Write for current technical bulletins. C.0.D s or charges, please.

32504C

i | FANSTEEL METALLURGICAL CORPORATION

NORTH CHICAGO, ILLINOIS, U.S.A.
Tantalum Capacitors. .. Dependable Since 1930

News—New Products

1954 Wescon Exhibitors

(Continued from page 36.4)

EXHIBITOR Booth No.
1. W. Marsh Company. ... ... ... 102
G. S. Marshall Co.. . .. .430-431
Marshank Sales Co.. .. .. ....525-526
Master Mobile Mounts, Inc.. ... .. ..219
Meridian Metalcraft, Inc.. .. . . ..132
Merit Coil & Transformer Corp.. .. .. 157
Claude}Michael Agency. . . ..025

Midland Manufacturing Compdn) .212
Midwestern Geophysical L. abomtor_v 323

Gerald}B. Miller Co....... ... 337338
J. W. Miller Co........ .....808
\William Miller lnstruments, Inc.. ... 144A
Miller Dial & Name DP’late Co.. YK
Milwaukee Transformer Co... ... . ..666

Minneapolis-Honevwell Regulator Co.1213
Mission-Western Engineers. Inc. . .603-604

Monitor Products Co... .. ...758
F. L. Moseley Co.... ... .. 438
Mosley Electronics Inc.. . .. .. 401
G. E. Moxon Sales........... . ... ..012
Mycalex Corporation of America. .. .. 129
Nassau Research and Dev elopmem
Associates, Inc.......... ... - 1302
National Carbon Co... ... .. .. 049
Div., Union Carbide & C arbon € orp.
National Company, Inc.. .152-153
National Electric Products Corp. ... 159
Neely Enterprises. . .. e H ok 554-555
Neomatic, Inc...... ... ... 405-406

Newcomb Audio Products Co.. .. 314-315
New Hermes Engraving

Machine Corporation. . . .. . 127
New lLondon Instrument Co.. . . . .704
The J. M. Nev Co............ ..806

North American Instruments, Inc.... 1116
North Electric Manufacturing Co..... 434
North Shore Research Corporation. .655B

Northwest LLead Company..... ... .. 1005
N. R. K. Manufacturing

& Lingineering Co...... .. ..o 751
Oak Manufacturing Co.. . ... ... .. ... 259
Offner Electronics, Inc.. ... .. ... .. 729
Ohmite Manufacturing Co........... 115
Optical Coating Laboratory, Inc...... 706
Oregon Electronics Mfg. Co....... .. 700A
John Oster Manufacturing Co.. L1216
l.ee H. Owens Company.......... ... 305
PPanoramic Radio Products, Inc...... 1202
The Ralph M. PParsons Company L1004
PCA Electronics, Inc...... L....913
Penta L ab()mtoneb, Inc.. ... 433
Perkin Engineering Corporatlon Lo 11
Perlmuth-Colman & Associates...214-215
Permoflux Corporation....... ... .. 148
Phaostron Company............. .. 164
Phillips Control Corporation. ... . ... 1212
I’hoto Chemical Products

of California, Inc....... ... . .. .. 661
Photocircuits Corporation. . 1232
Photocon Research Products. . .. 1220
Plastic Capacitors, Inc.. .. .. ... .654
Pioneer Electronics Corporation......733
I’olarad Electronics Corporation...... 403
Polytechnic Research &

Development Co., Inc... .. co.312
I’otter & Brumfield..... ... ... 133
I’otter Instrument Co., Inc.. .. ... .. 325
I’remier Metal Products Co... ... .. . .660
I’resto Recording Corporation. . .. 304
Pyramid Electric Company... .. ... .. 501
Radell Corporation........ ....902

Radio Corporation of America
Engineering Products Dept.. . .120-121

Tube Department....... ... 146147
Radio Receptor Co., Inc......... .. .. 739
Radio & Television News............ 343
Radio Magazines, Inc......... ... ... 635
Ram Electronics. .................. 637
Raytheon Manufacturing Co.....216-217
Rea Magnet Wire Co., Inc....... .. 163A

(Continued on page 46A)
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JUST A MATTER
OF CONTROL

./Wv
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LORD eNGINEERING

CONTROLS VIBRATION /
. . . anywhere

Your continuing effort to improve your products and reduce their maintenance cost may
be entircly A Matter Of Control . . . the control of destructive vibration and shock. To
help you to accomplish your objectives, Lord Engineering recommends the correct design,
selects the most suitable elastomer and metal, and uses precision manufacturing for all
‘Vibration Control Mountings and Bonded Rubber Parts. Your vibration and shock control

problems are our business. We welcome the opportunity of

placing our wide experience in many diversified industries

at your disposal.

Over 27,000 designs and their variations from
which to choose,

LOS ANGELES 28, CALIFORNIA DALLAS, TEXAS  PHILADELPHIA 7, PENNSYLVANIA DAYTON 2, OHIO
7046 Hollywood Blvd. 313 Fidelity Union 725 Widener Building 410 West First Street
Life Building
DETROIT 2, MICHIGAN NEW YORK 16, NEW YORK CHICAGO 11, ILLINOIS CLEVELAND 15, OHIO
311 Curtis Building 280 Madison Avenue 520 N. Michigan Ave. 811 Hanna Building

LORD MANUFACTURING COMPANY « ERIE, PA.

(RR)=10)

Sonoep nuss

The sensitivity of many commercial and militory
radio transmitters is protected . . . their accuracy
is insured ogoinst vibration ond shock damage
by Lord Vibration Control Mountings. Ask for
complete details.

. /%aa’ya‘arfem fo'r |
VIBRATION Coym:ol. ;

§

FOR 30 YEARS
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Where two materials are better than one

EX

TR

——)
==
$ 43

Properties of Synthane

Amang the autstanding praperties of Synthane are:

'|||| 1. Mechanical strength. Synthane
exhibits excellent strength under
tensian, campression, impact, vi-
bration and mild shack laads. It
will nat delaminate,
2. Dielectric strength, Synthane
is widely uvsed as an insulating
material in many different
applications.
3. Law maisture absarptian, Mast
grades of Synthane are highly
isture resi: . Special grades
are available for applications
where absarption must be at o
minimum.
4. Dimensianally stable. Synthane
is o thermasetting plostic with o
ini cald flaw. It halds its

} ) shape under narmal canditions
and ot elevated temperatures.

5. Awvailability. In addition to

mare than 33 grades of sheets,

Synthane is alsa supplied in many

grades of rads and tubes. Malded-

laminated and malded-macerated

@)
O parts are alsa manufactured, A

complete fabricating service is
available.

EERN

® This circuit breaker bushing is a
most unusual application for Synthane
laminated plastics combined with
another material. Basically it’s a con-
ductor and an insulator—a solid
copper bar—to which is bonded a
thick insulating shield of Synthane
laminated plastic.

There is one little joker in the design:
each bushing contains a thin copper
grid, only .003" thick, buried in the
insulating plastic. It is positioned con-
centric to the copper core as the
Synthane is being wound before curing
After curing, the bushing goes to our
fabricating department. Here pre-
cision machinists turn off the Synthane

Our 25th Year

SYNTHANE CORPORATION, OAKS, PA.

PROCEEDINGS OF TIIE 1.RE.

over the grid until the delicate grid is
fully exposed—yet unharmed.

Synthane—the material—was chosen
for this job because of its combination
of high dielectric strength, tough-
ness and machinability. Synthane, the
company, was selected because of its
ability to handle a tough job. Our
fabricating department is especially
equipped to work with laminated
plastics.

Look into the advantages of Synthane
laminated plastics and Synthane fabri-
cating service. Write for a free catalog
detailing both. Synthane Corporation,
8 River Road, Oaks, Pennsylvania.

[SYNTHANE]

LAMINATED |§J PLASTICS

August, 1954
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Hi-Temperature

e
7/

4 Forward Current at 1V dc & mA(Min.)

- _ S

0
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= e
Tested 2
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— 7/
Germanium e Ty

= s
£ 1N198 //
=t Electrical e

D i O d e .:.8 Characteristics -~ at 75°C
= 7/

7/
7 Reverse Current at—10Vdc 0.075 mA(Max.)

z

7
7 Reverse Current at —50V dc  0.250 mA(Max.)

///_
50 ¢
) AN
\\—— —
] \\ Forward Current at 1Vdc 4 mA(Min.)

N\, —
N

\\ Reverse Currentat —10Vdc 0.010 mA(Max.)
N
\\ T B I
N Reverse Currentat—50Vdc 0.050 mA(Max.)

The new Hughes type IN198

at 25°C

Temperatures inside operating equip-
ment usually climb well above the
equipment ambient temperature. At
these elevated temperatures, you need
components with known characteristics.
Most germanium diodes are tested at
room temperature and, as operating
temperatures rise, their performance
deteriorates. But the new Hughes
Type INIQ8 is a realistic germanium

SULLARLRNRARAN AR AN AN AR RN N ARARNNAY

point-contact diode. \\
That s because this diode is tested 100% Like all Hughes Diodes, the hi-tem- \
at 75°C—which is just about as hot as perature tested INI98 is fusion-sealed
most electronic equipment gets in oper- m}:.ol':c.' picce, gas-tight glass envelope
0 dd g 1 f-the INI 8 wihnicn 1s lmPCl'VlouS t-o n.101$turc or
ation.Ina 1u0mn, samples © 9 other external contaminating agents.
are regularly subjected to all standard The complete Hughes line of fusion-
tests at 25°C. This means that you can sealed germanium diodes comprises
use these hi-temperature tested diodes standard R}‘?i“i"iﬁr JAN, aﬂg many Slﬁc{al
with confidence, can design equipment types. We'd like to send our Bulletin
take full ad £ the £ h sp-2A, which lists and describes these
to : ¢ full a Vaflt.age o e. act that diodes, to you. Just send for your copy,
electrical characteristics at the higher tem- or for additional details concerning
peratures are specified. the new Type IN198.
ACTUAL DIMENSIONS

DIODE BODY:
0.265 by 0.130 inches (maximum)
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News—New Products
1954 Wescon Exhibitors

(Continned from page 42A4)
EXHIBITOR Booth No.
Reed and Reese, Inc............... 700C
Reeves Instrument Corporation. . $39-440
Reeves Soundcraft Corporation. . . ... 329
Remler Company, Ltd.. .. . ...549
Resin Industries. ... .. ...626
The Rex Corporation . ...665
Al J. Rissi.. . .621-622
I5. V. Roberts & Associates. ... .350-360
Robinson Aviation, Inc.. ..646
Rohn Manufacturing Co... c.o.....135
Raymond Rosen bngincering
Products, Inc. ...... e 904
Rotron i\ldnuf.ulurmg Co. ....736
Rutherford Electronics Co. . | ....613
Sanborn Company .. ...262
Sdn Fernando E lulrlc '\lfg Co..... .432
Sangamo Electric Company. ... .. .. 156
Howard M. Saul & Associates........732
| Sealectro Corporation ... .. .. .657B
Sensitive Research Instrument Corp 506
Sequoia P’rocess Corporation. ... . ... .256
Servo Corporation of America. ... .466
Servomechanisms, Inc.. . 310-311
Shallcross Manufacturing Co. ...365
Shasta Div.
Beckman Instruments, Inc.... .. ..225
Samuel Siegel Co. .. .. .. ...238
Sierra Electronic Corpomtlon ...509
Sigma Instruments, Inc.. .366
Simpson Electric Co... ... .313
Div. American Gage & Machine Co.
Claude C. Slate & Associates. . .. .738
Herman H. Smith, Inc.. .. 657A
L. J. Smith Company.. .1003
T. Louis Snitzer.... . . ...633
. | Sola Electric Co.. . . . 139-140
11 Well, along51de some of the Sorensen & Co., Inc. ......335-336
. . . South River Metal roducts Co.. . ... 815
Sma stuff we're workmg with Southern Electronics Co.. ... ..644
now, the radar plumbing we | Southwestern Industrial
. Electronics Co.. .. 125--126
used durlng World War 11 | Sperry Gyroscope Company . .. .. ... 357

Spencer-Kennedy Laboratories, Inc.. .465

gets to look like air- Condltlonmg Sprague Electric Company. ... .. 318-319
duct. What's more, some of I Standard Wire & Cable Co. .756-757

Standard Coil Products Co.. ....908
our boys here seem to regard Sterling Enginecring (‘ro 437
0 George Stevens Manu dclurmg Co....707
anythmg below S-band as | Stewart Stamping Co.. . .53
practically pure D.C. él. A. i@tlglagr:,ﬁ Co.. “ _ _g(s)g
» . | onrad K. Strassner Co.. . . 5 a0
Wa " ( : Naturally, we're up to our hips Superior Electric Co.

. :1: ‘ Powerstat Division. .. 809-810
as usual in work on mllltar}’ | Regulator Division. . ..367-368
equipment‘ However, we do :uptre}:mntrtl\llanufacturmg Co....... ;(15(15

. witchcra nc ..
ul e occa51onally have some Sylvania Electric Products, Inc.. .249-250
. . i Synthane Corporation. . . . ......6068
extra creative capacity available, Faylor Fibre Company. ............1110
SO 1 Tech Laboratories, Inc.. . .. .813
you ave a pl'O em
. Ivi . oy | Technology Instrument Corp...... . . ..339
D involving something special in Tektronix, Inc....... ... ... 556-557
. lelccomputmg Corpomtmn ..... ...910
et wav? g‘“(}f Components Tele-Tech & Electronic Industries. . 1305A
° real small ones. t ; | Teletronics Laboratory, Inc.. .. ... .. 1304
( es, too) and like Tensolite Insulated Wire Co... .. . .442
that, maybe we can help. Thermador Electrical Mig Co........ 545
. | Thomas & Skinner Steel
Drop us a line. | Products Co...... ... ... ... 331
Thompson Products, Inc..... ... ... 203
Transformer Engineers. . ... .. .. .. 144B
Transistor ’'roducts, Inc......... . ...332
Transitron Electronic Corporation.. 1210
:l:ria(l Transformer Corporation. . .149
L. 'H. TERPENING COMPANY [l e i
DESIGN e RESEARCH e PROD T Trutone Electronics, Inc........ ... ..303
OBUCHON T Sol Sales C ti 309
Microwave Transmission lines und Associated Components I T::rr'ﬁ;o Jetapiodl?gtps(')r‘é'l_on”" ) :307
16 West 61st St. + New York 23, N. Y. + Circle 6-4760 UM&F Manufacturing Corp.. ... 803-804

l Ungar Electric Tools, Inc... .. o122
(Continued on page 48A)
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RR66 PHOTO TRANSISTORS

Reliable .

e Hermetically sealed in glass.
® Miniature size; low cost.
e High optical sensitivity.

e Available base connection per-

mits thermal stabilization.

e Spectral response includes visible RECOMMENDED PHOTO-TRANSISTOR CIRCUIT
range with greatest sensitivity in FOR MODULATED LIGHT
infra-red region making it useful TYPICAL OPERATION

e for invisible light applications. RL=10K; R, =20K; R, =1K; Ry=1K
F3 go”ector %upply'Voltage 125 v’:lts
: ollector Current ... .
® Response embraces practically Sensitivity ... .0.16 volts/ft. candle
re— BASE the complete spectrum of a
jer— EMITTER tungsten filament lamp.

COLLECTOR

(RED DOT) . s

e Operates at low voltage and low - L

impedance levels. t L
RR66 PHOTO TRANSISTOR . s
St
z
~ w -
w
RR66 Photo Transistors are headed for a long and impor- R N e
tant career in electronic circuits. Perhaps we can discuss 2,000 5000 10,000  20.000
this new device with you now! WAVE LENGTH (ANGSTROMS)

TYPICAL SPECTRAL RESPONSE

Semi-Conductor Division

RADIO RECEPTOR COMPANY, INcC.
In Radio and Electronics Since 1922

SALES OFFICES: 251 WEST 19TH STREET, NEW YORK 11, N. Y.
TELEPHONE: WATKINS 4-3633  FACTORIES IN BROOKLYN, N. Y.
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- OVCII
flat =
. grooved
ribbon—

@ insulated
plated (o)

the element calls
for PRECISION

Carrier frequency:
FM, 215-235 MC/S

Subcarriers: 6

5, FM continuous
information

1, FM commutated
information, 27
sub-channels

o Automatic Data
Separation

o All Electronic

e HighDegreeof Accu-
racy and Reliability

For precision equip-

ment in the fields of

RADIO CONTROL
& TELEMETERING

RAYMOND ROSEN ENGINEERING PRODUCTS, Inc.

32nd & Walnut Streets « Philadelphia 4, Pa.

Round Wire to 0.00015"
diameter. Ribbon rolled to
0.0001" in thickness. Close
tolerances held on all spe-
cifications.

» all metals
all .alloys &

development and production metallurgists

SECON METALS CORPORATION

7 Intervale Street, White Plains, New York
WHite Plains 9-4757
Write for Pamphlet P

TELEMETER RECEIVING SET
~-32 CHANNELS

News—New Products

1954 Wescon Exhibitors

(Continned from page 46.4)

EXHIBITOR Booth No.

Union Switch and Signal. ... .1221-1222
Unitek Catalog Publishers. .. ... .. ... 124
Universal Electronics Company . .. .. 1215

U, S, Engineering Co., Inc. (USEECO).218
U, S, Naval Ordnance Laboratory. . .. 801
United States Radium Corporation. . . 748

United States Time Corporation. . . . . 759
United Transformer Co....... ... ... 652
United Corporation....... ... ..... 210
Van Cleef Bros, Inc... .. .. ...... 306
Van Groos Co.. . .. 1106831107
Varian Associates. .558-559
Vector Electronic Co. ... 135
Vectron, Inc... .. .. .. .. 535
Victoreen Instrument Co.. .. . ..641
Victory Engineering Corp. L...627
Viking Electric..... .. ....257
Vitramon, Inc.... ... . . ... ... 436
VM Corporation........ .. . ... 101
Waldes, Kohinoor, Ine.. ... 410411
The Walkirt Company..... .. . ... 443
Don C. Wallace &

William H. Wallace. ... Lo 740741
Walsco Electronics Corporation. . 423-424
Ward Leonard Ilectric Co. 239-240
Ward-Products Corporation,

Division of The Gabriel Co.. ... . ..624
Waters Manufacturing, Inc.. . ....540
Waveline, Inc.. ... ... ..710
Weightman & Associates. ... ... .234-235
Western Control Equipment Co.. . ... 724
Western Electronics News. . .. 1106A
Western Lithograph Co.. ... .. .900F
Westinghouse Electric Corp... .. 4571458
Weston Electrical

Instrument Corp.. ... . 333334
S, S. White Dental Mfg. Co. ....0631
Wiancko Engineering Co.. .. .. ...708
Winchester Electronics, Inc.. ....605
Ash M. Wood Co.. .. .. 107-108
Wright Engineering Co. o...322
\Wyco Metal Products. ..607
Ncelite Incorporated. ... .. 344

High Temperature
Servo Motors

New high temperature servo motors,
which can operate in regions of 160°C
(320°I7) are now available fronit American
Electronic Mfg., Inc., 9503 W. Jefferson
Blvd., Culver City, Calif. These include
BuOrd Mark VI and Mark VIII, as well
as fifteen other variations available with a

=

P

-

wide choice of plain or pinion shafts.
These high torque to inertia ratio units
have been qualified to meet all military
humidity, saltspray and fungus require-
ments. Delivery is within 30 to 45 days,
Culver City, freight allowed.

(Continued on prge 126.41)
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Consumer demands shape manufacturers”  tional fitting increascs consumer acceptance
requirements. .. to fail to measure up is to and sales. .. proving over the years that con-
lose the sale...incorrectness in one compo- fidence placed in KEYSTONE is well placed.
nent often makes the difference...because  For free information about how the
of this, KEYSTONE custom-engincers each  KEYSTONE transformer reply sheet can
transformer it produces for the individual — help you, write box ... P-8 ... today!
requirements of each manufacturer...

KEYSTONE'S unique system of evaluating :
data supplied by manufacturers on the ie SM”E ,’/%
new reply sheet, enables KEYSTONE y ;ﬁ £
engineers to specify the correct transformer PRODUCTS COMPANY
type for all operating conditions. .. this func-  soca 23r0 sTrReEeT uNioN cITY 2. N. .
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“AIRBRASIVE” UNIT
WORKS WHERE OTHER
METHODS FAIL

for controlled
removal of
deposited
surface coatings...

|

The “Airbrasive” method is an en-
tirely new concept of cutting hard,
brittle materials by the impingement
of an ultra high speed stream of gas-
propelled abrasive particles.

Its action is cool, shockless and rapid.
It can be used for many operations in-
volving cutting, drilling, surface film
removal, light etching and scribing.

... for cutting
hard, brittle
materials

...for shaping
fragile
crystals

If you'll send us samples of your own
work, we’ll be glad to conduct tests
and advise you as to the suitability of
the process to your needs.

BULLETIN 5307 has
full details. Send for
a copy.

AT THE WEST COAST IRE SHOW—LOS ANGELES, CALIF.
PAN PACIFIC AUDITORIUM—AUG. 25 to 27

See the '“Airbrasive ' Unit in action. If you plan to attend, bring along
work samples for a demonstration. Baath 631.

oy
LJ
ru:%mnusmut DIVISION
DENTAL MFG, CO. @ Dept.GA,10 East 40th St.
NEW YORK 16, N. Y.

Western District Office * Times Building, Long Beach, California

504
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- Contributors

H. Alfvén was appointed professor at
the Royal Institute of Technology in Stock-
holm in 1940. His paper appears on page
1239 of this issue.

He was born in
Norrkoping, Swe-
den in 1908. He
graduated from the
University of Upp-
sala, and received
the Ph.D. degree in

physics there in
1934. He was a Re-
search  Fellow in

physics at Uppsala
and also at the No-
bel Institute for
Physics in Stockholm from 1934 to 1940.

He has published papers on electron
physics, electron tubes (e.g. trochotrons),
and cosmical physics. He is the author of
“Cosmical Electrodynamics,” Oxford Uni-
versity Press, 1950, and “On the Origin of
the Solar System,” Oxford, 1954.

He is an honorary member of Sigma Pi
Signue.

H. ALFVEN

R. E. Buck joined the rescarch staff at
the  Minncapolis-Honeywell  Regulator
Company in 1952, where he has been en-
gaged in research
pertinent to semi-
conductor devices.
His paper appears
on page 1247 of this
issue.

He was born in
Ellwood City, Pa.,
November 26, 1921,
He received the de-
gree of Bachelor of
Physics from the
University of Min-
nesota Institute of

Technology in 1949. He has been active

since the thirties in the field of electronics.
| During World War 11 Mr. Buck served
with the United States Navy as a radio and
radar technician.

From 1949 to 1952 Mr. Buck was em-
ploved in commercial applications of elec-
| tronics and engineering with a Minneapolis

firm.

R. E. Buck

K3
o<

K. Bullington (A’45-SM’53) whose pa-
per appears on page 1258 of this issue,
joined the technical staff of Bell Telephone

| Laboratories after
his graduation. First,
he was engaged pri-
marily with wire
transmission prob-
lemsconnected with
voice frequency and
carrier  telephone
systems. Later, he
began working on
the engincering of
mobile  telephone
and microwave re-
lay systemis. An im-

K. BULLINGTON

| (Continyed on page 52A)
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IN ROOM AIR-CONDITIONERS G-E drawn-aval impraves
pawer factar and reduces running current,

RATINGS of G-E drawn.aval capacitars range fram 1 te 10 uf, 600 ta 1500
valts d-c, and 330 ta 660 volts a-c.

Versatile G-E drawn-oval capacitor
saves space, costs less

If you use fixed paper dielectric capacitors, G-E drawn-ovals

offer you an opportunity to save up to 209, on weight, and as

much as 109% to 209, on cost. The oval-shaped container, IN ELECTRIC TYPEWRITERS ANP BUSINES:S MAFH'NES'
i ) i the compact G-E drawn-oval is used with split-phase

developed by General Electric, offers more capacitance per dollar capacitar-run motors.

than similarly rated rectangular capacitors. And, ty conformirg

to the natural shape of the winding, it results in a smaller, lighter

unit, too. They’re available in ratings from 1 to 10 uf, 600 to

1500 volts d-c, or 330 to 660 volts a-c, 60 cycles.

G-E drawn-ovals feature: A double-rolled seam, between case
and cover that makes a mechanically strong, hermetic seal which
stays leak-proof even under severe operating conditiors; a choice
of eyelet, fork-type, or quick-cornec: (solderless) terminals;
silicone bushings between terminai and cover, that effectrvely
maintain a high insulation resistance despite long operation and \

wide temperature variation.
. . . . IN FLUORESCENT LAMP BALLASTS, G-E drawn-ovols
General Electric drawn-oval capacitors are being used in room (loft) improve power factor.

air conditioners, business machines, fluorescent lighting ballasts,
and industrial and military control systems. If you would like
specific application assistance, contact your local General
Electric Apparatus Sales Office. General Electric Company,
Schenectady 5, New York.

Generai Eieciric Ca.
Section A442-19
Schenectady 5, New York

Please send me Bulletin GEA-5777.

| |

. :

Progress ls Ovr Most [mportant Product : Name R l
i I

| l

| |

l

Company

GENERAL @ ELECTRIC | = —

City Zone____State

L ————
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"THE/NEW ELEcTRONIC cHOoPPER = Contributots
(Continued from page 50.-1)
AVION

all electrical!
no moving parts!

portant aspect of his work has been in the
field of radio propagation.

He was horn in Guthrie, Oklahoma on
January 11, 1913, He attended the Univer-
sity of New Mexico, receiving the BB.S. de-
gree in eleetrical engineering in 1936. He
received the M.S. degree in 1937 from the
Massachusetts Institute of Technology.

He is a member of the Professional
Groups on Antennas and Propagation and
on Communication Systems.,

o LIFE-3000 HOURS MINIMUM
o CASE SIZE-7s x 7 x 2

e WEIGHS ONLY 1.6 OUNCES
e HIGH INPUT IMPEDANCE

The completely new design of this Avion Chopper provides for

,
oo

100% electronic operation . . . achieved by modulation of D.C. volt- J. C. Cacheris (M'48) joined the staff of
ages by alternate illumination at line frequency . .. of the photo- the Ordnance Development Division of the
conductive element in a voltage divider. National Bureau of Standards, Washing-

ton, D. C., in 1949,
where he engaged
in microwave an-
tenna and diffrac-
tion studies, and in
investigationsof the
microwave proper-
ties of ferrites. Heis
continuing the lat-
ter investigations
as a member of the

Compact, light, and durable, this unit is ideal for conversion of
D.C. and A.C. in the fields of servomechanisms, computing devices;
D.C. null measurement circuits, and other electronic control systems.

Send for complete data on this new Avion product

OTHER AVION PRODUCTS
Altitude & Air Speed Control Units * Electranic Invertors ¢ Frequency Converters
Mognetic Memory Systems ¢ Minioture Plug-In Amplifier Units « Power Supplies
Voltage Regulators * Replaceoble Subminiature Amplifier Assemblies + Signal Generators

o Av lo N o Diamond Ordnance
a J. €. CacHeris Fuze Laboratories,
INSTRUMENT CORP. { Department of the

Army, to which the functions and staff of

the Ordnance Development Division were

transferred on September 28, 1953, His pa-
i per appears on page 1242 of this issue.

He was born on Mayv 18, 1916, in Chi-
cago, I He graduated from the Capitol
Radio Engincering Institute in 1941; re-
ceived the B.S. degree in electrical engi-
neering from Carnegie Institute of Tech-
nology in 1946; and the M.S. degree from
Marviand University in 1953,

From 1941 to 1946 Mr. Cacheris was
emploved as a radio enginecer in the Test
Department of the Radio Division of the
Westinghouse Electric Corporation, Balti-
more, Nd. From 1946 until 1949, as an
clectronic scientist with the Naval Ord-
nance Laboratory in White Oak, Md., he
designed circuits and instruments for ultra
high and microwave frequency ranges.

Mr. Cacheris is a member of the Ameri-
can Physical Society and Iita Kappa Nu,
and is a registered professional engineer in
the District of Columbia.

Division of Americon Car and Foundry Company

299 Hig'hway No. 17 ® Paramus, New Jersey

RECORDS
TWO INDEPENDENT
VARIABLES FROM
ANALOG OR DIGITAL
INPUTS

X-Y PLOTTER A i .
compact, desk-size unit
ano RECORDER designed for general purpose

graphic recording from analog
or digital inputs with stand-
ard Librascope converters or
special modifications engi-
neered to customer require-
ments. Unique pen travel,
fast and dependable. Full
chart visibility allowing
curve generation to be ob-
served at all times. Write for
detailed cataiog information.

9,
o

‘I'. H.Chambers is a Registered Profes-
| sional Engineer in the District of Colum-
bia. He is also head of the Receiving Sys-
tems Section of
the Search Radar
Branch at the Na-
val Research Labo-
ratory, Washing-
ton, D. C. His paper
appears on  page
1307 of this issue.
[ie was born at
Ardmore, Pennsyl-
vania on June 11,
| 1919. From Haver-
I, H. CuaAMBERS ford College he re-
ceived the B.S. de-

(Continned on page 56A)

Mechanical and electrical
analog computers, digital

computers, inpat-output
devices and components.

Computers and Controls

IBRASCOPE

& GUSIIBIANT 00 BEmtmmL FHICISION EBU PHENT CORPORATION

1607 FLOWER ST., GLENDALE, CALIF.
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ond pressure can’'t affect
this lock-ring’s grip—

HERMETIC’S new lock-ring for mounting hermetically sealed headers
gives maximum mechanical security at lower cost!

See Us at the Western Elec-
tronic Show and Convention
in los Angeles — Booth 905.

FIRST AND

PROCEEDINGS OF THE [R.E.

A simple hole is all you need to mount
this vac-TITE* glass-metal bonded header.
Hermetic's new lock-ring design assures me-
chanical security without requiring shaped re-
cesses. The ring will hold against internal
pressures far in excess of any which can be
encountered in service, and all the advantages
and flexibility of round headers are retained.

Stripping and re-use of headers is facilitated
by the lock-ring and by the intrinsic nature of
the VAC-TITE* seal.

In co-operation with the Armed Services, Her-
metic has developed a variety of other header
and plug types which do not depend on solder
alone for mechanical security of headers.

*VAC-TITE is HERMETIC's new, vacuum-proof, compression-construction, glass to metal seal. In
addition to special shapes, many standard sizes such as .800 O.D. and .900 O.D. multi-terminal

1 Slakl

headers and a large variety of individuval termi

Write to Hermetic for assistance and samples to meet your problems.

Hermetic Seal Producis Co.
29 South Sixth St., Newark 7, New Jersey

FCREMOST I N

Angust, 1954

MINITATUR

are a in VAC-TITE Compression Seals.

I ZATI ON
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BALLANTINE Sensitive,

Wide Band Electronic Voltmeter |

- ———

/ inc.
Mﬂ"di“

Mnﬁ\l“‘cs

bilily
in High Per P!
speciolizing

packed with the

latest and most
complete informafion

MODEL 314
Price $285

Tomeasure...vvevenn. 1 millivolt to 1000 volts TA PE W N D
from..oeiavieinnennn.. 15 cycles to 6 megacycles

with accuracy of . . .. .... 3% to 3 m¢; 5% above

with input impedance. . .. 7.5 mmfds shunted by 11 megs ‘ R E s
When used without probe, sensitivity is increased to 100 MICRO-

VOLTS but impedonce is reduced to 25 mméds and 1 megohm

12 Pages of Performance Curves

Featuring customory Ballantine .
Tabl f P
SENSITIVITY — ACCURACY — STABILITY ables of Guarantced Performance
® Same accuracy at ALL points on a logarithmic voltage scale and Description of Core Matching Service
uniform DB scale, o

Applications = Constructions
L]
blus much additional information

® Only ONE voltage scale to read with decade range switching.
® No “turnover” discrepancy on unsymmetrical waves.

® Easy-to-use probe with self-holding connector tip and unique
supporting clamp.

® Low impedance ground return provided by supporting clamp.
® Stabilized by generous use of negative feedback.
® Can be used as 60 DB high fidelity video pre-amplifier.

Write for catalog for more information aboul this and other
BALLANTINE voltmeters, amplifiers, and accessories. M ﬂ G " ET I c s
| nc
' [ ]

BALLANTINE LABORATORIES, INC. 'RY St ih Pt Mt

i BUTLER, PA.
J |

For your copy of the "Performance-
Guaranteed” Tape Wound Core Catalog 1

write on your letterbead ‘

BOX I-1

102 Fanny Road, Boonton, N.J.
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MECHANICAL
FILTERS
PROVIDE

A MORE
DEPENDABLE
SIGNAL

FOR LORAC
RECEIVERS

77/2;:@5 "LORAC" weTloork,
U NLE S

R
caren \ A
I , oS,

Y o LD
| et

The Seismograph Service Corporation of Tulsa
utilizes Mechanical Filters to narrow the 1. F. pass
band of their receivers and produce a better signal-to-
noise ratio. Two Collins Mechanical Filters are now
used in each marine mobile Lorac receiver.

STATION

During recent ycars the oil industry has displayed
great interest in the Continental Shelf Area of the Gulf
of Mexico. Increased geophysical activity in this area
demanded a more accurate determination of the geo-
graphic position at which geopnysical observations are
made. As a result, Seismograph’s Lorac radiolocation
system, unhampered by poor visibility and line-of-sight
limitations, was designed. Today the better signal-to-
noise ratio provided by Collins Mechanical Filters in
their Lorac receivers aids in providing position informa-
tion as accurate as & 215 feet.

Gluu mAS! nnn RED PHASE METER

Here is only one use of this compact, permanently
tuned L. F. bandpass Filter. 1t is very probable that the
Collins Mechanical Filter will provide the ideal selec-
tivity and better signal-to-noise ratio you require. Col-
lins Engineering Staft is available to assist in your par-
ticular application. Ask us today about the many
types of standard Mechanical Filters now available
for your use.

Cedar Rapids, lowa

261 Madison Ave., NEW YORK 16

1930 Hi-Line Dr., DALLAS 2
2700 W. Olive Ave.,, BURBANK
Collins Radio Company of Canada, Lid., 74 Sparks Street, OTTAWA, ONTARIO

I'ROCEEDINGS OF THE LiR.E August, 1951
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RESINITE

ceeCaN
increase
efficiency
of your

iron core
insertion
production
by 20%

EMBOSSED
COIL FORMS

Special embossed construction eliminates torque control prob-

lems and stripping . . . prevents breakage or freezing of cores

due to cross threading or improper starts.

Custom fabrication to your exact specification assures correct

dimensions to within the most critical tolerances, plus uni-

formity throughout.

Threads are positioned in accordance with your requirement
—full thread, each end, one end, center only.

We will furnish —without charge—a pilot production run of
custom-made embossed forms to fit your particular applica-
tion. We will also send a winding mandrel made to the speci-

fications you supply.

Contact us now for full details about this special offer.
Request technical bulletin, Use of Threaded Tubes, Threaded

RESINITE R

CORPORATION

New England:
Fromingham, Massachusetts, Framingham 7091

Metrapalitan New York, New Jersey:
Jersey City, New Jersey, Journal Square 4.3574

Upstate New Yark:
Syracuse, New Yark, Syracuse 76-8056

Northern Ohia, Western Pennsylvania:
Cleveland, Ohia, Atlantic 1-1060

Indi . Savthern Ohia:
Lagonspart, Indiana, Laganspart 2555

2035G W, CHARLESTON ST.

56aA

Iron Cores VS. Torque Control.

v

Sales Representatives in:

Missauri, Savthern [lfinais, lawa:
St. lauis, Missauri, Sterling 2318

Maryland:
8altimare, Marylond, Plaze 2-3211

Philadelphio, Comden:
Philadelphia, Pa., Chestnut Hill 8-0282

Califarnia:
Pasadena, Colifarnia, Sycamare 8-3919

Canada:
Mantreal, Quebec, Canada, Walnut 2715

2 UMPA

. CHICAGO 47, ILLINOIS

Contributors

(Continued from page 52.:1)

gree in 1941, graduating with honors in
both physics and electrical engineering. He
received his NLS. degree in 1950 {rom the
University of Maryland.

From June to December, 1941, he was
with the Columbia Broadeasting System
doing research work on color television.
In December, 1941, he accepted a position
at the Naval Research Laboratory doing
research work on receivers for scarch radar
svstems

In October, 1945, Mr. Chambers was
awarded the Meritorious Civilian Service
award for his wartime work on anti-jam-
ming receivers.

.

oo

S. S, L. Chang (SM'533) has heen asso-
ciated with Robbins and Myers, Ine.,
Springficld, Ohio since 1946, e joined the

IFaculty  of  New
York University in
1952 and is now As
sociate Professor of
Electrical lngi-
B = neering. His paper
appears  on - page
1278 of this issuc.
He was horn in

(lﬁf,-‘_.,\{:" =5 Peiping, China, in
o S 19200 Hle received
the M.S. in physics
S. 8. L. Cuane from Tsinghua U ni-
versity, China, in
1944 and the Ph.D.in Electrical Engincer
ing from Purdue University in 1947, e
taught at Purdne University from 1917 1o
1948.
Dr. Chang is & member of NLILE,
Amierican Physical Society, \.S.1EF, Fta
Kappa Nu, and Sigma Ni.

o
oo

Jo KL Clapp (AV24=028"-1'33), whose
paper appears on page 12935 of this issne,
has been with the engineering department

of General Radio

Company,  Cam

ﬂ bridge, Mass., since

g 1928 to date, work-

W ing on frequency

(it ® - standardsand meas-
. urements. He was

: “\ born on December
k:' 30, 1897 in Denver,

-
: Colorado.
&\ Mr. Clapp re-

ceived the B.S. de-

J. K. Cravr gree from the Mass

achusetts Institute

of Fechnology in 1923, Tle was an instruc

tor in electrical engineering at MULT. from

1923 to 1928, obtainine the M.S. degree in
1920.

On graduating, Nr. Clapp became
an amateur radio telegraph operator,
from 1909 to 1928, and a commercial oper-
ator with Marconi Wireless Telegraph Com-
pany, from 1914 to 1916. He was in the
United States Navy from 1017 to 1919,
serving two years with the Expeditionary
Forces in Ewrope. He was associated in
1920 with the Marine Division of the Radio
Corporation of America.

(Continued on page 60:)
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first of its kind

X-BAND e
E E P manhours .
OSCILLATOR

wide band--8500 to 9600 mc;
output constant within one db;

for dynamic testing of microwave
components and systems

Now, for the first time, an instantaneous graphic display of the

entire frequency range 8500 to 9600 MCS. This new Polarad X-Band
Sweep Oscillator makes possible rapid, dynamic testing of
microwave components such as TR tubes, antennas, crystal mounts,
even complete microwave systems over a 1100 MC sweep at

X-band. Eliminates laborious point-by-point testing methods. A unique
display unit shows both reflection and transmission characteristics
simultaneously, since two deflection amplifiers are utilized.

The X-Band Sweep Oscillator is an important instrument for

laboratory and production line application. It gives one quick answer
where formerly hours of checking were necessary. For further
information, write to your nearest Polarad representative or the factory.

SPECIFICATIONS
REFLECTION
Frequency Range. 8.510 9.6 KMC
A Typical Scope Display (at left) e L Lo
Shows transmission and reflection -
Ay R Output Varration. 2 1 db maximum
characteristics of a double tuned cavity I Sweepes Fate 12 oycies por second
under test. This is an example of how Operatmg Voltage, 115V = 10%
the dynamic display reduces time required ’ Input Power: 400 walts
to test X-band components and systems. Type of Output
As a design tool in the laboratory, the Connector yes2vy
effects of electronic or mechanical changes S ™ 1 wdex 0% 0o
may be evaluated instantaneously. | 116% " hgh
A.S a production tool, “g_on and "‘no go" suo!sg:us:::w 12 widex 16% deep
limits may be checked visually. 212" high
Approx. Wt aof Control
and Dispisy Unit, 135 1bs.
|
| cox. Wt. of
TRANSMISSION { ”::eepv:: oscilator 55 1. J

EI.ECTRONICS con PORATION 100 METROPOLITAN AVENUE, BROOKLYN 11, NEW YORK

REPRESENTATIVES ATbuguerque * Araprior, Canada « Atfanta * Boston « Chicago * Cleveland ¢ Fort Worth « Kansas City * Los Angeles » New York « Philadelphia + San Francisco » Seattle s St Paul « Syracuse * Washington, D, €.
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MINIATURIch

YOUR EQUIPMENT7

Speag(, SIMPLEST, MOST COMPACT

AMPERITE
THERMOSTATIC R E L AYS

DELAY

MOST ECONOMICAL, HERMETICALLY SEALED

Provide delays ranging trom 2 to 120 seconds.

® Actuated by a heater, they operate on A.C., D.C.. or
Pulsating Current.

® Hermetically sealed. Not affected by altitude, mois-
ture, or other climate changes.

® Circuits: SPST only — normally open or normally
closed.

Amperite Thermostatic Delay Relays are compen-

sated for ambient temperature changes from —55° to

+70°C. Heaters consume approximately 2 W, and may

be operated continuously. The units are most compact,

rugged, explosion-proof, long-lived, and — inexpensive!

TYPES: Standard Radio Octal, and 9-Pin Miniature,
PROBLEM? Send for Bulletin No. TR-81

MINIATURE

o Ampente Regulators are designed to keep the
cwrrent in a circuit automatically regulated at
a definite value (for example, 0.5 amp).

® For currents of 60 ma. to 5 amps. Operates on A.C., D.C,,
Pulsating Current.

® Hermetically sealed, light, compact, and most inexpensive.

® VOLTAGE OF 24V ' WITH AMPERITE
. BATTERY & CHARGER: VOLTAGE VARIES

VARIES APPROX 1 ONLY
]
1
0% | 2%

Maximum Wattage Dissipation: T6)2L—5W. T9—10W.

T9 BULB

Amperite Regulators are the simplest, most effective method
for obtaining automatic regulation of current or voltage. Mer-
metically sealed, they are not affected by changes in altitude,
ambient temperature (—55° to +90°C), or humidity. Rugged;
no moving parts; changed as easily as a radio tube,

Write for 4-page Technical Bulletin No. AB-51

MPERITE CO. Inc., 561 Broadway, New York 12, N. Y.

In Canada: Atlas Radio Corp., Ltd., 560 King St. W., Toronto 2B
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® Low noise level

® Precision
\ ® Stability

Mk 65X

MOLDED RESISTORS

RATING —1 watt.

TEMPERATURE COEFFICIENT—From approx.
+0.1%/°F for 5000 ohm values to ap-
prox. —0.2%/°F for 10 megohm values.

VOLTAGE COEFFICIENT—Rated at less than
0.02% /Volt.

UPPER TEMP. LIMIT—170°F for continuous
operation.

NOISE LEVEL —Low noise level inherent,
but at extra cost we can test and guar-
antee standard range resistors with “less
noise than corresponds to a resistance
change of 1 part in 1,000,000 for the com-
plete audio frequency range.’

VALUES
Standard Range — 1000 ohms to 9
megohms.
Extra High Value Range —Up to
10,000,000 megohms,

BULLETIN 4906
has full details. Send for a
copy. Attention Dept. GR.

S

Mé INDUSTRIAL DIVISION
M@ 10 EAST 40th ST.
NEW YORK 16, N.Y.

Western District Office « Times 8ullding, Long Beach, Calif,

tugust, 195/




this question is
brought up by seasoned buyers.
Experience has taught them

that no amount of good intentions
can compensate for inadequate
production machinery. To such
practical and fore-sighted

n, the following facts are
ented for consideration:

To meet customer requiremem‘s for
quality tested AlSiMag ceramics,
American Lava Corporation main-
tains lineups of modern high speed

presses which can produce

Invariably

me
pres

(more than enough,
laid end o end, fo reach from Phila-
delphia, Pa., 10 Washirgton, D. C)

Why risk dole delivery when you
an command AlSiMag production

S
o serve you

facilities ready f

n AlSiMag pari 1 square. Qur presses
ces up to 147 % 14" and, of cours?.

¢ than the size mentioned.

Based on 3
can produce pie
much smaller part

53rD
A YEAR OF CERAMIC LEADERSHIP
CA N lA VA c 0 RPO RA T' N A SUBSIDIARY OF MINNESCTA MINING
AND MANUFACITURING COMPANY
|
1

CHATTANOOGA 5, TENNESSEE
3

DFFICES METROPO
LITAN AREA. 6

5012 Euchid o A, 671 Broad St., N |
3'6venyon‘4.;g':‘—3> .RosonLéOOL E‘(press 1.6585 ¢ :“E’;vfkéhl’;lcfxrﬁl\,-chell 2.8159 ® SYRACUSE, N. ., 647
Orwole Dr., Dat'as 9, D UIS: 1123 Washington Ave., Garfield D: 1374 Mass. Ave., Combridge, Mas: § Warren St., Pl ose 74.4889 and 7
e P D B E s 5603 1. Vipntington. Dry Coptol [ g B e T LADSLSHIA. 3549 N Broad St
. Huntington Dr., C X e Zentral 6-1721 o S0. S 1 Broad St

P  Dr., Capitol 1.91 2 SOUTHWEST
T SBURGH, 811 Brasa Bl Atlantic 1-2075 e Ane R ANCICO. 320 Shaw R Blosa. 62800
. Plaza 6.0800




WAVEGUIDES

FOR
RADAR & MICROWAVE

LINK SYSTEMS

We offer complete facilities
for manufacturing Wave-
guide components from your
drawings ond specifications
—or expert design and
development to meet your
needs,

® Precision Cast Waveguides
® Aluminum Dip Brazing &
Heliarc Welding
Broadband Waveguide
Components 5=

Mixers o Duplexers o

Rotating Joints
INSTRUMENT CORP.

Hybrid Junctions
Crystal Mounts

52 West Houston Street
New York 12, N. Y.

Bends

Write for Hlustrated Brochure

THE WAVEGUIDE HOUSE SINCE 1943

Metallurgists & Specialists in Small Wire
Serving Industry— FOR over 53 YEARS

¥t RN by

BASE METAL WIRES .. Very smali
diameter —. for filaments, thermo-
couples, resistance units,

PRECIOUS METAL WIRES .
Produced in Platinum, Gold, alloys
and pure metals — smal diameter
. . . Platinum alloy resistance wires.

COATED WIRES Comprising
an extensive range of electroplated
grid wires Enamel insylated

wires for precision resistors and
potentiometers,

We invite your !nquiry regarding
vnusual problems or specifications.
) Write for latest List of Products.

SIGMUND COHN MFG. CO. INC.

121 So. Columbus Avenue, Mt. Vernon, N. Y.
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(Continned from page 364)

J. R. Hall (M*48-SM'54) is employed
by Continental Ilectronics Mfg. Co., Dal-
las, Texas. His paper appears on page 1222
of this issue.

He was born in
Boston, Mass,, on
December 4, 1915,
He graduated with
honors in electrical
construction  from
Wentworth  Insti-
tute at Boston in
1037,

After graduation
he was employed as
productionengineer
by Photoswitch
Inc., Lawrence, Mass. In 1940 he joined
the engineering staft of the World Wide
Broadcasting Corp. in Boston, and inter-
national  short-wave  stations  WRUL-
WRUW, where he was engaged in high-
power transmitter design and construction.

From 1944 until 1946 Mr. Hall was em-
ployed by the U S, Gavernment, Office of
War Information, as a radio engincer in
London and Algiers.

From 1946 until 1953 he was employed
by the UL S, Department of State and the
UL S, Information Agency (Voice of Amer-
ica). During this period he was chief engi-
neer in the relay stations at Algiers, and
later engineer in charge of construction at
the American Relay Base in Munich.

In 1949 he was appointed project engi-
neer for the Voice of America and designed
the short-wave refay facilities for Salonika,
Greece. Later he was placed in charge of
constructing the million-watt long wave
transmitting plant at Munich. In 1953 Mr
Hall resigned from government service to
enter television broadcasting as an engi-
neer at WXL, Cleveland, Ohio.

J. R HaLn

J. N. Hines (847 A'50) is presently
employved as a research associate at the An-
tenna Laboratory of the Ohio State [ ni-
versity, working on
the  problems  of
traveling-wave slot
antennas. He is also
a member of the
technical school
staff  of Franklin
University, Colum-
bus, Ohio. His pa-
per appears on page
1262 of this issue.

He was born in
Tientsin, China, on
March 9, 1920, tle
received the B.S. degree in electrical engi-
neering from the University of Connecticut
in 1943 and entered the Armed Forces as a
Radio Officer in the Signal Corps until the
fall of 1946. Mr. Hines then enrolled in the
graduate school of The Ohio State Univer-
sity where he was awarded the M.Sc. de-
gree in electrical engineering in 1949,

Mr. [ines is a member of the ATEL.

J. N. Hines

(Continued on page 62A4)
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Temperature Compensating

DISCAPS

STRENGTH

TC 1/4 Dia. 5/16 Dia. 1/2 Dia. 5/8 Dia. 3/4 Dia. 7/8 Dia.
P-100 1. 3 MMF 4. 9 MMF 10- 20 MMF — —
NPO 2- 12 13- 27 28- 47 48- 62 MMF 63-100 MMF 101-150 MMF
N- 33 2- 12 13- 27 28- 47 48- 62 63-100 101-150
N- 75 2- 15 16- 27 28- 56 57- 68 69-110 111-150
N- 150 2- 15 16- 30 31- 60 61- 75 76-140 141-150
N- 220 3-15 16- 30 31- 75 76- 90 91-130 131-190
N- 330 3-15 16- 30 31- 75 76-100 101-150 151-190
N- 470 3- 20 21- 40 41- 80 81-120 121-200 201-240
N- 750 5- 25 26- 56 57-150 151-180 181-300 301-350
N-1500 15- 50 51-100 101-200 201-250 251-330 331-560
N-2200 47- 75 76-120 121-200 201-275 276-470 471-560

Temperature coefficients up to N-5200 available on special order.
SPECIFICATIONS RMC Type C temperature compensating DISCAPS

PO WER FACTOR: Over 10 MMF less than .1% ot 1 mega-
cycle. Under 10 MMF less than .2% at 1 megacycle.

WORKING VOLTAGE: 1000 V.D.C.

TEST VOLTAGE (FLASH): 1750 V.D.C.

CODING: Capacity, tolerance and TC stamped on disc

INSULATION: Durez phenolic-vacvum waxed

" INITIAL LEAKAGE RESISTANCE: Guaranteed higher than

W o

DISCAP

7500 megohms

AFTER HUMIDITY LEAKAGE RESISTANCE: Guaranteed
higher than 1000 megohms

LEADS: No. 22 tinned copper (.026 dia.)

TOLERANCES: +5% +10% +20%

The capacity of these condensers will not change under voltage,

are universally recognized as the ideal money-saving
replacement for tubular ceramic and mica capacitors.
Rated capacities will not change under voltage.
Smaller size permits compact circuit designs. Greater
mechanical strength assures rugged assemblies and
lower costs in production line operations. Rated at
1000 working wvolts, Type C DISCAPS are available
for a wide range of applications and cost no more than
ordinary 600 volt capacitors.

Whatever your ceramic capacitor problem, stand-
ard or specialized, RMC engineers are prepared to
solve it for you. Take advantage of a wealth of
experience by writing today.

These capacitors conform to the RTMA specification for Class 1 ceramic condensers.

/

CERAMIC
CAPACITORS

| -

RADIO MATERIALS CORPORATION
GENERAL OFFICE: 3325 N. California Ave., Chicago 18, Iil.
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BLOCK UNITIZED

PULSE INSTRUMENTS

® EACH INSTRUMENT COMPLETE—AND
EXPANDABLE. UNITS MAY BE ADDED
TO EXTEND RANGE AND APPLICATION.

FIRST CHOICE FOR
PRECISION MADE
TRANSFORMERS

Precision is two-fold in
Acme Electric transfor-
mers. Exact mechanical
dimensions facilitate
installation in limited
space. Unvarying
electrical characteristics
provide for dependable
performance.

ACME ELECTRIC CORPORATION
448 WATER ST. ® CUBA, N.Y.

West Coast Engineering Laboratories:
1375 W, Jefferson Bivd., Los Angeles, California

In Canada: Acme Eleciric Corp. Ltd.
50 Northline Road, Toronto, Ontario

USE INDIVIDUALLY
OR IN MULTIPLE
COMBINATIONS

e o o
L 1 ] o0®
®e ( 1]

| S— | 000 e

FUNCTION CHANGE EFFECTED BY SIMPLE SWITCH OF REAR PLUG-IN CABLE -

TIME DELAY and GATE GENERATOR

Model 2210A

® Non-critical trigger
requirements

® Pos. and neg. delayed ¢«
output pulses

. v =
® Pos. and neg. variable L

width gate pulses

® Delays and gate widths o
to 10,000 .s

® High accuracy, low jitter

<

v g

Write ‘or complete specifications: our Bulletin No. 2200-1/A
and the Name of Our Representative in your area,

11811 MAJOR STREET, CULVER CITY, CALIF.

EXbrook 8-6764

PROCEEDINGS OF THE I.R.E.

Contributors

(Continued from page 60A4)

R. AL King (M'46) joined the Bell Tele-
phone Laboratories in Murray Hill, N. |.
in 1929, spending the next cight vears in
the systems draft-
ing department. She
transferred to the
circuit research de-
partmentand math-
ematical computing
in 1937. Six vears
later, she joined a
transmission devel-
opment group con-
cerned with pulse
transmission  sys-
tems for radio te-
lephony. Her paper
appears on page 1250 of this issue.

In 1948 NMrs, King was assigned to local
transmission research, with particular at-
tention to problems in broadband-to-sub-
scriber transinission, Recently she has been
associated with experimental work on lam-
inated conductors and currently is con-
cerned with the translantic cable project.

She was born on Julv 17, 1911 in New
York, N. Y. She received the B.A. degree
in 1941 from the Brooklvn College of the
College of the City of New York.

Mrs. King is a member of 't Mu 1<psi-
lon.

x~w

R. A. Kixg

°,
Ex]

R. Lee (A'32-SM'45-F'54) became as-
sociated with the Westinghouse Electric
Corporation, first in the student course,
followed in 1925 by
work in the control
engineering depart-
ment, and in 1928
transferring to the
radio-engineering
department. First a
design engineer in
the Baltimore plant
of  Westinghouse,
Mr. Lee is now an
advisory engineer,
His paper appears
on page 1288 of this

R. LEE

issue.

He was born on November 8, 1902, at
Shirland, Derbyshire, Iingland. He re-
ceived the B.S. degree in electrical engi-
neering from West}Virginia University in
1924,

Mr. Lec is a member of Tau Beta Pi
and the AIEE.,

(Continued on page 66:1)

New Towers

in the Sky!

Research readily
exchanged between engineers and
scientists has been the forerunner

information

of every radio-electronic advance.
This is the priceless service to all
of “Proceedings of the ILR.E.”

August, 1954



For “Trouble-Free”

Electrical Protection

§..|..........

}

You can rely

on BUSS FUSEN!

Accuracy and dependability are built in every BUSS fuse at the
factory and will be there no matter when the fuse is called upon
to operate.

For every BUSS fuse normally used by the Electronic Industries
is tested in a sensitive electronic device that rejects any fuse
that is not properly constructed, correctly calibrated and right
in all physical dimensions.

Proper construction prevents poor contact heating, correct
calibration makes certain that the fuse will carry its rated current.

This insistence on perfection results in quality, ‘trouble-free’
fuses. That’s why manufacturers and service organizations rely
on BUSS fuses for dependable electrical protection
under all service conditions.

BUSSMANN Mfg, Co.

(Division of McGraw Electric Co.)

University at Jefterson, St. Louis 7, Mo.

Please send me bulletin SFB containing facts on
BUSS small dimension fuses and fuse holders,

If at any time you have an electrical protection
problem, let BUSS save you engineering time. At your
service are the facilities of the world’s largest fuse
research laboratory and its staff of engineers ready

to help you select the right fuse or fuse mounting . . . Name

and if possible, one already available from local Title___ _

wholesalers’ stocks. Yy o
W Address.

For More Information  Mail this Coupon }; City & Zone State
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INSIST ON

COMPONENTS WITH THE BEST PERFORMANCE
RECORD IN THE INDUSTRY!

Year after year, most of the successful TV receiver
designs use deflection components made by RCA.

RCA deflection yokes and flyback transformers are first
choice among leading circuit designers today because their

outstanding quality and performance have been proved by (&’;‘{Sﬂb N %000
sgtisfac@ory service in millions of repeivers since they first made oT T B teoty
history in the famous “630” chassis. Harrison, N. J.
i OWEST)

The fact is, more yokes and flybacks produced by RCA are Whitehall 4-2900.
in use now than any other make. You’ll consistently find them éslgcl‘:églﬁ“"lfls“eet'
in the industry’s ‘“‘best-sellers”. (WEST)

Lo . 3 Madison 9-3671.

For information on the latest RCA yokes and flybacks 420 S. San Pedro Street,

contact your RCA representative at the nearest district office. Los Angeles 13, Cal.

RADIO CORPORATION of AMERICA

® ELECTRONIC COMPONENTS HARRISON, N. J.
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Charles J. Marshall

DIrECTOR, 1954

Charles J. Marshall was born in San Antonio,
Texas on March 27, 1912. His formal education
was received in the Evening College of the Uni-
versity of Cincinnati where he received a Certifi-
cate in Radio Engineering in 1934 and a Bachelor
of Science degree in Electrical Engineering in 1939.
Subsequently, he received the degree of Electrical
Engineer from the Engineering College in 1946.

He was employed by the Crosley Corporation in
Cincinnati from 1929 to 1939 where he held posi-
tions as inspection foreman and radio engineer. His
last position was concerned with the design and
construction of W8XCT, the first television trans-
mitting station in Cincinnati.

From 1939 to the present, he has held suc-
cessively more responsible positions with the U.S.
Army Signal Corps and with the U.S. Air Force
at Wright-Patterson Air Force Base, Ohio. His
technical responsibilities embraced a wide variety
of airborne electronics such as communications,
radio remote control, telemetering, television,
infra red and radar. He holds several patents in

remote control. His duties required membership
on numerous government committees co-ordinat-
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Why Transactions?

ErnsT WEBER, FELLOow, I.R.E.

DIRECTOR, MIicrRowAVE RESEARCH INSTITUTE, POLYTIECHNIC
INSTITUTE OF BROOKLYN, BROOKLYN, N.Y.

CINS)

With the growth of professional organizations,
the publications program becomes inevitably a se-
rious problem. The IRE has been no exception in
this respect and publication policies have been the
center of many subjective and objective discus-
sions. Subjectively, each member would like to see
the main organ of IRE carry important news and
readable articles covering fully his own particular
field of interest. Objectively, the Editorial Depart-
menthasendeavored tosatisfy the necessarily widely
divergent individual desires while also trying to
maintain the very high standard of papers within
rigidly confining space limits. It should be obvious
that any ideal solution is unattainable through the
PROCEEDINGS alone.

With the initiation of the professional group
system, a solution of the difficult publication prob-
lem appears to be at hand in a most natural man-
ner. Each professional group may publish in its
TRANSACTIONS almost at a moment’s notice any
paper or group of papers of interest to its circles,
without long, formal reviews, painful surgeries and
unhappy feelings of authors. Moreover, TRANSAC-
TIONS are destined to become the repository for
outstanding papers in the particular field of each
professional group, contributing collected papers
on specific subject matter! Surely, it is now the re-
sponsibility of the professional groups to maintain
the standard of the papers by effective use of their
own editorial prerogatives. What was manifestly
an impossible task for the PROCEEDINGS has be-
come possible by delegation to 22 professional
groups: a full, efficient, rapid, up-to-date reporting
of scientific and technological developments to
each interested sector of the IRE membership!

There might be a feeling on the part of some au-
thors that the circulation of their contributions
might be restricted by publication in the TrANS-
ACTIONS as compared with publications in the Pro-
CEEDINGS. This is not justified on at least two
counts: unless the contribution is of such wide
membership interest that it warrants full distribu-
tion to all members, it will not be published at all

in the PROCEEDINGS; and the ProcEEDINGS will
carry abstracts of all TRANSACTIONS papers and, in
addition, will include their authors and titles in the
annual index. Actually, therefore, the TRANSAC-
TIONS will constitute specialized “sections’ of the
over-all IRE publications and thus rank with the
PROCEEDINGS from the professional point of view.
Indeed, the PROCEEDINGS will now be able to con-
centrate upon a single objective, namely to pub-
lish matters of wide interest, and preferably of in-
terest to most members of IRE.

Just what the division of subject matter between
the PROCEEDINGS and that of the TRANSACTIONS
of the Professional Groups might be-—whether, in-
deed, a clear-cut division should be made—is yet
an open question. Much will depend upon the use
that Professional Groups will make of this unparal-
leled opportunity for self-expression. One possibil-
ity might be that the PROCEEDINGS include tutorial,
informational, and basic scientific papers of high
quality and of fundamental interest to a large ma-
jority of IRE members, granting the authors ample
space for the full development of their ideas and
thus making the papers valuable and lasting refer-
ence material. Most of the more specialized techni-
cal papers would then go automatically to the
TransacTioNs which might, of course, also carry
news of plans and activities of the particular Pro-
fessional Group and its chapters.

Surely, a publication policy which can achieve
satisfaction of the unifying membership interests
in the PROCEEDINGS and of the divergent member-
ship interests in the TRANSACTIONS of the Profes-
sional Groups is as close to an ideal solution of the
intricate publication problem as we should hope
for. Its success must, of course, depend upon the
wholehearted support of each and every member
of the IRE and particularly upon the hard work of
the laboring authors and of the editorial staffs. “By
their deeds ye shall know them”—I] feel sure the
proper deeds will be forthcoming in the interest of
the members, who after all constitute the IRE, no
more and no less.
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Very High-Power Long-Wave Broadcasting Station”

(. E. SMITHY, SENIOR MEMBER, IRE, J. R. HALL}, SENIOR MEMBER, IRE,
Anp J. O. WELDONS§, FELLOW, IRE

Summary—The most powerful radio broadcasting station in
Europe began regular operation in August, 1953. The unique features
include a 5.2 million watt complete diesel power station with fuel oil
storage of 264,000 gallons. A “vapor phase system” cools the diesel
engines. Transmitter metering, tuning, and power controls are
centralized in a console type unit. The output of dual high powered
transmitters are normally combined, but can be fed separately to the
antenna system and dummy load. The over-all efficiency of the trans-
mitter from power source to antenna is over 50 per cent and is un-
usually stable under extremely heavy modulation. The high-efficiency
amplifler employs thoriated-tungsten fllament triodes with a power
gain of 33. The transmitter-output load has parallel-resonant sym-
metry. The 12-inch coaxial transmission line feeds an 837-foot top
loaded tower optimized for maximum ground wave. The extensive
ground system extends out 0.5 mile from the tower and consists of
over 100 miles of no. 6 copper wire.

INTRODUCTION

N 1948 the Voice of America (VOA) broadcasts to
]:[ Iron Curtain countries began to be reduced in ef-

fectiveness by jamming. Methods instituted to over-
come this damage and increase program coverage in-
cluded using the clipper amplifier, operating on many
frequencies, and moving VOA transmitters “next door,”
to Iron Curtain stations so that their jamming would
affect their own broadcasts. .\ careful study of the prob-

lem by prominent scientists and engineers indicated
that super-power transmitters would be one of the most
effective methods. Government officials then agreed to
a system known as the “Ring Plan” for super-power
broadcasting stations encircling the [ron Curtain.

One of the super-power long-wave broadcasting sta-
tions known by the code name CAST was built in the
American Zone of Germany to carry programs originat-
ing in Munich and by radio relay from New York. The
CAST site is at Erching, Bavaria, about 15 miles north
of Munich. The site was selected for good soil conduc-
tivity and its distance from the city to minimize the
“blocking” of local radio receivers.

The long-wave band (150-285 ke¢) was selected, be-
cause of its good ground-wave propagation character-
istics and its successful use in Europe where most of the
receivers are equipped with this band. The transmitter,
originally constructed for medium-wave was converted
in the field for the 173 kc frequency assigned to CAST
by using a conversion kit supplied by the manufacturer.

On April 28, 1952, after four months of planning, con-
struction of the new plant began. With the help of 250
German contractual workmen on two shifts it was pos-
sible to proceed rapidly with roadway and building con-

Fig. 1

* Decimal classification: R620XR550. Original manuscript re-
ceived by the IRE, November 27, 1953; revised manuscript received,
March 17, 1954,

t Carl E. Smith Consulting Radio Engineers, Cleveland, Ohio.

1 Formerly CAST I’roject Engincer, U. S. Information Agcy.,
Munich, Germany; now with Continental Electronics Manufacturing
Co., Dallas, Texas.

§ Continental Electronics Manufacturing Co., Dallas, Texas.

View of transmitter building area from atop 837 foot antenna.

struction. Within three months it was possible to move
in the transmitter and power plant components.

Except for the transmitter, diesel engines, generators,
and switchboard, and the antenna tower, all equipment
is of German manufacture. Probably one of the most im-
portant facters in speed of construction was very quick
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delivery of such items as pumps, motors, €opper, and

iron. Another factor is the efficiency of German work-
men supervised by their engineers and foremen.

The finished plant is indeed a complete “little city”
with its own electric power, water and sewage systems,
roads, sidewalks, telephone exchange, and fire alarm sys-
tem. See Fig. 1. On August 31, 1953, just fifteen months
after excavations on the Erching marshland began, the
most powerul radio broadcasting station in Europe be-
gan its regular transmissions of the Voice of America.

DieseL PowER PLANT AND CoOLING TOWER

An investigation of local power availability revealed
that the German power company could not guarantee
continuity of service for the next five years, because
their power plants, which are mostly hydroelectric, are
already operating near full load. Furthermore, if power
were to be bought from the local company the USIA
would have to install a high-tension transmission line
and substation and if diesel generators were installed for
stand-by use the amount of their use would be limited
by the power company regulations. Also, expensive
high-capacity frequency changers would be required to
change from 50 to 60 cycles per second.

With this information at hand it was decided to con-
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striét a eomplete diesel-engine-driven electric plant.
Five Worthington Pump and Machinery Corp. SDR-8
1320-horsepower diesels and one Chicago Pneumatic
298-horsepower diesel provide a total power of 5,200
kilowatts at 4,160 volts and 60 cps. See Fig. 2.

The diesel plant building which is 180X 80 feet also
houses the worskshops, garage, and office. See Fig. 3.
It is unique in design in as much as the engines are
cooled by a “vapor-phase” system. The cooling water is
kept at such a pressure that the temperature is main-
tained higher than 212 degrees F. It is circulated by the
usual jacket water pumps and finally flashes into steam
in the “vapor-phase unit” when the pressure head is
released. The vapor-phase system results in higher efh-
ciency of diesel operation and lower maintenance costs,
and the steam generated is used to heat buildings and
make distilled water. Excess steam is condensed by raw
water which is pumped to the cooling tower.

The specially designed cooling tower of reinforced
concrete construction is located conveniently for install-
ing the 12-inch diameter raw water piping from it to
the transmitter and the diesels. Nine hundred gallons
of water per minute is pumped from the transmitter
heat exchangers, and six hundred gallons per minute
from the diesel heat exchangers, to be cooled in the

Fig. 2

View showing one of five diesel engines with the valve covers removed.
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Fig. 3—Diesel power plant building.

tower by forced draft from ten four-foot diameter, five
horsepower electric blowers. The raw water is treated
with acid and phosphate to “soften” it before its use in
the heat exchangers. All controls and operation are
automatic. See Fig. 4.

LoNGWAVE-BAND AM-BRrRoADCAST TRANSMITTER

The longwave transmitter used at the CAST Site is a
modification of the Continental Electronics Type 105B
Standard Broadcast AM transmitter built for operation
on frequencies between 540 and 1,600 kilocycles with a
carrier power of one million watts. A number of these
transmitters have been delivered to the Government
for use in the Voice of America program, one of them
being shipped to the CAST location. See Fig. 5, page
1225.

In August, 1952, the design of a modification to
change the frequency range of this transmitter to the
European longwave band was authorized. This modifica-
tion was designed, constructed, and power-tested, and
shipped to the CAST Site in January, 1933, as a com-
plete set of frequency conversion parts. The converted
transmitter has been designated the Continental Elec-
tronics Type 105B-LW.

Except for the frequency-determining components,
the standard band transmitter and the European long-
wave-band transmitter are identical, and a general de-
scription will apply to both. This will be followed by a
short discussion of the changes made to permit opera-
tion in the longwave band.

Dual 500 Kilowatt Transmaitters

The million-watt transmitter actually consists of two
practically independent 500 kw transmitters, either of
which may be operated separately, while the other unit
is serviced or operated into a phantom antenna for test
purposes. See Fig. 6. A network is used to combine the
outputs of the two 500 kw transmitters and deliver the
million-watt carrier power to a single transmission line.
With combined operation, a single crystal oscillator is

used and a phase control network at the input of the
“slave” transmitter is provided to bring the output of
the two transmitters in phase.

Combining Network

The combining network utilizes a lumped component
hybrid network, consisting of three 90-degree phase de-
lay networks and one 90-degree phase advancing net-
work connected in a continuous ring.! The location of
this network is shown in Fig. 7, page 1226.

The result of using this network together with a
suitable switching system and a phantom load makes
it possible to feed both 500 kw transmitters combined
to the antenna; one 500 kw transmitter to the antenna,
and the other made inoperative for servicing, or to feed
it into the phantom load for test purposes.

' W. A. Tyrrell, “Hybrid circuits for microwaves,” Proc. I.R.E.,
vol. 35, pp. 1294-1306; November, 1947.

Fig. 4—Cooling tower caEable of dissipating 20 million BTU per hour

of heat from the transmitter and diesel engines.
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Fig. 5—Front view of million-watt transmitter and control console.

All of the transfer operations for single or combined
transmitters are accomplished instantaneously by push-
button control from the transmitter console.

Fig. 6—Interior view of phantom antenna.

Transmitter Circuit

Low-level modulation with a high-efficiency linear
power amplifier? to raise the output level to 500 kilo-
watts is used in each of the two 500 kw transmitters.
The selection of this circuit was based on: (1) The de-
sirability of eliminating the heavy-modulation com-
ponents which would be required for high-level modula-
tion at this power level; (2) Reduced operating hazard
for the high-power vacuum tubes; (3) The linear ampli-
fying system makes possible the application of over-all
feedback from the radio frequency output of the trans-
mitter resulting in a simple system for reducing noise
and distortion; (4) High over-all efficiency is obtainable,
especially at high levels of modulation; (5) The circuit
simplification resulting from the elimination of the high-
powered audio system which would be required for high-
level modulation.

The high-efficiency linear amplifier is driven by a
single-tube, grid-bias modulated amplifier. Radio-fre-
quency drive for the modulated amplifier is obtained
from a push-pull amplifier using two Type ML-357B
tubes with an output of approximately 1,800 watts. This
stage is driven by a single 813, preceded by an 807 buffer
stage which receives its excitation from the crystal oscil-
lator tube.

The audio system consists of three voltage amplifiers
using 807 tubes in the first two stages and an 845 in the
third stage. This drives a cathode-follower modulator
using four 845 tubes in parallel, which grid bias modu-
lates the modulated amplifier.

The over-all efficiency of the entire transmitter from
substation to antenna is slightly better than 50 per cent
at the carrier condition and increases to approximately
54 per cent with 100 per cent tone modulation.

*W. H. Doherty, “A new high efficiency power amplifier for

rlngodulated waves,” Proc. .LR.E., vol. 24, pp. 1163-1182; September,
36.
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Power Tube

The tube selected for the 500-kw power amplifier is
the Machlett MI.-5682. This tube has a 100-kw plate
dissipation rating and a nominal peak output rating of
250 kilowatts. The most important factors leading to the
selection of this tube were: (1) Small size (231 inches
high); (2) Very high transconductance; (3) Low fila-
ment power consumption; (4) Ease of removal, requir-
ing onlv a 45-degree turn in its bayonet-type socket;
(5) Its light weight (approximately 50 pounds), making
it removable by one man. The tube has a water-cooled
anode and a small amount of air is blown on the fila-
ment seals. No cooling is required for the grid seal for
use in frequencies of the standard broadcast band and
lower. See Fig. 8, page 1228.

Eight of these tubes are used for a 500 kw amplifier,
four in parallel being connected as the carrier tubes of
the high-efficiency amplifier, with four more in parallel
as the peak tubes. The modulated amplifier uses a single
tube of the same type.

The use of these high-gain tubes in the 500 kw ampli-
fier resulted in a power gain of 33 to 35, a fairly high
figure for a linear amplifier using triodes.

OF THE I-R-E August

Rectifiers

Each 500 kw transmitter has its own 15 kv plate recti-
fier, utilizing six General Electric Type GL-870A
mercury-vapor rectifier tubes. Since each of these tubes
is rated at an average current of 75 amperes, the six-
tube rectifier is capable of delivering 225 amperes at
15,000 volts insofar as the tube complement is con-
cerned.

A bias-rectifier unit provided for each 500 kw trans-
mitter contains three bias rectifiers, supplying bias for
the modulated amplifier, the peak tubes of the power
amplifier, and the carrier tubes of the power amplifier.

Driver Unit

The driver units which supply audio- and radio-
frequency drive for the modulated amplifiers are con-
structed as separate units with their own plate and bias
rectifiers. The driver unit, the bias rectifier, and the
15 kv plate rectifier tube assembly for each transmitter
are installed together as a complete assembly with the
trans-view type of glass door cabinets as shown in Fig. 9,
page 1228.
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Power Components

The power components for each transmitter are in-
stalled in separate vaults. These include the plate trans-
formers for the 15 kv rectifier, the filter choke, filter
capacitor bank which utilizes sixty 2 microfarad, 20 kv
units, and a motor-operated, high-voltage grounding
switch, the control of which is interlocked with door
switches and electric door locks on the transmitter
cubicles for the protection of personnel from dangerous
voltages.

Physical Construction

The two 500 kw amplifiers with their associated
modulated amplifier are built in mirror-image construc-
tion with the two modulated amplifiers side by side at
the center of the assembly. The over-all length of the
complete assembly is 62 feet. The combining network is
located directly behind the two modulated amplifiers,
between the output circuits of the two power amplifiers.
The phantom antenna is constructed in a separate cubi-
cle located about 4 fect behind the combining network
cabinet.

A control and tuning console is provided for installa-
tion directly in front of this main transmitter assembly
as shown in Fig. 10 on page 1229. This console contains

POWER Al
8-ML-~
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metering for all of the transmitter equipment except the
drivers and bias rectifiers. Also located on the console
are all-power control relavs, switches, and individual
tube protection over-load relavs. The power controls are
located at the center of the console assembly and on each
side there is located a tuning console, one for transmitter
No. 1 and the other for transmitter No. 2. These tuning
consoles contain the individual cathode-current meters
for the amplifier tubes and pushbutton control of motor-
operated tuning devices in the amplifiers. Synchronous
type indicators showing the setting of the tuning com-
ponents are also located on the console panel. Each
tuning console contains a feedback rectifier, an audio-
monitor rectifier, and a rectifier tube associated with a
protective circuit providing cutoff of the radio frequency
excitation in case of arc-over in the output or antenna
circuit.

Longwave Conversion

With the operating frequency in the longwave broad-
casting band, the problem of sufficient bandwidth for
modulation products becomes more formidable. How-
ever, good voice intelligibility and reasonably good
musical quality can be obtained with a system passing
no higher than 5,000 cps.
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Fig. 8—View of 4 of the 18 high-power amplifier tubes.

By careful design of the audio system and over-all
feedback circuits a large amount of feedback can be ob-
tained with good stability.

In addition to the changes in the frequency determin-
ing components, it was necessary to increase the capac-
ity of all blockirg and bypass capacitors and increase
the inductance of certain radio frequency chokes for
the longwave operation. Multilayer bank wound coils
were used in some positions.

Fig. 9—T. .. Chadbourne and T. J. Copeland making adjust-
ments on the exciter/driver unit.

The inductances required for low-frequency operation
in the tuned circuits are not as large as might at first
be expected. This is because of the relatively low imped-
ances in the circuits of such a high-powered transmitter.
For example, the plate-to-ground output impedance for
the 500 kw amplifier is less than 40 ohms so that an out-
pust tank circuit designed for a kva/kw ratio of 3 re-
quires an inductive reactance in the tank inductor of
only 13 ohms. Another factor is that the conductor
resistance reduces as the square root of the frequency
and therefore some reduction in the conductor size used
in the inductance is permissible. This allows an increase
in inductance by reduction of the winding pitch, result-
ing in smaller over-all dimensions for the coil. All of
the low frequency inductors followed conventional de-
sign with the exception of the output tank inductor
shown in Fig. 11 on page 1230.

This position required an inductance of approxi-
mately 12 microhenrys capable of carrying 350 amperes.
Because of losses anticipated in shielding the external
field of such a coil, a design was selected which obtains
the required inductance with practically no external
field and with an extremely high “Q” factor.? The wind-
ing takes the form of a toroid wound in two half coils
so that the coil terminals are at either side of the toroid,
placing the two half-coils in parallel. This arrangement
makes the coil appear internally as two equal multi-turn

_ coils aiding whereas externally it appears as two opposed

half-turns with equal current. This results in a greater
reduction of external field than in the ordinary toroid,
and since the coil terminals are separated with the volt-
age gradient divided equally around the half coils, the
inductor is applicable for high-voltage service.

3 R. Gunn, “The torusolenoid,” Proc. I.R.E., vol. 15, pp. 797-
808; September, 1927,

f\
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Fig. 10—1In the foreground C. M. Finley, Construction Supervisor, is shown assisting J. R. Hall, Project Manager, making adjustments
at the control and tuning console.

In the present application of this design, the turns of
the coil are constructed of wide metal strips which al-
most completely enclose the internal area of the toroid,
leaving only a small clearance between turns. This re-
sults in a much higher “Q” than in a similar wire-wound
coil because all of the inner surface is utilized due to the
fact that the magnetic flux lines produced in the coil are
smooth and tangent to the conducting surface. It was
found possible to use an inductance of this type ap-
proximately 3 feet high by 3 feet outside diameter with
an inductance of 12 microhenrys carrying a current of
about 350 amperes without water cooling.

In the standard band million-watt transmitter the
capacitors used in the output tank circuit and in the
matching networks are of standard gas-filled types.

A special line of oil-filled capacitors was developed to
be installed in place of the gas-filled type. These spe-
cially designed capacitors satisfy the large capacity re-
quirements for longwave operation and withstand the
unusually high voltages and currents encountered. For
example, currents in the order of 400-500 amperes, and
voltages of 40 to 50 kilovolts per capacitor, with capaci-
ties ranging up to 100,000 micromicrofarads, are in-
volved. See Fig: 12, page 1230.

Performance

Typical performance characteristics for one 500 kw
unit operating into the phantom antenna on various fre-
quencies in the standard broadcast band are shown in
Fig. 13, page 1231.

The performance of the low-frequency transmitter
showed only slightly higher distortion and a frequency-
response flat within 0.5 db from 100 to 5,000 cps, and
within 2 db from 50 to 10,000 cps. The noise level was
55 db below 100 per cent modulation. The carrier shift
was — 3 per cent at 90 per cent modulation, and —35 per
cent at 100 per cent modulation.

FEEDER NETWORK AND CORONA PROBLEMS

The longwave antenna system feeder network con-
sists of a 7m-section coupling network at the transmitter;
a 60 ohm transmission line that is 12 inches in diameter,
and a T-section coupling network at the base of the an-
tenna. The coupling networks were selected so that the
transmitter load was a parallel resonant point.*

¢ W. H. Doherty, “Operation of AM broadcast transmitters into
sharply tuned antenna systems,” Proc. L.LR.E., vol. 37, pp. 729-734;
July, 1949,



1230 PROCEEDINGS OF THE I-R‘E August

The transmission line, manufactured by Telefunken
Company, was specified to have an impedance of 60
ohms. Refined characteristic impedance measurements
revealed Zy=60—j 0.12 ohm. A 90-degree mitered
elbow and spacer-insuator construction is shown in Fig.
14. A vertical section and a horizontal length of the co-
axial line is shown in Fig. 15. Note the earth embank-
ment to protect the line. The concentric line is termi-
nated in the tuning house as shown in Fig. 16 on page
1232, with provision made for several feet of expansion.
The concentric line is pressurized enough to keep out
moisture.

The transmission line is protected by a Telefunken
protection device which also gives a continuous indica-
tion of standing-wave ratio and power radiated in mega-
watts. For instantaneous values of standing-wave ratio
greater than 1.4 the transmitter is instantly turned off
by this device.

When the transmitter was first fed into the antenna
using high power, corona developed at several points.
Corona rings had to be placed around the insulator
plates covering the oil-filled capacitors in the transmit-
ter proper and in the tuning house. With corona rings
it was possible to take care of the difficulty.

In the tuning house it was not possible to obtain over
20 per cent modulation before corona streamers jumped
from the antenna-capacitor case to the copper-covered

Fig. 12—View inside antenna tuning-house showing antenna-entrance lead, oil-filled capacitors, and large inductance coil.
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Fig. 13— Transmitter-performance characteristics in standard broadcast band.

floor, and the Telefunken device operating on the trans-
mission line standing-wave ratio would take the trans-
mitter off the air. By using corona rings it was possible
to increase the modulation to 60 per cent. And finally,
by reversing the connections on the capacitor next to
the antenna the case voltage to ground was reduced
11,000 peak volts and from then on it was possible to
modulate the transmitter 100 per cent.

LONGWAVE ANTENNA SYSTEM

Although there is reasonably good information in the
literature’ concerning the performance of short antennas

5 C. E. Smith and E. M. Johnson, “Performance of short anten-
nas,” Proc. I.R.E., vol. 35, pp. 1026-1038; October, 1947.

Fig. 14—90-degree mitered elbow- and spacer-insulator of 12-
inch concentric line.

it was deemed advisable to make scale model measure-
ments to determine more exactly the optimum dimen-
sions, base impedance, and insulator voltages for this
high powered station. The scale model measurements
were made on a 240-foot tower at Radio Station WHKC
in Columbus, Ohio.

Fig. 15—Concentric line with 835-font tower in background.



Fig. 16---Concentric-line termination in tuning-house.

240-Foot Scale Model Tower With 8§ Umbrella Cables

Base impedance and field intensity measurements
were made as a function of the top-loading umbrella
angle g. These measurements made at 610 kc and
plotted in Fig. 17 show that the base-resistance, base-
reactance, and unattenuated field intensity, at one mile,
all increase as the top-loading angle 8 increases.

A family of scale-model base-resistance measurements
have been plotted in Fig. 18 for various angles of 8 as a
function of antenna height, in degrees, thus making it
relatively easy to estimate the base resistance for actual
operating frequencies over the range of scale-model
measurements. A similar set of curves for base reactance
have been plotted in Fig. 19.

240-Foot Scale-Model Tower With 12 Umbrella Cables

Having determined thkat the top-loading angle 8= 50
degrees was the largest practical angle that could be
used on this project it was decided to increase the num-
ber of top-loading cables to 12 and vary their length
for optimum results. Base-resistance, base-reactance,
and unattenuated field intensity, at one mile, was
measured at 610 kc and plotted in Fig. 20 for various
lengths of top-loading cable.

A family of scale-model base-resistance measurements
have been plotted in Fig. 21 for various lengths of top-
loading cable as a function of antenna height. A similar
set of curves for the base reactance are plotted in Fig.
22. For antenna heights aboye 85 or 90 degrees it is be-
lieved the curves are affected by the mutual impedance
from other towers in the vicinity.

Scale-Model Tests on Guy-Cable Insulation

The main guy cables of the 837-foot tower were simu-
lated and tests performed on the 240-foot scale-model
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tower. A erystal voltmeter was used across one of the
simulated insulators. The voltmeter-insulator combina-
tion was moved to cach guv-insulator location and a
reading was taken by means of a telescope when the
antenna was fed with power. The voltage measurements
were first made for the normal condition of 40-foot guy-
cable scetions, and then for 20-foot guv-cable sections
as shown in Fig. 23. It is interesting to note that the
voltage across the insulators next to the tower is lower
than across insulators out away from the tower. Also,
when there is some cable between the tower and the
first insulator the voltage across the first insulator in-
creases as indicated in the figure.

The wet flash over voltage of the main guy insulators
is about 30 kv. The final design for this tower holds the
voltage o about 10 per cent of this value or 3,000 volts.
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Voltage values for 40-foot and 20-foot scale-model guy-
cable lengths for one megawatt of power.

Fig. 23

Top-Loading Cable Insulation

The highest clectric potential on the antenna system
is developed at the end of each of the 12 top-loading
umbrella cables. At this point very low capacity, double
rain-shield, oil-filled insulators were used. To make the
design conservative, another set of similar insulators
were inserted at the next insulator location in each sup-
port cable. The rest of the top-loading cable was insu-
lated as shown in IFig. 24.

Structural Design of Antenna

It was necessary to remove 3 sections from the orig-
inal 900-foot tower design in order to support the 12
top-loading cables. Then a new 15-foot top section was
added to mount the flasher beacon and act as a corona
shield.
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Counterweight “4” frames were fabricated of steel
to support each of the 12 top-loading cables. They are
20 feet high and under severe ice conditions will vield
up to 39 feet of top-loading cable. See Fig. 25.
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Fig. 24—Top-lvading and guy-cable insulator locations.

The top-loading cables are steel-reinforced aluminum
cable § inch in diameter. The support cables are 7/16

inch plow-steel galvanized hoist rope.

Tower-Base Insulation

The heavy-duty Austin oil-filled tower-base insulator
is shown in Fig. 26. Also the Telefunken tuning-house
feed through insulator and Austin tower-lighting trans-
former is shown in the figure. The weakest point in the
system now appears to be the 8 inch spacing between
primary and secondary of the tower-lighting trans-
former during heavy rain. If this causes trouble the
transformer can be moved inside the tuning-house,

4

Fig. 25—Counterweight “4” frame to support top-loading cable.
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Fig. 26-—Tower-base insulator, power transformer, and feed-
through insulator.

Ground System

The ground system consists of an expanded copper
mesh screen 96 feet in diameter around the antenna
base, plus 12 radial-copper straps to carry the ground
current out to the 360 No. 6 copper radials that extend
out approximately 90 degrees to the edge of the prop-
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erty. 180 of the radials extend out 180 degrees or 2,840
feet. All radials are terminated in a 5 foot copper-clad
ground rod.

Predicted and Measured Performance

From model measurements it was predicted that the
base impedance would be

Z. =28 + j101.5 ohms
as compared to the measured value of
Z. = 29.5 4+ 7135 ohms.

The scale-model bandwidth converted to the full-
scale antenna was 35.6 kc as compared to 36.6 ke as
measured on the full-scale antenna. The bandwidth was
also determined more accurately in the field by comput-
ing the amount of power absorbed by the measured load
over the necessary frequency range.

The measurced antenna efficiency in terms of unat-
tenuated field intensity at onc mile was 5.66 volts per
meter (178.9 mv/m for 1 kw at 1 mile) as compared to
the scale model predicted value of 5.67 volts per meter
(179.3 mv/m for 1 kw at 1 mile).

Using the cquivalent distance method the field inten-
sity was predicted to be 2 mv/m in Berlin, Germany.
A field intensity measurement made in Berlin showed
the field intensity to be 2.05 mv/m.

Analysis of ]unction Transistor
Audio Oscillator Circuits”
J. B. OAKESY, ASSCCIATE, IRE

Summary—Transistor oscillators, including Colpitts and Hartley
types, have been analyzed using the low-frequency equivalent circuit
for the transistor. Conditions for sustained oscillations and expres-
sions for the frequency of oscillation and for the stability of this fre-
quency with variation in transistor parameters have been derived for
these circuits. In addition, reactance-stabilization conditions have
been determined following the method which Llewellyn has applied
to vacuum-tube oscillators.

INTRODUCTION

HIS PAPER is the outgrowth of a project having
Tas a goal the transistorization of several audio-
frequency oscillator circuits now employing
vacuum tubes as the active elements. The following re-

* Decimal elassification: R355.914 X R282.12. Original manuscript
received by the IRE, December 29, 1953; revised manuscript re-
ceived Ma=-ch 16, 1954, Presented at the Symposium on “The Appli-
cation of Transistors to Military Electronics Equipment,” held at
Yale University, September 3, 1953. This work was supported by the
Bureau of Ordnance, Department of the Navy, under Contract
NOrd 7386.

t The Johns Hopkine University, Applied Physics Laboratory,
Silver Springs, Md.

quirements are met by these vacuum-tube oscillator
circuits: (a) a high degree of frequency stability, (b)
low distortion, and (c) in some cases, ability to be fre-
quency modulated. The Hartley and Colpitts oscillator
circnits were chosen as a starting point for thisinvestiga-
gation because of their relative circuit simplicity. This
paper discusses only these circuits, although the
analvtical method employed is certainly applicable to a
number of other configurations. In the Colpitts- and
Hartley-type oscillator circuits, two general conditions
must be satisfied in order for oscillation to take place.
The voltage fed back to the input must be of the correct
phase to cause regeneration, and the amplitude of this
voltage must be sufficient to sustain the oscillation.
Since the feedback networks in both circuits have in-
sertion loss, coupled with a phase shift of greater than
+90 degrees, the active element must have voltage
gain and a phase shift greater than F90 degrees in
order to fulfill these conditions. Of the three useful
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transistor circuit configurations, only the common
emitter, base input and the common base, emitter input
have a voltage gain of greater than unity. In addition,
the common-emitter circuit has a 180-degree phase
shift between the base and the collector at low fre-
quencies, whereas the common base has 0-degree phase
shift. Therefore, unless a phase-inverting transformer is
used, only the common-emitter, base-input circuit has
the required properties.

The type of circuit to be considered, then, uses the
common-emitter connection with the resonant circuit
coupled to the transistor in such a way as to obtain
either the Colpitts or Hartley configuration. The ac dia-
gram for each of these circuits is indicated in Fig. 1
below.

Fig. 1—Ac circuit diagram (a) Colpitts oscillator, and (b) Hartley
oscillator,

ANALYSIS OF GENERALIZED OSCILLATOR CIRCUIT

The method of analysis to be applied here is similar
to the one used by Llewellyn! in analyzing vacuum-tube
oscillator circuits. Llewellyn devised a method for mak-
ing the frequency of an oscillator independent of the
vacuum-tube parameters, and thus also independent of
changes in these parameters caused by variations in
supply voltages. This was accomplished by the use of a
stabilizing reactance in. series with the grid circuit, or
one in series with the plate circuit, or both. The gen-
eralized equivalent circuit to be used in the following
analysis is shown below in Fig. 2. Z,, Z,, and Z, are the
impedances which will allow stabilization of the oscil-
lator frequency with variation in the transistor param-
eters. The low-frequency small-signal equivalent circuit
is used here, restricting the analysis to frequencies for
which wr,C. &K1 (where C, is the collector capacity of the
transistor), and to signals which remain within the
linear regions of the transistor characteristics. It is also
assumed that the transistor parameters 7y, 7., 7, and 7,
are purely resistive at these frequencies.

The three loop equations may now be written.
Loop 1:

0=if2) +2/4 2] + is[Z) — Zn] — i3]Z2 + Zn]
Loop 2:
0=140[2/~Zn—ra]l+ 02+ 2+ 2, — 7]
+ i3[2: + 2]

' F. B. Llewellyn, “Constant frequency oscillators,” Proc. I.R.E,
vol. 19, p. 2063; 1931.
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Loop 3:
0= — i1[Z2 +Zm] + 'i2[Zl +Zm]
+ is[Zi 4+ Z2 + 23 + 22..],
where

Zy' = (rv+ Ro) + jXs, Z! = (r.+ R) + jX.,
Zel = (re + Re) +jX¢‘

and

These three simultaneous equations have nontrivial
solutions only when the determinant of the coefficients
vanishes.? That is, for a solution,

ie = = (i, +ip)
Ze = Re+ jX¢
ZesRe+ jX,
Zm= i Xm

Fig. 2-—Generaljzed_ equivalent circuit for the Hartley and
Colpitts transistor oscillators.

(Zv'+Z/+2) CAL AN —(Z2t+Zn)
(Zel—Zm—fm) (Zc’+Z¢'+Z1—f".) (Z1+Z'") =0
—(Z2+Zn) (Z:+2Zn) (Zi+2Z,4234-22,)

This determinant may be expanded, the real and imag-
inary terms collected, and each set equal to zero. It will
be assumed that the tank circuit has a high Q, and that
Zy, Zy, and Z; are purely reactive. This assumption is
valid for most stable oscillator designs. The results of
this process are indicated below.
Imaginary terms:
[X:1 4+ X2+ X5+ 2X.][(R/R + R/R/

+ Re’Rc, - Rb’rm) - (X2 + Xb)(Xc + Xe + Xl)

- Xe(Xl + Xc) - Xm(ZXe - Xm)]

+2(Xe — X)) (X1 4 Xn) (X2 + Xam)

+ (X2 + Xm)2(Xc + Xe + Xl)

+ X1+ X)X (X + X+ X,) = 0.

(1)

Real terms:

[X:+ X2+ Xo 4 2X.][(X2 + X3) (RS + RS — 72)
+ (Xe+ X+ X)(RY + R) + Xa(2R! — 7.)]
+ 2R — rn)(X:i + Xm) (X2 + Xn) (2)
+ (X1 + Xa) R + R))
+ (X2 4+ X)AR + RS — rm) = 0,

. 2 For pr‘oof, see M. Bocher, “Introduction to Higher Algebra,”
The Macmillan Company, New York, N. Y., chap. IV; 1907.
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where

Ry =ro+ Ry, R/=7r.+ R, and R/=r+R.

These are the two basic equations which will now be
used to analyze a number of specific circuit configura-
tions.

APPLICATION TO SPECIFIC CIRCUITS
Colpitts Oscillator

No Stabilization: The frequency of oscillation can be
found by solving (1). For unstabilized Colpitts circuit,

Xn=2Zy=2Z.=2.=0,
and
1

Xi=——»
wl g

-_—

wC2

X2= and X3=wL.

If these values are substituted in (1), the following ex-
pression for w may be obtained:

e o )
Y=V cr " oacc,
where
CC,
Cpr=—>
C:+C.
and

A = [rore + rere + rre — r67m).

Thus the circuit will oscillate at a frequency slightly
higher than the resonant frequency of the tank circuit
alone. Note that 4 contains the entire role of the
transistor in this expression.

The tank-circuit constants for sustained oscillations
may be determined by solving (2), using these same sub-
stitutions. The frequency of oscillation is very nearly
equal to the resonant frequency of the tank circuit, so
the term (X4 X:+ X;) is approximately zero, and the
equation of the real terms becomes

X 2(rotrd) +X1X2(2re—1m)+ X o2 (re+re—rm)=0. (4)

The solution of this equation is

X1 (ra—=2r)% «/(2r.—rm)?:_4(fbire)£rcj-n_: Tm)

5(2—'% T 2ntr)
Since
re K T,
and

4(’(1 + rc)(rc + Te — rM) << (27! - ,m)z

for an average transistor,

&~ (5)
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Equation (3) is the condition for oscillations of constant
amplitude. If
Cz [£3

—_—

C, 143}

the amplitude will decrcase and the oscillation will die
out, whereas if
Cy ra

- I

1 711

the amplitude of the oscillation will increase until
limited by a circuit nonlinearity.

An expression for the frequency stability of this oscil-
lator can be derived in the following manner. If it is
assumed that L, Ci, and C; have been chosen for good
frequency-stability characteristics, the only parameter
which can cause the frequency to vary is the term 4 in
(3). The term A contains all the transistor parameters,
and the problem to make w as nearly independent of 4
as possible. A stability coefficient, &, can be defined as
the ratio of a percentage change in frequency to a per-
centage change in 4. That is,

dw/w dw A
© dA/A

Cdd w
Thus, the smaller &, the greater the frequency stabilitiy
If this operation is carried out, the result is

1

b= —————— (6)

24

—(C:1+C2) + 2

/5
Therefore, for a stable oscillator, 4 should be made
large and L/(C,+C,) should be made small.

Colpitts Oscillator

Base Stabilization: Reference to (3) indicates that the
sensitivity of frequency to changes in the transistor
parameters is caused by the presence of the term
1/AC.C, in the expression. If some means can be found
to cancel out this term, oscillator frequency stabiliza-
tion will be achieved. In particular, if a pure reactance
X, is placed in series with the base lead of the transistor,
a value can be found for this reactance which will force
the circuit to oscillate at the series resonant frequency
of the tank circuit, that is,

1
LCr

w =

If the substitutions X,=Ry,=Z.=Z,=0 are made
in (1), the value of X, necessary to make the term
(X1+X:+X3) =0 can be found. Equation (1) becomes

X22X, + X22(Xo + X2) = 0.

Therefore,
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v, = X<1 X2> 7
Xo= — X, +}I- (7

Since X, is capacitive, X, is inductive.

Colpitts Oscillator

Collector Stabilization: ‘The same reasoning that was
used in base stabilization applies here. I the substitu-
tions X, =R.=Z,=Z,=0 are made in (1), the expres-
sion for X, is

Y Y <1 + X‘) (8)
P = — A\ — .

c X2

Again, X, is inductive since X, is capacitive.

The process carried out above for the Colpitts con-
figuration can be extended to the transistor Hartley
oscillator with suitable modifications of equations 1 and
2. The substitutions which should be made, and the
results of such substitutions, are tabulated below.

Hartley Oscillator
No Stabilization: Substitutions—

Zb=Zc =Z(=0, X1=wL1, X2=ng,
% 1
i wC ’
and X,,=wd/, in (1) and (2).
Results—
1
a. w= — E
LiL, — M?
ClLi+ Lo+ 2M) — [ — 'A* )
L+ MNle
L+ My

for sustained oscillations of constant amplitude.
c. Stability coefficient k;
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. — (LL, — M?)
2[AC(Ly + Lo + 2M) — (LiL, — M?)]
Base Stabilization: Substitutions-
(X1+ Xo+ X5+ 2X,) =0and Ry =Z. = Z, = 0in (1).

Result:

.X‘g + ‘\’m 1\,2 + -\' m
o= - (T - v
X1+ X Xi+ Y.,

Collector Stabilization: Substitutions

XN+ X+ X3+ 2Xn) =0, and R =Z,=2.=0
in (1),
Result:
Xi+ X, X1+ X.
X, = »‘—[21\’,” -\, <‘—>:, — Y.
Xoe+ Xa X4+ X,

CONCLUSION

The method of analysis applied above has proved
valuable for determining circuit values in the design of
practical transistor audio oscillator circuits. A word of

caution is necessary in applying the formulas derived

for collector and base stabilization, however. The ac-

curacy of the derivations depends on the assumption

that the transistor equivalent-circuit parameters are
purely resistive, an assumption which is valid only at

low frequencies. This assumption, in fact, is necessary

in order that the values of stabilizing reactance only de-
pend on the external circuit parameters, so that stabil-
ization may be achieved. A complete treatment of the
implications of this assumption has been given by
[lewellyn.
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A New Electron Tube: The STROPHOTRON"

HANNES ALFVEN?t axo DAG ROMELL{

Summary—A new multitransit-electron tube is described, having
high efficiency and an exceptionally wide electronic tuning range. An
important feature of the tube is a trochoidal electron drift motion at
* right angles to the radio-frequency field, serving to remove electrons
from the field at a favorable instant.

tron tube that holds promise for a variety of

uses in vhf and uhf communication. It is a high-
efficiency, wide-band device, casily frequency-modu-
lated or electrically-tuned over an exceptionally wide
range of frequencies. In fact, strophotrons may be
operated, without mechanical tuning, over a frequency
spectrum covering about an octave. The electrodes of a
strophotron are few, of simple geometry, and do not re-
quire close tolerances.

The present paper will be limited to a general indica-
tion of the principle involved, the merits of the system,
and some of the experimental results obtained with the
tube operating as an oscillator. Development of the
tube for amplification purposes is under way and will
be reported in due course.

THE STROPHOTRON! is a developmental elec-

PRINCIPLE OF OPERATION

Basically, the strophotron may be regarded as a Bark-
hausen-KKurz oscillator or a multireflex klystron, in
which some of the inherent drawbacks of these and
similar tubes of the prior art, such as poor efficiency and
low power, or narrow range of operating frequencies,
have been eliminated. This is achieved by a combination
of frequency-independent density modulation of the
clectron beam and a controllable drift velocity of the
clectrons in a direction perpendicular to the oscillatory
motion, serving to remove them from the radio-fre-
quency field at a favorable instant. This drift motion,
obtained by means of crossed electric and magnetic fields
or by an inhomogencous magnetic field, is similar to
that present in trochotrons.? The magnetic field at the
same time serves to prevent the electron beam from
striking the accelerator electrodes.

The principle of operation will be described with
reference to Fig. 1, illustrating schematically a simple
strophotron electrode system, in which 4 is the positive

* Decimal classification: R339.2. Original manuscript received
by the IRE, October 1, 1953, revised manuscript received, February
16, 1954.

1 Royal Institute of Technology, Stockholm, Sweden.

! The name is derived from the Greek orpwgpaw="“turn to and
fro” and refers to the shape of the mean electron path. A brief pres-
entation of the strophotron was given by Dr. S. Tommer of L. M.
Ericsson Telephone Co. in a paper read at the 11th Annual Confer-
ence on Electron Tube Research, Stanford University, June 18-20,
1953: “The Strophotron, a New Oscillator Tube for FM-Radio
Links.”

2 H. Alfvén, L. Lindberg, K. G. Malmfors, T. Wallmark, and
E. Astrém, “Theory and Applications of Trochotrons,” Trans. Roy.
Inst. Tech., Stockholm, Sweden, no. 22; 1948.

accelerator clectrode, R’ and R’ are negative reflectors,
K is the cathode, projecting throught a slot in reflector
R’, and C is the collector, having a potential roughly
half that of the accelerator. A uniform magnetic field
is indicated by arrows B. The mean path of favorable-
phase electrons is indicated by the dashed lines. The
mean distance between the reflectors in the region occu-
pied by the electron beam is indicated by b.

The electrodes are shaped in such a fashion that the
potential V in the plane D-D of the electron beam
obeys the relation V~—z% In such a ficld, of course,
electrons will oscillate harmonically with a natural fre-
quency of oscillation

1 e 1 __ Na
f=—- ——7-\/V=o.189.106- 5

™ m

where V is the maximum potential in the beam.

If the reflectors are maintained at cathode potential
and there is no radio-frequency field present, the elec-
trons will oscillate with an amplitude equal to & and
will graze the reflectors. If the reflectors are made
negative with respect to the cathode, the electrons will
oscillate with smaller amplitude, being reflected some
distance in front of the reflector surfaces.

If a radio-frequency voltage of frequency f ‘(and of
sufficient amplitude) is applied between the reflector
electrodes, half of the electrons will be accelerated and
a major part of these will strike reflector R”, being thus
removed. The remaining half of the electrons will oscil-
late back and forth with decreasing amplitude, giving
off energy to the radio-frequency field. (This is but one
of several possible mechanisms of modulation.) If a
suitable resonant circuit is connected between the re-
flectors, oscillations will be maintained.

In addition to the electric field components *E.,
parallel to the magnetic field, that govern the oscilla-
tory motion of the electrons the electrostatic field of the
electrode system (Fig. 1, page 1240) has a strong com-
ponent E, perpendicular to the magnetic field. This
component, together with the magnetic field, causes the
electrons to move in the x direction in a path, the pro-
jection of which in the xy plane is a trochoid. The mean
trochoidal (drift) velocity of the electrons is v.,=E,/B.

The tube is operated under “cut-off” conditions,
meaning in this case that negligible current is drawn
by the accelerator electrode. By adjusting the drift
velocity v, and the loading of the resonant circuit it is
possible to cause a major part of the favorable-phase
clectrons to strike the collector electrode C and be re-
moved when they have delivered most of their potential
energy to the radio-frequency field.
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Fig. 1—The elements of a simple strophotron-electrode system shown
in three projections and in perspective, with its associated uni-
form magnetic field, indicated by B, the trochoidal electron beam,

l and, indicated by dashed line, the mean path (neglecting troch-

oidal rotation) of favorable-phase electrons.

Two experimental strophotron tubes made by the
L. M. Ericsson Telephone Co. are shown in Fig. 2. They
have electrode systems very similar to the one described
in Fig. 1. In one tube (Fig. 2(a)) the resonant circuit is
a Lecher wire system connected between the reflectors
(R"and R" in Fig. 1) and in the other (Fig. 2(b)) it is a
coaxial line, accelerator or anode (4 in Fig. 1) being part
of the center conductor, and reflectors (R’ and R’’) be-
ing parts of the outer conductor. This tube operates on
the second harmonic of electron oscillation frequency.

SIGNIFICANT PROPERTIES AND SOME
EXPERIMENTAL RESULTS

The useful properties of strophotrons are due to the
following factors.
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Simple Means of Frequency Modulation or Electrical
Tuning

This is due to the fact that the natural frequency of
oscillation of the electrons is determined by the electro-
static field within the electrode structure and is inde-
pendent of the magnitude of the magnetic field. Hence,
the frequency of operation of the tube may be altered
by altering the accelerator potential, which is equivalent .
to a change in V in (1). As an alternative, the reflector
potential may be altered. This may be fegarded as
equivalent to altering the magnitude of 4 in (1). In a
typical case, by altering the accelerator voltage from
300 to 900 and the reflector voltage from —50 to —250,
the tube could be tuned from 800 to 1,700 mc (without
mechanical tuning). If the reflector voltage was kept
constant at —100, the tube could be tuned from 1,000
to 1,500 mc by altering the accelerator voltage from 300
to 900. If the accelerator voltage was kept constant at
600, the tube could be tuned from 1,100 to 1,600 mc by
altering the reflector voltage from —50 to — 300.

Within this tuning range, of course, the output power
varies considerably. Width of the tuning range between
points 3 db down was about 140 mc. These measure-
ments were made on a simple electrode system where no
efforts had been made to achieve a wide tuning range.

No hysteresis effects have been encountered. Absence
of hysteresis phenomena may be due to the fact that
conditions for oscillation are considerably less compli-
cated in strophotrons than in, say, reflex klystrons.

Wide-band Characteristics

The favorable-phase electrons oscillate back and forth
a number of times, usually of the order of ten times, be-
fore striking the collector. Consequently, the radio-
frequency voltage across the resonant circuit for proper

(@)

(b)

Fig. 2—Two experimental strophotron oscillator tubes (courtesy L. M. Ericsson Telephone Co.). The heavy electrodes visible to the left
are the collectors. These tubes are mechanically tunable as well as electrically, the tube in Fig. 2 (a) by means of a Lecher wire system
protruding through the bulb, and the tube in Fig. 2 (b) by means of a coaxial line. The frequencies of operation are about 1,000 mc
for (a) and 2,000 mc for (b). Output power is about one watt for both types.
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operation is only a small fraction of the dc voltage be-
tween the accelerator and reflectors. These factors com-
bine to make the impedance presented by the oscillat-
ing electrons very low. The resonant circuit is heavily
loaded, and will consequently be able to pass a wide
band of frequencies. For extreme wide-band operation
values of loaded Q as low as 2 to 5 have been used, while
for high efficiency a value of about 30 is typical.
Another factor contributing to the wide-band char-
acteristics is the method described above of density-
modulating the electron beam by means of a sorting-out
process, which is inherently independent of frequency.

High Efficiency

This is due to the fact that a majority of the favor-
able-phase electrons can be made to strike the collector
with only a small fraction of their initial energy feft (or
having regained only negligible energy from the radio-
frequency field). Measurements on a simple electrode
system have yielded efficiencies of about 33 per cent.
This figure can probably be improved.

UseFUL RANGES oF FREQUENCY AND POWER

In strophotrons, most of the power loss is dissipated
as heat by the collector electrode. This electrode may be
designed so that it will easily dissipate large amounts of
heat, by radiation or convection cooling. The power
input to a strophotron, therefore, may be large. How-
ever, there is another factor, which limits the useful
power, as will be shown.

As mentioned previously, one condition for satisfac-
tory operation is that the potential distribution in the
electron beam be approximately V~—3z% Now this re-
quirement is easily met by suitably shaping the elec-
trodes, provided there is no space charge. Space charge
will disturb the field and, if the space-charge density
exceeds a certain limit operation of the tube will be im-
possible or inefficient. It is possible to calculate, ap-
proximately, at which space-charge density this occurs,
and the results obtained agree with experiment.

The limiting space-charge density, for practical pur-
poses, may be more conveniently expressed in terms of
the maximum current that may be passed through the
system. This is of the order:

b e ES

2 B

By decreasing the magnetic field density B this current
could be increased, but B must also meet another re-
quirement: it must be strong enough to prevent the elec-
trons from reaching the accelerator electrode. As a
consequence, there exists an optimum value of B. It is

of the order®
m 2
Bopt = T \/V, (3)
e b

3 Neglecting a factor, usually of the order of unity, depending on
the geometry of the particular system.
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where Vis the maximum potential in the electron beam.
If B is chosen equal to the optimum value, the
maximum current may be expressed as®

€9
Lax =~ —

e
.y,
2m

(4)

The maximum power, available in the electron beam
is of the order V- /[max.

It turns out that these various characteristic quanti-
ties of a strophotron electrode system may be conven-
iently expressed in terms of N and the dimensionless
quantity b/\, where X is the wavelength corresponding
to the frequency of oscillation, thus:

Maximum power input:?
eomScdm? [ b\® b\5
Poox = —/—7— —) = 1.33-10°- (—) watts.  (5)
16¢* A A

Corresponding accelerating potential:

w2ctm [ b\? b\?
V= . (——) = 2.52-108- ——) volts. (6)
2e A A

Optimum magnetic-field density ?

e _ mem 1 (b)
ot e b A

1\ volt seconds
= 0.536-1072 (——>~-A —
A (meter)?
or
1
= 53.6- (-—) gauss. @)
A
Symbols:

¢ =velocity of light (in free space)
€9 =ﬂo—l c2=8.85- 1012
po=4m-10~7

¢ =electronic charge

m = electronic mass

T=23.1415 - - -

b=distance between reflectors

)\ =wavelength corresponding to electron oscillation

frequency

Good agreement has been obtained between the re-
sults predicted by these formulas and experimental re-
sults on tubes operating at about 1,000 mc with output
powers of the order of one watt.

Definite conclusions as to the validity of the formulas
for all ranges of frequency and power will be dependent
on further experiments. However, it seems likely that
high powers should be attainable.

Many other types of electrode structure are conceiv-
able than the particular one described here, all employ-
ing the same method of conveying the electrons through
the interaction space on to a collector. The trochoidal
drift motion may be made use of also to convey elec-
trons from one interaction space to another.
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Microwave Single-Sideband Modulator
Using Ferrites”
JOHN CACHERISt, MEMBER, IRE

Summary—Two laboratory models of a single-sideband modula-
tor are described. The frequency of a microwave signal is shifted by
means of a rotating magnetic field transverse to a ferrite differential
half-wave section. The first laboratory model, a fransmission device,
is inserted in a waveguide-transmission line. The second model,
which is a reflection device, reflects signals from a source. Either
modulator shifts the microwave-carrier frequency of 9,375 mc by plus
or minus 20 kc. Differential half-wave sections are shown to be
possible from Polder’s explanation of double refraction of plane elec-
tromagnetic waves propagated in an infinitely large ferromagnetic
medium magnetized transverse to the direction of propagation.

INTRODUCTION

OR THE PAST few vears, the microwave prop-
Fcrtics of ferrites with longitudinal de fields have

been of general interest. Ferrites with transverse
ficlds also exhibit unusual properties. For example, dif-
ferential phase shifts between two components of a
lincarly-polarized electromagnetic wave can be ob-
tained by means of a ferrite inserted in circular wave-
guide and subjected to a dc magnetic field transverse to
the direction of propagation.

In general, a ferrite is a polycrystalline substance of
bivalent metallic oxides and ferric oxide. Ferrites are
ferromagnetic dielectrics having a resistivity inter-
mediate between that of the metallic alloys of iron and
that of good insulating materials. Because of their high
resistivity, ferrites propagate microwaves with relative
case. Their magnetic properties may be varied by an
applied dc field. Ferrites may, therefore, be used in the
design of microwave devices such as attenuators and
phase shifters.

A single-sideband modulator is a device for generating
the sum or difference of two frequencies. For low and
very high carrier-frequency applications, mechanical
devices are used as single-sideband modulators. In the
intermediate frequency ranges, a wide variety of elec-
tronic systems are used. This paper describes an elec-
tronic single-sideband modulator for shifting the carrier
frequency of a microwave signal by a fixed amount. The
device is one of the first practical applications of the
double-refraction properties of ferrites with transverse
magnetic fields.

Frequency shifts of a few hundred cycles per second
of a microwave carrier have been accomplished by
means of a differential half-wave phase-shift section
mechanically rotated between two stationary quarter-

* Decimal classification: R310X R355.8. Original manuscript re-
ceived by the IRE, December 31, 1953,

 Diamond Ordnance Fuze Labs., Dept. of the Army, Washing-
ton, 1. C.

wave sections of circular waveguide.! In the new modu-
lator, the rotating section is replaced by a ferrite
cylinder in circular waveguide with an applied trans-
verse magnetic field so that the ferrite acts as a dif-
ferential half-wave phase shifter. The applied field is
clectrically rotated by two pairs of coils at right angles
to cach other and excited 90 degrees out of phase. By
this method, since moving parts are not required, much
higher frequency shifts are possible.

The microwave single-sideband modulator consists of
three waveguide sections as shown in Fig. 1. The
quarter-wave plate of section I converts the incident
linearly polarized waves into circularly polarized waves.
The sense of rotation of the circularly polarized waves
is reversed by section I which contains a ferrite cylinder
with a rotating transverse magnetic field adjusted for
180-degree differential phase shift. The (uarter-wave
plate of section 111 reconverts the circularly polarized
waves to linearly polarized waves.

Continuous rotation of the half-wave differential
phase-shift section hy means of the rotating magnetic
field will cause a fixed increase or decrease in the fre-
quency of the transmitted signal. The plane-polarized
wave fed into section I emerges circularly polarized in,
say, a clockwise direction. Hence, the E vector performs
f rotations per second, f being the carrier frequency of
the incoming energy. If an observer were located at the
input of section II and rotating counterclockwise with
the section, the observer will see a frequency f4+n, n
being the number of revolutions per second of section
I1. Due to the action of the half-wave plate, an observer
at the output of section 11 will see f-+n counterclock-
wise rotations of the E vector. Since section 11 also ro-
tates with respect to section I11 the E vector as seen by
a stationary observer in section I1] rotates f+2n times
a second. Energy with a frequency f+2x, therefore,
emerges from the device. If the device would be designed
without the half-wave plate in section I1, the observer
would see f+n rotations in this section. As seen in sec-
tion 111, however, f4+# —#x rotations would be observed
so that the incoming and outgoing frequencies would be
identical.

THEORY OF THE FERRITE DIFFERENTIAL
PHASE-SHIFT SECTION

The behavior of a saturated ferromagnetic material,
such as a ferrite, magnetized in an arbitrary direction
with respect to the direction of propagation has been

' A, G. Fox, “An adjustable waveguide phase changer,” Proc.
LR.E., wol. 35, pp. i489-1198; December, 1947.

-
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Fig. 1-—Microwave siugle-sideband modulator.

analvzed by Polder.? He has shown that an infinitely
large ferromagnetic medium which is homogeneconsly
magnetized in the V-direction becomes doubly refract-
ing when plane clectromagnetic waves are propagated
in the Z-direction. For two linearly polarized waves
with II-vectors respectively parallel and perpendicular
to the applied de magnetic field, the indices of refraction
are given by

SR
n- =€

oy
n,t=

'~ o)

"

If ferromagnetic losses and crystal-anisotropy felds
are ignored, u and « are given by

v*H . B, — w*®
Y
and
4 Mwy
- vl 2 — o? ‘
Where

€ is the diclectric constant of the medium

v is the gyromagnetic ratio of the electron
B, is the effective flux density (B.=H.+4w M)
II. is the effective internal magnetic field
A/ is the magnetization of the medium

w is the angular microwave frequency

2 H. Polder, “On the theory of ferromagnetic resonance,” Phil.
Mag., vol. 40, pp. 99-114; January, 1949.

= €= ey
. [ 'Y2B¢2_w2 ]
n, =¢€| - — | =eu
* v*H ,B.—w? *

The effective permeability of the wave whose II-
vector is parallel to the dc magnetic field H, is unity,
since n?=pe. It is independent of the magnitude of I7,.
The effective permeability of the wave whose II-vector
is perpendicular to the dc field is given by

[ .Y2B°2 — w?. ]
B =, - .
vl B, — w*

The perpendicular permeability becomes infinite
when w?=%2I1.B., not when w?=v%I2 as for the
medium magnetized in the direction of propagation.

.Y2B’?. — w2

This agrees with the theory.?
Ap, = [’ — IJ
* Ly .B.— o

Let p, =144,
'YgBez - 'Y?IIeBz-]
Ay, = Y i.
vll.,B., — w?

I 42II.B. is much smaller than w?, the above equation
can be simplified to

7211232 - 'Y?Beg
Ay, = — -

9
w?

and

2

7211032 - 72302
R L |
w
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The differential phase shift of the wave with its mag-
netic vector parallel to H,, with respect to the wave
whose magnetic vector is perpendicular to H,, is given
by

(Gr)l/2

A = wl [tz — pove]

(er)l/2 [‘Ych2 - ‘YzHch]

Ap
& 2¢ w

This expression is similar to that obtained by Weiss
and Fox® of the Bell Telephone Laboratories. The re-
sults were obtained independently from different sets
of Polder’s equations. Although the theory has been
derived for a saturated infinite medium with no losses
it appears that the analysis approximates the waveguide
case since double refraction has been observed experi-
mentally.
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Input
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Voriable
At tenuator ——J

Fig. 2-—Block diagram of the experimental setup.

DIFFERENTIAL PHASE-SHIFT MEASUREMENTS

Experiments were made at 9,375 mc to measure the
differential phase shift of microwaves propagated
through ferrites with the dc magnetic field first per-
pendicular and then parallel to the microwave H-vector.
A block diagram of the experimental equipment is
given in Fig. 2. At each end of the circular guide test
chamber, the dominant TE,, mode in rectangular wave-
guide is transformed into the dominant TE;; mode in
circular guide by smooth transitions. Resistance card
absorbers in the circular section reduce cross-polarized
reflections. The ferrite samples to be measured were
placed in the test chamber and magnetized by applying
the field transverse to the direction of propagation.

As can be seen in Fig. 2, all power levels as well as
phase shift were measured. Measurements of insertion
loss were made by determining the power transmitted

? M. T. Weiss and A. G. Fox, “Magnetic double refraction at
microwave frequencies,” Letter to the Editor, Phys. Rev., vol. 88,
second series, no. 1; October 1, 1952,
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with the sample removed. The absorbed power can be
calculated by subtracting from the insertion loss the re-
flected power determined by the voltage standing wave
ratio. The relative phase change due to the application
of the dc magnetizing field was measured by comparison
with a calibrated rotary phase shifter.

After initial changes, the microwave phase shift and
insertion loss for the thin rod are essentially inde-
pendent of the dc magnetic field applied parallel to the
microwave H-vector. This is in agreement with Polder’s
theory. For the dc field perpendicular to the micro-
wave H-vector, again as Polder has shown, the micro-
wave phase shift and insertion loss are functions of the
applied field. These curves indicate that gyromagnetic
resonance occurs when the value of H, is approximately
4,200 oersteds. The signal reflected by the rod was less
than one per cent throughout the range of measure-
ments.

The initial changes that are usually attributed to
domain wall motions are not present. LeCraw of the
National Bureau of Standards has also found that these
initial changes are negligible for spherical samples of
this material in microwave cavities, Fig. 3.
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Fig. 3—Relative phase shift and insertion loss for microwaves
propagated through a Ferramic MF 1331 rod as functions of
applied magnetic field.

The data obtained in the measurements were used in
designing the 180-degree differential phase-shift section
of the single-sideband modulator. This section contains
the ferrite and the dc field rotating transverse to the
direction of propagation. The 180-degree differential
phase shift should be obtained with a low applied field
in order that the modulation power be small. The
initial changes of the microwave phase shift and inser-
tion-loss as the dc field is applied to the ferrite are im-
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Fig. 4—Relative phase shift and insertion loss for microwaves
propagated through a Ferramic D tube as functions of applied
magnetic field.

portant. For a Ferramic D tube (Fig. 4) the field re-
quired to produce a 180-degree differential phase
shift is approximately 200 oersteds. Since the parallel
and perpendicular insertion losses are not equal, the
output is an elliptically instead of circularly polarized
wave. This increases the over-all insertion loss of the
SSM. The elliptically polarized wave can be regarded
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Fig. 5—Relative phase shift and insertion loss for microwaves re-
flected from a ferrite rod and short-circuiting plunger as functions
of applied magnetic field.
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as the resultant of two circularly polarized waves of
unequal amplitudes rotating in opposite directions. Only
one of these waves will be converted to linear polariza-
tion by section III, the other will be absorbed by the
resistance card.

The signal reflected from a ferrite rod backed by a
short-circuiting plunger is important in some applica-
tions. Measurements were made of the relative phase
shift and insertion loss of microwaves reflected from this
combination as functions of the applied magnetic field.
For a Ferramic MF 1331 rod (Fig. 5) approximately 180
oersteds are required to produce a 180-degree differen-
tial phase shift between the two orthogonal components
of the reflected signal.

Fig. 6-—Microwave single-sideband modulator (transmission
type).

SIGNAL-SIDEBAND MODULATOR PERFORMANCE

Two X-band single-sideband modulators were con-
structed. The first shown in Fig. 6, a transmission sys-
tem, is a device inserted in a waveguide transmission
line to shift the microwave carrier frequency of 9,375 mc
by plus or minus 20 kc. The rectangular-to-round wave-
guide transitions contain, in addition to quarter-wave
dielectric plates, resistance cards to absorb cross-polar-
ized reflections. The center section between the four
coils contains the ferrite. Instead of metal waveguide,
a linen bakelite form lined with silver paint is used so
that the rotating field will not be attenuated by eddy
currents. The applied field is adjusted so that the ferrite
is a 180-degree differential phase-shift section. It is
electrically rotated at 10 kc by exciting the vertical coils
90 degrees out of phase with respect to the horizontal
coils. The 10 kc oscillator and power amplifiers are not
shown. Fig. 7 (following page) shows the flux density in
the air gap between the pole faces of the magnetic struc-
ture as a function of the modulation power.

The reflection type of SSM shown in Fig. 8 (following
page) is similar to the previously described transmission
system. In the reflection system, however, a short circuit
is placed after the ferrite sample. Its position is adjusted
so that the differential phase shift of the reflected signal
is 180 degrees. The device reflects signals from an X-
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band source but shifted in frequency by plus or minus
20 ke.

Microwave power in the X-band region was supplied
to the device by a square-wave modulated klystron oscil-
lator. The oscilloscope patterns of the rf envelope of the
shifted signal are shown in Fig. 9(a) and 9(b). The
residual ripple present is a measure of spurious fre-
quency signals produced by the SSM. The 20 ke beat
shown in Fig. 9(¢) and 9(d) is produced by mixing the
shifted signal with a small amount of the carrier signal.
The data shown in Fig. 10 indicate that the microwave
insertion loss is 1.5 db for 40 watts of modulation power
per line. The undesired sideband suppression is ap-
proximately 47 db while the carrier suppression is 29 db.
With 15 watts of modulation power per line, the micro-
wave insertion loss is 4.5 db. Depending upon the ap-
plication for which the device is to be used, a com-
promise may be made between microwave insertion loss
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(a) Ri envelope of shifted signal (output
of SSM).
(b) Rt ervelape of shifted signal (exparded
scale}.
(¢) Rf envelope of shifted signal mixed
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and modulation power. Iig. 11 shows that the undesired
sideband and carrier suppression, and insertion loss are
optimum at 9,300 mec.

(CONCLUSIONS

Phase shift and insertion loss measurements for
microwave energy propagated through ferrites with
transverse de magnetic fields indicate that devices such
as phase shifters and attenuators can be designed. lor
the transverse field parallel to the microwave II-vector,
the phase delay was different from that for the ficld
perpendicular to the Il-vector. Thus, differential phase
shift sections are possible. Two single-sideband modu-
lators employing ferrites as differential half-wave plates
were designed for shifting the frequency of an X-band
signal by plus or minus 20 kc.
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Developmental Germanium Power Transistors”
. G. ROKAY, ASSOCIATE MEMBER, IRE, R. E. BUCK], axn G. W. REILAND{

Summary—A developmental germanium power transistor is de-
scribed. The collector heat dissipation is 20 watts at room tempera-
ture when the transistor is properly mounted. The unit delivers a
peak collector current in the order of 1 ampere and has a peak col-
lector voltage of 60 volts. Problems concerning heat transfer and
mounting are discussed. Electrical characteristics for 75 degrees F.
and 175 degrees F. mounting base temperature are given.

HI: POWER HANDLING ABILITY of ger-
Tm;mium junction transistors is limited primarily

by the maximum heat dissipation of the transistor,
the maximum collector voltage, and the maximum col-
fector current. The importance of heat dissipation is
well known and presently is the basis for power classi-
fication of transistors. The collector voltage is limited by
structural factors such as resistivity of the germanium
and others. Experience indicates that at high tempera-

* Decimal classification: R282.12. Original mauuscript received
bysthc IRE, January 4, 1954; revised manuscript received, March 22,
1954.

t Formerly Research Center, Minneapolis-Honeywell Regulator
Co., Hopkins, Minn., now with Delco Radio Div. of General Motors
Co., Kokomo, Ind.

1 Research Center, Minneapolis-Honeywell Regulator Co., Hop-
kius, Minn.

tures the germanium power transistors seem (o give
more satisfactory operation using lower collector volt-
age and high collector current. The collector current
limitation is not sharp, and in many cases is a function
of the particular application of the transistor. In the
case of the power transistor, in which large collector
currents exist, it is found that the power gain decrecases
with increasing collector current. The necessity of a
given practical power gain limits the collector current
and the maximum power output. For low power tran-
sistors in most cases the maximum heat dissipation is the
controlling factor for power output. For high power
units with good heat transfer, the maximum collector
current and voltage or the requirement of a minimum
power gain may limit the power output more severely,
to a lower value, than that allowed by heat dissipation.
The power transistor must have a junction large enough
to carry high currents with a reasonable alpha. The
power output can be limited in specific cases, of course,
through other considerations such as the leakage cur-
rent I, mechanical design, and other factors.
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The transistor which is described was developed to
deliver a few watts of power output from room tempera-
ture up to 130 degrees F.

An outside and cross-sectional view of the transistor
arc shown in Figs. 1 and 2. The unit is a germanium,
indium alloyed-junction p-n-p transistor. The prin-
ciples concerning alloyed-junction transistors are al-
ready described in other papers and need not be dis-
cussed here.'"* The transistor shown is hermetically
sealed in a metal case to eliminate deteriorating effects
of humidity. The collector is soldered directly to the cop-
per base of the metal shell. The base and emitter leads
are brought through the case by means of glass-to-
metal seals.

Fig. 1-—The new power transistor.

The heat generated at the collector junction is con-
ducted to the outside of the shell through the indium
and the heat-transferring copper base of the shell. In
order to assure adequate transfer of heat from the cop-
per base, it is rccommended that the transistor be
mounted so the heat can be casily transferred from the
copper base to an externally adaptable heat sink.

In many cases, it is necessary that the collector which
is attached to the copper base remain electrically iso-
lated from the heat sink. This can be accomplished by

'R. R. Law, C. W, Mueller, J. I. Pankove, and L. D. Armstrong,
“A developmental germanium p-n-p junction transistor,” Proc.
[.R.E_, vol. 40, p. 1352; November, 1952.

2 R. N. Hall, “Power rectifiers and transistors,” Proc. I.R.E.,
vol. 40, p. 1512; November, 1952.

3 L. J. Giacoletto, “Power transistors,” Proc. of Transistor Short
Course, State College, Pa., p. XVII-1; 1953.

* J. D. Fahnestock, “Production techniques in transistor manu-
facture,” Electronics, vol. 26, p. 130; October, 1953.
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inserting a 2 mil mica washer between the copper heat
transfer base of the transistor shell and the chassis or
heat sink as shown in Fig. 3. This provides good electri-
cal insulation with a minimum of thermal insulation. It
has been found that by applying a drop of silicone oil
between the mica sheet and the metal surfaces the tem-
perature drop across the mica insulator will be less than
2 degrees F. per watt of heat transfer.

s—— FLEXIBLE CONNECTING LEADS

-SEALS

~—~ SOLDER
- MOUNTING 8TUD

.

Fig. 2—Cross sectional view of the transistor.
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Fig. 3—A simple way of mounting transistor on chassis for effective
heat transfer. A mica sheet, 2 mils thick, and a positioning ring
insulate, electrically, transistor from chassis. Effective heat
transfer is possible through the mica sheet to chassis.

The transfer of heat from the collector junction to the
copper base of the transistor shell provides a flexible
means of effectively cooling the transistor. For example,
in many applications, there is sufficient chassis area to
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provide adequate heat dissipation for the transistor. In
other arrangements loudspeakers, transformers, or other
metallic objects may be used as heat sinks. However, in
applications where this is not possible the copper base
temperature can be maintained by attaching colling fins.

30]

COLLECTOR DISSIPATION IN WATTS

I

so 100 150 200 250
TEMPERATURE OF MOUNTING BASE

300 °F

Fig. 4—The maximum collector heat dissipation of the transistor
as a function of the base temperature of the transistor shell.

The size and shape of the fins can be arranged to best
fit the space available. There are some applications in
‘which the transistor may be hermetically sealed in a
container with other components and in this case, it
would be most desirable to attach the transistor directly
to the hermetic can, and in turn provide a heat sink for
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the can if necessary. This heat sink could be a part of the
chassis or an attached radiator, whichever fits the de-
sign of the unit. It seems more practical to transfer the
heat from the transistor to the container by direct con-
duction rather than to transfer the heat from the
transistor to the container by less direct methods of
convection or radiation.

The heat transfer from cooling fins or other heat
sinks to the ambient air depends on a number of fac-
tors.® A simple estimation shows?® that in the particular
case when the fins are at 50 degrees C. above the am-
hient room temperature of 25 degrees C., about 2
square inches of cooling surface are necessary per watt
of heat dissipation in the transistor allowing normal air
circulation and radiation. The heat transfer parameters
can vary considerably according to the individual cir-
cumstances.

Fig. 4 shows the maximum heat dissipation of the
transistor as a function of the temperature of the copper
base of the transistor shell. This temperature is, in the
case of an “infinite” heat sink, about the same as the
ambient temperature. If the base of the transistor is
maintained at approximately 70 degrees F. it is possible
to dissipate at least 20 watts of power in the collector,
while at 175 degrees F. the power dissipated in the tran-
sistor is more than 8 watts. It has been found that the

s W. H. McAdams, “Heat Transmission,” McGraw-Hill Book
Co., Inc., New York, N. Y.; 1942,
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Fig. 5—Transistor characteristics for ambient temperatures of (a) 75 degrees F. and (b) 175 degrees F. with the
mounting base connected to an “infinite” heat sink.
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actual junction temperature increases about 9 degrees
. above the temperature of the coppper base for each
watt of collector-heat dissipation.

Figs. 5(a) and 5(b) (previous page) show the charac-
teristics of this power transistor at ambient tempera-
tures of 75 degrees F. and 175 degrees F. when properly
connected to an “infinite” heat sink. The peak collector
voltage in both cases is 60 volts. The curves in Fig. 5(b)
show that satisfactory operation is possible at 175 de-
grees F. base temperature.

As far as the current amplification in grounded-
emitter configuration is concerned the characteristics in
Fig. 5 represent transistors in the upper third of our
present units. However, the best units show consider-
ably higher current gain. Emitter voltages, V., meas-
ured against the base are given at the selected points
marked on the curve with dots.
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The general small signal parameters such as 7, rs, and
r. and alpha are a function of the collector current for
power transistors when the collector current is large.

From Fig. § it can be seen that a maximum power
output up to 60 watts can be realized in dc switching ap-
plications. In ac applications the power output, of
course, will be much less depending on the circuit and
the desired power gain.

The transistor just described is a developmental unit,
but experience indicates that it should be possible to
develop transistors of this type with higher power
handling abilities in the near future.

ACKNOWLEDGMENTS

The authors wish to acknowledge the help and mani-
fold assistance of our co-workers and colleagues in the
Honeywell Rescarch Center.

Transmission Formulas and Charts for
L.aminated Coaxial Cables*
R. A. KINGY, MEMBER, IRE AND S. P, MORGAN}

Summary—Theoretical formulas are given for the attenuation
constants of Clogston laminated coaxial cables, together with illus-
trative numerical examples and charts in which the parameters are
not too far outside the realm of present manufacturing possibility.
In the first section the metal losses in a Clogston cable are discussed
and compared with the losses in a conventional coaxial cable, and
optimum proportions for the laminated cable are suggested. The
second and third sections deal respectively with dielectric losses and
the effects of nonuniformity in laminated cables.

INTRODUCTION
CL()GST()N1 HAS PROPOSED a new type of

coaxial cable in which the propagation space is
partly or wholly filled with alternate thin layers
of metal and insulation. He has shown that under proper
conditions such a laminated cable should have lower at-
tenuation than a conventional coaxial cable. Recent
publications®?® have dealt with the mathematical

* Decimal classification: R117.2. Original manuscript received
by the IRE, October 29, 1953; revised manuscript received, March
18, 1954,

1 Bell Telephone Laboratories, Murray Hill, N. J.

LA, M. Clogston, “Reduction of skin-effect losses by the use of
laminated conductors,” Proc. L.R.E., vol. 39, pp. 767-782; 1951;
also, Bell Sys. Tech. Jour., vol. 30, pp. 491-529; July, 1951.

zS. . Morgan, “Mathematical theory of laminated transmission
lines,” Bell Sys. Tech. Jour., vol. 31, pp. 883-949 and 1121 -1200;
November, 1952.

3 H. S. Black, C. O. Mallinckrodt, and S. P. Morgan, “Experi-
mental verification of the laminated conductors,” I’roc. I.LR.E., vol.
40, pp. 902-905; August, 1952.

analysis of laminated cables and the experimental veri-
fication of the theory, but so far no very complete set of
numerical results has been published.4 This paper con-
tains formulas and charts for the attenuation and band-
width characteristics of Clogston cables with design
parameters which are within or not too far outside the
ranges of present manufacturing techniques and ma-
terials.

We shall consider only cables in which the entire
propagation space is filled with laminations, since
analysis has shown that, at least in the absence of mag-
netic loading, a completely laminated cable exhibits
lower loss than one having laminated inner and outer
conductors separated by a main dielectric.’ A schematic
view of the cable is shown in Fig. 1. It consists of a
laminated coaxial stack of alternate lavers of metal and
insulation, bounded internally by a cylindrical core and
externally by a cylindrical sheath. Preferably the core
and the sheath are insulators, or at least not such good
conductors as the metal in the laminated stack.

‘. F. Vaage, “Transmission properties of laminated Clogston
type conductors,” Bell Sys. Tech. Jour., vol. 32, pp. 695-713; May,
1953, has given curves showing the metal losses, but only for the case
in which the metal layers are twice as thick as the insulation.

¢ In footnote reference 2 the completely laminated structure is
called a Clogston 2 cable, and the partially laminated one a Clog-
ston 1.
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Theory and experiment show that if the metal layers
are thin compared to the skin depth at the operating
frequency, then the Clogston cable will propagate a
transmission mode in which the current flows through-
out the stack with a roughly sinusoidal distribution. In
this mode the current flows in one direction in the inner
layers and returns in the outer layers, with a null in
the current density at some intermediate radius.® The
total volume of conducting material available to the
current is thus higher than it would be in a conven-
tional two-conductor cable with a well-developed skin
effect, and the attenuation constant is thereforc lower.

Fig. 1—ILaminated Clogston coaxial cable.

There is in fact a range of frequencies, limited among
other things by the thickness of the conducting layers,
over which the attenuation constant of a Clogston cable
is substantially independent of frequency. As is well
known, the attenuation constant of a conventional co-
axial cable is approximately proportional to the square
root of frequency.

The general dependence of the attenuation constant
of a Clogston cable on frequency has been discussed
elsewhere” and is shown schematically in Fig. 2 on a
log-log scale. There are four distinct regions, which
may be classified as very low, low, high, and very high
frequencies. The limits of these various regions depend
on the over-all dimensions of the cable and the thickness
of the individual layers; they will be specified more
precisely in the next section. For comparison it may be
noted that the attenuation constant of an ordinary
coaxial cable of comparable size is a straight line pro-

¢ It is shown in footnote references 1 and 2 that higher transmis-
sion modes can also exist, in which there is more than one current
reversal across the stack. These modes have higher losses than the
lowest or principal mode described above; they will not be considered
here.

7 Morgan, ibid., pp. 1163-1181.
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portional to the square root of frequency (except pos-
sibly at the very low end), lying above the Clogston
curve in the middle range and below it at the ends.
Engineering interest in the Clogston cable centers on
the entire range called low, in which the attenuation
constant is approximately independent of frequency,
and the beginning of the range called high, in which the
attenuation starts to vary as the square of the fre-
quency. The very low range, in which the attenuation
is proportional to the square root of frequency, is of
somewhat less interest, and the very high range, in
which the attenuation constant again varies as the
square root of frequency, is not at present of any im-
portance.

Although the thinness of the conducting layers is a
major factor in determining the width of the frequency
band over which a Clogston cable will have lower loss
than a conventional coaxial cable of the same size, it
is not the only such factor. Dielectric dissipation in the
insulating layers may contribute appreciably to the
total loss at the upper end of the frequency band. What
is even more important, the average electrical properties
of the laminated medium must be held extremely uni-
form from one side of the stack to the other, or else the
current distribution in the propagating mode will be
distorted and the attenuation constant correspondingly
increased.
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Fig. 2-—Schematic plots of the attenuation constants of a laminated
cable and a conventional air-filled coaxial cable of comparable
size. Shading indicates the region in which the laminated cable
has lower attenuation than the conventional cable.

In the following two sections formulas and curves are
given for metal and dielectric losses. Under all ordinary
conditions these two kinds of loss should be additive on
a db basis. The last section contains a more qualitative
discussion of the effects of nonuniformity.
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MeETAL Losses

The following symbols will be used throughout the
paper. Units are MKS except where English units are
specified in particular formulas.

C=a parameter related to the degree of nonuni-
formity in a laminated medium
d =inner diameter of stack
D =outer diameter of stack
f=frequency in cycles/sec
f.=a characteristic frequency associated with a
Clogston cable and defined by (11) below
fi=transition frequency between very low and
low frequency ranges
f»=transition frequency between low and high
frequency ranges
fs=transition frequency between high and very
high frequency ranges
fm=highest frequency in the operating band
g =conductivity of conducting layers
g =0g; average conductivity of stack
g..=conductivity of copper= 5.800X107 mhos
/meter
t, = thickness of a single conducting layer
¢, = thickness of a single insulating layer
a=attenuation constant
ag=attenuation constant due to dielectric loss
oo =low-frequency (“flat”) attenuation constant
of any Clogston cable
apo=minimum value of @, (obtained with §=2/3
for nonmagnetic lines)
8=/2/wp,g; skin thickness in a solid conductor
é=¢¢6,/(1—0); average dielectric constant of
stack
e, =relative dielectric constant of insulation
¢, = dielectric constant of free space; 8.854 X 1012
farad/meter
0 =1,/ (ti+ts); fraction of conductor in stack
0,. = optimum value of 6 as defined below
8, =average value of 8 in a nonuniform stack
u, = permeability of free space; 4w X10~7 henry
/meter
w=angular frequency in radians/second
tan ¢ = loss tangent of insulating layers
F*(d/D), F*d/D)/(1—d/D)?=numerical functions
plotted against d/D in Fig. 3.

All permeabilities are set equal to u,, since we are not
considering the use of magnetic materials. Furthermore,
in the derivations of the formulas the total conduction
and displacement currents in the core and the sheath
have been neglected compared to the conduction cur-
rents in the laminated medium. If the laminations are
applied to a conducting core and/or surrounded by a
conducting sheath, the attenuation constant will be re-
duced, though probably not a great extent, at the lower
end of the “flat” frequency band due to the shunting
effect of the core and the sheath.

The attenuation constant of a cable of fixed outer
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diameter D decreases as the core diameter d is de-
creased, and the lowest attenuation is theoretically ob-
tained when d =0. However, to achieve reasonable fabri-
cating ease and strength of line the first layers will have
to be laid on some semi-rigid rod or wire of finite di-
ameter. When it is desirable to assign a numerical value
to the core diameter, we shall rather arbitrarily
choose the ratio d/D=0.1. The “flat” attenuation
constant of the cable is proportional to the function
F*(d/D)/(1—d/D)?, which is plotted against d/D in
Fig. 3. Reference to the figure shows that this function
is substantially constant for d/D in range from 0 to 0.1.
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Fig. 3—The functions F*(d/D) and F*d/D)/(1—d/D).

To get an idea of orders of magnitude, we shall first
give the limits of the frequency ranges shown in Fig. 2.
The transition frequencies fi, f2, and f; are defined by the
following equations:

«F*d/D)
wgD¥(1 — d/D)?’
2+/3 F(d/D)

wghD(1 — 4/D)

36 3 1
f; = I: ] ’
1—-40 T#vgtlz

where F(d/D) is a function of the ratio of core diameter
to outer diameter of the cable and is of the order of
magnitude of unity.® F2(d/D) and F*d/D)/(1—d/D)*
are plotted in Fig. 3. For subsequent numerical calcu-
lations note the values

F(0.1) = 1.129,

1

(1

f2

(2

Assuming that d/D=0.1 and measuring the con-
ductor thickness in mils and the cable diameter in
inches, we find the following numerical formulas for the
transition frequencies (in cycles/sec):

F2(0.1) = 1.275.

8 Morgan, ibid., Part 11, pp. 1127-1128. Actually
F(d/D) = (d — D)x/=,
where x is the smallest root of the equation in Bessel functions,
Ji(xd)Ni(xD) — Ji(xD)Ni(xd) = 0.
The present x is one-half the xi of Morgan.
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105.2
fi=——
0(8/80u) Din®
9.244 X 10*
fom ©)
o(g/gcu) (tl)milsDin
2.235 X 107
fs

B (- 0)”"(g/ge5(2)x;u.” ‘

Thus for a cable with copper conductors 0.1 mil thick
and insulation 0.1 mil thick (#=3%), and having an
outside diameter D =0.1 inch, the transition frequencies
are f1=21.04 kc, f,=18.49 mc, and f;=2,816 mc. For a
cable of diameter 0.75 inch, we should have f;=374
cps, fo=2.465 mc, and f;=2,816 mc.

The remainder of this section will be concerned with
the low or “flat” frequency range, which extends ap-
proximately from f; to f;, and the high-frequency range,
extending approximately from f, to f3. In the high range,
only the part up to frequencies of two or three times f,
is likely to be of much practical interest.

The low-frequency attenuation constant of a Clogston
cable is?

27%F*(d/D)
a= —— — nepers/meter. (4)
Vi /e gD¥(1 — d/D)?
The way in which the attenuation constant increases

with frequency due to the finite thickness of the con-
ducting layers is given by!?

_ Fd/D)

* T Vet — d/D)
02w, g

6/ 1o/ 8

Eq. (5), which includes (4) as a special case for low
enough frequencies or thin enough conductors, is valid
over approximately the whole frequency range fi <f <f.

To put this equation in a convenient form for
numerical computation take the value d/D=0.1, and
express the conductor thickness £ in mils, the cable
diameter D in inches, the frequency f in megacycles, and
the attenuation constant « in decibels/mile. The result
is

nepers/meter. (5)

3.082 X 10-2v/e,
*- 0(1 — o)llz(g/guu)Din2
3.3()70£t1)—mi1_52(g/g¢3u){m02\/€_r
(1 — g)12

db/mile, (6)

where ¢, is the relative dielectric constant of the insula-
tion.

Several families of attenuation vs frequency curves
calculated from (6) are plotted on log-log scales in

® Ibid., p. 1127, eq. (295).
10 Ibid., p. 1177, eq. (495).
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Fig. 4. These curves are for cables with copper con-
ductors and with diameters of 0.1, 0.375, and 0.75 inch.
For the sake of example we have chosen two values of 8,
namely 8=2/3, which minimizes the low-frequency at-
tenuation constant, and §=1/5. In the former case the
insulating layers are half as thick as the conducting
layers, and in the latter case they are four times as
thick. Each family of curves includes six thicknesses of
conducting layers, from 0.05 mil to 0.5 mil. Also shown
on each plot is the attenuation constant of an air-filled
conventional coaxial cable of the same outside diameter
and optimum proportions (ratio of conductor diameters
equal to 3.59). The attenuation constant of the con-
ventional cable is

1.369(erfmo) /2 .
a= — db/mile. (7)
(8/8eu)'"*Din

It should be emphasized curves of Fig. 4, page 1254,
were all calculated for ¢,=1, and so to get the attenua-
tion constant of an actual laminated cable, the plotted
values of attenuation must be multiplied by \/e,, where €,
is the relative dielectric constant of the insulation. For
example, with polyethylene insulation having €. =2.26,
the multiplicative factor is 1.503. On the logarithmic
scale this multiplication merely corresponds to a vertical
translation of the whole family of curves. If one wishes
to compare the Clogston cable with a dielectric-filled
conventional coaxial cable, the straight line for the
conventional cable is also shifted upward by an amount
corresponding to /er.

In the low-frequency range and the first part of the
high-frequency range, the phase velocity of a Clogston
cable is given by the simple expression,

3X 1081 —0
Ve,

The behavior of the phase velocity at very low and very

high frequencies is of more or less academic interest and

has been discussed elsewhere.!!

Next consider the question of optimum proportions
for Clogston cables. It is easily shown that in the low-
frequency range « is a minimum when §=2/3, that is,
when the conducting layers are twice as thick as the
insulating layers. Call the minimum low-frequency at-
tenuation constant agy; then putting §=2/3 in (4) we
have

v = 1/\/#1:@ =

meters/sec. (8)

3v/3 n2\/e, F2(d/D)
agy = ———— nepers/meter, (9)
Vis/€ gD*(1 — d/D)?
or, if d/D=0.1,

8.008 X 102 \/:
gy = — =

. -db/mile.
(g/gcu)Di,.2

(10)

W Ibid., pp. 1167-1169.
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Fig. 4+-——Attenuation-frequency curves for Clogston cables of different sizes with copper conductors of various thicknesses. The dotted
lines refer to conventional coaxials of the same diameter D.

In Fig. 5 are plotted curves showing the values of aqg
obtainable with cables of different diameters having
copper conductors and insulation whose relative dielec-
tric constant ranges from 1 (for a hypothetical cable
with air insulation) to 6.

A convenient reference parameter in the optimum de-
sign problem is the characteristic frequency f., at which
the attenuation constant of a Clogston cable with=2/3
is double its low-frequency value ag,. IFrom (5) we find

3v/3F(d/D)
T CPSs (11)
I-"vgtlD(l - d/D)

or, if d/D=0.1 and f, is measured in mc,
13.87 X 10
: — mc
(g/gcu) (ll)milsDin

The frequency f, is plotted in Fig. 6 as a function of
cable diameter, for cables with copper conductors of
thickness from 0.05 mil to 0.5 mil.

It may be noted that the transition frequency f; of
(1) and (3) is the frequency at which the attenuation
constant of any Clogston cable is double its low-fre-
(quency value «y, and in general

fe = (30/2)f>. (13)

(fme = (12)
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Fig. 5—Minimum attenuation constant ag, for =14, as a function
of cable diameter and dielectric constant of insulation.

The characteristic frequency f. is equal to f, if 6=2/3.
We now write the general expression (5) for « in the
form

992;2] , (14)

2090 |:
a = -—="—"" "
34/36(1 — 9)L12 412

and pose one or the other of two questions: (a) What is
the optimum value of 6 which minimizes the attenua-
tion constant at a preassigned top frequency fm? (b)
What is the optimum value of 8 which maximizes the
frequency range over which a does not exceed a spe-
cified maximum value «,,?

The value of § which minimizes « at a given frequency
fa is the root 8,, lying between zero and unity, of the
cubic equation

9(fu/fo)2[0% — 262) — 120 + 8 = 0.

This root decreases from 2/3 when f./f.=0 toward zero
as fm/f. increases indefinitely.!? ,, is plotted as abscissa
against f,./f as ordinate in Fig. 7. Once the value of 6
is known, the corresponding attenuation constant a, at
the top of the frequency band is obtained from (14) or
from Fig. 8 (see following page), which shows the ratio
m/tgo as a function of .

To maximize the frequency at which a given value
a,, of the attenuation constant occurs, 8 should satisfy
the equation

(15)

64(1002
04 i 403 + 402 + 27

®—-1)=0. (16)

Om?

The root 8,, of this equation which lies between zero and
12 Actually (14) is valid only down to the neighborhood of the

transition frequency fi, as given by (1) or (3), but in practice fn will
always be at least a few times larger than fi.
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Fig. 6—Characteristic frequency f. as a function of cable
diameter and conductor thickness.

unity decreases from 2/3 when o,./ag=1 toward zero
as a, /oo increases indefinitely. The value of 6, may be
read from Fig. 8, and the corresponding top frequency
fm determined with a little algebra from (14), or read
from Fig. 7.

The low-frequency attenuation constant «p of a
Clogston cable with §=8,, will be greater than aqo if 6

100
80

60

40

|

Om

Fig. 7—Relation between the optimum fraction 6 of conducting
material in a Clogston cable and the highest operating frequency
fm in terms of the characteristic frequency f..
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Fig. 8—Relation between the optimum fraction 6. of conducting
material in a Clogston cable and the attenuation constant a.,, at
the highest operating frequency, in terms of the reference attenu-
ation constant ago.

is not equal to 2/3. This is not often a disadvantage,

however, since usually we only wish to insure that o <a,

over the operating band, and the nearer @ approaches to

o, over the whole band the less serious will be the

equalization problem. It may be shown that the ratio

ao/am decreases from unity toward one-half as a,,/ag is
increased indefinitely. Physically this means that the
low-frequency attenuation constant of an optimum

Clogston cable is always at least half as great as the

attenuation constant at the upper end of the band.

As a numerical example, consider a cable of diameter
onc-half inch, with a core of diameter 0.05 inch, copper
conductors of thickness 0.1 mil, and polystyrene insula-
tion with €=2.56. For this cable (10) and (12) give

5125 db/mile,
773 mc.

Qoo = 0

f. = 2. (17

If we choose

am = 2090 = 1.025 db/mile, (18)

then it turns out that

0 = 0.3745, (19)

so that the insulating layers should be 0.167 mil thick.
The attenuation constant o, is reached at the fre-
quency

fm = 3.625 mc, (20)
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and the low-frequency attenuation constant for =46, is
ap = 1.300a¢ = 0.6660 db/mile. (21)

DieLEcTRIC LOSSES
If the insulating layers in a Clogston cable are slightly
dissipative, then the part of the attenuation constant
due to dielectric loss is'®

aq = mf\/u.é tan ¢ nepers/meter, (22)

where tan ¢ is the loss tangent of the insulation. A con-
venient numerical form is

ag = 146.5fncv/&/(1 — 0) tan ¢ db/mile.  (23)

Asan example, for a cable with polystyrene insulation
having €, =2.56, tan ¢ =0.0003, and with 6=2/3, the
dielectric loss at 1 mc amounts to 0.122 db/mile.

The metal losses and the dielectric losses in a Clogston
cable may be regarded as additive, so long as the total
attenuation per wavelength is small. The dielectric
losses are directly proportional to frequency, provided
that the loss tangent does not vary with frequency, but
they are independent of the over-all dimensions of the
cable.

EFFECT OF NONUNIFORMITY

All of the formulas and curves so far presented have
assumed perfectly uniform laminations, with every con-
ducting layer identical to every other conducting layer
in thickness and in electrical properties, and all the
insulating layers similarly identical to each other. Since
this condition cannot be perfectly realized in practice, it
is important to be able to estimate the effect of small
nonuniformities on the transmission.

Some particular idealized cases of nonuniformity in a
parallel-plane laminated transmission line have been
previously studied.!* The principal conclusion was that
in order to realize an attenuation constant which is a
small fraction, say one-tenth, of the attenuation con-
stant of a conventional line of the same dimensions,
long-range variations in the average dielectric constant
of the stack (as distinguished from short-range random
fluctuations) must be controlled to within a few parts
in 10,000. The price is less steep if the over-all improve-
ment sought is less, but in all practical cases it appears
that the average dielectric constant must be held
against slow variations to within a fraction of a per cent.

We give here a somewhat briefer account of the effects
of nonuniformity in a cylindrical laminated cable. The
problem is idealized by the assumption of infinitesimally
thin layers; physically this means metal layers very
thin compared to the classical skin depth. Also for
mathematical simplicity the average dielectric constant
of the stack is assumed to vary only in the radial direc-
tion. Since é=¢e,/(1—0), variations in é may result
from variations in €, or variations in @ or both.

3 Morgan, ibid., part I1, p. 1202, eq. {590).
4 Ibid., section XII, pp. 1181-1201,
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Consider two cases. In the first case the average di-
electric constant changes discontinuously from one con-
stant value to another at the midpoint of the laminated
stack: thus

. {50 — A/2, 3d £ p < {(d + D),

(24)
&+ 2¢/2, 3(d + D) <p = 3D,

where p is the radial co-ordinate. In the second case,
which is perhaps more realistic physically, & varies
linearly from one boundary of the stack to the other, as
follows:

6=Eo -

—ie+D) . (25)

In both of these equations & represents the mean value
of & across the stack, and Aé is the difference between
the maximum and minimum values.

It is convenient to express the effects of nonuni-
formity in terms of a dimensionless parameter C defined
by

D
¢ = mutig () ssi/e), (26
or
C = 3.693 X 10 64(g/geu) Din%fme(AE/ &),

where 6, is the average value of 6. C is thus directly
proportional to Aé/&, and for a stack with a given
value of Aé/¢&, it is directly proportional to frequency.

(27)

T T T TT T 1F]
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Fig. 9—Normalized attenuation «/ag of a Clogston cable vs non-
uniformity parameter C for step-function and linear nonuni-
formity.

When C=0, the attenuation constant of the cable
with infinitesimally thin layers is merely equal to the
value, say a, given by (4) or the first term of (5) or (6).
When C 0, however, because of a nonzero value of
Aé/¢&, the attenuation constant « of the line is greater
than a, and as the frequency increases so does the
attenuation constant, at a rate which depends on the
nature and magnitude of the nonuniformity.
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The ratio a/a is plotted against C in Fig. 9, for both
step-function and linear nonuniformity in a cable with
d/D=0.1. The values were obtained by the procedure,
described by Morgan, of solving a boundary-value prob-
lem on a general-purpose analog computer, the results
then being refined on an 1BM Card Programmed Cal-
culator. The differential equation solved was the one
appropriate to a cylindrical rather than a plane stack.
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Fig. 10—Normalized attenuation of nonuniform Clogston cables of
various diameters with 0.1 per cent total variation in &: (a) linear
variation, and (b) step-function variation.

It may be observed that for the step-function varia-
tion in &, the ratio a/ay is asymptotic to 3.22 for very
large C. This is connected with the existence, for large
differences between the dielectric constants of the two
parts of the stack, of two modes, one confined essentially
to the outer part of the stack and the other to the inner
part. In the present case the “outer” mode has some-
what lower attenuation than the “inner” mode, on ac-
count of the greater volume of conducting material in
the outer part of the stack. With a linear variation in
€, a/ay does not approach a limit for large C, but the
fields of the lowest-attenuation mode are concentrated
near the outer surface of the stack as the frequency is
increased.

Since for a given stack the parameter C is directly
proportional to frequency, the plots of Fig. 9 need only
the introduction of appropriate scale factors to read at-
tenuation vs frequency directly. For example, Fig. 10
shows curves for cables of various diameters, with
d/D=0.1 and (=13, when the variation of & from one
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side of the stack to the other is 0.1 per cent of & (that s,

A&/ & =0.001). To convert these to curves for Aé/&

=0.01, the frequencies shown should be divided by 10,

while for A&/é=0.0001, the frequencies should be

multiplied by 10, and so forth.

From a study of additional types of nonuniformity
by Morgan it was concluded that a steady increase or
decrease in the value of € across the stack, such as has
been considered here, is the most serious kind of non-
uniformity, If there are several fluctuations in & across
the stack, their effects will tend to average out.

No computations have been made as yet to deter-
mine how the effects of finite conductor thickness and
nonuniformity compound in a physical cable, but the
two effects combined will certainly lead to a higher at-
tenuation constant than cither effect separately.

Finally, it should be pointed out that although stack
variations in the circumferential and longitudinal direc-
tions have been neglected here for mathematical sim-
plicity, on physical grounds it is likely that such varia-
tions, if present, will add an appreciable amount to the
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total attenuation of the line. If we consider two cross
sections of a laminated cable separated by a certain dis-
tance and having different transverse nonuniformities,
the field pattern of the lowest mode will be different at
the two cross sections, and so in traversing the interven-
ing distance the power will be partly reflected and partly
converted to higher modes with higher attenuation con-
stants. The reflected or mode converted power will be
at least partly lost, with a consequent increase in the
over-all attenuation of the cable. Hence the estimate of
the increase in attenuation which one gets by consider-
ing only the radial variation at an average cross section
is certain to be optimistic, in that it neglects completely
the effects of variations in other directions.
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Reflection Coefhicients of Irregular Terrain®
KENNETH BULLINGTONY, SENIOR MEMBER, IRE

Summary—Radio relay p:ths with strong ground reflections ex-
perience more fading than similar paths with negligible ground reflec-
tions. In order to minimize fading the route survey for the transcon-
tinental microwave-relay system included measurements of ground
reflection coefficients on most of the proposed repeater sections. In
most cases the reflection coefficients at 4,000 mc were in the range
from 0.2-0.4. Attempts to correlate these results with the path pro-
flles and to obtain a suitable theoretical explanation indicate that no
simnle relation exists but that a statistical relationship can be found
to fit the observed data.

K face in essentially the same way as light is re-
flected from a mirror. The receiving antenna
“sees” not only the transmitting antenna but also its
image mirrored in the ground. The reflected signal either
adds to the direct signal or subtracts from it, depending
on the phase difference Letween the two paths. When
the surface is smooth, the reflected wave is approxi-
mately equal in magnitude to the direct signal and al-
most complete phase cancellation occurs at certain
antenna locations. On the other hand when the terrain
is very rough, the reflected wave is scattered and its in-
tensity in any one direction is so small that regardless
of the phase difference it can have only a minor effect
on the received signal intensity.

R ADIO WAVES are reflected from the earth’s sur-

* Decimal classification: R115.23 X R480. Original manuscript re-
ceived by the IRE, November 24, 1953; revised manuscript received,
April 8, 1954. Presented at Naval Elec. Lab., San Diego, Calif., April,

1953.
t Bell Telephone Labs., New York, N. Y.

For a particular frequency and distance it is possible
to choose antenna heights so that the direct and re-
flected waves add in phase during average atmospheric
conditions. Unfortunately, the phase difference between
the direct and reflected rays varies with meteorological
conditions, and a combination of fixed antenna heights
designed for phase addition most of the time mayv result
in fading caused by phase opposition for a small per-
centage of the time. Although fading on line of sight
paths can arise from several different causes, paths hav-
ing strong ground reflections ordinarily give poorer
over-all performance than paths having small ground
reflections. Consequently in engineering radio syvstems
it is important to know the relation between the mag-
nitude of the reflected ray and the profile of the path.

EXPERIMENTAL RESULTS

Considerable information on the intensity ol the
ground-reflected ray at 4,000 mc has been obtained by
the Bell Telephone Laboratories and the American Tele-
phone and Telegraph Company during the engincering
of the transcontinental microwave-radio-relay system.
The variation in the received signal with antenna height
was measured on many of the proposed repeater sec-
tions by the use of 57-inch paraboloid antennas on port-
able 200-foot towers, and from these data the ground re-
flection coefficients have been computed. The purpose of
these short-term radio tests, made prior to the actual
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construction, was to insure adequate clearance and to
investigate ground reflections as a guide in minimizing
fading.
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Fig. 1—Antenna height vs path loss, Gibbon-Elm Creek,
Nebraska path, 4,000 mc.

Strong reflections were found, as expected, on over-
water paths and on the Utah Salt Flats. Outside of these
extreme cases the next strongest ground reflection was
measured on a path in central Nebraska. The measured
variation in received signal with height is shown in
Fig. 1, and the profile of this relatively barren path is
shown in Fig, 2. The difference between the first maxi-
mum and the minimum is almost 16 decibels, which in-
dicates a reflection coefficient of about 0.72,

FIRST FRESNEL ZONE

145 TOWER

200' TOWER

o

10 12 14 16 18 20 22 24 26
DISTANCE IN MILES

Fig. 2—DPath profile, Gibbon to Elm Creek, 26.2 miles.

©o 2 4 € 8

It was found that the antenna heights at which the
maxima and minima occur varied with the time of day
so no fixed combination could be optimum all of the
time. Morecover, it was found that moving the tower by
only about 100 feet at one terminal reduced the reflec-
tion coefficient on this path from 0.72 to about 0.5,
which indicates that the magnitude of the reflection co-
efficient cannot be predicted accurately from the gross
features of the path profile.

Although an exact prediction does not seem possible
(except in special simplified cases) a plot of the reflection
coefficients measured on a number of paths would be
expected to be distributed around a mean value which
decreases uniformly as the degree of roughness increases.

A useful criterion of roughness is the phase deviation
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< (1)
"H, (11,)

¢ =2

where I is the average clearance and + C is the devia-
tion in the profile as illustrated in Fig. 3; the factor 11,
is the first Fresnel zone clearance and includes both the
distance and the wavelength. (The first I'resnel zone
clearance in the middle of a 30-mile path is about 100
feet at 4,000 mc.) II/H, is essentially unity for compu-
tations of reflection coefficient based on the first maxima
of the height-loss curve. On the path profile shown in
Fig. 2, the ratio C/II; has been judged to be slightly
over one half. Since considerable simplification and
judgment are required in applying a single number to an
actual profile, relative accuracy and not absolute ac-
curacy is the best that can be expected.
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Fig. 3—Reflection coefficients of irregular terrain, 4,000 mc.

The experimental results obtained along the New
York-Denver section of the transcontinental route are
shown in Fig. 3. The magnitude of the reflection co-
efficients indicated along the ordinate have been com-
puted from the antenna-height-loss curves and the de-
gree of roughness shown along the abscissa has been
estimated from the path profiles. In general the meas-
urements were made on the more doubtful paths. No
data are available on most of the Pennsylvania sections
and on several other paths that obviously had ade-
quate clearance and were sufficiently rough.

The data on the New York-Omaha section of the
route has been separated from the Omaha-Denver sec-
tion to show that the difference in the type of terrain
does not add significantly to the spread in the over-all
results. At first some of the low-reflection coefficients
were attributed to absorption in the numerous trees
along some of the paths but an approximately equal
percentage of low reflections was found in the relatively
flat, treeless areas in Eastern Colorado.

The classical Rayleigh criterion of roughness indi-
cates that specular reflection occurs when the phase
deviations are less than about +#/2 and that diffuse
reflections result when the phase deviations are greater
than +/2. On this basis all of the paths measured ex-
cept one would be considered rough.
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THEORETICAL CONSIDERATIONS

A rigorous determination of the reflection from a
rough surface is a difficult problem.!?: In fact it is vir-
tually impossible except for certain idealized profiles.
In general it is not possible to represent an actual pro-
file by a reasonable number of parameters. Considerable
judgment is required in formulating the problem and the
end result may be no more than a range of possible
answers. An approximate solution that may be a useful
guide in understanding the experimental data is de-
rived in the Appendix. The net result is that the reflec-
tion coefficient from a rough surface can be expressed by

| R.| = f p(¢) cos ¢d¢.

The angle ¢ is the change in phase of each elemental
component of the reflected wave caused by the de-
parture of the rough surface from a median plane sur-
face. The factor p(¢) is the probability distribution of
all the values of ¢ along the path. The product p(¢:) dé
is the fraction of the profile for which ¢, <¢ <¢;+d¢.
It is assumed that ¢ has many oscillations along the
transmission path.

Fig. +Reflection coefficients of irregular terrain. Comparison of
experimental and computed values,

Curve Variations in lerrain
A Sawtooth
B Sine-wave
C Random

Several possible computed values of the reflection co-
efficient are shown in Fig. 4. Curve 4 assumes that the
phase angle ¢ varies uniformly between two maximum
values, —¢n and ¢.; the corresponding path has essen-
tially a sawtooth profile. Curve B assumes that the
phase angle ¢ varies as a sine wave, whose maximum
value is +@m, which means a corrugated or sine wave
profile. In both cases it is evident that a slight departure
from the idealized profile will tend to fill in the nulls,
so perhaps the envelope of the maxima would be more
suitable as an upper boundary. Finally, Curve C as-

1S, 0. Rice, “Reflection of electromagnetic waves from slightly

rough surfaces,” Communications on Pure and Applied Mathematics,

pp. 351-378; August, 1951, )

2\W. S. Ament, “Toward a theory of reflection by a rough sur-
face,” Proc. .R.E., vol. 41, pp. 142-146; January, 1953.

3V, Twersky, “On the nonspecular reflection of electromagnetic
waves,” Jour. Appl. Phys., vol. 22, pp. 825-835; 1931,
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sumes that the phase angle ¢ varies in a random nianner;
in this case ¢, along the abscissa is no longer taken as
an absolute maximum but is interpreted as the value
exceeded in less than 1 per cent of the total path. A
choice of a lower percentage as a limit would move this
curve toward the right; in addition, any departure from
complete randomness seems likely to increase the low
values appreciably.

One conclusion is that reflection coefficients of greater
than 0.5 seldom occur on near grazing paths at 4,000
mc. These results are based on the use of 57-inch pa-
raboloid antennas and stronger reflections may be found
with smaller antennas. A second conclusion is that there
is no simple relationship between the geometry of the
path and the resulting reflection coefficient. Since so
many variables are involved, a statistical explanation
seems all that can ke expected for general engineering
use. Rice! has pointed out that the experimental data
can be represented by a Rayleigh distribution having a
median value of about 0.28.

APPENDIX

An approximate solution for the reflection coefficient
of a rough surface can be obtained by a first-order cor-
rection on the reflection from a smooth surface.

ieuss
oo

Fig. 5—Plane surface geometry.

|

The ordinary case of reflection from a plane surface
is illustrated in Fig. 5. The familiar reflected ray shown
as a dotted line can be considered to be the sum of many
components from all parts of the path. For example,
some of the power radiated from the transmitter T falls
on the small area AxAy, where Ay is in the plane per-
pendicular to the paper. As both Ax and Ay become
small compared with the wavelength the differential
area dx dy behaves like an isotropic antenna both in
receiving from transmitter T and in reradiating toward
receiver R. On this basis, the wave reflected from a plane
surface can be presented by the following integral

© D
| R = [f f Az,,e"adxdy] real part
—ov 0

where
A.,=amplitude of the wave that travels on path
ri+7, relative to the amplitude of direct wave.

A )( A
41!’71 41!’72

(1)
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when the transmitting and receiving
antenna gains are essentially the
same for both the direct and re-
flected rays.
0 =phase delay of reflected path relative to direct
path.

27
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xll?
i
Y =phase shift on reflection == for near grazing

incidence.
IIy = Clearance required for first Iresnel Zone.

_ 1/ )\foD —x)

II=Clearance between direct ray and place surface.

The above integral (which is derived either from radio-
propagation theory or from Huygen’s principle) is dif-
ficult to solve directly, but there is no need to solve it
since image theory indicates that the answer is

Ry~ — 1. (2)

For the rough surface illustrated in Fig. 6, the cor-
responding expression for the reflection coefficient is

) D
| er = I:f fo A,,,'e"("“’)dxdy] real part. 3)

The phase angle ¢ is the deviation in phase caused by
the departure of the actual surface from the idealized
plane surface, and is given by

(7)(7)
=\ \m,)’
where C and II are shown on Fig. 6.
In this approximate solution it is assumed that the
the angle ¢ is essentially independent of x and y and is

known only by its statistical distribution p(¢), which is
defined by

fwﬁ(os)ahb =1 (4)

The expression for the reflection coefficient given in (3)
can now be factored as follows.

w0 D
{ R,| = l:f f Az,,'e“dxdy]
—o0 0

.[pr(qs)e“’dqs] real part. (5)

Fig. 6—Rough surface geometry.

The factor A, is essentially equal to A4, for all
points along the profile that are within line of sight of
both terminals. Where the surface is so rough that the
surface is shadowed from one or both terminals 4.,
would be expected to be less than A4, but in this case
the associated large changes in phase angle ¢ make the
precise value of A4,/ relatively unimportant in a sta-
tistical sense. Consequently in this approximate solution
it is assumed that

A/ = 4., (6)

With the above two assumptions (3) reduces to

Rl = [ 7 [ tenanay)
.I:pr(qs)e“’qu] real part. (7)

The first term is the reflection coefficient of a plane
surface and is essentially equal to unity. Hence this
factor can be ignored with the following result

| R,l = f () cos pdo. (8)

At first glance the separation of variables (shown in
(5)-(8)) and the cancellation of one factor appears to
be a mathematical error since the real part of the prod-
uct of two complex numbers is not the product of the
two real parts. An alternate method would have been
to write (1) to (7) in terms of cos (6+¢)=cos 0 cos ¢
—sin 0 sin ¢. Since ¢ varies much more rapidly than 8
and is of random sign, the importance of the sin 6 sin ¢
term becomes negligible in the summation.

The expression given in (8) can be used to compute
the reflection coefficient for various types of profiles.
For example, when all values of ¢ between —¢,, and
+¢. are equally probable,

1
p(e) = Zb;’
and
R 2 f ém oo Sin @, ©)
r — COS ¢ = —— .
20 5, .

This case corresponds to a sawtooth profile with uni-
form height but not necessarily uniform slope.

When ¢ varies sinusoidally as ¢ =¢,, sin » (where » is
an arbitrary parameter), the profile approaches a sine
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wave and

( 1
PP = 27¢m COS p
This results in

R,

2 |2
f cos (¢ sin v)dv = Jo(dm), (10)
v

where Jy is the Bessel Function of zero order.

A third interesting example results from the assump-
tion that ¢ varies in accordance with the normal prob-
ability distribution having a standard deviation ¢. In
this case

g9 12"
PO =y
and
R l f Te e cos gy
, = : e 1% cos
V2mod _y

e,

(11)

This result is essentially the same as that discussed by
Ament and derived earlier by Pekeris, MacFarlane, and
possibly others. If ¢, is interpreted as the value ex-
ceeded less than 1 per cent of the time,

¢m = 2.30,
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and
R,

e—(9m/3.24)

(12)

Other possible variations include

.

which results from a triangular distribution of ¢, and

cos ¢—m Jo <¢T>
2 2

which occurs when ¢ =¢,, sin? ».

The net result is that the theoretical values of the
reflection coefficient of a rough surface vary over a wide
range and depend critically on the type of roughness
assumed.
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On the Design of Arrays®

J. N. HINESY, ASSOCIATE, IRE, V. H.
T. E. TICE{,

Summary—The usual method of array design, which employs
pattern multiplication, is an approximation which is often adequate
but which never predicts exactly the pattern of any practical array.
An exact method is discussed. It is compared with the approximate
method by applying both methods to a practical array of traveling-
wave slot antennas. The results show that while pattern multiplica-
tion is useful for obtaining a flrst approximation, the exact method
must be employed for arrays which are to be designed for low side
lobes.

INTRODUCTION

T HAS BEEN found, as a matter of practical ex-
J:[ perience, that the usual method of array design does
not predict the pattern of the array with sufficient
accuracy in cases where the arrayv is designed for very

* Decimal classification: R125.1 X R325.1. Original manuscript re-
ceived by the IRE, October 13, 1953; revised manuscript received,
March 26, 1954. This work has been supported by funds supplied the
Ohio State University Research Foundation by the Wright-Air
Development Command, WADC, Wright-Patterson Air Force Base,
Ohio.

i Antenna Lab., Dept. Elec. Eng., Ohio State Univ., Columbus,
Ohio.

RUMSEY{, SENIOR MEMBER, IRE, AND
ASSOCIATE, IRE

low side lobes.! The purpose of this paper is to point out
where the usual method of design is in error and to in-
troduce a rigorously correct method of design. The
difference between the two methods is illustrated by
applying them to an array of traveling-wave slot an-
tennas.

To illustrate the nature of the problem suppose that
we know the currents which flow into the individual ele-
ments of an array when the array is energized by con-
necting it to a transmitter. We find that the radiation
pattern obtained from the array does not agree with the
pattern as usually calculated from the known set of cur-
rents, although the disagreement is often small and in
some cases insignificant. It is found, however, that in
many cases the usual calculations are practically useless
at low signal levels and that the disagreement with

t J. N. Hines, V. H. Rumsey, and C. H. Walter, “Traveling-wave
slot antennas,” Proc. LLR.E., vol. 41, pp. 1624-1631; November,
1953.



Fig. 1

measurements cannot possibly be explained on the
grounds that the currents into the individual elements
are not known with sufficient accuracy. Thus we are
not concerned with the problem of mutual impedance
between elements, or the problem of holding the cur-
rents in individual elements to design values in presence
of mutual impedance, or any problem concerning the
network representation of the antenna. We are con-
cerned with the scattering or diffraction of radiation
by the physical structure of the array.

ANALYSIS OF ARRAY PATTERNS

Consider an array of identical antennas, such as half-
wave dipoles, which are arranged in a uniform lattice.
In the usual method it is assumed that the pattern of
the array is given by the product of an array factor,
which depends only on the lattice arrangement, and the
primary pattern, which depends only on the type of
antenna used to make up the array. For example, this
method predicts that the pattern of an array of half-
wave dipoles is the product of an array factor and the
pattern of a half-wave dipole. It usually gives very good
results when applied to half-wave dipoles and this well
known fact is apt to create the impression that it is a
correct method. Actually it is an approximation which
may be quite inadequate for many problems of array
design. The error is in the assumption that the pattern
of each element (when radiating in the presence of the
remaining elements) is the same as the pattern of an
isolated element (when radiating in the absence of all
other elements); this is never true in practice although
it may be very nearly true in certain cases.

An exact method of design can be stated very simply
as follows. Let P, represent the radiation pattern ob-
tained when a unit current is injected into the nth pair
of array terminals and all other terminal pairs of the
array are open-circuited. Let Io, I1, I3, - - - represent
the currents flowing into the terminal pairs when all ele-
ments of the array are cnergized. Then it follows from
the principle of superposition, that the pattern of the
array is represented by the expression

P = IPy+ ILP,+ IsPs+ -+ - . (1)

The connection between (1) and the approximate
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method can be illustrated by considering a uniformly
spaced linear array, as in Fig. 1. It is assumed, in the
approximate method, that the primary patterns are
identical. For the pattern in a plane containing the array
this implies that

P, = P, exp [jBns sin 0] (2)

where 8 represents the propagation constant and s and 8
are defined in Fig. 1. Then (1) reduces to

P = Polly + I, exp (jBs sin 6)

+ Ipexp (jB2ssin @) - - - ] 3)

in which the expression in square brackets represents
the array factor.

To apply the exact method (1) we have to construct
the array of antennas and measure each pattern P, in
the presence of the entire array structure. To apply the
approximate method we have to construct only one an-
tenna of the array and measure the pattern which it
radiates by itself. Thus the exact method can be used to
determine the distribution of currents I, I, Iz, + * *
which gives the best approximation to a desired pattern
but it is not suitable for determining the number of
array elements and their spacing. In practice one would
use the approximate method to obtain a first approxima-
tion to the array structure, build it, and then apply the
exact procedure to determine the best pattern that can
be obtained from it. Usually this shows that the array
could be improved by a small modification of the struc-
ture. When the structure has been fixed, the feed system
can be designed according to the exact procedure and
then the resulting pattern will be exactly as predicted.

The exact method can be formulated equally well in
terms of the patterns Q, obtained when unit voltage is
applied to the nth input with all other inputs short cir-
cuited. If there is mutual impedance between the inputs,
the patterns Q, will be essentially different from the
patterns P,: both P, and Q, will be affected by the loca-
tion of the terminals. For example, suppose that the
array consists of two parallel half-wave dipoles as in
Fig. 2. If the terminals are taken as the position 4 in
Fig. 2, the patterns P, are almost the same as for a half-
wave dipole by itself, and the patterns Q. are quite
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different. If the terminals are taken at a position B, a

quarter wavelength along the transmission line from 4, .
the.p.atterns P, are the same as the Q’s obtaine.d from !L--'----- A -+
position 4 and vice-versa. Thus where mutual imped- ToTees ¥
ance between inputs to the array is significant, one GROUNO PLANE
would try to select the position of the input terminals

to make the functions P, or Q, as simple as possible. TOP VIEW

If the mutual impedance between terminals is in-
significant the patterns P, and Q, are the same, apart
from a constant, and are independent of the loads con- e Efamm
nected to the unexcited inputs. However, these patterns ’ SIDE VIEW
is general will differ from the pattern of a single element L2ior wad pald
with all other elements removed.

OIELECTRIC FILLED

APPLICATION TO TRAVELING-WAVL SLOT ANTENNAS

An array of four parallel traveling-wave slot antennas
was constructed to illustrate the order of magnitude of
the difference between the approximate and exact meth-
ods. It is convenient to use traveling-wave slots because
the mutual impedance hetween input terminals is in-
significant. Fig. 3 shows a typical element of the array:

Fig. 3-—Sketch of a tapered-depth traveling-wave slot antenna
used as the arraying element.

%8
44 a8
S22

Fig. 5—Measured patterns of the tapered-depth slot radiating in
Fig. 4—Measured radiation patterns of an isolated tapered-depth the presence of an adjacent parasitic slot (one wavelength spac-
traveling-wave slot antenna. L=10 A\, W=0.67 A. ing).
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