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< e N ) '7 | . _
fie:‘r.mtl:‘: umt’j have .been proved to MIL-T-273, eliminating costs and delays of For complete listing of our 700
initial M'L-T-2"A testing, stock items (300 hermetic)
write for catalog.

é e TNype ’:Mn‘ N.l'ean xax.

. %, 0. ys. ys ys

HV_C Hermetic 7 HVC-1 002 006 02

Variable Inductors ; HVC-2 .005 .015 .05
£ = = . K 4 o

A step forward from our long es- i == g :zg: ,g;l ? s ;l

tablished VIC series. Hermetically Saaans ] 3 © HVC-5 07 25 7
sealed to MIL-T-27A... extremely e = HVC-6 2 6 2
compact ... wider inductance > ff — = i HVC.7 5 15 5
range ... higher Q... lower and N 7 N1 HVC-8 11 4.0 1
higher frequencies ... superior . < N} HVC-9 3.0 10 30
voltage and temperature stability. ) Dz i WVC10 70 25 70
Case 25/32 x 1Y8 x 17/32, 2 0z. . e L WVC-11 20 60 200

T 1
s I HVC-12 50

|m.$— ) _| _[ | ] ~a~F——: £ . MQE MQ series
{ | \ mll BN 15 stock values i
% +MOA-l0 T —1‘ w} f L i from 7 Mhy. Com?act Hermetic
> T f, - to 2.8 Hy. Toroid Inductors
7 S e i The MQ permalloy dust toroids
eEon o’ Pres mEem e combine the highest Q in their
Maa class with minimum size. Stability
| E;‘Q o 1 “’f%ﬁ“; l\‘ﬁues is excellent under varying volt-
s 10{227Hy ] P S S S MQpD age, temperature, frequency and
MQ drawn case structure ol / \\ _ | New extreme stability in- vibration conditions. High perme-
Length width  Meight 0z | ) { | ductors for 12KC to 130KC ability case p!us uniform winding
Mot DEEE, 0 A MOBSS | N range. Typical Q is 170 @ affords shielding of approximately
MQA, MQD  11/16 1.9/32 1.23/32 4 from 10 Mhy so| A - . I N l 50KC. 6 stock values from 80 db
MQB 1.5/16 2-9/16 2-13/16 14 to 25 Hy Gl 1 ,K',—L- - :; i 2 mhy. to 20 mhy
MQL tow Frequency High Q Coils DIl Inductance Decades
The MQL series of high Q coils employ special These decades set new standards of Q
laminatec Hiper nalloy cores to provide very high stability, frequency range and conveniece.
Q at low frequencies with exceptional stability Inductance values laboratory adjusted to better
for changes of /oltage, frequency and tempera. than 1%. Units housed in a compact die cast
ture. Twc icent cal windings permit series, par- case with sloping panel idea! for laboratory use
i allel, or transfcrmer type conections. 1-13/16 . 8Y2 x 4% x 2% high,
dia. x 2'~” H.
MoL-0 .25/1 Hys. i o
MaL-1 2.5/10Hys, *F e } 'l
MmaL-2 5/20 Hys. N . 1 \ ‘
Ha sleepers, - = i — 013 D12 Ton 100 Mry. stepe.
MaL-4 1007400 Hys. = — o | ' = DI-3  Ten 1 Hy. steps.
MaL-S 625/2500 Hys. " » = L= = = w O 5 % — ] | g DI-4  Ten 10 Hy. steps.
= T ] G|
ol e e e | Mean Mean VIC variable Inductors
PN 5 s 2= = Type Hys. Type Hys. vIC Induct h
e e
H = ! vIC-2 013 VIC-13 2.2 sente [ [ t
3 =T —1 i viC-3 021 Vic-4 34 problem of tuned audio circuits.
e s SRS s St vic-4 034 VICS 5.4 A set screw in the side of the
' it S m et - vic.5 053 VIC-16 85 case permits adjustment of the
o— et — ‘6:2: 'g’:“ ::g:; ;:1’ inductance from +85% to —45%
— — 1 i E : lue. ing is
“E—_r—_;—f__ == — VIC-B 21 ViC-19 32, of .tthe mean value. Setting
N T ] vic-9 34 vIC-20 52. positive. _
vIC STk E - e VIC-10 .54 vic-21 83 Curves shown indicate effective
case “ = e e vic-11 -85 vic-22 130. Q and L with varying frequency
length  Width  Height 0z === and applied AC voltage.
11/4  1-11/32  1-7/16  5-1/2 = R Son R el e e
SPECIAL UNITS
TO YOUR NEEDS UNITED TRANSFORMER CORPORATION
Send your specifications 150 Varick Street, New York 13, N. Y.

for prices.

PACIFIC MFG. DIVISION: 4008 W. JEFFERSON BLVD., LOS ANGELES 16, CALIF.

FURAnT RBAMLIALM_A® TALT FAl CTYAPER AL VADLL 82 Al W S ABIRE. HABDVADY




electronics

JANUARY 2, 1959

A McGRAW-HILL PUBLICATION
Vol. 32 No. 1

H. W. MATEER, Publisher

JAMES GIRDWOOD, Associate
Publisher

W. W, MacDONALD, Editor

Managing  Editor, John M.
Carroll.

Feature Editor, John Markus.

Associate Editors: John M. Kinn,
Jr., Frank Leary, Michael F. To-
maino, Howard K. Janis, Sylvester
P. Carter, Haig A. Manoogian,
Roland J. Charest, William P.
O'Brien, George Sideris, Edward
DeJongh, John F. Mason, William
E. Bushor, Ronald K. Jurgen,
Thomas Emma, Samuel Weber.

Pacific Coast Editor {Los Angéles)
Harold C. Hood; Midwestern Editor
(Chicago) Harold Harris; New Eng-
land Editor (Boston) Thomas Ma-
guire.

Art Director, Harry Phillips, Roy
Thompsen.

Production  Editor, John C.
Wright, Jr., Bernice Duffy, Jean L.
Matin.

Research, Charles B. Graham,
Marilyn Koren,

Editorial Assistants: Gloria J.
Filippone, Arlene Schilp, Patricia
Landers, Catherine  McDermott,
Eleanor Schaefer, Carol Weaver.

JAMES GIRDWOOD, Advertising
Sales Manager, R. S. Quint, As-
sistant Advertising Sales Manager
and Buyers’ Guide Manager. Fred
Stewart, Promotion Manager.
Frank H. Ward, Business Manager.
George E. Pomeroy, Classified
Manager. Hugh J. Quinn, Acting
Circulation Manager.

New York: Donald H. Miller,
Henry M. Shaw, Martin J. Gallay.
Boston: Wm. S. Hodgkinson. Phila-
delphia: James T. Hauptli. Chi-
cago: Bruce Winner, Harvey W.
Warnecke. Cleveland: Warren H.
Gardner. San Francisco: T. H.
Carmody, R. C. Alcorn. los
Angeles: Carl W. Dysinger, D.
A. McMillan. Denver: J. Patten.
Atlanta: M. Miller. Dallas: Gor-
don L Jones, Robert T. Wood.
London: E. E. Schirmer. Frankfurt:
Michael R. Zeynel.

Issue at a Glance

BUSINESS

In Go Specs—Out Come Plans. Computers design equipment.......
Projection Color Tv Grows. Medics hail large-screen tv............
$1 Billion for New System. Inside story on AEW project............
Stores a Ripe Market? Macy buys data-processing gear...........

Shoptalk ................... 4 Over The Counter...........

Electronics Newsletter . .. ... 9 Market Research ...........

Washington QOutlook ........ 10 Current Figures ............

Financial Roundup ......... 13 Meetings Ahead ............
ENGINEERING

Tracking Man-Made Moons. Nose cone is lowered over Navy’s
Cloud-Cover Satellite. Satellite will be tracked by Minitrack.

See p 33, COVER

Radio Tracks Orbits of Man-Made Moons. Radio network fixes satel-

lite position in space........By C. A. Schroeder, C. H. Looney, Jr.

and H. E. Carpenter, Jr.

Blood Pressure and Heart Regulator. High blood pressure can be

lowered by electronic system.....By R. L. Skinner, D. K. Gehmlich

and F. W. Longson

Tape and Film Insulation for Electronic Equipment. Up-to-date

physical and electrical properties and uses.. .. ...... By G. Sideris

Electronic Caliper Checks Printed Circuits. Electronic micrometer,

used with lathe, eliminates human error.......... By S. Isaacson

Electrostatically Focused Traveling-Wave Tube. Eliminates magnet

assembly and resultant alignment problems.. .. .. By D. J. Blattner

and F. E. Vaccaro

Liquid Level Detectors. Characteristics of four systems for indi-
cating and recording liquid level are tabulated.

By T. L. Greenwood

Servo Phase Control Shapes Antenna Pattern. Uhf amplifier controls

directivityof array...... ... ... ... .. .. ... By E. W. Markow

Measuring Transistor f,.. Measures alpha-cutoff frequency within

*=5percentupto100me....................... By G. I. Turner
DEPARTMENTS

Research and Development. Magnetic Demodulation for Color Tv,
Wien Bridge Rejection Filter. .. ... ... ... ... . ... ..........
Components and Materials. Storage CRT has Symmetrical Guns,
New Source Reported for Radioisotopes............ ... ... ......
Production Techniques. Wheels Make Spray-Coating Easy, Minia-
ture Vises Hold Printed-Circuit Boards. .. .....................

On the Market.............. 68 Literature of the Week. ., ..
Plants and People.......... 88 News of Reps. .............
Comment .................. 92 Index to Advertisers. ... ....

33

38

44

46

49

50

60

64
86
91



Ucinite Magnetron Connectors

Ucinite manufactures a variety of special
connectors for the heater and heater-
cathode terminals of magnetrons. Many
of these have been adapted for special ap-
plications as to size and function to meet
the sealing and mounting requirements of
high temperature and high altitude opera-
tion and other special conditions.
Connectors are coaxial in construction
and can be supplied with built-in capaci-

 The

UCINITE CO.

Newtonville 60, Mass.
Division of United-Carr Fastenez Corp.

CIRCLE 1 READERS SERVICE CARD

tors for added protection. Connecting
leads of any length can be furnished to
customer’s specifications.

With an experienced staff of design en-
gineers, plus complete facilities for volume
production, Ucinite is capable of supplying
practically any need for metal or metal-
and-plastics assemblies. Call your nearest
Ucinite or United-Carr representative for
full information or write directly to us.

Specialists in
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In keeping with its reputation as a
pioneer in the field of toroids, flters
and related networks, Burnell & Co.
now offers a complete line of low pass
and band pass constant delay filters
for standard RDB telemetering chan-
nels. These Burnell constant delay fil-
ters combine accurate amplitude and
phase to effectively limit intelligence
distortion and false transients to a
minimum. Telemetered signals from
off course missiles or those in distant
orterminal flight are no longer blocked
by attenuation and noise.

For maximum performance of tele-
metering systems, it is recognized that
filtering of sampled data requires both
linear phase and flat amplitude in the
pass band. However, until recently a
combination of the two in one unit had
not been available.

PIONEERS N TOROIDS, FILTERS AND RELATED NETWORKS

ELECTRONICS — Januvary 2, 195%

Existing sub carrier discriminators
afford no better than a choice of flat
amplitude pass band with non-linear
phase in one filter or a constant time
delay filter with distorted amplitude.
In contrast, Burnell constant delay fil-
ters combine both—are flat within 3db
over the pass band-—1% db for the low
pass filters—and possess a time delay
constant within 5%.

Write for Bulletin CD 051

FOR * 7149, PASS BAND

1 Flat within 3 db over pass band

2 21 db at * 159, of center freq.

3 40 db at * 229, of center freq.

4 Time delay over the pass band,

constant to = 5%

FOR =+ 159, PASS BAND

Flat to 3 db over pass band

23 db at £ 309, of center freq.

40 db at = 449, of center freq.

Time delay over pass band constant

to = 79,

Input impedance — 500 ohms

*Output impedance — 500 ohms and high
impedance for operation to a grid

*optional impedance available on special order,

oW -

EASTERN DIVISION
10 PELHAM PARKWAY /4
PELHAM, NEW YORK

PELHAM 8-5000
TWX PELHAM 3633

CONSTANT DELAY BAND PASS

Channel Frequency Part # Delay inms. .B/W
1 .4 KC 60051 34.00 15%
2 .56 KC S5-60052 24.30 15%
3 73 KC $-60053 18.60 15%
4 .96 KC $-60054 14.20 15%
5 1.3 KC $-60055 10.50 15%
[ 1.7 KC $-60056 8.00 15%
7 2.3 KC $-60057 593 15%
8 390 KC $-60058 4.40 Yo
9 33 KC $-60059 3.38 15%

10 5.4 KC $-60060 2.44 15%
11 7.35 KC $-60061 1.80 15%
12 0.5 KC $-60062 1.26 15%
13 14.5 KC $-60063 0.91 15%
14 22. KC $-60064 0.60 15%
15 30. KC S-60065 0.44 5%
16 40. KC $-60066 03 %o
17 52.5 KC S-60067 0.252 15%
18 70. KC $-60068 0.189 15%
A 22. XC $-60069 .305 30%
B 30. KC $-60070 224 30%
c 40. KC $-60071 .168 30%
D 52.5 KC $-60072 .128 30%
ES 70. KC $-60073 096 30%

CASE SIZE—2" x 312" x 41¥,,"
= INPUT IMPEDANCE = 500 ohms
# QUTPUT INPEDANCE = 500 ohms and to grid

(o} 25 415, 505 15,25
[ |
T 1 i
.|c 4
@| | % DEVIATION FROM, CENTER
= { FREQUENCY
> 12
o
—
S
Z 130
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’ PACIFIC DIVISION
720 MISSION ST.
SOUTH PASADENA, CALIFORNIA
RYAN 1-2841
TWX PASCAL 7578
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CIRCLE 2 READERS SERYICE CARD 3



electronics

Jan. 2, 1959 Vol. 32, No. 1

Published weekly, with a BUYERS’
GUIDE and REFERENCE issue in
mid-June, by McGraw-Hill Publishing
Company, Inc.,, James H. McGraw
(1860-1948) Founder.

Executive, Editorial, Circulation and Advertis-
ing Offices: McGraw-Hill Building, 330 W. 42
8t., New York 36, N. Y. Longacre 4-3000.
Publication Office: 99-129 North Broadway,
Alhany I, N. Y,

See panel below for directions regard-
ing subscriptions or change of address.
Donald C. McGraw, President; Joseph A.
Gerardi, Executive Vice President; L.
Keith Goodrich, Vice President and
Treasurer; John J. Cooke, Secretary;
Nelson L. Bond, President, Publications
Division; Shelton Fisher, Senior Vice
President; Ralph B. Smith, Vice Presi-
dent and Editerial Director; Joseph H.
Allen, Vice President and Director of
Advertising Sales; A. R. Venezian, Vice
President and Circulation Coordinator.

Single copies 75¢ in the United States
and possessions, and Canada; $1.50 for
all other {oreign countries. Buyers’ Guide
%3.00. Subscription rates—United States
and possessions, $6.00 a year; $9.00 for
two years; $12.00 for three vears. Canada,
$10.00 a year; $16.00 for two years:
$20.00 for three years. All other countries
$20.00 a year; $30.00 for two vyears;
$40.00 for three years. Second class
postage paid at Albany, N. Y. Printed
in U.S.A. Copyright 1958 by McGraw-
Hill Publishing Co., Inc—All Rights
Reserved. Title registered in U. S.
Patent Officee. BRANCH OFFICES:
520 North Michigan Avenue, Chicago 11;
68 Post Street, San Francisco 4; McGraw-
Hill House, London E. C. 4; 15 Land-
grat-Wilhelm, Frankfurt/Main; National
Press Bldg., Washington 4, D. C.;
Six Penn Center Plaza. Philadelphia
3; 1111 Henry W. Oliver Bldg.,
Pittsburgh 22; 55 Public Sqnare, Cleve-
land 33; 856 Penobscot Bldg., Deiroit
26; 3615 Olive St., St. Louis 8; 350 Park
Square Bldg., Bosten 16; 1321 Rhodes-
Haverty Bldg., Atlanta 3; 1125 West
Sixth St., Los Angeles 17; 1740 Broad-
way. Denver 2; 901 Vaughn Bldg., Dallas
1. ELECTRONICS is indexed regularly
in The Engineering Index.

Suhscription: Address correspondence to:
Futfiliment Manager, Etectronics, 330 W.
42nd St.,, New York 36, N. Y. Atlow one
month for change of address, stating old
as well as new address. Subscriptions are
solicited only from persons engaged in
theory, research, design, production, man-
agement, maintenance and use of elec-
tronics and industrial controt components,
parts and products. Position and company
connection must be indicated on subscrip-
tion orders.

Postmaster: please send form 3579 to
Electronics, 330 W, 42nd St., New York
36, N. Y.

B

Member ABP and ABC

Shop'alk ® © o

DESIGN AUTOMATION-—WIill the engineer ever wind up
replacing himself with a computer?

This is most unlikely. But engineers are learning how to
make computers do many routine, time-consuming jobs in
designing electronic equipment. Right now computers can
digest specifications and print out block diagrams—even making
corrections where the engineer’s logic is faulty. Next step: to
print out complete schematic diagrams.

Associate Editor Leary’s story on p 20 will bring you up to
date in a part of the automation business that may someday
change every design engineer’s method of operation.

TABULAR ARTICLES—Many of ELECTRONICS’ most widely
quoted engineering articles have included tabulated design
data. In our repackaged format, the editors have taken steps
to insure that every weekly issue carries some of this extremely
popular material.

On p 42, Associate Editor Sideris lists some two dozen kinds
of tape and film insulation, their physical and chemical char-
acteristics, and their specific uses in electronic equipment.

On p 49, T. L. Greenwood, of the Army Ballistic Missile
Agency, enumerates four types of electronic liquid-level detec-
tors, their characteristics. where and how to use them.

AIRCRAFT EARLY WARNING—News of USSR’s 9,000-mi
ballistic missile is forcing another crash program. If the Soviet
news is true, the U. S. is vulnerable throughout a 270-deg
sector instead of the 90-deg polar sector presently covered by
Ballistic Missile Early Warning System (BMEWS) radars in
Alaska, Greenland and, possibly soon, in Scotland.

Plans to meet the 9,000-mi missile challenge include greatly
augmented offshore patrol by long-range aircraft equipped
with high-power radar. Proposals are streaming into Wash-
ington from firms anxious for a crack at a program that will
reportedly cost more than $! billion. Associate Editor Mason
rounds out the picture on p 26.

Coming In OQur January 9 Issue . . .

VOICE DATA LINK. In aircraft intercept operations, the neces-
sity to automatically process radar data, and accurately and
swiftly compute intercept paths, has resulted in rapid rates of
data generation, according to C. W. Poppe and P. J. Suhr of
Fairchild Camera & Instrument Corp. in Syosset, N. Y.

The authors describe a system which accepts the outputs of
data-processing equipment and automatically converts them
into a verbal message. The system avoids errors of human
judgment and fatigue.

F-M CAPTURE. In conventional f-m reception, the weaker of
two signals is normally suppressed, while the stronger signal
is demodulated. In some instances the weaker signal may be
the desired one.

E. J. Baghdady and G. J. Rubissow of Massachusetts Institute
of Technology have devised a system in which a stronger and
undesirable f-m signal is tracked and attenuated. The system
permits reliable communication, may provide more efficient use
of the spectrum.



High capacitance for low voltage circuits ...

TANTAPIK™
CAPACTTORS

SPRAGUE'S TANTAPAKS are the newest members
of the Tantalex® family of tantalum electrolytic capacitors.

TANTAPAKS have as much as 2400 uf at 10 volts d-¢ or as little SPQ%S%UE SPQ%{‘)G:E

as 140 uf at 75 volts d-c. Five case sizes—ranging from less than

a cubic inch to a mere 3, cubic inches—are identical to Type

CP-90 paper capacitors. Standard footed and spade-lug brackets

simplify mounting. All units are dual-voltage rated for operation

at both 85°C and 125°C under 2000 hour life tests. SEF(?)QGDUE

The construction of TANTAPAK Type 200D capacitors

assures excellent shock and vibration resistance. Glass-to-metal

solder-seal terminals provide positive hermetic sealing. There L B
are no electrolyte leakage problems, S';%?)GDUE
SPRAGUE
. 2000

Porous tantalum anodes give better leakage and temperature
coefficient characteristics than foil-type capacitor sections of
comparable ratings. In addition, the impedance and equivalent
serics resistance of Type 200D are superior to foil units at high @rehellf cretualicizes

temperatures and frequencies,

Get complete information by writing for Engineering Bulletin

No. 3705. Address request to Technuical Literature Section, Sprague ®
Electric Co., 35 Marshall Street, North Adams, Massachusetts,

*Trademark

the mark of reliability

SPRAGUE COMPONENTS:
CAPACITORS ¢ RESISTORS s MAGNETIC COMPONENTS e TRANSISTORS o INTERFERENCE FILTERS o PULSE NETWORKS
HIGH TEMPERATURE MAGNET WIRE « CERAMIC-BASE PRINTED NETWORKS e PACKAGED COMPONENT ASSEMBLIES
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Newest

HONEYWELL MINIATURE RATE GYROS

Typical M Series Gyro undergoes 20 G Linear Vibra-
tion Test with no deferioration of performance.

| Sensitive enough to detect 0.005° per second

Honeywell’s newest miniature rate gyros, Type M Series,
are rugged enough to withstand repeated shocks and linear ac-
celerations up to 100 G yet sensitive enough to detect turn rates
of only 0.005 degrees per second. A damping ratio variation of
2 to 1 or better is maintained without heaters by a unique fluid
damped, temperature compensated system that assures reliable
operation over the entire operating temperature range.

Model M-1

shown actual size

- - Type M Series Gyros are specifically designed for autopilot
damping, radar antenna stabilization and fire control applications.
Their small size, high performance and ruggedness suit them
particularly for high performance military aircraft and guided
missile applications. Write for Bulletin M to Minneapolis-Honey-
THRESHOLD-RESOLUTION: 0.005 degrees per second well, Boston Division, Dept. 7, 40 Life Street, Boston 35, Mass.

DESCRIPTIVE DATA

FULL SCALE RANGE: to 400 degrees per second

LINEARITY: 0.1 % to 2 % depending on range
DAMPING: 2 to 1 {or better)
TEMPERATURE RANGE: — 65 to +200 and -1-250°F

SHOCK AND ACCELERATION: 100 G

Honeywell

PICKOFF: Variable Reluctance type providing infinite . 1
resolution and high signal-to-noise ratio H %M’?’Lm W
HONEYWELL
MOTOR EXCITATION: 26 volts, 400 cps {standard) -
2 phase and 3 phase

SIZE: 17 diameter, 2% " long

WEIGHT: 4.5 ounces

CIRCLE 4 READERS SERVICE CARD CIRCLE 5 READERS SERVICE CARD —)~
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Higher quality silicon can improve your semiconductor
device yields. Trancoa offers this higher quality at no
increase in price!

Grade for grade, the superior quality of Trancoa Silicon
is assured by our unique process and exacting specifica-
tions. In addition to the standard tests for resistivity,
lifetime and base boron level — every lot of Trancoa
Silicon must also meet two other important requirements:

Cleanliness — the vital factor directly affecting your
crystal yield! Trancoa specifications require that a doped
single crystal be drawn with only three-sixteenths of an
inch clearance between crystal and crucible. Any fuming,
dross, or wetting of the quartz is cause for internal
rejection.

Resistivity Ratio — resistivity uniformity of doped
crystals is improved perpendicular and parallel to the
growing axis. Furthermore, the occurrence of P-N junc-
tions is eliminated. Ratio of the resistivities at the 109
and 609, points on the test crystal may not exceed 3:1.

rancoca

TRANCOA

- SILICON...
' Key

to

increased
yields!

y

®

This combination of a new improved process plus added
quality standards assures you of receiving better silicon,
thus better yields, at no increase in cost.

PRODUCT SPECIFICATIONS

Max. Resistivity|
Ratio for 109 |
& 609% Points

Resistivity Max. Boron

Grade P-Type  N-Type

For complete information write for brochure, Trancoa
Methods for Ewaluating Silicon, Trancoa Chemical
Corporation, Dept. E-1, 312-326 Ash Street, Reading,
Massachusetts.

e e T




Field experience indicates

Proved reliable
in Major Tropo-
Scatter Networks

15,000 hours from now, this Eimac
2KW KLYSTRON will still be in service

After three years of widespread service in such tropo-
scatter systems as Dew Line, White Alice and Texas
Towers, typical life of Eimac 3K3000LQ klystrons is
nearing 15,000 hours and still increasing. Experience
with Eimac klystrons in these and other tropo-scatter
systems indicates that the 3K3000LQ will easily exceed
15,000 hours typical life. This exceptional record of
long life and high performance is the result of Eimac’s
conservative design and advanced manufacturing tech-
nigues.

The Eimac 3K3000LQ is a 2 kilowatt klystron covering
the frequency range of 610 to 985 megacycles. It will
tune over the entire frequency range with one set of

external cavities and is capable of meeting the band-
width requirements of modern tropo-scatter systems.
Eimac's external-cavity design permits this wide tuning
range and bandwidth, and also eliminates problems
inherent in flexible vacuum seals. Systems' operating
costs are significantly lowered since tuning circuitry
need not be repurchased when tubes are replaced.
The 3K3000LQ is typical of the Eimac family of 1 and 2
kilowatt klystrons. Other tubes in this family, such as
the 3KM3000LA, 4KM3000LQ, 3K2500LX and 3K2500SG,
cover virtually all the frequencies from 375 to 2400
megacycles. For complete technical data on these ex-
ceptional power amplifier klystrons, write the Eimac
Application Engineering Department.

g

EITEL-McCULLOUGH, INC.

S A N €C A RL O S, €C A LI F ORNDNI A
. Cable address
Eimac 7(/&&' with ceramic tubes that can take it EIMAC
San Carlos
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BUSINESS THIS WEEK

ELECTRONICS NEWSLETTER

ATLAS MISSILE SATELLITE fired into orbit last
month carried a communications system devel-
oped by U. S. Army Signal Research and Devel-
opment Laboratory, Ft. Monmouth, N. J. Instru-
ment package and receivers were developed with
several =lectronies firms, including RCA’s Astro-
electronics division and Convair Astronautics di-
vision. System was designed to receive trans-
missions from the ground and later relay them
with a transmitting power of 8 w on 132.435 and
132.905 mc directly back to earth or from storage
on command; it handles one voice or seven tele-
typewriter messages. Two beacon transmitters
operating on 107.938 and 107.97 are used for
tracking. Total payload of 150 pounds includes
two 35-pound packages, each containing a com-
munications transmitter. recorder using erasable
magnetic tape. zinc-silver battery and other com-
ponents. GE gear takes care of tracking, meas-
uring and ground-to-missile data transmission.
Burroughs is responsible for ground-based com-
puter which figures trajectory and determines
commands for steering vehicle into orbit.

4RMY has ordered a solid-state computer of mod-
ular design for use by the U. S. Continental Army
Commarnd in simulated war games. IBM Military
Products division, the developer, says the system
will be transportable via truck and will permit
participants representing many different units to
take part at once in a simulated combat situation.

AIR FORCE CANCELLATION last month of diver-
sionary surface-fo-surface Goose missile was at-
tributed to rapidly changing operational concepts.
However, some observers see economy as an
equally compelling reason. They think the air-
launched Quail may do the same decoy job with-
out the need for costly ground sites. Thompson
Ramo Wooldridge, responsible for ecm on Goose,
is also responsible for Quail’s ecm.

FEDERAL AVIATION AGENCY is taking over the
CAA Technical Development Center at Indian-
apolis and is transferring its activities to Atlantic
City, N. J. There, all airways modernization R&D
is being consolidated in FAA’s National Aviation
Facilities Experimental Center (NAFEC). As of
yvesterday, all CAA functions are part of FAA.

Gold-doped germamium cube under study by General
Bronze looms as a possible infrared eye for the
Sentry reconnatssance satellite. Placed in micro-
wave cavity it detunes balanced bridge when illum-
inated.

REYISED PHYSICS INSTRUCTION in many U.S.
colleges requires more and better types of elec-
tronic training apparatus. American Institute of
Physics says a survey reveals need for: apparatus

ELECTRONICS — January 2, 1959

to illustrate recent developments in physics; ap-
paratus to illustrate classical physics by use of
improved techniques; and gear for physics dem-
onstrations to large classes.

IGY 300-MILE ALTITUDE RESEARCH ROCKET

was successfully fired last month by the Air
Research and Development Command. Rocket
reached height of 260 mi. with an overweight
payload. Telemetered data indicated that the
system design requirement—flight with a 50-
pound payload to 300 mi.—had been achieved.
Scientists said the ‘“Spaerobee” rocket, which
combines an Aerobee-Hi propellant rocket with a
second-stage solid propellant Navy Sparrow, pro-
vides a ‘“relatively inexpensive vehicle” to push
berond 100-mi. ceiling of previously-fired IGY
rockets.

Soviet scientists claim to have achieved a 4-million C

temperatare in plasma, possible advance toward
gererating controlled thermonuclear power. How
they did it is not revealed yet.

SOME 258 VORTAC STATIONS will be installed

and ready for operation by June 30 at civil air-
fields aill over the country. That's the report
fram International Telephone and Telegraph
Corp. which announced a contract signing last
maonth. ITT’s service arm, Federal Electric Corp.,
will provide 40 teams of electronics experts to
install and test the gear as it’s delivered. So far,
nine of the short-range navigation systems have
been commissioned, with 26 operating on test.

BRITISH FIRM EMI Electronics, reported entering

the U.S. industrial electronics market with a
giant, high-speed computer (ELECTRONICS, p 7,
Dec. 5, 1958), now says it’s pushing into Canada
toe. EMI is joining forces with another British
firm, A. C. Cossor, which already has a Canadian
subsidiary making and selling defense, communi-
cations and technical instrumentation, radar and
radio gear. EMI plans to finance expansion of
the subsidiary. which it will control and rename
EMI-Cossor Ltd.

NEW PARAMETRON COMPUTER is just reported

developed at Japan’s Tohoku University. Nippon
Electriec Co. worked with the university to over-
come the nine-digit limitation of earlier com-
puters using the Japanese magnetic devices. New
unit handles figures containing up to 12 digits
and can take 200 different instructions.

TWO HAWK MISSILE CONTRACTS totaling $35.4

miilion was awarded Raytheon Manufacturing Co.
Army’s Boston Ordnance District awarded a $14.8-
million contract for Hawk production, a $20.6-
million eontract for production of ground support
equipment for the Hawk program.
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IN' EVERY FIELD, THERE IS ONE

FOREMOST NAME ... IN SONIC
ENERGY, THAT NAME IS BENDIX

HOW TO TELL IF
SONIC ENERGY
CLEANING FITS INTO
YOUR PICTURE

Open-minded to possible ways of improv-
ing your production operation—and
your product? Wondering about the
possibilities of Sonic Encrgy Cleaning in
that direction?

Here are four facts you should know.

1. Where applicable (it isn’t always),
Bendix Sonic Energy Cleaning is the
proved way to reduce cleaning rejects, to
lower costs, and to improve product
performance.

2. Bendix pionecred in developing this
type of cleaning and is today the fore-
most Sonic Energy organization—with,
by far, the most system and application
experience.

3. The Bendix Sonic Energy Applica-
tions Laboratory is unmatched for pro-
duction experience and specialized
facilities to provide the most efficient
answer for cleaning applications that
can use Sonic Energy to advaniage.

4. Bendix offers a complete line of Sonic
Energy Cleaning systems. And, with
Bendix flexibility, you can quickly and
positively select the equipment which
has valid economic justification.

SEND FOR LATEST,
MOST AUTHORITATIVE REPORT
ON SONIC ENERGY CLEANING

/

Explains in detail the
principles and work-
ings of this process.
lllustrates, describes and
analyzes typical results.
Outlines five-step plan
to help you determine
feasibility of Sonic

Y Energy Cleaning for
you. To get your copy, write: PIONEER-CENTRAL
DIVISION, BENDIX AVIATION CORPORATION,
2701 HICKORY GROVE ROAD, DAVENPORT,
IOWA,

?m/p'/

AVIATION CORPORATION

SONIC ENERGY CLEANING
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WASHINGTON OUTLOOK

INDUSTRY INTEREST in the Air Force’s proposal for a third ballistic missile
early warning system (BMEWS) site has been rekindled by reports from
London that United States and British scientists are “discussing plans
for a powerful radar station in north Scotland to warn against possible
missile attacks.”

Earlier this yvear, the Pentagon had shelved plans for a third BMEWS
installation near Prestwick, Scotland, and approved work on only two
sites—at Thule, Greenland, and near Fairbanks, Alaska-—at a total cost of
$800 million. About half this sum will be spent on development, manu-
facture, and installation of electronic equipment.

The apparent resumption of planning for the Scotland BMEWS site,
however, does not necessarily mean work orders for the project are immi-
nent. The Defense budget for fiscal 1960 won’t even include requests from
Congress for a construction authorization or a construction appropriation
—two requisites before work on the bases can begin.

But the Pentagon needs no such specific approval from Congress to
begin procurement of the additional electronic equipment for the third
BMEWS installation.

Upcoming budget, therefore, will not necessarily provide a tip-off on
whether the third BMEWS base has now been approved by the Pentagon.

RCA holds the Air Force’s prime contract as system manager for the
BMEWS program. Major subcontractors are GE, Goodyear Aircraft,
Sylvania, and Western Electric.

® Electronics companies once more dominate the Pentagon’s latest
listing of the 500 leading industrial prime contractors for military
research and development work.

New listing covers contracts awarded in fiscal 1958, which ended
last June 30. With just a handful of exceptions, the top 50 compa-
nies are either electronics producers, aircraft companies or firms in
other hard-goods industries which have diversified into electronic
work.

For the second straight year, GE tops the list. During fiscal 1958
its prime military R&D contract awards amounted to $302 million.
Following in the contract ranking: North American Aviation, $288.3
million; General Dynamics, $256 million; Boeing, $245.3 million;
Lockheed, $181.1 million: Martin, $168.9 million; Westinghouse,
$163.4 million; Sperry Rand, $139.3 million; Douglas Aircraft, $136.8
million; and Hughes Aircraft, $132.2 million. The sums for companies
like NAA and General Dynamics, of course, include electronic work.

Other leading electronics R&D contractors: Western Electric,
$116.7 million; Raytheon, $65.6 million; RCA, $60.8 million; Ramo
Wooldridge. $44.5 million; American Bosch Arma, $44.3 million;
Bendix, $31.2 million; IBM, $28.5 million; Burroughs, $25.2 million;
Sylvania, $19.8 million; Minneapolis-Honeywell, $17.3 million; Col-
lins Radio, $17 million; ITT, $16 million; Motorola, $14.7 million;
Philco, $13.8 million; Melpar, $13.6 million; Aeronutronic Systems,
$10.3 million; Litton Industries, $9.4 million; Hallicrafters, $8.6
million.

January 2, 1959 — ELECTRONICS



ACTUAL SIZE PHOTO

.« « give you 750 mA at 200, 400 and 600 PIV

IMMEDIATE DELIVERY! You get the inherent high
reliability of silicon with new TI silicon economy rectifiers
now available in commercial production quantities!
These newest TI rectifiers withstand a surge current of 32 amps up
to one millisecond and operate at temperatures up to + 100°C,
Miniature nylon-epoxy case, 0.25 inch long and 0.20 inch in
diameter, meets the rugged envirenments of MIL-STD-202A,
Priced competitively with selenium and germanium rectifiers, the
new TI series is ideal for use in your low current power supplies,
computer circuits . . . for your large volume applications where
small size, reliability and low cost demand important consideration.
Check the specifications below for the unit most suited to your
particular requirements.

Quantities to meet your immediate needs are now in stock
at TI distributors or through your nearest TI sales office.

Max Ratings at 25°C

1N2069  1N2070 1N20T1
PIV  Peak Inverse Voltage 200 400 600 V
Vrms RMS Voltage 140 280 20 VvV
lo Average Rectified 750 750 750 mA
Forward Current
iy Recurrent Peak Current 6 6 6 A
Ta  Operating Temperature e $0 100 o6
Electrical Specs ot 100°C
Maximum Dynamic Reverse
Current £ - 2 mA
Maximum Dynamic Forward )
Voltage Drop .5 .6 e
” “ (oY o
‘Mmum e Y
‘wmaow 1§ | =‘.;..‘r'g£|1;1 (L T IRRRLY! g

WORLD'S LARGEST SEMICONDUCTOR PLANT

PERCENT OUTPUT CURRENT
100%% OF I,= 750mA 100% OF It=bA

loc- SURGE CURRENT — A
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NCORPORATED

SEMICONDUCTOR-COMPONENTS DIVISION

POST OFFICE BOX 312

DALLAS, TEXAS

TEXAS INSTRUMENTS

13500 N. CENTRAL EXPRESSWAY
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D.C. MILLIAMPERES

METERS FOR EVERY NEED

available from stock
or custom-built e

Phone: EStebrook 9-1121
In Canada: Bach-Simpson Ltd., London, Ontario
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FINANGIAL ROUNDUP

Sylvania-GT Vote Feb. 11

SYLVANIA AND GENERAL TELEPHONE
stockholders will vote Feb. 11 on
proposed merger of the two firms.
If approved, merger will become
effective early in March. For merger
details see ELECTRONICS, p. 6, Nov.
28, 1958.

e Stock splits wax popular
among electronics firms. Latest an-
nouncement comes from ITT,
which plans a 2-for-1 split. Nu-
clear-Chicago and Lockheed Air-
craft also recently arranged for
2-for-1 splits of their stocks. Splits
increase number of shares held by
stockholders but leave their per-
cent of ownership interest un-
changed. Splits are common in

At e L Lt v

Arnold Malkan, a director of the
firm and formerly board chairman
of General Transistor, has agreed
to purchase all of remaining
shares if 100,000-share minimum
subscription figure is reached.
Organized last Oct., firm intends
to make silicon power transistors
and silicon diodes. Proceeds will
be used to purchase manufactur-
ing and test equipment and for
working capital.

“PROTECT

ALL

“ELECTRONIC
TUBES

WITH

4

Electronic Tube

PROTECTOR






HISTMAG]

ALUMINA

CERAMICS

have more fo
offer?

WIDEST VARIETY of Alumina materials available from any
source. Vitrified or porous compositions . . . 85% and higher. Industry
approved . . . accurately controlled. Greater freedom for designers ‘who can /
usually find in our special purpose AlSiMag Alumina materials the exact combi- /
nation of characteristics desired. Custom formulations for unusual requirements.

SUPER PROPERTIES: High strength—tensile,
flexural, compressive. Swperior electrical
characteristics at high temperatures and
frequencies. Rugged resistcnce to thermal
shock, mechanical shock, vibration, abra-
sion. Hardness up to ? on Mohs’ scale,
Chemically inert. Permanently rigid. With-
stand radiation bombardment without pro-
ducing contaminants.

OTHER PLUS FACTORS: Precision toler-
ances. Wide range of pnysical sizes and
shapes, standard and cus-om designs. Fast
delivery in any quantity. 2rototype service
if desired . . . enables desi¢gner to test per-
formance under actual operating conditions
before investing in tooling. Continuing re-
search to satisfy customess’ current and
future requirements.

Blueprint or sketch, with details of opera-
tion, will bring you complate information
on the AlSiMag Aluminc best suited for
your application. NEW Belletin 575 cover-
ing several of the most acpular AlSiMag
Aluminas sent on request.

 AMERICAN LAWVA |ciaranoosa s renn.
C O RPORATI OMN 57TH YEAR OF CERAMIC LEADERSHIP

For service, contact American lova representatives in Offices of Mifnesota Milirg & Mf3. Eo.dn these cities (see your Jccal telephone directory):
Atlanta, Ga. ° Boston: Newton Canter Mass. ° Buffolo, N. Y. ° Chicaga: Bedford Park, lil. ¥ Zincinnati, O. * Clevelond, T. * Dallas, Texas * De-
troit, Mich. ° High Point, N. C. * Los Angeles, Cal. * MNew York: PRidgefield, M. . ° Philadeichic, Pa. ®* St. lovis, Mo. * St. Paul, Minn. * 3o.
San Francisco, Cal. * Seattle, Wash. Zanada: Minnesata Minirg & Mfg. of Canada, L3d.. P. O Box 757, London, Ont. All othes export: Minte-
sota Mining & Mfg. Co., Internot’l, Divy, 99 Park Ave., New York, M. Y.

A Subsidiary of
Minnesota Mining and
Manufacturing Company




PRECISION
DEFLECTION

WITH

COSSOR YOKES

——

§lip Ring Yok - Sy
Two-Axis Fized Yoke
Component Development
Engineering at its BEST!

& ADVANCED ELECTRICAL DESIGN
® PRECISION MECHANICAL DESIGN
® ACCURATE PRODUCTION METHODS

Custom Built to the most
Exacting Specifications
by Cossor Engineers

In Mumetal Cores for Optimum Geomaetry
In Ferrite Cores for Speed and Sensitivity
In Non-magnetic Cores for Perfection of Response

Any of Cossor’'s Three Core Types can be

made in single or double axis with single or

ush-pull windings, and encapsulated for
ixed or slip ring (rotating) use.

Normal characteristics of yokes for 1-1/2 in.
neck tubes are:

Positional accuracy - the spot position will con-
form to the yoke current
co-ordinates within 0.25%,
of tube diameter. For de-
flection angles less than
*25° better accuracy can
easily be achieved.

0.5% max. without over-
swing:

0.1%, or less with controlled
overswing.

Memory -

Complete encapsulation in epoxy (stycast) or
silicone resing is standard for all Cossor deflection
yokes, and is done with special moulding tools
ensuring accurate alignment of the yoke axis. When
slip rings are added, solid silver rings are mounted
in encapsulating resin. © The finished slip ring yoke
is precision turned to centre bore, and can include
bearing mounting surfaces with dimensional toler-
ances approaching those assoclable with high quality
metal parts.

Settling Time (Micro sec.) =
120 ¥ Inductance in Henrles

s i1

degreos/

. =

Inductence - millihenries
Accelerator Voltage - kV

2

0@

/

COMPONENTS DIVISICN

COSSOR

CANADA LIMITED

301 Windsor St., Halifax, N. S.

8230 Mayrand St., Montreal, Que.

648A Yonge St., Toronto, Ont.

Corporation House, 160 Laurier West, Ottaws, Ont.
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MARKET RESEARCH

Survey Gives Parts Ratios

[¢]

20 .30 40 50

TUBES

RESISTORS

CAPACITORS

RELAYS

CRYSTAL DIODES
TRANSFORMERS & COILS
CONNECTORS

SWITCHES

BLOWERS, MOTORS
MISCELLANEOUS

I I T

RATIOS SHOWN
FOR 100 PARTS

RELATIVE NUMBER OF COMPONENTS IN NONTRANSISTORIZED
MILITARY COMMUNICATIONS SETS-1958

RECENT BREAKDOWN of components
in military sets gives component-
makers one yardstick for produc-
tion. These manufacturers often
try to relate their projected output
to probable electron-tube produc-
tion.

In the graph above are shown
relative numbers of circuit com-
ponents in more than a dozen of
the latest declassified military ra-
dar, direction finding and commu-
nications sets not using transistors.
These particular sets probably rep-
resent the highest degree of non-
transistorized, nonhybridized cir-
cuitry which will be employed for
radar and communications sets.

The bars show how many parts
per one hundred components of all
types will be electron tubes, how
many capacitors, resistors, etc. Con-
verting the parts per 100 to simple
ratios per electron tube provides
the following: Resistors, 5.0; capa-

citors, 2.8; relays, 0.26; crystal
diodes, 0.09; transformers and
coils, 0.93; connectors, 1.2;

switches, 0.49; blowers and motors,
0.1; miscellaneous, 0.52.

e Government spending is going
to continue growing far into the
future, although our industrial
and consumer markets will also
become increasingly larger. Mili-
tary spending is seen providing
the market for about half of all
electronic end products for many
years ahead.

Despite a poor showing in the
first half of 1958, sales for the
year were up from 1957’s totals.
Sales by major categories were:
Military, $4.5 billion; industrial,
$1.37 billion; and home entertain-
ment, $1.3 billion.

These totals exclude sales of re-
placement parts, broadcast time
and talent, service and distribution
income. Comparable figures for
1959 will probably be: $5 billion,
$1.5 billion, and $1.5 billion re-
spectively.

Electronics’ share of both air-
craft and missile expenditures is
increasing rapidly. Likewise it
seems certain that military ex-
penditures for fiscal 1960 will be
considerably higher than present
budget estimates.

FIGURES OF THE WEEK

LATEST WEEKLY PRODUCTION FIGURES

Dec. 12 Nov. 14, Change From
Geigureee (£ 1958 1958 " One Year Ago
Television sets 97,172 112,202 —16.4%
Radio sets {ex. auto) 318,894 364,943 —14.6%
Auto sets 122,914 113,309 + 39%
STOCK PRICE AVERAGES
sy Dec. 17 Nov. 19, Change From
iStandadfEgheorisy §958 i 1958~ One Ygear Ago
Electronics mirs., 71.05 66.64 +41.3%
Radio & tv mfrs. 80.16 69.18 +99.9%
Broadcasters 77.98 75.67 +55.7%
LATEST MONTHLY SALES TOTALS
2 Sept. Change From
(Add 000) 1096558 19%8 One Ygear Ago
Transistors, value $13,462 $10,811 —+90.3%
Transistors, units 5,595 5,076 +57.9%
Rec. tubes, value $34,362  $33,951 —10.6%
Rec, tubes, units 41,540 40,061 —11.8%
Pic. tubes, value $19,352 $17,704 — 0.7%
Pic. tubes, units 957 892 — 3.9%
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EPOXY-Anaconda Magnet Wire for
outstanding compatibility at high temperature

Epoxy’s unique combination of dependable characteristics makes it Anaconda Epoxy Magnet Wire is particularly well suited to use in oil-
suited to use in such equipment as totally enclosed motors, atove; filled transformers. Epoxy’s excellent behavior in transformer oils is
hermetically sealed relays, encapsulated dry-type transformers, below. but one of its many outstanding chemical characteristics.

The compatibility, chemical stability, and thermal stability,
of Anaconda Epoxy have been proved by some three years of
actual field experience, plus seven years of research and develop-
ment, in both military and civilian applications.

Anaconda Epoxy (130°C AIEE Class B) magnet wire is com-
patible with most well known insulations. It offers excellent
resistance to moisture, transformer oils, acids, and alkalies. Tests
of Anaconda Epoxy magnet wire with all impregnating varnishes
tried to date have resulted in chemically compatible systems—
with no thermal deterioration of the Epoxy film.

Epoxy’s unique combination of dependable characteristics
makes it suited to a wide variety of difficult applications. Its
outstanding dielectric strength, its heat-shock, adherence, and
flexibility properties make it an “all around” magnet wire for use
up to 130°C in either open or closed systems.

ROUND, SQUARE AND RECTANGULAR. Anaconda Epoxy magnet
wire is available in the full range of round, square and rectangular
sizes. It can also be furnished in combination with glass servings.

If you have a difficult Class B application or a troublesome job
at lower temperature that might benefit from some other char-
acteristic of Epoxy, see the Man from Anaconda. Or write:
AnacondaWire& Cable Company, 25 Broadway, New York4,N.Y,

68365

®
ASK THE MAN FROM ANACON DA about EPOXY MAGNET WIRE

For more details on Anaconda Epoxy’s unique combination of dseful characteristics, please turn the page—

ANATHERM 155°C IAIEE Class P NYFORM 185°C (AIEE Closs A} VITROTEX 130°C (AIEE Closs B) FORMVAR 105°C (AIEE Class A) ANALAC 105°C (AIZE Class A)
high temperature resistance superier windability glass-insulated, high heat resi proven dependability solderable magnet wire




MAGNET WIRE
DATA SHEET

from

Anaconda Wire & Cable Co.

IMPORTANT FACTS FOR YOUR WORK...
...about Anaconda Epoxy 130°C (AIEE Class B) Magnet Wire

Anaconda Epoxy film-coated magnet wire is suitable for use 1n
130°C (Class B) hottest spot operation. It meets MIL-W-19583
requirements. Epoxy is compatible with other insulations and
performs excellently in oils. It offers unusual resistance to mois-
ture and has a higher resistance to heat shock than other Class B
wires. This unique combination of properties makes it applicable
to a wide variety of difficult applications.

Oil filled transformers . Air conditioning systems where moisture
is a problem . Refrigeration machines for operation with
fluorinated hydrocarbon refrigerants « Totally enclosed motors,
transformers, alternators « Encapsulated windings of virtually

any lype.

Epoxy offers outstanding adherence and flexibility. It meets the
exacting demands of abrasion resistance called for in high-speed
winding machines.

Epoxy magnet wires exhibit high dielectric strength—a minimum
of 2000 volts per mil under dry test conditions. The following
are dielectric constant and dissipation factor measurements at
25°C and 509, RH:

Frequency Dissipation Dielectric
Cycles per Second Factor % Constont
60 0.37 4.63
1.000 0.48 4.60
10,000 0.96 4.55
100,000 1.95 445

Epoxy offers outstanding chemical characteristics. The Epoxy
resins are characterized by their resistance to attack by com-
pounds they may come into contact with when used in electrical
apparatus. Epoxy shows exceptional resistance to 5%, potassium
hydroxide, 5%, sulphuric acid, VM&P naphtha, ethyl alcohol,
xylol, toluol. Epoxy wire has given excellent results in test pro-
grams designed to determine the eflects of fluorinated hydro-
carbon refrigerants. Scrape abrasion resistance is high under
Freon. Freon 22 does not blister and attack the coating. Epoxy
does not hydrolize in closed systems.

Epoxy is outstanding in its behavior in transformer oils. It
will also withstand the action of lubricating oils at high tem-

ANACONDA WIRE & CABLE COMPANY

25 BROADWAY. NEW YORK 4, NEW YORK
Please send me a copy of your Epoxy Magnet Wire Booklet.

NAME & TITLE. . ... ... . iiiiiiiieneneteeeuoronontencsotescesononancssnns

perature. In fact, such oils sealed in glass tubes with Epoxy
wire and heated to 150°C do not damage the insulation, even
when the oils have been contaminated by long use.

Epoxy is a 130°C (Class B) magnet wire. This rating is based on
AIEE test procedures. The wire is also intended for use at lower
temperatures where the choice e o i_,
may be made to take advantage E{; - 1 = —
of some other characteristic. T T -

It also can be used at higher ’“'”“F___’ T
temperatures for shorter life or

in some special applications. e
Please refer to the thermal —
stability chart. T
THERMOPLASTIC FLOW. Epoxy I
magnet wire meets the 200°C
minimum requirement of
Specification MIL-W-19583 for -
130°C systems. L

RETENTION OF FLEXIBILITY. Epoxy b
magnet wire can be heated y

—t—r

+

S S A ]

e mous
£
Ui

for 168 hours at 125°C and "
then wound on its owndiameter . ———
without cracking. T

+—

HEAT SHOCK. Epoxy magnet
wire offers outstanding heat ol I N N A N S N
shock characteristics, as indi- T e
cated by the following table
(Wires are stretched or not stretched, then wound on mandrels
having X times the diameter of the wire and placed in an oven
at 155°C for one hour):

Thermal stability, Epoxy round magnet wire

Prestretch % 1X 3x 5X 10X
0 Pass Pass Pass Pass

10 Fail Pass Pass Pass

15 Fail Pass Pass Pass

20 Fail Pass Pass Pass

25 Fail Fail Pass Pass

Epoxy magnet wire can be used when sealed in electrical appa-
ratus where water is contained in other materials. Small coils in
water at room temperature for 18.000 hours (2.1 years) main-
tained a very high insulation resistance between the copper and
water. Epoxy wires sealed in glass tubes with a small amount of
water can be heated for a month at 150°C without destruction
of the enamel coating.

All-Epoxy insulation systems. Materials are now available to
make possible complete Epoxy systems that offer superior thermal
and chemical stability and maximum environmental protection.
Detailed information available on request.

SEE THE MAN FROM

FOR MAGNET WIRE

TEAR OUT FOR YOUR FILE



INSPIRATION i vavio siccrronics

Think big has always been the order of the
day in radio electronics. Galvani, Marconi and
you either have changed or can change the
world with a thought or an idea unheard of be-
fore. Seeing all that’s new at the 1959 IRE
SHOW can spark your new idea—can be your
inspiration. Big in number of manufacturers

THE IRE NATIONAL CONVENTION

i

S 1

~«—CIRCLE 15 READERS SERVICE CARD

AND THE RADIO ENGINEERING SHOW
Coliseum, New York City

and suppliers exhibiting, big in number of top
radio electronics experts, big in number of
important developments on display—that sum-
marizes this year’s CONVENTION and SHow.
Don’t miss this once-a-year opportunity for
man-to-man talk with the thinkers, planners
and doers in your field of specialty.

MARCH

L]

2526

Waldorf- Astoria Hotel

:,"f”THE INSTITUTE OF RADIO ENGINEERS

EAST 79th STREET,

NEW YORK 21, N. Y.
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From an engineer’s rough logic sketch, IBM computer produces a finished drawing. Diamonds are connection points

In Go Specs—Out Come Plans

Having built up the data-processing technology, it figured that engi-
neers would get around to using it. All across the country, computer-
men are learning how computers can be used to do engineering design

COMPUTER laboratories all over the
country are investigating the feasi-
bility of assigning electronic cir-
cuit design work to computers.

Development results from pres-
sure of steadily increasing demand
for engineering. Complicating this
is the prospect of a steadily di-
minishing supply of engineers:
engineer enrollments in colleges
dropped 7 percent this year.

At the moment, computers can
work efficiently at technological
levels that require strong engi-
neering background. But it’s not
creative engineering.

Many engineers spend too much
time buried under routine opera-
tions, chasing electrons through
circuits. Such stickwork, involv-
ing control of engineering data,
can efficiently be performed by a
computer.

Print Diagrams

The machine has to work with
standard elements. IBM’s current
programs, for instance, required
the standardization of several

20

score “building blocks”—AND and
OR circuits, amplifiers, inverters,
delays, and so forth.

Not too far off are programs
that will work directly with basic
components, while the engineer
merely specifies input, output and
such basic parameters. In these
near-future programs, the com-
puter will design to order, for
maximum reliability, or for opti-
mum cost or reliability. To help
such programs along, there are
already in existence machines
which can print and typeset sche-
matic diagrams (see ELECTRONICS,
p 122, Dec. 5 ’'58, “Machine Com-
poses Schematics”).

Engineering with computer help
is not new, although its extension
to circuit design has come about
only recently. Analog computers
have been used for analysis of
electrical networks for years, and
mechanical design of gears and
flanges was undertaken on digital
data-processing systems as long
ago as 1953. The Nautilus’ steam
system was also computer-designed.

In 1956 and 1957, computex-
makers began solving the simpler
design problems on computers.
Backboard wiring layout, optimum
connection systems and so forth
were worked out by Boolean tech-
niques. Logical designers also be-
gan “test-flying” advanced systems
designs on older computers, saving
hundreds of hours of laboratory
and breadboard experimentation.
Second generation of computers
now emerging from the labs re-
flects this work.

Designs Circuits

Crash programs triggered the in-
crease in interest in this work. IBM
designed many of the circuits for
its new solid-state 7070 system on
the 704. RCA, speeding the design
of the complex Dballistic-missile
early-warning system, developed
programs which produced circuit
drawings ready for the assembly
department. Burroughs and Rem-
ington Rand are working with sim-
ilar engineer-aid programs.
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IBM’s present programs were de-
veloped to be run on the 704 or

SENSITIVE
705 systems, and are used in both ElECTRONIc
its data-processing and military - VOlTMETER
products departments. The pro- peraled

grams can attack the design prob- Battery o
lem from any of several points.
In commonest usage, the engineer
starts with his barrel of logical
circuit elements and the overall
logical design—the master plan-—
of the system. He roughs the ele- R R T e e ey
ments into a block diagram repre- ’ :
senting the logical design of the ! 1 -
particular circuit. The computer VOLTAGE RANGE;

checks the design sketch, adds amp- 100 micravolts to 1000
lifiers or driver stages where volts rms of a sine wave
needed to keep signal levels up or In 7 decode ranges.

reshape pulses, and makes all the
routes and connections between
basic elements. A modified printer
draws the final diagram with all
connections specified (see cut).

INPUT IMPEDANCE:
2 megohms shunted
by 10 mm¢fd on high
ranges and 25 mmfd on

X low ranges,

The program also determines : : -
whether or not specific connections FREQUENCY RANGE: o
require coax or twisted pair. By- 2 ¢ps 1o 150,000 cps. ARSI oy Q 5. faiie
product of the program is the wire X :
routing list. ACCURACY: s YOUTS PULL soace

The computer does not use 3% except 5% below 5 cps e v
Boolean techniques in checking and and abave 100,000 cps
implementing the logic sketch. It ' 1 ond
essentially applies ideal engineer for any point on
rules and tests the sketch against ~ meter scale,

these rules. The program uses rat-
in-a-maze techniques to select op-
timum routes and connections, If
it finds that the circuit, as sketched
by the engineer, contains unsatis-
factory logical or electrical situa-
tions, it prints out the errors.

g MODEL 302C—Price $245.

Specifies Connections

In the design of the backboard @ Available accessories inc‘rease'i\e voltage range from 20 microvolts

wiring for the Livermore A.xtomic 1o 10,000 volts,

Research Computer, Remington | !

Rand’s programmers also let their ® Available precision shunt:resistors permit the measurement of AC
computer figure out which connec- currents from 10 amperes S.Iovirj: to one-tenth of a microampere.

tions should be twisted-pair. Start-

ing only with the layout of the ® Features the well-known Ballantine logarithmic voltage and uniform

printed-circuit cards for each cir- pectias, =

cuit type, and the logical dia- ® Battery life over 100 hours,

gram of the system, the computer | .

specified each of the hundred- | ® Can also be used as a flat pre-amplifier with a maximem gain of

60 DB. Because of the compleié absence of AC hum, the amplifier
l section will be found extremely useful for improving the sensitivity
of oscilloscopes. :

thousand-odd connections, produced
transistor  classification  sheets,
parts inventories and similar pro- [ - e
duction documents as byproducts. Lany : . ) ,d__,.,__;gd

R
Experience thus far indicates For further information on this and B A l l A N "' I N E ‘L‘,

"Eha:’t a}cthhoug(;h r;ltany :’ ngln: el;csh(:;? Z other Ballantine instruments
ru e results at firs r .

’ write for our new catalog.
quickly converted. Relief from I 4 I' A B O R A T O R I E s Y I N c'
wearisome tasks is the principal
converting factor.

BOONTON, NEW JERSEY
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3 thoroughly competent departments—Research, Engineering and Manufacturing—equal one complete systems
capability. The Mechanical Division of General Mills is your single source for technical problem-solving!

Left—Dr. John Barkley, Director of Research, heads the department that
moves from hypotheses to facts, clarifying the present, probing the future,
recording findings for comparison and evaluation.

Center— Dy. Howard Baller, Director of Engineering. His department gives
substance to ideas, showing how these ideas can be converted into practical
military and industrial products.

Right— Kenneth J. Carlson, Director of Manufacturing, and his men trans-
form theories and designs into physical realities, utilizing the skills of all
three departments to meet every production requirement—on schedule!

Mechanical Division teamwork plays a vital role in a/l our current activities, including:
Search and Track Systems (infrared optics, visual optics, radar, antennas, slave platforms)
Guidance and Navigation Systems (computers, and inertial or navigational platforms) Under-
water Ordnance Weapons (torpedoes, depth charges and related mechanisms) and Missile Sub-
Systems (mechanical, electro-mechanical or electronic controls). For complete details, address
tnquiries to: Dept. AW-12,

General

MECHANICAL DIVISION | Mills

1620 Central Avenue, Minneapolis 13, Minnesota

To wider worlds—through intensive research  creative engineering * precision manufacturing
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ultra-miniaturized
for limited space

oV
o

TINY

M m K the ceramic with the
millicn dollar body”

SPECIFICATIONS

Capacitance Values Available:
205, 01, .02, .05, and .1 mfd.

Diameters: .350" tc .625
Working Voltage: 30 VDC

Crimped and Straight-Cut
Leads for Automation.

These units are avallable in
600 and 1000 VDCW units

Immediately available in production quantities! s o e
General Purpose capacitors.

Ideal for limited space and low-voltage requirements of portable (b pedlfond! s

prevent hottoming on the

radios and a variety of other miniature battery-powered and line- ntinted wirtng board

assurlng positive contact

powered equipment. Excellent for bypass and coupling. Tough for soldering. Straight-cut

leads save height off the

phenolic coating affords excellent insulation while protecting against gukarandiniey e Ingerted
severe humidity and vibration. For further information, write for '
Bulletin SEB-2 to Cornell-Dubilier Electric Corporation, South Plain- Controtied paenolic din

: avoids ‘‘rundown’’ of the
ﬁeld, NeW Jel‘sey. : phenollc on straight-cut
: leads. Assures
always-uniform
soldering coenections.

CORNELL-BUBILIER
CAPACITORS
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Precision

omputing

Resolvers

ACCURACY

Highest accuracy in -otating compcnents iz a
CPPC fundamental. Our Precision ‘“on juting
Resolvers are no exception. Without ~omp=n-
sation, a recent production run oI resolvers
showed funcrional errors of .06%, or less. Per-
pendicularity of axes was =3’ in 36)°. Itue to
extreme symmetry of rotor and stator, nulls
are excellent in these resolvers. Low phase
shifts are also a feature. .

VERSATILITY

CPPC Precision Computing Resolvers can be
had with any of the following features: corrosion
resistant construction, stainless steel or alumi-
num housing. Units to resist temperatures up to
450° F. The following compensation is avail-

CIRCLE 20 READERS SCRVICE CARD

able in any or all units: resistive, feedback
winding, thermistor. Types ‘available for tran-
sistor circuitry. Pin or screw terminals or lead
wires. BuOrd type shafts and BuOrd MK 4
Mod 0 brush block obtainable.

PRICE AND DELIVERY

We ask you to review what you are paying for
precision computing resolvers. In the past CPPC
has been able to lower traditional prices of
rotary components.

We are already tooled for many types of these
resolvers and can make quick delivery in
quantity or short run. Whenever you need any
rotary component, think of CPPC.

Call or write Sales Department, HIlitop 9-1200
{Suburban Philadelphia) or our Representatives,

CLIFTON PRECISION PRODUCTS CO., INC.

CLIFTCN HEIGHTS, PENNSYLVANIA
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Details picked up by camera focused on filting mirror above operating table are displayed on screen by three-barrel projector

Projection Color Tv Grows

Medical groups are paying increased attention to large-screen projec-

tion color tv as a way of studying experts in surgery and diagnosis

PROJECTION color tv is gaining new
enthusiasts this Winter as medical
firms step up their programming.

New advances in projection color
tv are coming from abroad. One
example of this is the Norelco sys-
tem supplied to Smith Kline &
French Laboratories (see photo
above), by North American Philips
Inc. Unit costs about $30,000.

Uses Mirror

The Philips system uses a three-
vidicon camera clamped in a sta-
tionary position above the operat-
ing table. The camera focuses on
a movable mirror. This is done to
avoid the difficulty of moving the
heavy camera to follow the sur-
geon’s activity. The camera has a
remote-controlled lens turret.

The projector contains three
Schmidt optical boxes arranged
side-by-side, each using 5-in. pro-
jection tubes having a red, green
and blue phosphor respectively. The
tube anodes operate at 50 kv.

Picture dimension is 9 by 12 ft
when projected on a screen 25 ft
away. Resolution of the picture is
500 lines with 1:30 contrast ratio.
Highlight brightness is 5.6 ft-lam-
berts on a screen with a gain of
2.5. System operates on U. S. or
European (CCIR) standards.

The three images provided by the
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projection tubes are superimposed
on scveen, giving color variations.

System Shown

The Philips projector system was
introduced in America recently at
the American Medical Association’s
meeting in Minneapolis. An older
model of the system is installed
permanently at the Faculte de
Medecine et de Pharmacie, at
Marseilles. The system purchased
by Smith Kline & French forms
part of the firm’s mobile unit which
travels some 25,000 miles annually.

A second imported unit (photo,
below) is the Swiss-made Eidophor
recently purchased by CIBA, Sum-
mit, N. J., pharmaceutical firm. Its
debut date was Dec. 27 at the Wash-
ington meeting of the American
Association for the Advancement
of Science. Projector equipment
was made by Dr. Edgar Gretener
Ag., Zurich, a CIBA subsidiary.
Model costs about $16,500.

The Eidophor uses the field se-
quential system in combination
with a control layer process devised
eleven years ago. In this process,
light passes through an oil ilm and
then through a special grating.

In Mobile Unit

The CIBA color projector pro-
duces a picture 12 by 16 ft in size

using a 2,000-w xenon lamp. The
800-1b unit is about 5 ft high, 2 ft
wide and 4 ft deep. It is part of a
mobile unit containing one more
Eidophor, 4 tv cameras, a public
address system, and control gear.

Among American manufacturers,
GE is planning to produce a color
tv projector. Firm says it expects
to have a product on the market
by “early 1959,” but is not giving
any further details now.

Two versions of a color projector
have been produced by RCA, but
company officials say that since
initial market attempts several
years ago, there has not been suffi-
cient demand to warrant RCA’s
getting into full-scale production
on color projectors at this time.

Single-barrel projector displays pictures in
Swiss-made system

25



26

AN INVITATION
T0 JOIN ORO

Pioneer In
Operations Research

Operations Research is a young
science, earning recognition rapidly
as a significant aid to decision-mak-
ing. It employs the services of
mathematicians, physicists, econo-
mists, engineers, political scientists,
psychologists, and others working
on teams to synthesize all phases of
a problem.

At ORO, a civilian and non-
governmental organization, you
will become one of a team assigned
to vital military problems in the
area of tactics, strategy, logistics,
weapons systems analysis and
communications.

No other Operations Research
organization has the broad cxpe-
rience of ORO. Founded in 1948 by
Dr. Ellis A. Johnson, pioneer of
U. S. Opsearch, ORO’s research
ﬂndipgs have influenced decision-
making on the highest military
levels.

ORO’s professional atmosphere
encourages those with initiative and
Imagination to broaden their scien-
tific capabilities. For example, staff
members are taught to “‘program”
their own material for the Univac
computer so that they can use its
services at any time they so desire.

ORO starting salarics are com-
petitive with those of industry and
other private research organiza-
tions. Promotions are based solely
on merit. The “fringe” benefits
offered are ahead of those given
by many companies.

The cultural and historical fea-
tures which attract visitors to
Washington, D. C. are but a short
drive from the pleasant Bethesda
suburb in which ORO is located.
Attractive homes and apartments
are within walking distance and
readily available in all price ranges.
Schools are excellent.

For further information write:
Professional Appointments

OPERATIONS RESEARCH
OFFIGE [ome]

The Johns Hopkins University

6935 ARLINGTON ROAD
BETHESDA 14, MARYLAND

$3 Billion for New

Airborne Early Warning project means new
business for at least one prime and six major subs,

hundreds of other subs and suppliers

MoORE THAN $% billion will be spent
on the new U. S. Airborne Early
Warning and Control system. First
contracts are due this month. The
new project means added business
for hundreds of firms in our in-
dustry.

Soviet announcement of the suc-
cessful launching of an 8,700-mi-
range ballistic missile has stimu-
lated interest here in our east and
west coast early warning facilities.
BMEWS, our ballistic missile early
warning system, which will watch
the northern frontier from Alaska,
Thule and Preswick for transpolar
missile attacks, will be of no help
against long-range missile fired
west from the Caspian Depression
or east from South China.

The horizons that must now be
monitored have swung around to
the south, coming close to a 270-de-
gree arc. A few months ago the
“danger area” was 90 degrees.

Directs Interceptors

Solution to the problem of east-
and west-coast detection is being
sought by the Air Force in a super
airborne early warning and con-
trol system that will eventually re-
place the currently operational RC-
121 plane. Besides detection, the
new system will also be equipped
to direct interceptors to the target
as Sage does from the ground.

The new AEW planes will be a
much-needed addition to our other
defense facilities which now con-
sist of three northern radar fences
—Dew Line, Mid-Canada Line and
Pine Tree Line; offshore and in-
shore radar picket ships; Texas
towers; Navy blimps; gap filler
radar along the coasts; and the
current Air Force and Navy recon-
naissance planes.

The new AEW project is expected
to get off the ground when USAF
selects a weapons system manager.

Six teams have submitted pro-
posals to do the job. Heading up

the teams are Douglas, Convair and
Lockheed, who offer a 360-degree
radar scan system; and Boeing,
RCA and Hughes, who propose 2
“sidelooker” radar system.

Who's Doing What

Though most of the candidates
for weapons systems manager were
reluctant to divulge other team
members, the following are known:
Douglas has selected GE as elec-
tronic systems manager for its sys-
tem. Aircraft will be a DC-7C. Con-
vair’s team consists of: GE for

radar; RCA, communications;
Hughes, communications; Auto-
netics div. of North American,

navigation; and Canadair Ltd., air-
craft.

Offering an Electra plane, Lock-
heed’s team associates are: GE,
radar; General Precision Equip-
ment, navigation; Hazeltine, data
processing and displays; Hughes,
communications and data link; and
Lockheed’s missile Systems Divi-
sion, automatic checkout equip-
ment. (ELECTRONICS, p 26, Oct. 17,
1958).

Douglas, Convair and Lockheed
have selected General Bronze’s cross
type SVE (Swept Volume Effi-
ciency) antenna array for use with
the search radar. Made of light-
weight aluminum employing non-
corrosive irridited aluminum sup-
ports and elements, the SVE weighs
500 lbs.

The SVE antenna consists of an
array of end-fed directional radi-
ators, each of which is made up
of an active feed and a number of
passive metal disks spaced along a
supporting rod to guide the electro-
magnetic energy into space in a
74-degree beam width.

Boeing proposes using a KC-135,
with Thompson Ramo Wooldridge
as electronic systems manager.

On the overall matter of finances,
Secretary of Defense McElroy has
stated:
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System

“The capital investment already
made in our continental air defense
during the last 4% years exceeds
$13 billion. The cost of operation
is now almost $2 billion a year.”

Suburbs Pose
Hiring Problems

MANAGEMENT of electronics firms
which require casual labor, young
female clerical and production
workers and unskilled male labor
should investigate carefully these
days before following trek to sub-
urbs.

Warning emerges from study by
Boston’s Federal Reserve Bank of
labor supply characteristics of
Mass. Route 128 companies.

Relocation of 22 companies, 11
of them electronic, to Route 128
during 1955-57 revealed relatively
high rate of loss of workers living
in Boston.

Impact of increased commuting
costs varies inversely with workers’
level of income. Company aid in
car pool arrangements played vital
role in making labor available.
Chartered bus service from down-
town proved successful for only a
brief period.

Survey shows relocation quits
tend to be greater among experi-
enced labor force,

Administrative, professional and
“key” personnel were rarely lost by
transfer to suburbs, since this
group were likely to live in suburbs
and to gain by relocation.

Generally, Route 128 locations
definitely eased recruitment of
engineering, professional and ad-
ministrative staff, but neither
helped nor hindered recruitment of
skilled labor.

Recruiting difficulties arose when
firms sought young female clerical
workers, male unskilled workers,
and seasonal workers.

For younger, unmarried female
clerical workers, Route 128 loca-
tions offered definite disadvantages:
lack of public transportation for a
group with low car ownership, lack
of shopping facilities, relative isola-
tion during day.

ELECTRONICS — January 2, 1959

benefits

for you ‘,
ith trio labs’
B UILD-IN

By designing-in trio miniature panel-
CO nce t mounting instruments into cperating
and testing equipment, you . . .
e customize both your test set-up
and instruments
e save space (average trio mode!
is 4" x 4" x 4")
e save time: at-a-glance sequential
or continuous monitoring
e save money: exclude unnecessary
< . instrument functions, ranges
e o make monitoring foolproof: read
”go ‘nc-go’’ by switching
* improve testing efficiency und
systen1 reliability
increase. 'byerull design freAdom .

&5_&& z
o .=
Y P S T e S Bkt NN - ;

BEFORE. . . 3 externcl®instru- . AFTER . . . 3 trio VTVAs inte-
ments ware usec tc mecswre AC  grally built-in now are always on
and C voltages . . . cuttered, hand to measure just the para-

tedious, wasteful, sLbjectto error. = meters you designate.

3 ways you can usz Trio Labs’ pioneer know-how . . .

1. choose from frio s complete line of “standard” models

2. select @ "soecia ™ already produced —and you save
the engineering t me and money that went into it.

3. ~consult us for d=sign specific to your own needs.

Wrie for free "Sow fc'”
Engineering ‘Gu de to .Ceof.m
iric Laboratories, Inc.

New York. V/hen ordirary
mist-uments are 200 biy

or madequae . . .

PLAINVIEW, LCNG ISLAND, MEW YORK

B)20mFiGhT 1958, TRD LABORATCRIES, INZ., PLAINV-FW, «. Y,
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First family of power ‘triodes made specifically for series regulation!

%% TUNG-SOL
CHATHAM

mapE tn u-St

1

Tung-Sol/Chatham power friode family
covers every series regulator need!

Now designers can specify a premium quality Tung-Sol/
Chatham tube for all series regulator sockets. Tung-
Sol/Chatham’s [amily of power triodes — the first
designed and produced specially for series regulator
service — meets all design requirements and assures
maximum reliability and life at all times.

Types include the new 100 Watters, 7241 and 7242,
medium mu or low mu-high current, 12 or 26 Volt

TYPICAL VALUES ]
Total Plate | Range of Tube | Minimum | Grld Voltage
Current Voltage Drop |Tube Drop Swing
200 ma 80 v 45 v 20 v
=400 65 70 10
- 600 80 70 13

heater versions available on most types. All embody
sturdy construction features that contribute to overall
ruggedness and long hours of heavy-duty operation.
Compare the ratings below against your particular
application! If you desire complete data sheets . . .
or you have a specific design problem, contact us
today! We'll be glad to give whatever assistance we
can, Just write: Tung-Sol Electric Inc., Newark 4, N, J.,
Commercial Engineering Offices: Bloomfield and Liv-

ingston, N, J., Culver City, Calif., Melrose Park, Ill.

®TUNG-SOL

PERTINENT CHARACTERISTICS PER TUBE

TUBE TYPES BY PLATE DISSIPATION RATINGS

Max. Plate Max. Plate
Current Voltage MU Gm

- 280 276 6.5 28,000 umhos
600 200 9.0 74,000 umhos
500 200 9.0 111,000 umhos

28
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Total Plate
Disslpation l 26to 30 W 60 W 100 W

6AS7G, 6082 6336A 7041
6080WA, 7106 6394A
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“Here’s how you’ll handle that mountain of paper work,” NCR’s board
chairman, Stanley Allyn, tells R. H. Macy president, Wheelock Bingham

Stores a Ripe Market?

Macy’s purchase of $1-million electronic
data processing system points way to future

BIG STEP on the road to electronic
automation of department stores
was taken recently when R. H.
Macy & Co., Inc., world’s largest de-
partment store, announced plans
to install a million-dollar electronic
data processing system.

Heart of the system, to be in-
stalled at Macy-New York in 1961,
is a National Cash Register all-
transistor 304 computer. Punched
paper tape teller and adding ma-
chine peripheral equipment—about
40 machines in all—will feed data
on 750,000 time payment and
customer deposit accounts for
recording and statement produc-
tion.

Eyeing Future

Future plans call for store to use
computer for analysis of merchan-
dise statistics and for payroll and
accounts payable processing. Store
is also studying possibility of tieing
computer in with point of sale re-
corders. The latter units are half
cash register and half electronic
media reader. They create com-
puter input data at moment of sale.

Proposed installation is claimed
to be the biggest automation pro-
gram in department store history.
Department stores are regarded as
a big electronic market of the fu-
ture, but to date only a handful of
stores have gone electronic.

Retailers report that other de-
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partment store computer installa-
tions include an RCA Bizmac at
Higbie’s in Cleveland, an IBM 305
Ramac at Dey’s in Syracuse, N. Y.,
and a Royal McBee LGP at Filene’s,
Boston. Macy-New York also has a
Remington-Rand Univac 120.
Commenting on reasons for the
new installation, a top Macy execu-
tive said that electronic equipment
has reached the point where it can
handle masses of department store
operating data quickly and econom-
ically. Statements will be prepared
at rate of 50 a minute, 25 times
faster than present speed. Record-
keeping costs will be cut and shop-
pers will receive bills a week earlier.
“The growth in credit buying has
created a rising mountain of paper
work which could be solved only
through a greater degree of auto-
mation,” said Wheelock H. Bing-
ham, president of R. H. Macy.

Serves Six Stores

The new system will service all
six stores in Macy’s New York di-
vision. Operating on a one-shift
basis, the system is expected to
handle seven million statements
annually.

It’s reported the system will pro-
cess the division’s 750,000 customer
accounts with only one manual step
required to prepare the mounds of
Macy statements sent out year after
year.

electronics
READER

SERVICE
CARDS

...have increased the flow
of product and service
literature to readers.

...have helped increase
manufacturers’ sales.

Reader Service Cards have
been provided to get quick and
easy information on products.

Avail yourself of this Service
to get all the information you
need.

Manufacturers are cooperating
wholeheartedly with the Serv-
ice to supply information
promptly.

@ electronics®

A-McGRAW-HILL PUBLICATION
330 WEST 42nd ST, NEW YORK 36, N. Y.
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MINIATURE RF FILTERS [RESERSN
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Model 524
DESIGNED TO REJECT INTERFERENCE IN “L” BAND

When size and weight are important factors in your
if filter selection, turn to Bird Electronic for your
source of supply. Our engineers will design an rf
filter to serve your exact requirements with partic-
ular attention to component density, accuracy, ease
of application and long-life performance.

Our physical facilities to produce and deliver quan-
tity orders dependably can be relied upon to meet
your production schedules.

SPECIFICATIONS j

SIZE: 4-%" x Y% x 1V Model 524'

WEIGHT: 5 ounces
PASS BAND: 225 to 400 mc
CUT-OFF FREQUENCY: 400 mc
POWER RATING: 50 watts
RF INPUT IMPEDANCE: 50-ohm nominal
ATTENUATION: Less than 'z in pass band; 80 db in stop band
VSWR: Insertion loss and VSWR are very low in pass band
CONNECTORS: Most miniature types

r'é Blﬂn ELECTRONIC CORP.

EXpress 1-3535
- l 1800 E. 38 St., Cleveland 14, Ohio
- ri‘ﬁ,‘l
30 CIRCLE 25 READERS SERVICE CARD

Western Representative:
VAN GROOS COMPANY, Woodland Hills, Calif.

MEETINGS AHEAD

Jan. 12: Medical Electronics Meeting,
Detecting Unseen Cancer Cells,
PGME of IRE, Inst. for Cancer Re-
search, Philadelphia.

Jan. 12-14: Reliability and Quality

Control, Nat. Symp., PGRQC of

IRE, ASQC, EIA, Bellevue-Strat-

ford Hotel, Philadelphia.

Jan. 13-14: Cathode Ray Tube Record-
ing, Systems Development Corp.,
Engineers Club, Dayton, O.

Jan. 14: Computers and Medical
Diagnosis, Rockefeller Institute,
New York City.

Jan. 21-23: Southwest Electronic Ex-
hibit, Arizona State Fairgrounds,
Phoenix, Ariz.

Jan. 29-30: Long Distance Transmis-
sion by Waveguides, Institution of
Electrical Engineers, London, Eng-
land.

Feb. 1-6: American Institute of Elec-
trical Engineers, Winter General
Meeting, Statler Hotel, N. Y. C.

Feb. 12-13: Transistor & Solid-State
Circuit Conf., AIEE, PGCT of 1IRE,
Univ. of Penn., Philadelphia.

Feb. 12-13: Electronics Conference,
AIEE, IRE, ISA, CPS, Eng. Soc.
Bldg., Cleveland.

Feb. 17-20: Western Audio Conven-
tion, Audio Eng. Soec., Biltmore Ho-
tel, Los Angeles.

Mar. 3-5: Western Joint Computer
Conf., AIEE, ACM, IRE, Fairmont
Hotel, San Francisco.

Mar. 5-7: Western Space Age Conf.
and Exhibit, L. A. Chamber of
Commerce, Great Western Exhibit
Center, Los Angeles.

Mar. 15-18: National Assoc. of Broad-
casters, Annual Convention, Conrad
Hilton Hotel, Chicago.

Mar. 23-26: Institute of Radio Engi-
neers, IRE National Convention,
Coliseum & Waldorf-Astoria Hotel,
New York City.

Mar. 31-Apr. 2: Millimeter Waves,
Symposium, Polytechnic Inst. of
Brooklyn, USAF, ONR, IRE, USA
Signal Research, Engineering So-
cieties Bldg., N. Y. C.

Apr. 5-10: Nuclear Congress, spon-
sored by over 25 major engineering
and scientific societies, Public Au-
ditorium, Cleveland.

Apr. 13-15: Protective Relay Conf.,

A & M College of Texas, College
Station, Texas.
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CONTROLLED IN
DESIGN AND
MANUFACTURE ...

fo meet your exact

circuit requirements

...NOT SELECTED'!

MADT™ TRANSISTORS

Actual photo >f Philco’s out

in-front automatic

precisior

etching production equipment:

¥Trademark Philco Corporation for Micro Alloy Diffused-base Transistor,

New VHF-UHF Transistors available in unlimited
quantities — at realistic prices!

Now, TrANsISTOR CENTER, U. S. A, offers a new
family of MADT (field flow) transistors in un-
limited quantities. Here are precision transistors
which greatly expand the design potentials of high-
gain, high frequency amplifiers; high speed com-
puters; high-gain, wideband video amplifiers; and
other critical high frequency circuitry.

Due to Phileo’s exclusive electrochemical manu-
facturing process, MADT’s are controlled not selected.
The electrodes are precisely placed in the graded
field to produce the exact characteristics you require.
MADT’s are available immediately in unlimited
quantities. Quantities 1 to 99 available “off-the-
shelf” from your local franchised Philco Industrial
Transistor Distributor.

MADT FAMILY APPLICATIONS DATA

Power Oscillator

fmax Gain Efficiency Class of Use

320 mc 10 db at 100 mc omplifier to 125 mc

45% at 200 mc Oscillator to 350 mc

Ultra high-speed switch typical t, = 9 musec; (18 max.); ty = 9 musec;
{12 max.); t = 7 musec; {10 max.) in circvit with current
gain of 10 and voltage turnoff.

800 me 11 db at 200 me omplifier ta 250 mc

420 me 12,5 db at 100 mc amplifier to 175 mc

50 mc (min.) 46 db at 455 high gain IF amplifier

250 me 14 db at 50 mc Oscillator and ampli-

fier to 80 mc

*Avoilable in valtage ratings up to 35 V and dissipation ratings to 50 mw at 45°C.
fln JETEC TO-9 Case (Widely known as JETEC 30 Case).

Make Philco your prime source of information for high frequency transistor applications.
Write to Lansdale Tube Company, Division of Philco Corporation, Lansdale, Pa., Dept. E 159

PHILCO CORPORATION

LANSDALE TUBE COMPANY DIVISION

LANSDALE, PENNSYLVANIA




" MINITRACK SYSTEM

Ao i p—

electronics

JANUARY 2, 1959

Naval scientist, left, checks data recording of a satellite which has just passed over the station. Sailor, right, at

console checks system operation

Tracking Orbits of
Man-made Moons

Radio network establishes satellite position in space at any time.

Data is

accurate within 20 seconds of arc and one millisecond time. Circuits meas-

ure wavelength differences from satellite to ground antennas

By C. A. SCHROEDER, C. H. LOONEY, JR. and H. E. CARPENTER, JR.
Radio Tracking Branch, Project Vanguard, U. 8. Naval Research Lab., Washington, D. C.

TRACKING EARTH SATELLITES within 20 seconds of
arc, and relating position in space to time accuracy
of one millisecond, is the task assigned to the Van-
guard Minitrack system.

Satellite data is gathered by eleven signal-receiv-
ing stations and coordinated at a central headquar-
ters in Washington, D. C.

The system has tracked three Russian satellites
and four United States satellites, the Explorers and
Vanguard. Orbits of man-made moons are com-
puted accurately and their position in space at any
time is established exactly.

Antenna layout at each tracking site is shown in
Fig. 1. Data provides the difference, measured in

~¢—CIRCLE 27 READERS SERVICE CARD

wavelengths, between the radio paths from the
satellite to paired antennas at each ground station.
The satellite is located in space by measuring the
radio path difference between antenna pairs, as the
satellite passes through the pattern of the receiving
antennas.

Five signal-phase comparisons are made from
antenna pairs that lie in north-south and east-west
directions.

Actual measurements are made from the fine base-
lines, and the medium and coarse baselines are used
for ambiguity resolution.

SATELLITE ANGLE — Angular relationship of

33
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FIG. 1—Antenna field layout at each of eleven ground receiving
stations located at widely scattered points on earth. Signal-phase
comparisons are made from antenna pairs that lie in north-south
and east-west directions

antenna pairs with respect to the satellite position
is shown in Fig. 2. The phase angle of the signal
received at one antenna is compared with that of
the signal received on the other antenna.

The relative phase angle is zero whenever the
radio path difference is an integral number of wave-
lengths, and will cycle from zero up for each part
wavelength added to the path difference.

ZENITH

ANTENNA PAIR

FIG. 2—Minitrack system angular relationship of antenna pairs with
respect to satellite position

34

Operator, seated at console of the Minitrack data system, checks
system operation

Quantity K 4+ A is the time difference between the
arrival of a wave front at the two antennas, ex-
pressed in whole wavelengths K, while the actual
phase-angle difference between the signals is ex-
pressed as a fraction of a wavelength A. Distance
between the two antennas, D wavelengths, divided
into K + A, gives the cosine of «, the direction
cosine of the satellite position.

Block diagrams of the equipment at each ground
station is shown in Figs. 3 and 4 along with the line
connections to the phase meters, recorders and the
time standard system.

Signals from antenna pairs are fed, after pre-
amplification, to the mixers which are also supplied
with two local oscillator signals. Converted to two
i-f frequencies, separated by 500 cps, the two-
antenna signals are fed to a common i-f amplifier
that has a bandwidth broad enough to create a
minimum differential phase shift between the two
signal frequencies.

The phase angle between the 500-cps oscillator
separation frequency and the 500-cps signal separa-
tion frequency is identical with the phase angle
between the two antenna signals.

The local oscillator separation frequency, the ref-
erence signal, is phase-locked to a 500-cps standard
frequency derived from WWYV, to maintain time
synchronization,

REFERENCE SIGNAL-—The 500-cps reference is
counted down, compared with, and adjusted to match
the time standard. Digital information is recorded
in three ten-level staircase analogs for the tenths
hundredths and thousandths of full scale, using
three recording channels for each fine baseline.
The fine baselines use both analog and digital pres-
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entations. Digital presentation correlates data and
time and provides a fast accurate readout.

The analog presentation shows the character of
the data and acts as a backup for the digital system.
Internal noise, less than 0.1 degree rms, does not
influence the readings.

FILTER AND BUFFER—Receiver signals consist
of a 500-cps component at a nominal amplitude of
10-v peak-to-peak, plus noise components to 8,000
cps depending upon the received signal strength.

Filter bandwidth between 3-db points is 10 cps,
corresponding to an effective post-detection rectan-
gular bandwidth of 8 cps.

The narrow-passband filter is shown in Fig. 5.
The receiver signal, divided by eleven by R, R.
keeps inductance change of L. small enough to
neglect phase shift from amplitude variations.

The entire five-channel filter, oven-enclosed, is
kept at about 125 F. Each inductor is triple-mu
shielded to eliminate crosstalk between adjacent
inductors. The filter output, nominally 0.5-v peak-
to-peak, is fed directly to the grid of the amplifier
stage in the buffer.

The buffer, Fig. 6, amplifies the filter output for
the analog phase meters. There are five identical
amplifiers and cathode followers.

The amplifier, with about 20-db feedback, has a
closed-loop gain of about 100. The feedback ampli-
fier provides stable gain, maintains linearity and
minimizes noise distortion.

REFERENCE-PULSE GENERATOR — The 500-
cps reference signal from the local oscillator, a sine
wave of about 10-v peak-to-peak amplitude, is ampli-
fied to about 50-v peak-to-peak in V., of the refer-
ence pulse generator, Fig. 7. A single-stage ampli-
fier with about 10 db of degeneration is used.

Output of V., is coupled through V,, to R, and
D., D..

The clipped sine wave is amplified by V.. and
V... The output of V.,, a clipped sine wave of 40-v
peak-to-peak amplitude, with a rise time of about
6 usec, is coupled through V., to a second clamping
stage. Tube V,, prevents overloading of V..

Diodes D. and D, are biased so that clamping
occurs at one volt on either side of zero. This 2-v
peak-to-peak square wave out of the clamper is
amplified by V., with a gain of about 30. Amplitude
distortions represent negligible shifts in the time
of zero crossing.

The circuits of V,, and V,., comprise a series-
triggered blocking oscillator. The square wave from
V.., differentiated by C., R, provides a pulse trigger
for the blocking oscillator. In addition, the built-up
charge on C, during firing holds the blocking oscil-
lator grid below firing potential until the danger
of multiple firing is past. Grid bias of Vi is ad-
justed by R, to fire the blocking oscillator in coinci-
dence with the positive-going zero crossing of the
500-cps sinewave into the unit.

The negative 150-v one-usec pulse at the plate of
V.s is inverted by T, and fed to V.. and V. Posi-

ELECTRONICS — January 2, 1959°

Closeup view of one of the Minitrack antennas located in Cuba.
In the background is the ground-station trailer
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FIG. 3—Simplified block diagram of data and time system at each
ground station
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FIG. A—Entire equipment at each receiving station

35



500-CPS S16 6

FROM REC BUFFER
Ry
100K R3
10K 180 uuf
4 L

0.01

R2§
10K T ) 5H T
i J:_ » — -

FIVE IDENTICAL CIRCUITS

0.02

INONE CHASIS
THERMOSTAT
H7-v
AC 2K 2K 2K 2K 2K§

ONE UNIT PER CHASSIS
THERMOSTAT OPEN 125 t§F
CLOSE 115 F MIN

FIG. 5—Schematic of narrow-passband filter
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FIG. 6—Buffer circuit of the tracking system
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tive-pulse inversion preserves the leading edge of
the pulse.

The output of one of the cathode followers is
distributed to three analog phase meters while the
other goes to two analog phase meters and the
digital phase meter.

DIGITAL PHASE METER—The phase angle be-
tween the signal and the reference is measured by
the unit shown in Fig. 8. A bistable switch operates
a gate which connects the 500-cps pulse train to a
three-decade decimal counter during the time be-
tween a reference pulse and a signal pulse.

Two channels measure the phase angles of the
north-south fine and east-west fine signals. Digital
measurements obtain a resolution of 0.36 degree.
Time is resolved to 0.1 millisec.

Output information is recorded on a direct-read-
ing unit that has a frequency response flat to 20 cps
and down 3 db at 60 cps. To obtain output within
this band, the 500-cps reference-pulse train is di-
vided down to 20 cps, and digital measurements are
made at this frequency.

The train is divided by 25 by the two divide-by-
five pairs V., V, and V,,, V.. The positive train
from the reference-pulse generator is applied to the
suppressor grid of the first phantastron.

The square pulse of the second phantastron has
a positive rise synchronous with every 25th refer-
ence pulse. This square pulse, differentiated by C,,
E, triggers a series-fed blocking oscillator, V,. Tube
V.. isolates the driving circuit from the pulse on
the grid winding of T,.

The train of negative pulses that are generated
at the plate trigger two bistable switches for gate
operation. A train of positive 80-v pulses at the
output of T, is coupled through V. to the time com-
parison unit.

A comparison is made between the 20-cps refer-
ence and the one-cps standard in the comparison
unit. The phase angle of the reference is adjusted
so that every 20th digital measurement coincides
with the one-cps standard timing signal on the
recorders.

The 500-kc¢ multiplier utilizes V,, driven by a
100-ke, 90-v peak-to-peak sine wave from the time

+300V rzxé i
AMPL| =
270K K
v o
0l LY gu
i
=0 6072
CPS
REFIN §| MEG
IMEGS J
VT
27K I8KS
47K | 68K | 270K
L

D38 D4 [ PAIRS

0,8 Dz}MATCHED =

CATH
FOLL

12A7 WA
Vaa 10K 0.047

REF PULSE OUT

K= X 1,000

FIG. 7—Reference-pulse generator supplies a 500-cps reference pulse to the analog and digital phate meters
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FIG. 8—Digital phase meter measures the phase angle between the signal and the reference pulse

standard. Tubes V., and V., clip the negative por-
tion of the wave, thus forming 60-v pulses that go
through the gates to the two decimal counters.
Switches V,; and V,; and two gates, V,, and V
connect the 500-kc pulse train to the counters.
The 20-cps reference pulse from the plate of
blocking oscillator V., is coupled to the grids of
switches V, and V, to turn them on. The 500-cps
signal pulse train from the appropriate analog phase
meter is inverted by T, or T, and fed to the remain-
ing grid of the associated switch to turn it off.
Diode pairs, D,, D,, and D,, D, decouple the driv-
ing circuits during the switch transients and clamp
the positive overshoots of the triggering pulses to
prevent triggering the pulse at the wrong time.
The level of the gate signal from the switch plates
is lowered by dividers R., R, and R,, R; so that the
upper level of the signal to the grid of the counter
gates V,, and V, is at ground level, and the lower
level drives the grid well below cut off. Thus, when
the switch is on, the 500-kec pulses are coupled to the
counters.

11y

DECIMAL COUNTERS—Each of the two decimal
counters is made up of one high-frequency Berkeley
T07AF ; and two medium-frequency Hewlett-Packard
AC-4A packaged units.

ELECTRONICS — January 2, 1959

All counters are reset by V., which is triggered
by the positive rise of the cathode of V,, about five
millisec before a count is to be made.

The resistor-diode matrix, connected to each of
the two high-frequency counters, forms an analog
representation of the counter signal digital output.

Tubes V, V.. and V,, provide analog voltages to
the recorder as a three-digit number: 0 to 999. This
number is a measure of the direction cosine of the
angular position of the satellite, in terms of per-
centage of antenna baseline length. The tens and
hundreds counter outputs are combined by a re-
sistor matrix and fed to meters on the control panel.

Two Sanborn 158-5475 eight-channel recorders
are used. Permanent records are obtained in recti-
linear coordinates. The records have excellent line
definition,

Time information is received from the time-
standard system in the form of relay closures in
coded time sequence and is used to energize the
timing stylus in the margin of the record. The
stylus records a 60-cps signal during the 50-millisec,
on period of the time standard relay.

The authors acknowledge the contributions of
members of the Radio Tracking Branch of Project
Vanguard, in particular, E. J. Habib, J. Taube,
W. M. Hocking and J. W. Ryan.
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Prototype regulator, filling standard rack at center, successfully held blood pressure and pulse rate of dog on table at desired levels set

Clamps on table hold pressure transducer that goes in artery and electrodes that make contact with nerves

Blood Pressure and

T HAS LONG BEEN a dream of

medical men to be able to con-
trol both heart rate (pulse rate)
and blood pressure in a living ani-
mal over sustained periods of time.
Especially was this need felt dur-
ing experimental work on labora-
tory animals, where many factors
affect the blood pressure of the
animal being examined and the
blood pressure and heart rate in
turn affect other animal factors.

One of the major blood-pressure

TRANS- | CARQTID SINUS
PRESSURE NERVE

BUCER BRAIN
CAROTID
CARDYID SINUS

‘ ARTERY

d/—vuvz
ﬂ/CAPILLAR!ES

FIG. 1—Simplified diagram of blood pres-
sure regulator system in animal

MUSCLE
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regulating mechanisms in the body
is 4 small pressure detector in the
neck which detects the actual pres-
sure in the carotid sinus artery and
converts this pressure into elec-
trical impulses. These electrical
impulses are fed through a system
of nerves to the brain, as shown in
Fig. 1. The brain then translates
these impulses into other nerve im-
pulses which act on muscles to con-
trol blood vessels throughout the
body. If blood pressure rises too
high, a signal is sent from the brain
which causes the blood vessels and
openings to expand, thereby allow-
ing the pressure to decrease.

The nerves that control the im-
pulses to the blood vessels can be
externally stimulated by using elec-
trical pulses in the range of 12
volts, with pulse width approxi-
mately 0.1 millisecond and fre-
quency proportional to the desired
pressure. The actual body pressure

i MEAN

B "~ PRESSURE

: /\\fg\\[\

= e
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FIG. 2—Variation of blood pressure in
aorta of medium-size dog

replaced by an electronic system.
The body heart rate is controlled
by a similar mechanism. The heart
rate is sensed by a transducer and
impulses are fed onto appropriate
nerves that control the heart mus-
cles, these impulses being a func-
tion of the actual heart rate. Part
of the body’s own system can be
replaced by an electronic system.

Getting Signals from Body

The first problem to be solved is
that of providing a signal propor-
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FIG. 3—Electronic blood pressure regulator senses arterial pressure

and delivers controlling pulses to carotid sinus nerve

FIG. 4—Heart rate regulator similarly senses arterial pressure, but
delivers pulses to vagus nerve that controls muscles of heart

Successful electronic control of dog’s heart in laboratory experiments offers

promise that patients with heart trouble may someday wear transistorized

versions wired to nerves that control heart action.

Patient could then turn

knobs to adjust blood pressure and pulse rate, just as users of hearing aids

adjust volume from time to time

By ROBERT L. SKINNER, DIETRICH K. GEHMLICH and FRANK W. LONGSON

ENSCO, Inc.,

Salt Lake City, Utah

Heart Rate Regulator

tional to the blood pressure and the
heart rate of the body system. This
is accomplished by inserting a
needle or catheter into an artery
and allowing the blood to come up
the needle and make contact with
a small pressure transducer that
provides an output voltage propor-
tional to the actual blood pressure.
The arterial pressure consists of a
series of pressure pulses (one for
each time the heart beats) super-
imposed on a slowly varying mean
pressure as in Fig. 2. The distance
A-B represents the mean blood
pressure in the body system. The
output voltage of the pressure
transducer is fed through filters
which average out the arterial
pressure pulses. The resultant volt-
age, proportional to the mean pres-
sure of the system, is used to con-
trol the blood-pressure regulator.

The signal needed to control the
heart-rate regulator should be a
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function of heart rate alone and
not dependent on mean blood pres-
sure. Differentiation of the arterial
pressure signal eliminates the mean
pressure and produces the required
sharp spike at the beginning of
each pressure pulse. These spikes
are used to control the heart-rate
regulator.

Blood Pressure Regulator

The voltage signal proportional
to the mean pressure level in the
artery is amplified by a drift-free
chopper amplifier and fed into an
adder circuit, as indicated in Fig.
3. The adder circuit sums the volt-
age representing the mean blood
pressure and a voltage representing
some preset desired pressure level.
This voltage sum controls the rate
generator.

Also fed into the adder is a nega-
tive feedback signal that is directly
proportional to the output fre-

quency of the rate generator. The
adder then also performs the func-
tion of an error detector in an inner
closed loop. This inner loop is de-
signed to hold the output frequency
directly proportional to the voltage
sum of the mean blood pressure and
some fixed level, independent of
drift and fluctuations within the
frequency source itself.

The frequency of the stimulating
pulses to be applied to the nerve in
the body to control blood pressure
lies within the range of 0 to 100
cps, depending on the desired pres-
sure. The rate generator beats two
high-frequency oscillators together
in the mixer to obtain this low-fre-
quency output. One oscillator is
fixed in frequency at 10,000 cps,
while the other can be varied from
10,000 cps to 10,100 cps by use of
a reactance-tube modulator which
is controlled by the adder output.

The output of the mixer, which
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contains all sum and difference fre-
quencies of both oscillators, is fed
into a low-pass filter which removes
the higher frequencies. The result-
ing sine-wave output of the rate
generator, varying in frequency
from 0 to 100 cps, is fed into squar-
ing, differentiating and clipping
circuits. The result is a positive
pulse of the same frequency as the
input sine wave. This pulse is used
to trigger a monostable multivi-
brator which in turn supplies con-
stant-width pulses to the output
circuit at the frequency corre-
sponding to the rate generator.

In the output circuit in Fig. 3

= = = =05

is a cathode follower which sup-
plies the power to stimulate the
carotid sinus nerve controlling
blood pressure. The output is con-
nected through suitable electrodes
to the carotid sinus nerve in an ex-
posed region of the neck.

The output circuit also contains
a frequency detector which provides
a d-c voltage proportional to the
stimulus frequency. A voltmeter on
the front panel is calibrated to in-
dicate this stimulus frequency di-
rectly in cps. The d-c¢ voltage is
also fed back into the adder as neg-
ative feedback which stabilizes the
rate generator against the possibil-
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ity of internal frequency drift.
The level control circuit has a
limiting control which may be pre-
set to some safe value so that in
normal use the mean blood pressure
cannot be set to a harmful level.

Heart Rate Regulator

The operation of the heart rate
regulator in Fig. 4 is identical with
that of the blood pressure regulator
except for the input circuit and the
nerve to which the frequency out-
put is attached. The voltage output
from the same pressure transducer
in the artery is amplified and ap-
plied to the squaring circuit.

Output of the squaring circuit is
differentiated and clipped to give
a sequence of pulses, each repre-
senting one heartbeat and appear-
ing at a time corresponding to the
rising edge of the arterial pressure
pulse. These pulses are applied
through a monostable multivibrator
to frequency detector No. 1, to give
a d-c voltage output that is directly
proportional to the input frequency.
This d-c¢ voltage is in turn applied
to the adding circuit. The rest of
the operation is identical to that
of the blood-pressure regulator cir-
cuit. Also included in the fre-
quency detecting circuit is a meter
that reads the d-c voltage which is
proportional to the heart rate. The
meter face is calibrated to read
heart rate directly in pps.

The desired heart rate is fed into
the regulator by adjusting the level
set control. The unit then auto-
matically sets the heart rate. The
output stimulating pulses are ap-
plied to the vagus nerve which con-
trols the muscles in the heart.

If this nerve fatigues and normal
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FIG. 6—Sections of heort rate regulator which use different circuiuts. Separate power supply is conventional
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body control takes over, denerva-
tion of the vagus nerve helps to re-
store control to the electronic heart
rate regulator.

Circuits

The complete circuit of the blood
pressure regulator is given in Fig.
5, except for power supplies. Iden-
tification of stages corresponds to
that of the block diagram in Fig. 3.
The 6AGH, 12AUT and 12AT7 tubes
in the chopper amplifier serve to de-
liver to the adder a d-c voltage that
is proportional to mean blood pres-
sure, the polarity of which can be
reversed by the reversing switch at
the upper right.

Potentiometers in the adder cir-
cuit permit introducing nezative
voltages that correspond to the de-
sired blood-pressure level and the
maximum safe level. The remain-
ing stages function essentially as
described for the block diagram,
with the frequency detector having
an added output for driving a re-
corder.

The heart-rate regulator differs
from the blood-pressure regulator
principally in the input circuits,
shown in Fig. 6. The stages are
labelled to conform to the termi-
nology of the block diagram in
Fig. 4.

The blood pressure can be main-
tained constant over long periods
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FIG. 7—Tracing of record showing regulation
nerve with blood pressure regulator unit

of time with no detrimental effects
to the patient or subject. Figure 7
shows a pressure recording taken
on a dog over a period of 90 min.
The electronic regulator was ener-
gized near the beginning of the trace
and the mean pressure dropped to
the desired level. This level was
maintained over the 90-minute
period, after which time the stimu-
lus was removed. The body system
immediately increased the pressure
to its original level.

In some cases where the blood
pressure regulator does not com-
pletely override the subject’s own
regulator system, it is necessary to
denervate the carotid sinus nerve.

Ability of the heart rate regula-
tor to lower the heart rate is shown
in Fig. 8. Here the output signals
are fed to the vagus nerve. The
decreased heart rate can be held
constant at the preset level for long
periods of time. A decrease in mean

HEART RATE | |
REGULATOR ON w |

10|
SEC |

FIG. 8—Tracing of record showtng decrease in heart rate and mean blood pressure as
result of stimulation of vagus nerve by heart rate regulator unit
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of pressure by stimulation of carotid sinus

blood pressure is also obtained, as
a result of decreased heart rate.

Future Possibilities

During laboratory experimenta-
tion on the cardiovascular system,
the regulators may be used to elimi-
nate the variables of heart rate and
blood pressure and maintain them
at any level as dictated by the ex-
periment. These units may also be
used to simulate different condi-
tions of blood pressure and heart
rate.

For instance, they allow stud-
ies of high blood pressure in which
the actual high blood pressure is
induced by the regulator. Also,
studies can be made of the response
of several body systems to variable
heart rate. At all times, the experi-
menter or physician, has complete
control of the variables.

Up until this time, the heart rate
regulator and blood pressure regu-
lator have not been applied to
human patients. However, more re-
search is under way and the possi-
bilities for the future are rather
intriguing. The possibility exists
that these units may be miniatur-
ized and further developed such
that they may be applied to human
beings to adjust or control blood
pressure and heart rates over long
periods of time. The ultimate is,
of course, a possibility that a suf-
ferer from high blood pressure, for
instance, may be able to wear a
miniaturized blood pressure regu-
lator continually and adjust his
high blood pressure much the same
as wearers of hearing aids adjust
their hearing level.

The medical facilities, testing,
and background for the develop-
ment of the blood pressure and
heart rate regulators were fur-
nished by Dr. H. R. Warner of the
L.D.S. Hospital, Salt Lake City,
under grants from the U. S. Heualth
Service.
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Tape and Film Insulation

High-temperature requirements of modern military equipment are bringing

about use of new tape and film insulations that combine recently developed

plastics with conventional materials such as glass, mica and asbestos

By GEORGE SlDERlS, Associate Editor

ACTIVE DEVELOPMENT of dielectric combinations in
recent years have given electronics a wide choice of
tapes and films.

There are scores of insulating papers available,
in thicknesses ranging from one-fifth mil and up and
in dielectric strengths ranging from 200 to 2,500
volts per mil thickness.

MICA—Better grades of mica, available in thick-
nesses of 1 and 2 mils, have dielectric strengths up

Table 1—Standard Service Temperature Ratings for
Tape and Film Insulation

Tempera-
Class ture Basic Materials
0] 90 C  Materials or combinations of materials such
as cotton, silk and paper without impregnation
A 105 C  Materials or combinations of materials such

as cotton, silk and paper when suitably im-
pregnated or immersed in a dielectric liquid

B 130 C  Materials or combinations of materials such
as mica, glass fiber, ashestos with suitable
bonding substamces

F 155 C  Class B-type materials with suitable binders

H 180 C  Class B-type materials and others such as
silicone elastomers with binders such as
silicone resins

C 220 C  Inorganic materials such as miica, porcelain,
and up glass, quartz

Note: In all classes, other muterials may be substituted if
experience and accepied tests demonstrale that the material is
suitable for the class
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to 3,000 volts per mil. One prepared form of mica
consists of 1-mil sheets coated with silicone varnish
and ground mica to provide a nonslip form about
2 mils thick.

Most designers are already familiar with tapes
and films made of such plastics as vinyl, polyethylene
and polyester. Polyester has rapidly become impor-
tant as a capacitor dielectric and in pressure-sensi-
tive tapes.

FLUOROCARBONS—Fluorocarbon resins, with
their stability over a wide range of temperature and
frequencies are expected to become more widely used.
Films of tetrafluorethylene (TFE) are now com-
mercially available as thin as 1 mil and have been
cast at 75 mil. In some cases these can be used for
class-C applications (see Table 1). They are gener-
ally typed as class-H insulation. Thin film of tetra-
fluorethylene may be laminated to avoid pinholes
without increasing bulk, or can be metallized for
capacitor winding.

One plastics processor offers a TFE fluorocarbon
which has been modified to improve its high-tempera-
ture physical capabilities with only a slight loss of
high-frequency electrical qualities. A perfluorocar-
bon soon to be commercially available will perform
like the polyesters, but in a higher temperature
range.

POLYETHYLENE — Polyethylene’s temperature
rating has been raised to class A by irradiation, al-
though it is not yet available in extremely thin films.

Irradiation also permits it to be heat-shrunk by
40 or 50 percent to create a form-fitting wrapping.

GLASS—Glass has been finding increasing applica-
tions recently as a flexible dielectric, chiefly as fiber
cloth and bonded flakes. Thin glass films are used
in capacitors but they lack flexibility for cold wind-
ings on coils and other applications.
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for Electronic Equipment

Glass cloth is used in high-temperature tapes pri-
marily to give resins greater physical strength. In
the glass flake papers, the paper pulp is used to
bond the flakes. The paper pulps may either be the
common kraft paper pulp or glassine, a clear paper
pulp. At least one firm is laying glass fibers length-
wise on thin asbestos paper to improve its strength.

Some of the newer types of flexible insulation
systems use matted and felted resins and inorganics.

APPLICATIONS—A number of the insulating ma-
terials shown in Table II were originally developed
for electrical applications, rather than for electronic
use. The thinness of the tapes described testify to

the efforts of insulation manufacturers to keep striv-
ing for insulations which take up less space.

As the maximum service temperature of electronic
equipment is pushed up, glass, mica, reconstituted
mica, silicones and the fluorocarbons will become
more important. In using combinations of these ma-
terials, it must be remembered that the initial tem-
perature rating of the insulating system is not so
important as the ability of the svstem to withstand
long-term high temperature.

Not shown in Table II are a host of natural and
synthetic tape and film materials useful at tempera-
tures below 105 C,

Table 11—Physical and Electrical Properties and Applications of Representative Tape and Film Insulation

Service Dielectric Tensile Thickness
Temp. Sirength  Strength (at
Class  volts/mil  Ibs./in.  values

(Table 1) thickness  width given) Typical Applications in Electronic Equipment
POl eRIETl e v 4wt ® AAL) 84 e A 4,000 —_ 1 Capacitors, transformers and coils, insulate cores
Varnish-paper. .. ... ... .. .. A 2,000 —_— 1 Capacitor dielectric, coils, cable joints
Polyester-paper. . ... ... .. .. A 1,350 100 6.5 Coil insulation, capacitor dielectric
Polyester-cloth .. ... ... .. .. A 2,750 20 5 Transformer aund coil wrapping
Acetate-cloth. . ... ... . .. . . A 2,000 50 3.5 Aflixing yokes to coils
Irradiated polyethylene. .. .. A 2,750 — 5 R-t cable, heat-shrunk wrapping
Resinglass. . . ... ... .. .. . B 500 100 5 Small-motor slot insulation
Asbestos-polyester .. ... ... B 1,200 5 “ “R <
Polyester-rubber. ... ... . ... B 2,200 20 2.5 Electronic components
Polyester-mica-glass. . ... ... B 1,200 70 5 Spacers and other siructural parts
Glass flake-glassine . ... . B 1,000 15 5 In devclopment
Glass-isoeyanate. ... ... ... . F 1,600 75 3 Spacers and other structural parts, wrappings
Asbestos-isocyunate. . . ... .. F 800 18 4 @ “ @ “ “ “
Glass-polyester. ... .. F 1,700 — — “ ¢ < « « e
Glass-silicone. .. ... ... . ... 31 1,000 70 3 Small-motor wrapping, wire, transformer
Glass-silicone robber. .. . .. H 1, 100 70 5 Cable wrapping, 1ransformers
Glass-tetrafluorethylene . . .. 11 750 45 3 “ “ « , taping leads
Asbestos-silicone. ... 1X 800 7 3 Spacers and other structural parts
Mica-resin mat. . ... ... ... H 700 15 5 Spacers and other structural parts, tubes
Mica-silicone-glass. ... ... ., 11 325 70 6 “ 4 & & “ “  wire insulation
Tetra fluorethylene . . ...... H 3,200 — 1 Wire insulation, strip coils, capacitor dielectric
Asbestos-silicone. ... ..., ... C 410 9.5 3 1ligh-temperature power transformers
Glass paper. .. ............ C 200 2.5 4 Transformer and small motor insulation
Mica-stlicone. . ............ C 2,000 — 34 High-temperature capucitor dielectric, power transformers
Glass-silicone. ............. C 850 — e Transformers
Mica sheet................ C 1,000 —_ 34 Capacitor dielectric
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Multiplier-phototube control circuit, traveling on machine lathe, automati-

cally records dimensional measurements of printed circuits and photographic

plates in increments of 0.0001 in. System employs opaque projector and elec-

tronic counter. Output is read as image length times magnification ratio

By SHELDON ISAACSON, Maryland Electronic Mfg. Corp., College Park, Maryland

Electronic Caliper

UTOMATIC MICROMEASUREMENTS
A of dimensions of small ob-
jects are made by an electronic sys-
tem that eliminates human error
in taking repetitious readings.

Measurements are taken by a
multipier-phototube control circuit
that traveis c¢n a precision lathe.
Circuit ou:tput is fed to an elec-
tronic counser. A block diagram of
the system is shown in Fig. 1, and
the mechanical layout is seen in
Fig. 2.

The object to be measured is
placed on a rotary index table, lo-
cated directly beneath the lens sys-
tem of a pr-jector. The lens casts a
magnified image of the object,
which is reflzzted from a fron-sui-
face mirrcr ento the plane scanned
by the multiplier phototube.

System

A 931-A multiplier phototube, a
6AK5 amplifier and a mercury-re-
lay switeh with a relatively fast
response time are mounted to the
cross arm cof the lathe. This arm
travels down the ways of the lathe
and when the phototube reaches the
image-area region, the mercury re-
lay switch with a relatively fast
counter is trizgered and the count-
ing cycle begins. The velay is de-
energized at the end of the image
zone and counting stops. Recorded

in counter readout is the image
length times the magnification
ratio.
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Sealed-beam lights in the pro-
jector give high illumination ef-
ficiency. A voltage regulator insures
a constant light source, independent
of line-voltage fluctuation. A venti-
lating fan stabilizes the projector
temperature.

Circuit

The multiplier-phototube circuit
is shown in Fig. 3. The 931-A tube
fulfills the needs of sensitivity, tube
response time and low dark current
to minimize fringe-lighting effects
resulting from shadow diffraction
around the image. The phototube
also permits a high signal-to-noise
ratio at low levels and response
peaks correspond closely to the
light source of the projector.

Photocathode sensitivity is 15 pa
per lumen. At 100-v potential per
stage, the average stage gain is 3.5
for a total gain of 60,000. With
125-v potential per stage, the gain
will be 230,000, which is a 4 to 1
change in gain. If tube output is
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FIG. 1—Block diagram of electronic

micrometer for printed circuit checking
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FIG. 2—Mechanical arrangement of the
precision measuring machine. Image of
object to be measured is scanned by
phototube as arm travels down lathe

held at one percent, the regulation
of the high-voltage supply should
be 0.1 percent.

Dark current of the 931-A is
0.5 pa with 100 v per stage. A
lightsource of 10™ or 107 lumens
is detected if the tube is operated
with a gain of only 50,000. The
aperture of the phototube is re-
duced by installing a limiter
(dormer window) over a glass en-
velope, controlling overall sensi-
tivity to some extent.

Response time for a typical 9-
stage phototube is about 6 x 107
sec. Response is linear from zero
illumination to values which cause
saturation due to space-charge ef-
fects. If it takes 6 v to fire the next
stage, then 6 pa is required from
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The object to be measured is placed
beneath lens of opaque projector, and
casts image in plane parallel to lathe

Lens and front-surface mirror. Image
from front-surface mirror is reflected on

to plane scanned by phototube

Counter wheel is directly geared to the

main screw of the lathe. Light beam,
through holes, indicates lathe travel

Checks Printed Circuits

the phototube at maximum sensi-
tivity.

Illumination sensitivity of the
phototube is 800,000 pa per lumen,
so that only 6/800,000 lumens will
trigger the counter at full sensi-
tivity. To further compensate for
fringe lighting, the sensitivity con-
trol is cut down to 300,000 ohms,
which requires 20 pa or 25 micro-
lumens to trigger the counter.

Operation

A counter wheel with 125 holes,
accurately indexed and drilled in

1,250 vV
+

AAGAM-BAAA-SAAA-SAAA AASAAA AA

s

T0 ’\F !
COUNTER
sl B

MERCURY +I
RELAY 40

K=X 1,000

1.2K

FIG. 3—Multiplier-phototube control tir-
cuit. The mercury relay controls the elec-
tronic counter
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its periphery, is geared directly to
the main lead screw of the lathe.
Each hole corresponds to 0.0001-
in. cross-arm travel down the
lathe.

The counter wheel interrupts
a light-beam-phototube-transducer
system which emits one output
pulse per interruption, as the car-
riage, prepelled by the lead screw,
takes the cross-arm down the lathe.

The output pulse from the photo-
tube is fed into an electronic
counter which registers the total
number of pulses.

Magnification ratio of object-to-
image was determined within
measuring accuracy of precision
dial indicators.

Measurement Parameters

With a magnification ratio of 100
to 1, measurements to one-millionth
of an inch are possible in theory.
However allowances must be made
for shadow diffraction. The light-
fringe surrounding the image was
found to measure 0.0005 in. in the
image plane.

A fair approximation allows
0.001 in. for total shadow diffrac-
tion. Also allowances are made for
measurement tolerances to 107
Considering these factors, meas-
urements to 100 millionth of an
inch are experienced. Repeated
measurements on the same object
indicate an accuracy to +10 counts
or 10 ppm.

The electronic micrometer was
designed to facilitate inspection of
printed circuits and photographic
plates, and has been used to meas-
ure metal stampings and three-
dimensional parts. The machine is
semiautomatic at present, the only
manual operation required being
object positioning. However its use
could be extended for fully-auto-
matic inspection.

Conveyor Control

An electronically controlled con-
veyer could be incorporated, so that
objects would be positioned auto-
matically to start and stop photo-
tube scan. The stop-count control
could be arranged to trigger a
photoflash unit which would pro-
vide a photographic record of the
electronic counter readout, then re-
set the counter and recycle the en-
tire operation.

Fully automatic inspection would
greatly complement the quality-con-
trol requirements of mass produc-
tion.
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Estiatron encased in a thin shell is shown in typical bench setup prior to checking characteristics

Electrostatically Focused

Complete freedom from external focusing accessories is a feature of this new

power traveling-wave device. Other advantages are lightweight, rugged-

ness, freedom from critical voltage adjustment and no ion oscillation problems

By D. J. BLATTNER and F. E. VACCARO, Electron Tube Div., Radio Corp. of America, Princeton, N. J.

FOCUSING PACKAGE "
POWER  WEIGHT }——— 8
(W) (LBS) -
O =1
400 100 =

EARLY LABORATORY MAGNETICALLY CONFINED
FLOW IN FOCUSING SOLENOID

=0
=

150 30

BRILLOUIN FLOW SHIELDED CONVERGENT GUN
IN SOLENOQID

|
O

PERIODIC PERMANENT MAGNETIC FOCUSING

 E—

ELECTROSTATIC FOCUSING "ESTIATRON"

0 |

FIG. 1—Size and weight comparison for
10-w S-band traveling-wave ampilifiers
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ECAUSE of its large bandwidth
B and gain, the traveling-wave
tube is useful in radio-relay sys-
tems requiring frequency diversifi-
cation.

Acceptance of the tube in the
field has been slow, however, partly
because a heavy magnet is needed
to focus the electron beam and be-
cause the tube must be aligned
carefully within the magnet.

Size and Weight Reduction

Figure 1 illustrates the progress
made in reducing size and weight
of traveling-wave tube packages.
Early laboratory solenoids for
confined-flow magnetic focusing
weighed as much as 100 pounds.
Size and weight were reduced by

use of convergent-flow shielded
guns and Brillouin-type electron
flow.

These improvements, in turn, led
to development of a periodic-per-
manent-magnet focusing which re-
duced package weight to 34 pounds.

Several methods have also been
proposed which employ a small mag-
net in the electron-gun region and
electrostatic focusing of the beam.
While these methods reduce weight
of the tube, alignment within the
magnetic field is still necessary.

At the bottom of Fig. 1, the fur-
ther reduction in size and weight
resulting from development of the
Estiatron is indicated.

This new tube, to be described,
uses electrostatic focusing rather
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Closeup view of packaged traveling-wave device
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FIG. 2—Cutaway sketch of a packaged Estiatron
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Traveling-Wave Tube

than magnetic and requires no
magnet. No alignment is required.

R-f input and output are achieved
with coupled helices external to the
glass envelope which give a good
match over an octave bandwidth.
The attenuator uses a coupled helix
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FIG. 3—Bifilar helices for electrostatic
focusing. Bifilar helix structure (A) and

forces exerted on an electron by the
periodic electrostatic field and the tra-
jectory of an electron (B)
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with a lossy sleeve to provide a
nominal cold insertion loss of 50 db.

Tube Construction

Figure 2 is a cut-away drawing
of the packaged tube showing de-
tails of its assembly and construc-
tion. The Pierce-type convergent-
flow electron gun, which has an
oxide cathode operated at 60 ma/sq-
cm, launches the beam into the bi-
filar helix.

The helix is supported firmly
by flutes of the glass envelope
shrunken onto each turn of the
wires. The helix serves both as an
r-f circuit and as an electrostatic
focusing structure. The collector is
a hollow cylinder, cooled by radiator
fins.

Electrostatic-focusing method is
shown in Fig. 3. As illustrated in
Fig. BA, one wire of the bifilar helix
is at a high voltage, V4. The other
is at a low voltage, V.o. Average of
the two voltages determines the
average velocity of the electrons.
This velocity must be svnchronous
with the electromagnetic wave trav-
eling along the helices.

Additional advantage of light weight is
shown by tube

The electrostatic field between
successive turns of the helix exerts
alternating forces on an electron, as
shown in Fig. 3B.

For this reason, an electron mov-
ing along the outer edge of the
beam travels slower in the region
of the focusing field of the low-
voltage helix than in the defocusing
fields of the high-voltage helix. As
a result, the beam is focused a
greater percentage of the time than
it is defocused. An iterated lens
effect results that overcomes the
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FIG. 5—Saturated gain and power out-
put as a function of frequency. Voltages
held fixed at optimum values for 3 kmc

defocusing forces of the
charge.

Practical performance of the fo-
cusing system is shown in Fig. 4.
It shows how beam-current inter-
ception depends on the ratio of volt-
age difference between helices to
average voltage. Operating mini-
mum interception is less than one
percent when no r-f signal is ap-
plied to the tube. Under saturated
r-f conditions, minimum intercep-
tion is only 13 percent.

space

R-f Performance

The electrostatic field which fo-
cuses the electron beam also serves
as an ion trap by draining the ions
out of the beam at every turn of
the low-voltage helix. In any appli-
cation in which spurious signals
caused by ion oscillation are a prob-
lem, the new tube can be used to
advantage. Absence of ion bombard-
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ment prolongs the cathode life.

Typical r-f gain and power-out-
put performance of the tube in con-
stant-voltage operation are shown
in Fig. 5. The voltages are fixed at
the values which produce maximum
output at 3,000 mec. The c-w power
output is greater than eight watts
over a 1,000-mc¢ bandwidth. Sat-
urated gain reaches a maximum of
25 db and has a half-power band-
width of 1,000 mec. Low-level gain
is always greater than the saturated
gain by at least five db.

If the two helix voltages are set
for optimum performance at some
frequency lower than 3,000 mc, even
higher output power and gain are
achieved. Operation of the tube
does not require closely regulated
power supplies. Voltages can vary
by several percent without material
effect on r-f performance and with-
out causing excessive intercention.

Input-output characteristics of
the tube are shown in Fig. 6. The
c-w power output is plotted as a
function of power input for three
different frequencies keeping volt-
ages fixed at each frequency. Low-
level amplification is linear. At
1,900 me, for example, gain is con-
stant at 28 db up to a power output
of 13 w. The tube then saturates
with 23 db gain at a power output
of 21 w.

Over-all efficiency of the tube de-
pends upon the voltage on the col-
lector. As the collector potential is
reduced below that of the high-
voltage helix, efficiency rises from
11 to 15 percent before interception
becomes too great. Power output
remains constant. See Fig. 7.

Noise figure of the particular
tube described here is about 25 to
30 db. This is approximately the
same value quoted for magnetically
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FIG. 6—R-f power output as a function of
r-f power input
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FIG. 8—Airborne countermeasures circuit
is a typical application for new tube

focused traveling-wave tubes of the
same power level. Low-noise tubes
can be built with slight modification
of the present design.

Principle of the tube is not lim-
ited to intermediate power levels.
Conservative extrapolation of the
design data indicates that a tube
using electrostatic focusing by a
bifilar helix can deliver more than
half a kw of power at S-band at
one-percent duty cycle. The design
can be scaled up or down in fre-
quency. The tubes can be used to
best advantage at low frequencies
at which conventional traveling-
wave tubes are long and the re-
quired magnets heavy.

Applications

Because r-f performance of the
new tube is equivalent to that of a
conventional traveling-wave tube, it
can be used in any application re-
quiring high gain over wide band-
width. The light weight and free-
dom from alignment of the device,
however, makes it particularly
suited for airborne applications.
The block diagram in Fig. 8 shows
an application in a countermeas-
ures circuit designed to protect an
airplane from target-seeking radar.
The enemy’s radar pulse is ampli-
fied and retransmitted after some
time delay, thereby confusing his
range determinations.

Development was sponsored in
part by the Air Force Cambridge
Research Center, ARDC.
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Liquid Level Detectors

Four methods of measuring and recording discrete and continuous liquid level,

as in flowmeter calibration and other phases of research, are tabulated

By THOMAS L. GREENWOOD,

Instrument Developnient Section, Test Laboratory, Army Ballistic Missile Agency, Huntsville, Ala,

EASUREMENT OF LIQUID level is often required
M in research and development problems. These
frequently involve the calibration of turbine-type flow-
meters. In this procedure, a known quantity of liquid
flowing through the flowmeter produces a known num-
ber of output voltage cycles which yvields the flow-
meter constant in gallons/cycle. This system requires
accurate methods of discrete level measurement.

For other applications, continuous indication of
liquid level may be desired. Here a system which oper-

tection. The latter

ates either on the principle of electrolytic conductiv-
ity or capacitance change is suitable. Another method
uses nuclear radiation absorpticn as a means of de-
has been developed for use with
liquids that are nonconductive such as liguid oxyzen.

All the methods described here were developed by
ABMA personnel with the exception of the capaci-
tance-change necked-tank method. Acknowledgement
is made to A. E. Schuler, C.
L. Thompson and C. Fulmer for their contributions.

McElroy, E. H. Bohr,

Type of System

Principal of Operation

Circuit Features

Characteri-tics

eecrrove  DISGRETE LEVEL

TECTOR

Uses the principle of electrolytic con- | Total resistance

ductivity. In general, the conductivity
is a function of eleclrode size and shape
and proportional to the area of surface
contact between electrodes and liquid.
A small dia wire (20 gage) is mounted
in a pipe. When immersed in water,
resistance changes from several meg-
ohms to a few thousand ohms. If muln-
level indication is desired, electrodes
can be installed at a number of heights.

change in electrode
circuit shonld cor-
respond to small
change in liquid
level. Capacitance of
cable and electrode
dictates use of 60-
cps a-c volrage. Up
to 260 ft of cable
may be used.

With liquids of low
conduectivity, sensi-
tivity sufficient for
operation at resis-
tivities up to 20
megohm—cm can be
obtaired with proper
amplification.

' /ELECTRODES,

| RECORDER i

Parallel vertical metal rods are ar-
ranged to vary the impedance of one leg
of an a-c bridge circuit. Depth of in-
mersion of llle rods causes a propor-
tional unbalance of the bridge and the
unbalance current is used to drive an
oscillograph recorder or galvanometer.
The bridge circuit is balanced when the
tank is empty and calibration made
with static water levels.

A-¢c Dbridge supply
should be used to
avoid long time con-
stants associated
with d-¢ supplies.

Used where high ac-
curacy is not re-
gunired. Capacitive
component of clec-
trode-liguid imped-
ance causcs non-
linear input-sutput
relationship. Re-
quires frequent cali-
bration.

Where the lignid being measired is
nonconductive, such as liquid oxygen,
a system hased on capacitance change
may be used. The detector is a capac-
itance electrode placed in a necked
tank. When the electrode is immersed
in the liquid, its capacilance to sround
increases, and the vacuum-tube oscillator
ceases oscillation. Output cuirent goes
to zero. When elecirode is nncoveled
oscillator current is normal.

Can be used as on-
off control as well
as limit-alarm.

Flowmeter calibra-
lions accurate o 0.1
percent are obtain-
able wirh this meth-
od.

CONTINUOUS LEVEL IVA -C
ORDER 60CPS
i —~NECKED ?ﬁ
TANK T‘J
CAPACITIVE DISCRETE LEVEL
PROBE DETECTOR
PLATFORM 1t
7 _-G-M EREF -
TUBE
s% s [servo
PuLse| L& | ampL
AMPL |C] SR
RADIATION
SOURCE HY
CONTINUOUS LEVEL PLATFORM
RECORDER DRIVE

Uses nuclear radiation absorption for
non-conducting liquids. Platform shaped
to fit contour of tank carries radium
sonrce S and Geiger tube. Path of
gamma radialion is across chard of
tank.  Geiger tube outpul is train of
pulses with frequency dependent on
gamma energy. Pulses are integrated
and compared to d-c reference. Servo
motor drives platform up and down 1o
reduce error lo zero.

Reference voliage is
adjusted 1o equal
integrated pulse volt-
age in center of
range. Servo keeps
platform at liquid
surface. Multiturn
potentiomeleron
platforin drive gives
remote indication.

No stnfting ho= or
seual required in tank
wall, so method ex-
cels for high-pres-
sure service or in
corrosive fluid meas-
urements. Accuracy
of system is about
=+} in.
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phase detector (B) and phase shifter (C) determine system response

FIG. 2—Complete system for phase stabilization of uhf amplifier
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Servo Phase Contro

SE OF PHASE-STABILIZED r-f
U power amplifiers as elements
in variable directivity antenna ar-
rays has been restricted until re-
cently by the unavailability of exist-
ing phase-controlled amplifiers and
the lack of knowledge that prac-
tical methods are available for ob-
taining such control. In this article,
a phase-controlled uhf amplifier de-
veloped as a unit of a steerable an-
tenna system is described in detail.

This particular system operates
over a wide band of frequencies in
the uhf band, has a stabilization
time of only a few microseconds,
and controls the angular phase er-

ror between input and output to
less than =2 deg. Control is main-
tained for any condition of load
mismatch, load change, change in
frequency, power output variation
or amplifier detuning.

A phase-stabilized amplifier is
one in which the phase of the out-
put signal measured at any selected
point in the output transmission
line is compared to the phase of an
input reference signal and is held
in some controlled relationship with
respect to this reference signal re-
gardless of frequency or load
changes. In the usual case of an
uncontrolled amplifier, the output

signal phase is completely unrelated
to the input, Furthermore, it is a
variable between presumably iden-
tical amplifiers, no two having the
same amount of phase shift.

Basic System

The basic system for obtaining
phase control is shown in Fig. 1A.
The output signal is sampled at any
chosen point and the sampled signal
is compared in phase with the input
reference signal in a phase-sensi-
tive detector. This device charac-
teristically has an output which is
a polarized d-c¢ signal varying co-
sinusoidally as the relative phase

35-MC 0SC REACTANCE TUBES 35-MC 35-MC 35-MC
‘TUNED AMPL TUNED AMPL TUNED AMPL
1, o %\ox ?iMH 200 F 100upF
5000unF L g0 ¢
fi
LAY
5,000uuF v,
’l: 6AKS %47»(
ERROR SIGNAL = sk
FROM PHASE DETECTOR T
MPL
Va
6AUG 50,’“‘F
10,‘,.r;:=}120Mc
10K
22K
5,000 100 i
Tuuf 32200 |k 5,000uuF 3
L5000uuF ' ' | ‘ | AOETS

FIG. 3—Schematic diagram of the phase-shifting circuit used in the phase-stabilized system. Error signal from the phase detector (not
through reactance tubes V. and Vi. Output of fixed-tuned stages V, through V: is shifted as a function of the d-c error signal
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Phase-stabilized uhf amplifier is used to control directivity of a multielement

stationary array. Phase of the amplifier output is compared with input refer-

ence signal in phase-sensitive detector. System keeps input-output error less

than 2 degrees

By ELLIOTT W. MARKOW, Raytheon Manufacturing Co.,

Wayland Laboratory, Wayland, Mass.

Shapes Antenna Pattern

angle between the two inputs
changes. This output is called the
error signal and, since it is a meas-
ure of phase difference both in am-
plitude and sense, can be used in a
closed feedback loop cascaded with
an r-f phase shifter to maintain a
nearly zero error signal. The phase
shifter must perform in this system
at radio frequency and must be
capable of providing at least =180
deg of phase shift as a function of
input error signal . The design of
a phase shifter meeting these re-
quirements is described later. Typ-
ical input-output characteristics for
the phase-sensitive detector and

35-MC
TUNED AMPL

5000T sef 5
nuf 3
5000upF 1

shown) controls frequency of oscillator vV,

ELECTRONICS~—January 2, 1959

phase shifter are shown in Fig. 1B
and 1C.

Since the phase-sensitive detector
is the actual point of phase com-
parison, point A in Fig. 1 is the
input reference signal (0° phase)
regardless of the cable lengths pre-
ceding point A. Similarly, C is the
reference point in the output and
not B. The cable length shown as
cable M in Fig. 1 contributes to
phase shift between points A and B
and must be taken into account if
absolute phase angle control is re-
quired. Generally, only phase sta-
bilization is required in which case
in a multiamplifier system the only
requirement is that cable M be
identical for each amplifier.

Also, in a high-frequency r-f sys-
tem with a variable or unmatched
load it is necessary to restrict phase
control to either voltage or current
control since the two may not be in
phase if standing waves occur on
the transmission line. The nature
of the sampler determines which is
to be controlled; an inductive loop
for current sampling, or a capaci-

‘tive probe for voltage sampling.

Output Phase

The defining equation for output
signal phase angle, assuming refer-
ence as 0 deg at point 4, is ¢, =
6/ (1 + K)] — [K¢y/ (1 + K)]
where ¢, is the open-loop accumu-
lated phase shift in the system, K

is the loop gain, and ¢, is the phase
shift in cable M. If K is made large,
$ = —du + (¢,/K) ; thus the phase
shift in cable M is unaltered but
system phase shift accumulation is
reduced by the factor K. The angle
¢, can never be greater than +180
deg; thus a system loop gain of
only 18 would stabilize output phase
to within =10 deg. It is entirely
practical to obtain stable loop gains
of over 200, thus phase stabilization
to within +1 deg can be easily ob-
tained. Since the system is com-
pletely electronic, it can be made to
function extremely rapidly, limited
only by tube and circuit capac-
itances and impedance levels. Sta-
bilization time of a few microsec-
onds is possible.

The simple system of Fig. 1A is
entirely adequate for a system op-
erating at a single frequency in the
h-f region or lower, but for opera-
tion over a wide range of frequen-
cies extending up to and above uhf
region a more sophisticated and
complete approach is required. By
adding mixing stages and a local
oscillator as shown in Fig. 2 the
basic system can be extended to
meet the more complete require-
ments of variable high-frequency
operation thus providing a flexible
system without modification of the
fundamental principles. Figure 2
is the block diagram of a system
developed for operation with a uhf
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power amplifier operating up to
400 me. Circuit descriptions fol-
lowing will be in terms of this par-
ticular system. However, there is
no reason why the same concepts
cannot be extended to higher oper-
ating frequencies.

Mixers

Mixers 1 and 2 mix the r-f signal
with a local oscillator signal to ob-
tain a fixed relatively low-frequency
output, chosen in this case to be
20 mc for convenience. The output
of the phase shifter, also at 20 me,
is mixed in mixer 3 with the same
local oscillator signal to recover the
uhf frequency. The relative phases
of the 20-mc signals at points A’
and B’ are the same as that of the
uhf signals at points A and B be-
cause of a fundamental mixer prop-
erty that phase angle relationships
between the two input signals are
preserved and transferred to the
output sum or difference signal.
For example, if the input signals
to mixer 1 are so related as to pro-
duce a 20-mc output signal of a
certain phase, a change of phase of
either input signal by 30 deg will
produce a 30-deg change in relative
phase of the 20-mc output signal.

A change in phase angle of the
20-mc input to mixer 3 also results
in an identical phase angle change
in the uhf output signal. Except
for the advantage of performing
phase shift and detection operations
at the fixed comfortable frequency
of 20 me, this system is identical
in principle with that of Fig. 1A.

Phase Shifter

The phase shifter obtains its in-
put from the 20-mc¢ amplifier fol-
lowing mixer 1 which is always at
reference phase of 0 deg. The out-
put is the same 20-mc signal phase
shifted by an amount and direction
determined by the error signal from
the phase-sensitive detector. Since
the phase shifter can provide a
full =180 deg of correction there
is no limit to the available system
error which can be removed. The
phase shifter shown in the sche-
matic of Fig. 3 amply meets the re-
quirements for phase shift range
over =180 deg and high sensitivity.

The d-¢ error signal from the
phase detector varies the frequency
of 85-mc oscillator V, by use of re-
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actance tubes V., and V, to give 35
=+ Af me. A 20-me reference signal
of phase 0 deg which is derived
from the 20-mc amplifier is ampli-
fied and used to drive the mixer V..
The (35 + aAf)-me signal is also ap-
plied to the fixed-tuned stages V,
through V., each of which consists
of a high-Q single-tuned circuit
sharply tuned to 35 mec.

Any deviation from 35 mc results
in phase shift of the output of each
of the four tubes with respect to
the input signal because of the fun-
damental phase shift properties of
a tuned circuit. The total phuse
shift is four times that obtained in
one stage and is a function of Af
which is controlled by the d-c error
signal input. The output of the
tuned stages with phase shift is
mixed in mixer V,, with the 55-me
output of V,. The output of V,, is
then the original 20-me signal plus
the phase shift which occurs in
the 385-mec channel.

In this system, the gain product
is equal to approximately 100 with
consequent phase error never ex-
ceeding 1.8 deg under any condi-
tions of load or tuning, and is in-
dependent of operating frequency.

Response

By suitable choice of system time
constants, the speed of control of
the system is roughly 25 usec and
could be shortened more if neces-
sary. To illustrate transient per-

formance, Fig. 4 shows typical
error signal in response to a step
function change in system phase
angle.

This amplifier was developed for
use in a multielement steerable an-
tenna in which each element of the
antenna is driven by a separate
phase-stabilized amplifier. The di-
rectivity of the antenna array is
varied by the equivalent of varying
the phase of the drive signals to
each of the amplifiers, thus chang-
ing the relative phase relationships
between the individual elements of
the antenna array.

The same principle can be used
for antenna scanning. If the error
signal produced by the phase-sensi-
tive detector is modulated, the
phase of the output signal of the
amplifier is similarly phase modu-
lated. If two or more antenna
elements are driven with phase-
stabilized amplifiers which are also
suitably phase modulated, a scanned
array results. Scanning at almost
any desired rate over any angle up
to a full 860-deg azimuth can be
achieved. The possible applications
to radar and aircraft control sys-
tems are obvious,

Receiving

Although it does not require a
stabilized amplifier, it is interest-
ing to note that since antennas are
bilateral devices the directivity of
an antenna array used for receiving
purposes can be changed in a
similar way as for a transmitting
antenna. In this case assuming that
each antenna eventually feeds an
associated mixer stage, the direc-
tivity is determined by the relative
phasing of the local oscillator sig-
nals to the mixers. These signals
all stem from a single local oscil-
lator and are controlled in relative
phase by phase shifters similar to
that described above. Proper con-
trol of relative phase results in
change in antenna array directivity
if the outputs of the mixers from
each element of the array are
summed since only the in-phase sig-
nal components add.

This project was performed un-
der Contract No. AF19(604)-2167
for the Electronics Research Di-
rectorate, Air Force Cambridge Re-
search Center, Air Research and
Development Command.
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ELECTRONICS REFERENCE SHEET

By G. I. TURNER

Semiconductor

Measurements Project
Leader,

Standard Telecommunications
};aboratones Ltd., Enfield, United King-
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FIG. 1—Signal output of paths A and B
must be equalized within 0.1 db in meas-
uring technique described in text
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FIG. 2—Capacitor C of transistor circuit to
be measured must be increased in valve for
frequencies below 1 mc

Measuring Transistor faco

Alpha-cutoff frequency of high-frequency transistors is measured with accu-

racy exceeding = 3 percent up to 30 mc and == 5 percent up to 100 mc. Method

can be adapted for production testing by ganging oscillator and receiver

UANTITY PRODUCTION of
Q junction transistors whose
alpha-cutoff frequencies are in
range 5 to 30 mc or higher is
now a reality. But the upper
frequency limit of currently
available high-gain wide-band
amplifiers requires a fresh ap-
proach to measuring alpha-cutoff
frequency f...

The method to be described
compares the transistor with a
short circuit. At the alpha-cut-
off frequency, the gain through
the transistor path A in Fig. 1
equals the gain through path B.

Circuit

Constant current passes
through the 10,000-ohm emitter
feed resistor R, of the circuit
shown in Fig. 2. Variations in
the input resistance of the tran-
sistor should not affect the input
current by more than one per-
cent. The output circuit is a
virtual short circuit compared
with the output resistance up
to at least 50 me. Capacitors
of 0.01 uf show no resonance ef-
fects up to 100 me.

A duplicate circuit with the
emitter - collector connections
short circuited is in the other
path. The signal generator sup-
plies a modulated 0.5-v rms for

normal low-power h-f transistors.
Ability to switch off age improves
overall accuracy when compar-
ing paths.

Operation

The transistor whose f.., is to
be measured is connected in path
A and its operating point is set.
Signal generator and receiver
are tuned to a frequency one
twentieth of the minimum esti-
mated f,.., where the current
gain may be assumed to have its
maximum low-frequency value.
Balance attenuator in path B is
adjusted so that the output sig-
nal is the same for each path
within 0.1 db. Neither transistor
nor receiver must be overloaded.

The step attenuator is set
from 0-to-3 db and the frequency
where the outputs from each
path are identical is found. Ini-
tially the procedure is repeated
with the oscillator level halved.
If the same value for f.. is
found, the input signal may be
considered small and the tran-
sistor considered to be operating

linearly.
For maximum accuracy, the
transistor, short circuit and

attenuators should then be inter-
changed, the process repeated
and resultant mean taken as f,...

In production testing the os-
cillator and receiver can be
ganged, fitted with click stop
mechanisms or a switched crys-
tal-controlled oscillator can be
used with the same number of
receivers or a special receiver
with switched crystal-controlled
local oscillator.

Calibration and Accuracy

Differences in the two paths
and ability to set the indicating
meter to the same reading for
each path affect accuracy. Path
differences are compensated for
by short circuiting the transistor
connections for both paths. After
an initial balance setting at a
low frequency by the balance-
attenuator, the frequency can be
increased to the required max-
imum and the differences noted.
A correction graph is drawn and
a level response held when test-
ing transistors by inserting cor-
rections at proper frequencies
with a 0.1-db step attenuator.

By replacing the transistor
circuits with transistor ampli-
fiers, insertion gain measure-
ments over a wide frequency
range can be arranged. Power
gain measurements can be made
with allowances for transistor
impedance changes.
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Wn to use magetic tape in automatic control
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Iron dust and a magnifying glass provide a revealing visual comparison

You are seeing iron dust clinging to signals recorded on
magnetic tape. There can be 3200 extremely reliable binary
bits on one square inch—or analog control information simi-
larly compact. In the compacting of automatic control data,
magnetic tape is supreme — second only to nature’s remark-
able chromosome. Nature makes people, dogs, cats and
monkeys. Magnetic tape recorders make, for example, ma-
chined parts— their shapes the most complex and precise
that have ever been produced in quantity. It is done by nu-
merical control. The principles involved are very widely
applicable to all kinds of control applications. Three main
criteria determine where magnetic tape is your best choice.

QUANTITY OF CONTROL DATA

Any automatic control operation that can benefit from
very large numbers of time-synchronized commands is a
natural candidate for magnetic tape. For example, contin-
uous-path control of a milling cutter may require X, Y and
Z coordinates at several hundred points per inch of tool
movement. The more points, the greater the accuracy. A reel
of magnetic tape can define millions of points at extremely
low unit cost.

Continuous real-time control of variables is applicable to

process programming, simulation devices, automatic inspec-
tion and electronic-system checkout — provided there is need
for great accuracy in a complex situation. The program tapes
may incorporate the work of giant computers and intricate
interpolating devices. A great advantage of magnetic tape is
that the computer and interpolator are used only during tape
preparation, hence may be shared with many other needs.

AMPEX

INSTRUMENTATION DIVISION » 860 CHARTER STREET -

Phone your Ampex dala specialist for personal attention to your recording needs. Offices serve U.S. A. and Canada. Engineering representatives cover the free world,

Criterion 2: HIGH TRANSFER RATE

The Ampex FR-300 digital tape handler can spew out
alpha-numeric characters at rates as high as 30,000 to 90,-
000 per second. A short burst of digital information equiva-
lent to a standard punched card can be extracted from mag-
netic tape under 4 milliseconds — including start and stop.

On analog position-control data, magnetic tape can pro-
vide many hundreds of complete commands per second —
200 per second in one example and up to eight times this
many if needed.

On control-system monitoring, a recording of as much as
two hours duration can be played back in one minute for
review by high-speed computers. Ampex tape recorders with
overall speed ratios as high as 120-to-1 are available.

Criterion 3: ERASURE AND RE-RECORDING

Magnetic tape can be erased to accept new data an end-
less number of times. Hence tape-loop recorders can operate
on a repetitive cycle of recording, reproduction, erasure and
re-recording to serve as time-delay devices or endless moni-
tors. Such a loop can be the analog equivalent of a produc-
tion line, conveyor belt or process flow. The loop keeps in
step, accepts sensing information at one place and then trig-
gers commands at some fixed time downstream. Or as a
calamity monitoring device, the tape loop stores information
briefly and erases it to make way for new data if nothing
has occurred.

Can we advise you on a specific application of magnetic-
tape control or send further literature on magnetic-tape re-
corder principles and applications? Write Dept. E-19.

REDWOOD CITY, CALIFORNIA
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RESEARCH AND DEVELOPMENT

Magnetic Demodulators for Color Tv

By MICHAEL COOPERMAN, RCA Victor Television Div., Radio Corporation of America, Camden, N. J.

COMPOSITE color tv signals contain
two components carrying color in-
formation, in addition to the
brightness-variation signal of mon-
ochrome tv. These are the in-phase
(I) and quadrature (Q) compo-
nents, which amplitude-modulate
3.58-mc subcarriers.

In the receiver, these components
are separated by a phase-sensitive
demodulator. To do this, the color
signal is mixed with a 3.58-me¢ ref-
erence subcarrier in a nonlinear de-
vice. The I, @ and brightness com-
ponents are then matrixed (recom-
bined) to recover red, green and
blue signals.

Present color receivers use vac-
uum tubes in color demodulators.
These demodulators and their as-
sociated matrix circuits are some-
what complex and subject to varia-
tions caused by tube and component
aging.

A magnetic demodulator could
improve performance of color tv.
Their most serious present limita-
tion is inefficiency. Output is too
low to make their application to
color receivers practical at this
time. However, better magnetic
materials and an improved method
of performing a necessary integra-
tion to the output would improve
efficiency.

The basic circuit is shown in

COLOR
INPUT sl
WIN
I DING\\\\ Ng=Ng=Ng= 20 TURNS
CONTROL
WINDING

OUTPUT
WINDING

LOW-PASS
FILTER

DEMOOULATED
OQUTPUT

FIG. 1—Basic magnetic demodulator has
input winding with color
reference winding and output winding that
supplies demodulated ! or Q information

information,

56

T'ig. 1. Mixing takes place in the
ferromagnetic toroid, whose actual
and idealized hysteresis loops are
shown in FFig. 2. A graphical analy-
sis of the basic operation is shown
in Fig. 8. The idealized hysteresis
loop of Fig. 2 is used in Fig. 3A.

Figure 3B shows the ampere
turns of the I and @ subcarriers
and reference signal plotted as
functions of time. Relative ampli-
tudes are exaggerated. Actually,
amplitude ratio of reference signal
to I or @ component is made at least
10:1 to reduce distortion.

o  IDEALIZED
= HYSTERESIS
= CURVE
—J

L.

™\

AMPERE

TURNS ,
(NT) a
ACTUAL
/ 7 HYSTERESIS
= CURVE

FIG. 2—Curves show actual and idealized
hysteresis curves for magnetic material
used in demodulator

Reference frequency is made one-
half subcarrier frequency, although
other ratios can be used. Also, sinu-
soidal current waveforms have been
assumed for the reference and color
signals. This is not a necessary
condition of operation but is chosen
to simplify analysis.

Total ampere turns acting on the
core is the sum of the ampere turns
of each signal. Since the ampere
turns are produced by a-c¢ currents,
the hysteresis loop is traversed in a
sequence indicated by the arrows.

Flux produced by each signal is
shown in Fig. 3C. Average flux
produced by the reference signal is
zero, since areas during positive
and negative cycles are equal.

Flux contributions from the I or
@ signal can only come during the
time interval AT. At any other
time, maximum flux is already es-
tablished by the reference signal,

=NI

| -0 HAT e AThe

AT REF
SI6

F AMP

K2 TURNS

I SUBCARRIER
" Q SUBCARRIER
G

FIG. 3—Graphical analysis shows that only
| component can be produced because
reference signal saturates core except
during time AT

which saturates the core.

Average flux produced by the Q
component is also zero. Only the
flux produced by the I component
has an average value other than
zero. Consequently, if the subcar-
riers are amplitude-modulated, the
average flux would follow the en-
velope of the I component.

Efficiency

The demodulated information is
available in the form of a flux con-
taining either I or @ information.
To be useful, it must be in the form
of a voltage. The voltage induced
in the output winding, N, in Fig. 1,
by the demodulated component of
flux, ¢d, is
ded
dt

Voltage output is therefore the
time derivative of the desired volt-
age and must be integrated. An in-
tegrator is formed by the r-c net-
work of Fig. 1. As a result of the
integration, output drops 40 db,
reducing efficiency. Integrator out-
put is passed through a low-pass
filter that cuts off at 1.5 mc.

To obtain red, green and blue
color signals, two demodulators are
used—one for the I and the other
for the @ information. The I and
@ information is then matrixed to
form the three color signals.

The demodulators in the matrix-

E,=N
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VIRTUALLY FREE FROM BANDWIDTH LIMITATIONS

/

COLLINS LOG PERIODIC ANTENNAS

A radically new approach to broadband antenna design
based on the principle of Logarithmic Periodicity has
resulted in antennas with radiation patterns and im-
pedance characteristics essentially independent of fre-
quency. One Logarithmically Feriodic Antenna can
perform the functions previously requiring a large num-
ber of antennas, covering bandwidths as high as 10-to-1,
with 100-to-1 within the realm of practicality.

The Logarithmic Periodic concept is based on a struc-
tural geometry in which the electrical characteristics
repeat periodically as the log of the frequency. Since
only minor changes occur over each period, and
therefore all periods, the characteristics are essentially
constant over the whole frequency range.

COLLINS RADIC COMPANY o

DALLAS o

Typical is the rotatable Collins 237A (above), available
for 6.5-60 mc, 11.1-60 mc or 19.0-60 mc. The elements
form trapezoidal teeth in two planes of equilateral tri-
angles. Radiation is unidirectional with horizontal
polarization, providing a free space gain of 8 db over an
isotropic antenna. The VSWR is less than 2:1, and the
peak power capacity is 50 kw.

The principle may be used in omnidirectional antennas
and in fixed antennas in which the vertical plane pattern
is also frequency independent. Some other applications
include electronic countermeasures and use as primary
feeds for reflector and lens type antennas. Your Collins
representative can provide details on these and other
applications of this advanced antenna.

| 237A ANTENNA (left) with unidirectional beam may be
rotated to any azimuth for general communication.

OMNIDIRECTIONAL TYPE (center), with horizontal
polarization, uses a turnstile arrangement.

FIXED TYPE (right) holds vertical angle of beam
independent of frequency for point-to-point circuits.

CEDAR RAPIDS ¢ BURBANK

CIRCLE 30 READERS SERYICE CARD




~ NEW IDEAS IN
PACKAGED POWER

for lab, production test,
test:maintena“nce, orasa
component or subsystem
in your own products

3 new Sorensen transistorized
d-c supplies can solve your lab,
production and design problems

In the Sorensen ‘‘Q” Series, you can
select from the most complete line of
fully transistorized, highly regulated
low-voltage d-c supplies on the market:
QR-Nobatrons, (shown above, left) with
output continuously adjustable down to
zero volts, are ideal for labs or wherever
maximum flexibility is required. Two
models, QR36.4A and QR75-2, put out
respectively 0-36V at up to 4 amps and
0-75V at 2 amps. Regulation of QR36-
4A is +=0.025% or 4 MV for combined
line and load variations. Input: I115vac
50-400 cps available for either bench
or rack-panel (515" x 19”) use.

Q-Nobatrons®, with 2:1 adjustable out-
put, can render outstanding service in
semi-permanent lab set-ups, in produc-
tion test, or integrated into your own
product. Available in 15 models up to

200 watts capacity with 6, 12 or 28
volts out. Specs and packaging are simi-
lar to QR models above. Models for
+0.25% or =+0.05% regulation are
available. Lower wattages are available
two to a single rack panel (315" or
514" x19").

QM-Series, solder-into-the-circuit sup-
plies (shown above, right) mount like a
potted transformer or choke and come
in 36 variations: nine voltages from 3.0
to 36vdc, regulated +0.05%; and four
wattages, 2, 4, 8 and 15. Input 50/60
and 400 cps at 115vac. (Incidentally,
Sorensen also offers similarly packaged
DC-to-DC and DC-to-AC converters.)
Ask us, or your nearest Sorensen rep-
resentative, for the complete story on
these precision transistorized regulated

d-c supplies. s.a2

SORENSEN & COMPANY, INC.

Richards Avenue, South Norwalk, Connecticut

Sorensen™

WIDEST LINE OF CONTROLLED-POWER
EQUIPMENT FOR RESEARCH AND INDUSTRY

IN EUROPE, contact Sorensen-Ardag, Zurich, Switzerland. IN WESTERN CANADA, ARVA,
IN EASTERN CANADA, Bayly Engineering, Ltd. IN MEXICO, Electro Labs, S. A., Mexico City.
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ing circuit in Fig. 4 each have a
control, an input and three output
windings. Both input windings are
driven from the same color source,
while the two control windings are
driven from reference sources of
different phase. This difference in
phase is adjusted so that one core
demodulates I and the other @ in-
formation. By properly fixing the
ratio and phasing of the output
windings, the three color signals
are obtained.

— RED
I HfNe T Eo¥ [inFo
REFI® DEMoD 41 FILTER
Ns
= — GREEN
COLOR e T
FILTER 1
NS b -4 -
0 44Ns Q LOow- |-BLUE

FIG. 4—Complete system shows core out-
puts integrated and filtered to produce
red, green and blue information

Experiments and calculations
have established that it is possible
to use nonlinear magnetic materials
as color demodulators. Since mag-
netic materials do not age, a mag-
netic demodulator can be expected
to offer improved performance and
reliability to color tv.

Wien Bridge Forms
Rejection Filter

By J. K. GOODWIN
N. Loughborough, Leics, England

WIEN BRIDGES, often used as fre-
quency-determining networks in
high-stability oscillators, can be
adapted for use as rejection filters.
At low frequencies, the physical
size of L-C filters makes their use
troublesome. In addition, the Wien
bridge filter provides very high re-
jection.

The circuit shown in Fig. 1 is in
balance at some frequency, «, when
V,=0and R,/Z, = R,/Z,. Assum-
ing R, = R. and C, = C., admittance
of branch 2 at resonance is Y. =
(1/R.) + juC..

Since R, = 1/ (juC;), Y, = 1/R,
— 1/§jR, = (1 — j)/R.. Impedance
Z, = R, (1 —j) = (R. + jR.) /2.

It may also be shown that the im-
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INPUT VOLTAGE AT
FREQUENCY o

SN

e——— OUTPUT
FIG. T—Basic Wien bridge is balanced

when V; — 0

pedance of branch 1 at resonance is
Z, = R, + jR.

In order that V, = 0,V, =V, To
achieve this condition, it is possible
to make R, = 2R,. If it is desired to
keep R, = R, it is necessary to
make 2Z, = Z, In this case

2R, = R.and }C, = C (1)

The circuit in Fig. 2 uses a tube
to achieve a three-terminal net-
work, as distinct from the four-
terminal network of Fig. 1. Resis-
tor and capacitor values are related
to equation 1. A potentiometer is
included in the plate circuit to bal-
ance plate and cathode gain.

The type tube used is not critical,
and most triodes in current use may
be used with suitable rearrange-
ment of component values in plate
and cathode circuits.

Although this circuit does not
have a very high Q, it offers high
rejection. With one-percent toler-
ance components, it is possible to
achieve approximately 40 db at-
tenuation. With 0.1-percent toler-
ance components, attenuation ap-
proaches 60 db. Tests of the circuit
using one-percent components
showed an attenuation of 37.5 db.

+300vV

n

gi
' I(M

FIG. 2—Wien bridge filter does not have
high Q but provides good rejection
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NEW IDEAS IN
 PACKAGED POWER

9%

)

for lab, production test, "
test maintenance, oras a °
component or subsystem

in your own products . J

New tubeless 0.1% a-c line regula-
tors give up to Skva out. High output
and fast response result from a unique
combination of semi-conductor and
magnetic amplifier principles in the
new Sorensen Model R3010 and R5010
a-c line regulators. Model R5010 (left)
puts out up to 5kva and Model R3010,
3kva. Provision for remote sensing al-
lows you to hold regulation accuracy at
the load despite length of output leads,
and, with an external transformer,
permits regulation of any a-c voltage.

Broadest line of a-c regulators. A
complete line of electronic a-c regulat-
ing equipment, supplying powers as
high as 1bkva, is manufactured by
Sorenson. Single phase and 3 phase,
50, 60, 400 cps, 115 and 230 vac mod-
els are available. Good example of
these is the 10kva Model 10000S sup-
ply (left). Others: Precision a-c regula-
tors (+0.019%) for labs or meter cali-
bration; and fast-response low-distor-
tion a-c regulators where line transients
must be reduced to a minimum.

... and rugged, economical MVR’s.
Low cost, low distortion, long life and
a broad selection of models are out-
standing features of Sorensen MVR's
(Magnetic Voltage Regulators). Capac-
ities range from 30 to 2000 va. Regu-
lation is on the order of +0.59%,. Both
harmonic-filtered and unfiltered mod-
els are availabie with 115vac out. Mod-
els for 6.3 and 12.6 out, unfiltered,
also available.

Sorensen makes a complete line of packaged power equipment—including
regulated d-c supplies, inverters, converters and frequency changers. Despite the
breadth of the standard Sorensen line, our engineers are always ready to discuss
your specialized power requirements up to complete power systems for compiex

computers or other critical equipment. Write for complete data.

8.43

SORENSEN & COMPANY, INC.

Richards Avenue, South Norwalk, Connecticut

=1 & R

WIDEST LINE OF CONTROLLED-POWER
EQUIPMENT FOR RESEARCH AND INDUSTRY

IN EUROPE, contact Sorensen-Ardag, Zurich, Switzerland. IN WESTERN CANADA, ARVA.

IN EASTERN CANADA, Bayly Engineering, Ltd. IN MEXICO, Electro Labs, S. A., Mexico City.
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COMPONENTS AND MATERIALS
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FIG. 1—Schematic diagram of 2.5-in. latron with symmetrical guns

REAR CONDUCTIVE
WALL COATING
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Tube is used in radar indicator shown mounted in cockpit of F101

Storage CRT Has Symmetrical Guns

By MICHAEL F. TOOHIG, Components and Instrumentation Laboratory, ITT Laboratories, Fort Wayne, Ind.

BOTH THE WRITING and flooding
guns of the Iatron cathode-ray dis-
play tube to be described are dis-
posed symmetrically about the axis
of the tube. The tube was devel-
oped for use in a fighter-plane cock-
pit. The tube, tube shields, video
amplifier, two deflection amplifiers
and an erase generator had to fit
into a 3- by 11-in. c¢ylinder. Among
other required characteristics for
the tube were an image brightness
of 1,000 ft-lamberts at a final volt-
age of four kv and a viewing time
of 30 sec.

Figure 1 is a schematic drawing
of the tube. The writing gun is po-
sitioned so that the writing beam
passes through the central opening
in the flood gun after being de-
flected. Aluminized P20 phosphor is
deposited on a flat faceplate. A stor-
age screen of 500-mesh electro-
formed copper screen of 45-percent
optical transmission has an evapor-
ated dielectric coating on the gun
side. The collector screen is 16 by
32 mesh knitted tungsten of 92-per-
cent optical transmission. Two
aquadag electrodes are painted on
the inner surface of the bulb and
a metal plate in the plane of the
flood gun is connected internally to
the rear-wall coating. Other com-
ponents are a ring flood gun and a
writing gun.

Flood Section

Figure 2 shows the ring gun
flood section of the tube. Electrons

&0

from each elemental section of the
cathode cover the entire presenta-
tion area. This is accomplished by
cutting the anode aperture in the
asymmetrical manner shown; by
running the rear electrode of the
flood section at flood-anode poten-
tial and by using a special electrode
positioned in the central opening of
the ring gun to control the injec-
tion angle of the inner surface of

=

=™ =7 27
N

L ~
j/}

FIG. 2—Ring gun flood section of the tube

the ring-shaped beam. The electron
lens is a double lens formed by the
two wall electrodes, the front wall
and collector screen.

Negligible shading requires that
the variation of both the normal
velocity component of the flood elec-
trons and the flood current density
over the storage surface be small.
In practice, after proper adjust-
ment of the potentials of all elec-
trodes, it is found that little shad-
ing is present. Cutoff potential is
found to vary by a few tenths of a
volt over the storage surface. When

the tube is operated with recom-
mended voltages, a phosphor cur-
rent of 670 ua is obtained for a
flood beam current of 2.8 ma.

Filamentary Gettering

Since viewing time is a function
of positive ion current, the smaller
the ion current the longer the view-
ing time. The positive ion current
must be maintained at as low a
value as possible during the life of
the tube. In other words, the vac-
uum of the device must be as high
as possible.

A solution to the problem in-
volved heating a tungsten filament
to about 2,700 C and evaporating a
film of tungsten onto the glass wall
of the tube. The filament is 5-mil
tungsten wire developed for use in
projection lamps and is positioned
between the ring gun and rear
shoulder of the envelope. The tung-
sten is evaporated after the entire
tube is immersed in a beaker of wa-
ter for cooling purposes. Improve-
ments in vacuum of three to 10
times or better have been obtained
on a number of tubes. Several tubes
were regettered three times.

New. Fast-Switching
Mesa Transistor
SWITCHING SPEEDS in the milli-
microsec range and a typical alpha

cutoff frequency of 250 me are im-
portant features of the new 2N559
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AIR LIFT

for mobile teleprinter center

= e

Interior view of mobile teleprinter center

Kleinschmidt super-speed teletypewriters provide world’s
fastest printed combat communications for the U.S. Army!

Taking the jolts and jars of movement by air in
stride, the new Kleinschmidt telecommunications
units handle printed messages at speeds up to 750
words a minute! Using these machines, developed
in cooperation with the U. S. Army Signal Corps,
information on enemy movements could move
accurately and rapidly to friendly units widely

dispersed under nuclear battlefield conditions. In
recognition of Kleinschmidt’s high standards of
quality, equipment produced for the U. S. Army
is manufactured under the Reduced Inspection
Quality Assurance Plan. Today, the advanced
commercial application of electronic communi-
cations is unlimited.

KLEINSCHMIDTCo

DIVISION OF SMITH-CORONA MARCHANT INC., DEERFIELD, ILLINOIS
Pioneer in teleprinted communications systems and equipment since 1911
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T TUBE Ruyray ¢

The recent advent of Cadmium
Sulfide cells stirred up the photo-
electricstreet light control business
for a fare-thee-well. All hands got
busy dumping tubes and producing
small controls activated by CdS.
Lights were blinking all over the

country.

Our parent company, Fisher-
Pierce, is an old timer in this P.E.
business. Before running off in all
directions at once, they made sure
that their CdS unit had the per-
formance and reliability of their
existing F-P tubed controls. The
many problems inherent in design-

ing around new components were

Sigma 4
Series 51 Relay

classified — we got the one to do

with the relay.

The relay had to switch 1000 watt
lamps, handle inrush up to 100 am-
peres, yet operate on 100 milliwatts.
And it had to do it 5000 times
with no failures and exact, stable
pull-on and drop-out. You don’t

get relays like this out of a barrel.

By using the basic mechanical de-
sign of one of our old standards
and building a new contact mecha-
nism, we done it. Fisher-Pierce’s
new CdS control has now proven
itself. Which simply re-proves the
immortal truth “sTABBUS DE TUBUS,

IF SERVUS DE PROGRESS.”

] 4

f—.

4

SIGMA INSTRUMENTS, INC.

62 Pearl Street, So. Braintree 85, Mass.

An Affiliate of The Fisher-Pierce Co.
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mesa transistor. The new diffused-
base, germanium component is in
production at Texas Instruments.
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FIG. 1—Typical derating curve for TI
2N559 transistor

GREATLY ENLARGED
IN PROPORTION TO HEADER

FIG. 2—Assembled device

The new transistor is rated con-
servatively to dissipate more than
150 mw in free air. It will operate
at temperatures up to 100 C. A
typical derating curve is shown in
Fig. 1. The TI 2N559 is available
in a miniature round-welded case
less than half the size of standard
JETEC-outline TO-5 unit.

Gaseous diffusion and high-vac-
uum techniques are combined to
produce the new transistor. High
dissipation is obtained through di-
rect contact between header and

BASE

EMITTER

A
COLLECTOR

F!G. 3—Closeup of diffused-base germa-
nium wafer
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element consisting of just three
materials—germanium, aluminum
and gold.

The assembled device is shown in
Fig. 2. The diffused-base germa-
nium wafer used is made up as in-
dicated in Fig. 3.

New Glass Seals to
Copper Directly

CAPABLE of being hermetically
fused directly to copper, a new
pressed and sintered Multiform
glass is available from Corning
Glass Works.

Power transistor bases show how leads
are sealed directly to copper base without
need for metal eyelets

The glass has an expansion of
154 x 107/ C which closely matches
that of copper. Working point of
the glass is 665 C; softening point
is 465 C; annealing point, 366 C
and strain point 344 C.

New Source Reported
for Radioisotopes

GENERAL MOTORS Research Labora-
tories report a new radioisotope
source, Samarium-153, which shows
promise for radiography, liquid-
level gaging, thickness gaging and
specific-gravity measurements.

Inside-out panoramic radiogra-
phy photon energies of 42, 70 and
103 kev are available from the
source. It has a short exposure pe-
riod—about five times less than any
other known low-energy photon
source. Half-life is about two days
necessitating a new source each
week to keep exposure times to a
minimum. But this can be advan-
tageous because exposure times
during the first week of use are less
than with any other source.
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...the world’s most modern
high-gain twin triode

Amperex 6922

a RELIABLE premium-quality tube for military systems
requirements and exacting industrial applications

low noise

long-life cathode

new “dimple” anode

frame grid construction
reliable radar cascode stages
high-speed computer operation
for HF, IF, mixer and
phase-inverter stages

high transconductance

a
S S S S oSS

TYPICAL OPERATION

Plate Supply Voltage ...
Grid Supply Voltage .....
Cathode Bias Resistor
Plate Current .........................

Transconductance ........12,500 umhos
(min. 10,500; max. 15,000)

Amplification Factor ... 33

Equivalent Noise Resistance
300 ochms

Grid Voltage (rmsj................ 0.75 volts

oo 3 B R o —

It’s the

FRAME GRID CONSTRUCTION

that makes the difference!

The frame grid is the closest ap-
proach to the ideal ‘“physicist’s
grid”— the grid with only electri-
cal characteristics but no physical
dimensions.

It results in:
m higher transconductance
a tighter G, and plate current
tolerance
low transit time
low capacitances
lower microphonics
rugged construction

s 2
Other Amperex Premium Quality (PQ) &7/ % /1
frame grid tubes available in production QLAY

quantities:
5847. ....broadband amplifier pentode
6688...........ruggedized broadband amplifier pentode

plus other PQ and frame grid tubes for special relia-
bility requirements and exacting indvstrial applications

Amperex FRAME GRID

__-L The grid-to-cethode spacing tol-
erance is determined by the
‘carefully controiled diameter of
grid support rods (center-less
| ground) and by frame cross-
 braces betwe2n these rods. Ex-
tremely fine grid wire eliminates
tk2 *island effect® usually encoun-
tered in convent onal tudes with
equa ly close gridt>-cathode spacing.
R zid support of fne wires reduces
meckanical resonance and micro-
pbon:cs in the grid

CONVENTIONaL GRID

G-d-"o-cathode sgacing toler-
ance depends on accuracy of
grid dimension, abtainec by
stretching on a maidrel, and on
tcterances of holez in top and
batton mica rod supports. Diam.
eter of grid wire must be large
enrough to be seif-supporting.

A
"g‘-‘v\-‘h?i\ ssk Amperex

) yuﬁ’.;.w
SSeNaE about
= premlum-quality tubes
for

speclal rellabllity requirements

Semiconductor and Special Purpose Tube Division

AMPEREX ELECTRONIC CORP.
230 Duffy Avenue, Hicksville, L. 1., N. Y.

In Canada: Rogers Electronic Tubes & Components, 116 Vanderhoof Avenue, Toronto, Ontario
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PRODUCTION TECHNIQUES

Wheels Make Spray-Coating Easy

By STEWART F. PATERSON, Electronic Tube Div., Westinghouse Electric Corp., Elmira, N. Y.

UNUSUALLY-SHAPED PARTS can be
spray-coated evenly, economically
and quickly on a rotating holding
fixture. The equipment, devised to
spray cathodes, can be adapted to
other spray jobs by changing the
chucks and possibly changing the
relationship between the line of
spray and the rotating support
wheel.

Straight-line spraying, where
work passes through a spray in a
straight line, works well with flat
or cvlindrical cathodes sprayed only
on the outside. Industrial tube
cathodes, however, seldom look like
conventional cathodes and do not
receive the proper weight, density
and uniformity of emission coating
when the coating is applied by
straight-line spraying.

Cathode Type

For example, the WL-632 cathode
shown consists of 2 concentric
cylinders about § inch high. The
outer cylinder has a ! inch inside
diameter, is open at both ends and
is connected by six radial fins to
the inner cylinder, which is 4 inch
outside diameter and closed at both
ends. It is made of nickel.

The problem was to coat the in-
ner portion of the outer cylinder,
the outer portion of the inner cylin-
der and both sides of the fins. To
do this automatically, the fixture
puts the cathodes in proper position
and rotates cathode faces in front
of a stationary spray gun. The gun
is operated by timers.

The rotating support wheel car-

Type of cathode sprayed on inside sur-
faces

64

Magnetic chucks speed loading of nickel cathodes on rotating fixture

SUPPORT WHEEL%zm:mq
ONE OF 2 MAGNETS |

LOCATED [20°APART)

N\

CATHODE-"

/ BUSHING’

MAGNETIC CHUCK

@

N\

b

FIG. 1—Cutaway view of chuck and drive

wheel assembly

\; ~ ROTATING

SUPPORT WHEEL

TABLE
FIG. 2—Rear view of rotating support
wheel

ries 12 rotating magnetic chucks,
assembled as in Fig. 1. The support
wheel rotates clockwise at about 30
rpm while the magnetic chucks ro-
tate counterclockwise at about 120
rpm. Rotation of the chucks is ob-
tained by having each chuck con-
nected, through bushings in the
support wheel, to an individual
drive wheel.

These drive wheels are driven by
a belt (Fig. 2) which is a loop tied
to a stationary point. The belt runs
in a groove in the circumference of
each drive wheel. As the support
wheel rotates clockwise, the chucks
go in the opposite direction. This
system is as trouble-free as a setup
could be.

The entire mechanism is driven
by a single motor located under the
spray booth. The motor is directly
connected by a belt to the shaft of
the support wheel. The faces of the
support wheel and chucks are per-
pendicular to the line of spray, so
the spray enters the open ends of
the cathodes.

In operation, the operator loads
the chucks, starts the wheel rotat-
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Displays 4 to 12 curves
per family

with imput current

from

1 MICROAMP/STEP

. 200 MILLIAMPS /STEP

Transistor-Curve

TYPE 575 CHARACTERISTICS

Positive or Negative Collector Sweep
Collector supply—0 to 20 v, 10 ampere:.
—0to 200 v, 1 ampere.
Dissipation limiting resistors—0 to 100-kilohms in 17 steps.

Positive or Negative Base Stepping
4 to 12 steps per family, repetitive ar single family display.
17 current-per-step positions, 1 pa/step to 200 ma/step.
5 voltage-per-step positions, 0.01 v/step to 0.2 v/step, with 24
series resistance values from 1 ohm ro 22 kilohms.
Calibrated Display
Vertical axis—
Collector current, 16 steps from 0.0} ma/div ta 1000 ma/div.
Pushbuttons are provided for multipying each current step by 2 and
dividing by 10, increasing the current range to 0.001 to 2000 ma/div.
Horizontal axis—
Collector volts, 11 steps from 0.01 v/div to 20 v/div.
Both axes—
Base volts, & steps from 0.01 v/div to 0.5 v/div.
Bose current, 17 sieps from 0.001 ma/div to 200 ma/div.
Base source volts, 5 steps from 0.07 v/div to 0.2 v/div
Test Condition Selector
Select either common-emitter or common-base configuration.

Price $925 f.o.b. factory
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10-Ampere Collector Supply
2.4-Ampere Base Supply

No production de

FIGH COLLECTOR CURRENT

PNP transistor, collector current
vs collector valtoge with con
stant-current base steps. Collector
sweep is 0 ta 5v with a 0 25-0hm
load, base current 1s 50 ma/step
Vertical deflection s 1000 ma/div
horizontal 0.5 v/div.

HIGH INPUT CURRENT

PNP transistor, collector current
vs collector voltoge with bose
grounded and coastont-current
emitter steps. Coll2ctor sweep is
0to 1.5 v, emitter current 200
ma/step. Vertical deflection is
200 mo/div, horizental 0.1 v/div.
Zera voltoge is a- center scale

V1§ T 1

Tracer

LOW INPUT CURRENT

NPN transistor, collector current
vs collector voltage with con
stant-current base steps. Collector
sweep Is 0 to 1.5 v, base current
! microamp/step. Vertical deflec-
tion is 10 microamp/div, hori-
zontal 0.1 v/div

Tektronix, Inc.

P.O.Box 831 -
Phone CYpress 2-2611 +» TWX.PD 311

Portland 7, Oregon
Cable: TEKTRONIX

TEKTRONIX FIELD OFFICES: Albertson, L. 1., N.Y. + Albuquerque + Atlants, Ga. « Bronxville,
N.Y. « Buffalo » Cleveland * Dollas = Dayton * Eimwoad Park, Il » Endwell, N.Y. « Houston
Lothrup Village, Mich. * Eost Los Angeles + West Las Angeles * Minneopolis * Mission, Konsas
Newtonville, Moss. + Orlando, Flo. = Palo Alto, Colif. » Philodeiphia * Phoenix « San Diego
St. Petersburg, Fla. * Syracuse * Towson, Md. * Union, N_J. + Washington, D.C. « Willowdale, Ont,

TEKTRONIX ENGINEERING REPRESENTATIVES: Howthorne Electronics, Portland, Oregon.,
Seattle, Wash.; Hytronic Meosurements, Denver, Colo., Salt Lake City, Utah.

Tektronix is represented in 20 averseas countries by quolified engineering organizotions.

lay!  Shipments within a very few days of receipt of order.
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For Engineers & Scientists:

THE PROBLEM:
Detection...
Resolution...
Identification

Today we rely on devices hardly dreamed of a
few short years ago. The limits of man’s theoretical
knowledge are being pushed farther almost daily.
Between the theory and the device lies the exciting
zone of applied research and development—the
application of new concepts, and the development
of new products. This is the fascinating challenge
of creative engineering.

Radar Ambiguity is just one example, but typi-
cal, of the problems under intensive examination
at Melpar. Important as the problems of radar
are, they comprise but one part of the 110 different
electronic research, development and production
projects at Melpar.

Rewarding positions are presently available in the following
areas of Melpar’s activities:
Reconnaissance Systems Engineering Communication & Navigation
Department Systems
Airborne Equipment Detection & ldentification Systems
Ground Data Handling Equipment Chemistry Laboratory
Ground Support Equipment Antenna & Radiation Systems
Simulation & Training Systems Applied Physics Laboratory
Analysis & Computation Laboratory

Positions are also available in our Production Division and our
Quality Control Department.
For detoils about opportunities at Melpar,
address your inquiry to:
TECHNICAL PERSONNEL REPRESENTATIVE

M E L PA R Incorporated

A Subsidiary of Westinghouse Air Brake Company
3317 Arlington Boulevard, Falls Church, Virginia
10 miles from Washington, D.C;
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ing and starts the timer-operated
spray gun. After the timer stops
the gun and motor, the operator
turns the cathodes around so the op-
posite end faces the gun and starts
the wheel and gun again. When
both ends are sprayed the cathodes
are unloaded and the coating
weight is checked. Since the spray-
ing is regulated by the timer, the
operator’s time during spraying
can be utilized elsewhere.

Miniature Vises Hold
Small Circuit Boards

PROTOTYPE QUANTITIES of printed
wiring boards are assembled at
Avco’s Advanced Research and De-
velopment  Division, Lawrence,
Mass., on small assembly lines like
the one shown. In addition to pur-
chased fixtures and feed trays, the
assemblers are using 2 fixtures
made in the division’s shops.

Small vises provide a firm rest-
ing place for the boards while com-
ponents are attached. Boards can
be turned to any angle without ob-
struction. Boards are held in V

Board vises are bolted to workbench in
use
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Board holder is pine strips nailed on
plywood

grooves in the vise jaws. The left
jaw is free to turn. The right jaw
rides on an axle which extends
through the upright to the turning
knob.

The board is held by spring
pressure. Washers are placed on
the axle between the spring and the
upright and between the upright
and the knob. Friction between the
washers and the upright hold the
board at the desired angle.

The tabletop board holders are
made of pine strips nailed at inter-
vals on a plywood base, or from a
slab of pine saw slotted.

Tap Extension Drills
Blind Housing Hole

Tap extension in use on deep remote hole
in radar gear train housing

TAPPING of a remote blind hole on
a gear train housing for a radar
assembly is accomplished with ac-
curacy at Curran Machine Works
in Long Island City through use of
a tap extension made by Ritmar
Corp., Huntington, N. Y. The ex-
tensions are available in standard
lengths of 9 inches, in nine differ-
ent sizes to accommodate 15 differ-
ent sizes of standard taps.

ELECTRONICS — January 2, 1959

AC travels in strange ways. It may
come rippling in on a sine, jog along

a sawtooth, pulse up and down a square
or stutter over a distorted wave.

Only if it arrives on sine can you be
reasonably sure of root mean square
readings on the conventional panel meter,
an instrument which senses average

voltage and is calibrated to show rms.

Beckman Expanded Scale AC
Voltmeters, however, provide direct
rms readings on all wave forms, and
for a very simple reason. Thermal
elements used in the expansion
network operate as a function of
heat, and that’s just what rms is...
the heat value of an AC voltage.

Add reliable rms to other exclusive
advantages of the Beckman expanded
scale panel voltmeter:
Accuracies to the fraction of
| a volt...reading resolutions to
hundredths of a volt!
And you will know a volt when vou
see one.

Helipot offers you hundreds of models
...either AC or DC...commercial or
ruggedized...in a variety of shapes, sizes
and voltage ranges. Need color coding,
special ranges, assemblies? Yours for
the asking. Send for data file A-14.

components: breadboard parts

Do you
know a volt
when you

see one?

Beck: ’
Qe Helipot’

Helipat Division of

Beckman Instruments, Inc.
Fullerton, California
Engineering representatives

in 29 cities

potentiometers: dials: delay lines
expanded scale meters: rotating
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ON THE MARKET

Potentiometer
dual element

Bourns Lasorarorigs, Inc., P. O.
Box 2112, Riverside, Calif., an-
nounces a new improved version of
the model 209 Twinpot lead screw
actuated potentiometer.  Twinpot
is a dual arrangement of two poten-
tiometers in one compact unit that

provides simultaneous control of
two circuits by a single adjustment
of the slotted shaft. Now featuring
the Silverweld termination, a
metal-to-metal bond, this model
provides virtually a 100 percent
usable pot range plus better sta-
bility and higher reliability. Model
209 measures by 4 by 1} i,
Circle 200 on Reader Service Card.

Ten-Turn Pot
high resolution

ELectronati Core., 42-14 Green-
point Ave., Long Island City 4,
N. Y. Model E-10 multiturn pre-

cision pot 1is designed to provide
long life, high resolution, opcra-
tional reliability and overall ccon-
omy. The one-piece unit features
distortion-free linearity as low as
0.015 percent due to a servo-con-

trol method of resistance winding.
[t is available in a wide variety of
lincar, nonlinear and loaded func-
tions for integration into anv im-
pedance. Circle 201 on Reader
Service Card.

Resistors
carbon film type

Pyrorirnr  Resistor  Co.,. Inc,
U.S. Hwy. 46, Parsippanv, N. ],
announces a ¢ymplete scries of glass
sealed pyrolytic carbon film type
resistors with new high stability,

e, ———e

np ¥ e

small size and reliability. They are
completely frec of gases, solder flux

and other contaminants, and arc
virtually unchanging over long
periods of storage. Average resist-
ance change of resistors stored for
three months at 500 C is less than
1 pereent. Resistors are available
imtw 1wand 2 w. Circle 202 on
Reader Scrvice Card.

Terminal Block
for heavy duty use

DeJur-Anisco Corp., 45-01 North-
ern Blvd, Long Island City 1,
N. Y., announces a new plug and
socket terminal Dblock, series 200-
19.  The rugged 10-contact con-
nector Is capable of handling up to

15 amperes and 10,000 v rms at
sca level.  Each pin contact is
common with imndividual buss plates
and separated by molded barriers.
Solder cups accommeodate No. 14
Awg wire.  Precision  machined
pins and sockets of spring temper
brass and bronze are silver and gold
plated for low contact resistance

and case of soldering. Floating
socket contacts assure positive
aligmuent of each contact. Circle
203 on Rcader Service Card.

Impact Grinder
ultrasonic type

RayrHeoN Mrg. Co., Waltham 54,
Mass., announces model 2-335
ultrasonic mmpact grinder which
uses a magnetostrictive transducer
to permit a 100 percent duty cycle.
Simple, rugged and versatile, the

unit is used for cutting, slicing,
drilling, grinding and trepanning
regular or irregular shapes quickly,
accurately and economically. Among
the substances that can be worked
are scmiconductors, ceramics, fer-
rites, carbides, metals, jewels and
other hard or brittle materials.
Circle 204 on Reader Service Card.

Power Supply

voltage reguloted

Kepco LaBorarories, Inc., 131-38
Sanford Ave., Flushing 55, N. Y.

68

Model SC-3672-1 transistorized,
voltage regulated power supply de-
livers 36 to 72 v, 0 to 1 ampere.
Reguiation for lin¢ or load is less
than 0.1 percent or 0.003 v, which-

ever s greater. Ripple 1s less than
1 mv rms. Recovery time is less
than 50 pscc. Stability for 8 hr is
less than 0.1 percent or 0.003 v,
whichever is greater. Operating am-
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GG LOOK AT THEIR DESIGN

IRC 2W’s are designed with a one-piece nickel silver
center terminal and collector ring. Resistance wire is
wound by specially designed IRC machines and bonded
to the core by a special coating to prevent wire shifting
even under most unfavorable conditions.

3G LOOK AT THEIR ADAPTABILITY

You name it—the IRC 2W has it: Single control: single
with SPST, DFST or SPDT switch; duals, concentric
duals, with or without switch; 3-gang or 4-gang, water-
proof shaft and bushing.

IRC 2W’s are available with most any shaft and
bushing style, including a “‘shaft locking” type bushing.
For your further convenience there is a wide selection
of standard and special locating lugs.

GG LOOK AT THEIR PERFORMANCE

IRC 2W Controls exceed MIL-R-19A specifications of
3% maximum and 1159, average change for 40°C load
life at 1000 hours. Resistance change is less than 29,
maximum after 25,000 cycles under rated load.

&S LOOK AT THEIR CHARACTERISTICS

2W Controls may be obtained in resistance values from
1 to 50,000 ohms, and in tolerances of 109, and 5%;
lower tolerances are available on special request.

Any way you look at them
IRC Type 2W

2 WATT

are your best buy

Standard taper is linear; modified logarithmic or special
tapers are available.

GG LOOK AT THEIR APPLICABILITY

IRC 2W Controls are widely used in circuits for
servo-mechanisms, test instruments, measuring instru-
ments, automatic controls, military equipment, and
many other electronic devices where high stability and
low cost are necessary factors.

GG LOOK AT BULLETIN A-3a

for complete details of construction and specifications;
derating, taper and resolution charts. Write for it today.

\

INTERNATIONAL RESISTANCE COMPANY . Dept. 371, 401 N. Broad St., Phila. 8, Pa. In Canado: International Resistance Co., Ltd., Toronto Licensee
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bient temperature is 50 C maxi-
mum. Temperature coefficient is

less than 0.05 percent per deg C.
Output impedance is less than 0.08

ohm. Circle 205 on Reader Scrvice
Card.

Microwave Leveler
2 to 4 kmc range

ALFrRED ErecTrONICS, 897 Com-
mercial St., Palo Alto, Calif. Model
703 microwave leveler flattens r-f
power to =1 db from 2 to 4 kme
from backward wave oscillators,
klystrons, signal generators, and

twt amplificrs.
designed for increasing versatility
of voltage tuned microwave oscil-
lators to permit measurcments

It is specifically

which require constant output at
fast or slow eclectronic sweeps.
Microwave levelers  include a
directional coupler for r-f power
sampling, a crystal detector, and a
stable high gain amplifiec. The
signal level 1s compared with a
reference  voltage, amplified and
brought out as a control voltage.
Circle 206 on Reader Service Card.

R-F Amplifier
for 150-165 mc

E. R. RorLer Co., I'ox Road, Put-
nam, Conn., announces model
WA-1 sensitive r-f amplifier for
150 to 165-mec applications. De-
signed for outdoor use at the an-
tenma, it provides a gain of 25 db,
low noisc figure, and narrow band-

width. The 3 watts of power re-
quired is introduced on the trans-
mission line to simplify installation.
Up to 500 ft of RG8/U cable may
be used, for the cable loss is com-
pensated for by the amplifier gain.
No ventilation is required, thereby
allowing for complete watcrproof-
mg. Circle 207 on Reader Service
Card.

Silicon Rectifiers
50 to 500 piv

INTERNATIONAL RECTIFIER CORP.,
1521 E. Grand Ave,, El Scgundo,
Calif. Designed to bring miniaturi-
zation and high cfficiency to such
applications as miniaturized air-
borne power supplics, clectrical in-

strument testing, oscilloscopes and
other power supply rcquircments, a
new series of diffused junction sili-
con rectifiers will provide currents
up to six amperes over an inverse
voltage range from 50 to 500 v.
The umits are opcrable at diode
base temperatures up to 150 C.
Circle 208 on Rceader Service Card.

Autotransformer
rugged, adaptable

GenErAL Rapio Co., 275 Massa-
chusctts Ave., Cambridge 39, Mass.
Type W20 Variac autotransformer
1s claimed to be more rugged, more
adaptable and morc durable than
its predecessors. Wrought metallic
parts have been substituted for cast-
ings in the interest of improved
mechanical properties. Heat trans-

fer between coil and base, brush
and radiator has been improved. All

models have Duratrak contact sur-
face, which minimizes brush-track
deterioration under adverse environ-
mental or load conditions and as-
sures long and trouble-free life.
Basic uncased models are available
for 115-v and 230-v service and are
rated at a maximum of 3.0 and 2.4
kva respectivelv.  Cased  models
have Kknockouts for conduit or
armored cables. Circle 209 on
Reader Service Card.
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Ultrasmall Switch
quick-connect type

Micro Swritcr Division, Minne-
apolis-Honceywell, Freeport, II. A
new  ultrasmall  quick-connect
switch has ratings of 10 ampercs,
125 or 250 v a-¢; 4 ampere, 125 v

d-¢; 4 ampere, 250 v d-c. Lead
receptacles for the switch (desig-
nated V3-1-D8) can be attached in
seconds. Contact arrangement is
spdt and the switch may be wired
normally-open or normally-closed.
A wide variety of roller and lcver
type auxiliary actuators may be
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New Scalemaster films. ..
take any amount
of handling

You’ve never worked with films Yours tOday ! The

like these before! Scalemaster films . .

are Mylar* with a very high degree of t d d
extra stabilization added through englneerlng S an ar
an exclusive Ozalid process. These extremely durable,

dimensionally stable films safeguard your investment in Of tomorrow
valuable originals. They’re practically impossible to tear—

won’t fray, crack, ‘“dog-ear,” or become brittle, and can be

filed indefinitely without deterioration. And fast! Scalemaster

films are extremely transparent for the fastest copies

possible . .. and with maximum contrast. Your draftsmen

can draw and dimension precisely in one operation . . .

with accuracy never before attainable. In fact, in

many fields, Scalemaster films can often help eliminate

entire reproduction steps. .—_______..__‘..'._:-iﬁ
But why not see for yourself? Send for sample sheets of

Scalemaster films today and test the performance advantages :
they give you. Write: Ozalid, Dept. L-1-2, Johnson City, N. Y. A Division of General Aniline & Film Corporation
*Du Font’s registered trademark In Canada: Hughes Owens Compony, Ltd., Montreol
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; ~ HOW TO USE

— ¢ +INSTRUMENT

| ~CHOPPERS

BY | JOHN A. KENNEDY
JAMES VIBRAPOWR CO.

DOUBLE POLE DOUBLE THROW CHOPPERS
can be used to simplify circuit design and
improve performance.

A DPDT Chopper can be used as both the
modulator of the inout signal and as the
demodulator or rectifier in the output. The
unique JAMES design drives both sections of
a DPDT chopper from a common reed. As
The
designer need only insure his circuit phase
relationships are correct.

a result both sections track together.

Signal isolation between the two pole sec-
tions of a JAMES chopper is good, interpole
capacity being less than 7 MMFD. Since
both poles have the same phase lag, system
gains of 10° may be used safely.

The maximum continuous rating for JAMES
instrument choppers is 10 volts at 1 MA.
Input sections rarely approach this voltage
and current level, however, in some cases
output design requires higher values. Volt-
ages on an intermittent basis (i.e. less than
10% of the time) up to 50 volts at 1 MA can
be applied to the JAMES chopper with no
component deterioration.

A common design practice where higher
amplifier D.C. power outputs are desired
is to use a straight D.C. amplifier after the
demodulation of the chopper.

Another use of a JAMES DPDT chopper is
dual input where one chopper feeds two
separate channels. Either straight chopper
amplifier design or chopper stabilized cir-
cuits can be used with assurance of negli-

gible cross talk.

The problem of balanced input to the am-
plifier can be eliminated by using a DPDT
chopper as a full wave modulator.

Where two D.C. levels are to be compared
and yet must be at all times isolated, the
DPDT circuit with a standard comparison
voltage can be conveniently used.

The reliability and common tracking char-
acteristics of JAMES DPDT choppers give
added flexibility to the circuit and equip-
Consult us here at JAMES
with your chopper problems.

ment designer.
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JAMES
0

AT 400 CYCLES

LOW NOISE

CHOPPERS

IV RESIDUAL NOISE

CIRCUIT RESISTANCE IN OHMS

10 MICROVOLT D.C. INSTRUMENTATION
NOW POSSIBLE WITH JAMES 400 CPS CHOPPERS

e Double pole double throw switching fog
dual input or input/output circuits.

e New miniature packages.

* Both make before break and break be-
fore make closures.

e Models for driving frequencies of 5 to
450 Cps.

s Low driving power—less than .2 watts
at 400 Cps.

¢ Operations unaffected by shock, tem.
perature and vibrations.

JAMES is the complete source of critical
components for low level D.C. amplifica-
tions, supplying choppers, transformers and
chopper drivers,

Write for engineering literature.

VIBRAPOWR
4050 N. Rockwell St., Chicago, HII., COrnelia 7-6333

COMPANY

SERVICE CARD

casily attached for applications
where the operating direction is not
in-line with the plunger motion.
Circle 210 on Reader Service Card.

Oscillogram Scanner
adjustable speed

Tur GERBER SCIENTIFIC INSTRU-
meNT Co., 89 Spruce St., Hartford
I, Conn. The uew model S-10 was
designed to solve data reduction
problems where an operator is re-
quired to scan a record over a large
arca.  Oscillogram  strips up to
1,000 ft in length may be tracked
across the 66 in. illuminated scan-
ning surfacc. Controls are pro-
vided in a pancl sct flush at desk
level. Circle 211 on Reader Serv-
ice Card.

[——

Tapes and Symbols
for p-c layouts

Cuart-Pax, Inc., One River Road,
Leeds, Mass., has available tapes
and spceial symbols for preparation
of master drawings for printed cir-
cuitry. Master drawings and lay-
outs can be made faster and easicr
without drawing a single pen or
pencil line. To make p-c master
lavouts the draftsman need only
stick down the precision-slit tapes
and precision die-cut svmbols where
desired on cither Chart-Pak pre-
cision grids or Transograph Pen-cil-
ized drafting film. Circle 212 on
Reader Service Card.
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Crystal Protectors
miniaturized

Boatac  Laporatories, Inc., |
Salem Road, Beverlv, Mass., an-
nounces a new line of miniaturized
crystal protectors that are onc-half
the size of previous tvpes. For ex-
aniple, the X-band tube is approxi-
matcly 3 in. between flange faces.
The clectrical characteristics  arc
cqual to or better than the usual
broadband t-r tube, and thev are
available for all microwave bands.
Circle 213 on Reader Scrvice Card.

Capacitors
high temperature

ScintiLra Division, Bendix Avia-
tion Corp.,, Sidney, N. Y. The
E-315 familv of high temperature
capacitors arc available for usc on
high speed aircraft and missiles.
Munufactured of nonstrategic ma-
terials they have completed quali-
fication testing of 1,000 hr at
maximum temperature and rated
voltage. Temperature range is — 55
to 315 C. Capacitance is 0.05 to
1.0 uf at 600 v d-c with higher
voltages available. The capacitor
features: no voltage derating, low
capacitance and power factor varia-
tion, minimum sizc and weight.
Circle 214 on Reader Scrvice Card.
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Transistor Chopper
miniaturized

Arrpax Probucrs Co., Jacktown
Road, Cambridge, Md. A ncw
transistor chopper switches signal
source to load cffectively at a fre-

quency rate from zero to 100 ke.
Having no moving parts it is

ELECTRONICS — January 2, 1959

Smallest MOLDED"*

MICA CAPACITOR
73% Smallert

icamold Missilmite

for 55°C to 125°C operation

ACTUAL SIZE

*Pat. Applied For
173% smaller than CM-15

l—l 'E"MIN,—+—,37O!-°'5 —-I-—l EIMINT H.Ilot°'5
-

- 190%015
; s f’_
#24 AWG  LEADS TOBE LOCATEDON g¥3p i [".O35 MIN.

Micamold’s Missilmite subminiature molded mica capacitors are the
Smallest Molded Mica Capacitors Ever Produced...73% SMALLER!
Due to radically new engineering design, new materials and assem-
bly methods, Perfectly Symmetrical Missilmites MEET and EX-
CEED MIL-C-5A and MIL-C-11272A, Characteristics “C,” “D”
and “E.” These subminiature molded mica capacitors will withstand
operating temperatures of —55°C to +125°C (standard range is
from —55°C to +85°C), and weigh only % gram.

Reliable and stable Missilmites permit greater design flexibility
to the engineer, and are especially desirable in critical miniaturized
assemblies. Recommended for use in missiles,
delay lines, pulse networks, computors, transis-
torized assemblies...or wherever minimum size
and weight, with stability, are required.

General Instrument Corporation

also includes

Automatic Manufacturing
F. W. Sickles Division
Radio Receptor Co., Inc.

Send for Bulletin 114A to: (subsidiary)

(Subsidiary of General Instrument Corp.)

2DO® MICAMOLD ELECTRONICS MANUFACTURING CORP.

1087 FLUSHING AVENUE, BROOKLYN 37, NEW YORK ® HYacinth 7-5400

CIRCLE 42 READERS SERVICE CARD
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Direct indication of fm deviation
From 200 cps to 125 kc makes this
latest model in the Marconi 791 series
applicable to both communication
and broadcast fm systems.

Crystal tocking

at any point in its 4- to 1024- mc
carrier range brings new, exceptional
stability and freedom from micro-
phony in low-deviation measure-
ments. Use of an external indicator
extends the deviation range down to
10 cps, allowing fm hum and noise
on uhf close-channel transmitters to
be measured with case and certainty.

An in-built deviation standard,

crystal governed, insures full rated
accuracy at all times.

Send for leaflet BI43

4
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MARCONI

Carrier Deviation Meter

uses multi-crystal stability-lock

]

\

_

N\

Z

i

v

CLOSE-UP OF
RANGE CONTROL

it

itk

ABRIDGED SPECIFICATIONS
CARRIER DEVIATION METER 791D
Carrier Frequency Range: 4 to 1024 mc.
Modulation Frequency Range: 50 ¢ps to 35kc.
Measures Deviation: 200 cps to 125 ke in four
ranges. Measures down to 10 cps using ex-
ternal readout.

Measurement Accuracy: +3% of full-scale
for modulation frequencies up to 25 kc.
Internal FM : Due to hum, noise and micro-
phony, less than —55 db relative to 5 kc
deviation.

Tubes: 6AKS5, 6AS7, 6C4, 6CD6G, 5651,
5647, 524G, OB2.

W

N

]

2
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~

N\

MARCONI
INSTRUMENTS

ki

Il CEDAR LANE

ENGLEWOOD NEW
Tel : LOwell 7-0607

JERSEY

CANADA: CANADIAN MARCONI CO - MARCONI BUILDING * 2442 TRENTON AVE * MONTREAL 16

MARCONI INSTRUMENTS LTD

&NN\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\W\\\\\\N\\\\\\\\\\\\

* ST. ALBANS

HERTS * ENGLAND

\"
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capable of opcrating under extremes
of shock and vibration. Its size per-
mits usc where space is at a pre-
mium. It weighs only 1 gram. Two
types arc available. Type 6000 op-
crates throughout a temperaturc
range of —40 C to +60 C; type
6010, in ambients from —40 C to
+85 C. Type 6000 can accommo-
date an mput signal from a fraction
of a millivolt up to 5 v; type 6010
extends the upper signal level to
10 v. Circle 215 on Reader Service
Card.

Mica Wafers
add to reliability

PrriecTion Mica Co., 1322 No.
Elston Ave., Chicago 22, Ill., has
developed a new line of low-priced
mica film wafers which increase
rcliability of transistors and other
semiconductor  products.  The
wafcrs are pre-punched to cxactly
fit a wide varicty of bases and are
used for clectrically insulating the
base from the heat sink. Interfer-
ence with heat transfer is negligible.
Circle 216 on Reader Service Card.

£) -
6oL, N
TEMPERAYURE ;a:EGT
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Control Amplifier
versatile unit

Paraareters, Inc., 195 Ilerricks
Road, New Iydc Park, N. Y., has
developed a control amplifier for
contactor regulators and scrvos that
has Dbuilt-in  control stabilization.
‘The unit combines stable silicon
transistor amplifier with rugged,
long tved relavs to make a high
gain phasc-sensitive contactor con-
troller, and includes the umique
Varigain circuit that automatically
changes the system gain to mect
the varying dynamic requirements
of a high performance scrvo or
regulator. Threshold input for actu-
ation is 1 mv into a 1,500 ohm load
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impedance, and the output is 115 v
at 2 amperes maximum for a power
gain of 110 db. Circle 217 on
Reader Service Card.

. 3
% ]
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Control Panel Unit
mounts in 38 in. hole

Eonp . utt
mopp &1

TransisTor Errctronics Core.,
3357 Republic Ave., Minneapolis
26, Minn. The Transclec miniature
Echo-Lite, combining a push but-
ton switch and a necon lamp,
mounts in a hole onlv # in. In
diameter. It featurcs bifurcated con-
tacts and an NE-2E bulb which
maintains a fixed position relative
to the lens. Available in six models,
it offers independent or common
lamp and switch connections with
series resistors in cither or both the
lamp and switch circuits, Circle

218 on Readcr Service Card.

Phototube
improved version

Rapio Corp. or Anrerica, Harri-
son, N. J. The new multiplier
phototube 6342-A, which super-
sedes the 6342, fecaturcs improved
pulse-height  resolution,  reduced
transit-time variation, higher cath-
ode luminous sensitivity, higher
currcnt amplification, and low dark
current over a wider range of op-
erating voltages. Design features
include a semitransparent photo-
cathode on the curved inner surface
of the face end of the bulb, a mini-
mum  photocathode diamecter of
1.68 in., a faccplate with a flat ex-
ternal surface to facilitate the
mounting of flat phosphor crvstals
In direct contact with the surface,
and 10 clectrostatically focused
multiplying stages. Circle 219 on
Reader Service Card.

Pulse Delay Unit
125-ohm impedance
ErECcTRICAL AND PHYSICAL INSTRU-
MENT Corr,, 42-19 27th St., Long
Island City 1, N. Y. New 125-0him
fast pulsc dclay units with step
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If you want top-quality pots when you need them, you could make
your ownl Of course, you'll need Swiss screw machinery to produce

the cases necessary to complete the job

. So plunge right in — sign up

for those highly precision screw machines . . . and hang the cost!

But before you deplete the family exchequer with a grand flourish of
the pen, come to Ace!l We've already iaken the plunge, and it’s paid
off. These machines automatically deliver, at high

speed, cases with mechanical tolerances closer
than .0002. This also means the most flexible

production operation in the industry‘

contracted parts to wait for — we design our own
cams to any special size and shape, and we run

the cases ourselves, on a 24-hour day

for dependable delivery, see your ACErep!

Here's one of our aulomalic—production

No sub-

basis! So

cases, on a servo moun! AlLA.

size 1-1/16” ACEPOT®. In-plant production on cases up to 6”.

ELECT

RONICS ASSOCIATES, INC.

. > 99 Dover Street, Somerville 44, Mass.

SOmerset 6-5130 TMX SMYL 181 West. Union WUX

Acepot® Acetrim®

Aceset® Aceohm® *Reg. Appl. for

CIRCLE 44 READERS SERVICE CARD 75



INSURE HEALTHY
ELECTRICAL PRODUCTS

Make sure your products have the
exact coil specified by your design
engineers. Every Dano coil, regard-
less of type or quantity, is custom
made to exact specifications —
just what the doctor
ordered to insure
healthy, trouble-free

® Encapsulated

® Bobbin

. ® Paper Interleave
o Cotton Interweave
® Form Wound

e High Temperature

ALSO, Transformers
Made-To-Order!

> of your requirements —
NO OBLIGATION!

k. Write today for prompt analysis

THE DANO ELECTRIC co]
MAIN ST., WINSTED, CONN,

CIRCLE 45 READERS SERVICE CARD

Men on the Move

Now available
in a new edition ...

with new figures.

This popular booklet points up the
important sales problem of personnel
turnover in industry. Out of every
1,000 key men (over a 12-month pe-
65
. and 435
stay put. These figures are based on
average mailing address changes on a
list of over a million paid subscribers

riod) 343 new faces appear . . .
change titles . .. 157 shift . .

to McGraw-Hill magazines.

Write us for a free copy

Company Promotion Department
McGraw-Hill Publishing Co., Inc.

330 West 42nd Street,
New York 36, New York
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variable pulse delays of 5, 10, 15,
25, 50 and 100 millimicroscconds
are provided for matched usc in
pulse systems using RG  63/U
cable. The characteristic imped-
ance is 125 ohms and the attenua-
tion characteristics as a function of

frequency  are cquivalent to  the
characteristics of RG 63/U for
the same delays. Circle 220 on
Reader Service Card.
Metal-Case Meter

1.5 inch square

WacLing, Inc,, 35 So. Clair St,,

Dayton 2, Ohio, announces a 14 in.
square metal-case meter for clec-
tronic and aircraft cquipment ap-
plication. Prominent features in-
clude sealed cxternal zero adjuster
and twist-lock type glass-rubber-
mctal case scal. ‘T'he bezel is die-
cast aluminum alloy. Cirele 221
on Reader Service Card.

Counter/Divider
midget size

GeneraL Tine Core., 109 Lafay-
ctte St., New York 13, N. Y. A
single Incremag unit can perform
work that otherwise requires a bat-
tery of 10 or mwore binary tvpe units.
Counting and dividing Incremags
arc applicable in missile and in-
dustrial ficlds for scaling, comput-
ing, coding, and control. Dcvicc
has a maximum count rate of 100,-
000 per sce, and accepts random
or uniformly spaced pulses. One
form contained in a 1 in. diameter
by 13 in. cylinder can accept a
1,000-cps input and deliver four dif-
ferent outputs (1,000, 100, 10 and
1 pulse per scc.) Circle 222 on
Reader Service Card.

HOW
ABOUT
You?

Doyou know that many cancers
can be cured if detected early?
That an annual health checkup
is your best protection against
cancer?

Are you giving yourself this
big advantage? Or are you
taking chances with your life
because of foolish attitudes
about cancer like these?

DON'T
EVEN
? MENTION
THAT
WORD!

Fear keeps
some people
from even learning cancer
facts that can save their lives.

NEVER FELT
BETTER!

/]
Lo

Checkups help to detect cancer
in its “silent” stage before you
notice any symptom.

COSTS
TOO
' MUCH!

Dollars you spend
for the protection
of your health can

e mean years of life.

Millions of Americans have
made an annual checkup a
habit...for life. How about
you?

AMERICAN CANCER SOCIETY §®©
. ®
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Variable Resistor
subminiature

CentraLaB, A Division of Globe-
Uuion, Inc., 900 E. Kcefe Ave,
Milwaukee 1, Wisc. Model 3 Ra-
diohm, a subminiature variable re-
sistor, has been internallv rede-

signed to increase its rating from %

w to + w. It utilizes Centralab’s
ICE (Iuterfused Composition Ele-
ment) to provide cxceptional heat
dissipation and electrical stability
under severe operating conditions.

Circle 223 on Reader Service Card.

Laboratory Supply
transistorized

Tue RerLeEcTONE Corp., Stamford,
Conn., announces a new highly-
regulated fully-transistorized power
supply. Laboratory type PS-T-LV12
provides a continuously variable
output of 6 to 18 v at 2 am-
peres. Load regulation is 0.3 per-
cent o load to full load, and line
regulation is 1.0 percent for a 105
to 130 v input. Unit is available in
rack or bench mounting. Circle 224
on Reader Service Card.

Minified Control
self-contained

AsseaisLy Propucrs, Inc., Chester-
land, Ohio. A necw control occupics
the same panel space as a standard
44-in. indicating mecter, and it
mounts just as simply. All control
components—including power sup-
ply, slave relays, interrupters, capac-
itors and resistors—arc housed m a
round barrel 23 in. in diameter and
approximately 43 in. deep. Unit
provides continual signal indication

ELECTRONICS — January 2, 1959

A TR PA X
Transistor Chopper

l 1)

The Airpax Type 6000 Transis- Frequency ... DC to 100 KC
tor Chopper performs a switch- VOIAZE oo 1 to 18 volts PP
(noepertienit ala R ket REREY, Waveform ... Sine or Square
range of 0 (DC) to 100 KC with —
signal levels from a fraction of a it 0 H

illivolt ;

e vo.hs ) . Temperature ............. —40° to + 60°C

Two percent linearity at signal

Humidity ..o to 100% RH

levels as low as 1 millivolt and
noise levels comparable to mech-

Shock and Vibration....100 G to 2000 CPS

anical choppers, make this unit D i
suitable for many null seeking
applications. Diameter ... P e 0.22 inch
Fully encapsulated, the trans- (17731 EO O 0.50 inch
istor chopper is substantially im- Leads ....c.occoniiinirniniininn 1.00 inch
mune to shock and vibration and
Weight ..o 1.00 gm

its life is unlimited.

PRODUCTS
COMPANY

THE AIRPAX PRODUCTS COMPANY

JACKTOWN ROAD, CAMBRIDGE, MARYLAND
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The story is in
these two bulletins:
Small zinc alloy die castings exclusively

Injection molded tiny NYLON (other plastic) parts,
GRC exclusive patented techniques guarantee pre-
cise tolerances and uniform quality . . . offer broad
design flexibility. GRC saves, too, by doing it in one
high-speed operation . . . no trimming, no assembly,
no scrap loss.

That's why the BIGGEST PART of our business

is the LITTLE PART . . . in the product you make.
Write, wire or phone TODAY for oﬁese bulletins.
Better still send your prints for quotation.

World's Foremost Producer of Small Die Custings

151 Beechwood Ave., New Rochelle, N. Y. * NEw Rochelle 3-860D

CIRCLE 46 READERS SERVICE CARD

Zinc Alloy

in quantities from
100,000 to millions,
max, size 134", Vs oz.
Plastic from 25,000
max. size 14/, .03 oz.
NO SI1ZE TOO SMALL!

GRIES REPRODUCER CORP.

& Z

Tige!

ELECTRONIC SUPPLY GUIDE

send for the
most widely used

ALLIED’S

COMPLETE 452-PAGE
1959 CATALOG

your best buying guide to
the world’s largest stocks of

ELECTRONIC SUPPLIES FOR INDUSTRY

Simplify and speed your purchasing of elec-
tronic supplies and equipment: send your or-
ders to us for fast shipment from the world’s
largest stocks of electron tubes (all types and

money-saving KNIGHT-KITS), audio equip-
ment and electronic parts. Our expert Indus-
trial supply service saves you time, money
and effort. Send today for your FREE 1959
aLLIED Catalog—your complete Buying Guide
to quality Electronic Supplies for Industrial
and Communications use.

ALLIED RADIO Qi

100 N. Western Ave., Dept. 11-A9 Catalog

makes), transistors, test equipment (see our %‘l

Send for

® Transistors & Diodes
® Relays & Switches

® Transformers

® Tubes (Alll Types)

® Test Equipment

o AN Connectors

® Racks & Chassis

® Tools & Hardware

® KNIGHT Public
Address & Paging
Systems

OEM prices available on
quantity purchases

OUR 38th YEAR

—

Chicagoe 80, Hlinois
- R W
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and when preset limits arc rcached,
it triggers control action by appro-
priate equipment. Either high or
low signal limits may be set by ad-
justing fixed pointers. Signals from
virtually any variable may be con
trolled, usually without amplifica-
tion. Circle 225 on Reader Service
Card.

Coaxial Switch
highly reliable

Arrorp Mrc. Co., 299 Atlantic
Avc,, Boston 10, Mass, Type 1136
coaxial switch is a rugged and re-
liable switch for 34 in. rigid coaxial
transmission lme. It has a fre-
quency range of 0-500 mc with a
vswr under 1.05. It is available in
both motor-driven and manually-
opcrated modcls. Crosstalk through
the unused branch of the switch
1s over 60 db down at 80 me, and
over 40 db down at 500 mc. Circle
226 on Reader Service Card.

Conductive Cement
100 percent solids

Houcnron LABOrRATORIES, INC.,
Olcan, N. Y. Hvsol 6250 is a new
conductive cement based on epoxv
resins.  Volume resistivity is meas-
ured at 0.01 ohm-cm at 25 C.
Offering excellent bond  strengths
to most materials, it is particularly
recommended for repair of printed
circnits and for bonding of clec-
trical components where soldering
can not be tolerated. The com-
pound will cure fully in 24 hr at
room temperature, or mn 2 hr at
140 F. It ts supplicd in convenient
kit form. Circle 227 on Reader
Service Card.

VIVM
20 cps-20 ke

SorarTroN, Ixc.,, 530 Cooper St.,
Camden, N. J. Model VP 250-A
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resolved component indicator dis-
plavs on two scparate meters the
rms values of both in-phase and
quadraturc components of input sig-
nal voltage with respect to a given
sinc wave reference voltage of the
frequency. The instrument is well
suited for applications where it is
nccessary to obtain indications frce
from errors induced by phase shift
or spurious frequencies or har-
monics. Circle 228 on Reader Serv-
ice Card.

Converter
d-c to d-c

PoiryiroN EncixgeriNg Inc., 32
\V. Biddle St., Baltimore 1, Md.
Model PP 12,300 d-c to d-¢c con-
verter uses an all solid statc circuit.
It has a nominal output of 300 v
d-c at 100 ma for a 12 v d-c input.
The converter is ideal as a plate
supply for all tvpes of communica
tions and telemetering cquipment,
duc to its small physical size, and
low weight. Circle 229 on Reader
Service Card.

Electronic Counter
bidirectional

Benson-Lrungr Core., 11930 W,
Olympic Blvd., Los Angcles 64,
Calif. A ncw type decimal clec-
tronic counter cmplovs a logical
scheme which allows indication of
truc positive and negative numbers,
with a single zero, and climinates

ELECTRONICS — January 2, 1959

*These toleronces ore from
obscluie frequency under
ony cambinotion of the
conditians within operoting
specifisotions. For specific
opema®ing conditions much
closer Frequency toleronces
may be mointoined,

TRANSISTORIZED
TUNING FORK

FREQUENCY STANDARDS

TYPE MAFC — Frequency Standard
+ Frequency Range Available: 360 cps to 4 kc
* Tolerances % =+:.0.2, 0.05, 0.02, 0.01, 0.005**

* Temperature Ranges: —20 to +71°C
—55 to +100°C
—55 to +125°C
* Power Supply Voltage: 12 or 28 vdc = 15%
o Size: 1%"x1%"x2);" * Weight: 8 oz.

TYPE AFC — Frequency Standard
+ Frequency Range Available: 360 cps to 4 kc
* Tolerances % =*: 0.2, 0.05, 0.02, 0.01, 0.005*

e Temperature Ranges: —20 to +71°C
—55 to +100°C
—55to +125°C
* Power Supply Voltage: 12 or 28 vdc =+ 15%
o Size: 2W"x2)"x3)" e Weight: 13 oz.

TYPE MAFCD — Frequency Standard

Frequency: GO cps

Tolerances % =: 0.2, 0.05, 0.02, 0.01, 0.005*
Temperature Range: —55 to +71°C

Wave Shape: Sine w/less than 1% harmonic
distortion

+ Power Supply Voltage: 10 to 14 vdc

o Size: 4%, "x4Xs" x4Ks" e Weight: 4 lbs.

TYPE MFB — Frequency Divider
» Ratios Available: 2:1, 4:1,5:1,8:1, 10:1, 16:1
» Temperature Ranges: —20 to +71°C
—55 to +100°C
+ Power Supply Voltage: 12 or 28 vdc = 15%
o Size: 15%"x13%"x2);" e Weight: 6 oz.

TYPE MFS — Frequency Standard for

Laboratory or Field

Type MFS is a small, lightweight frequency
standard that can replace units many times
its size without sacrificing frequency stability.
Internal batteries and provisions for external
power supply make the unit ideal for either
laboratory or field applications.

+ Frequency Ranges Available: 50 cps to 4 kc
+ Frequency Stability: 2 parts in 10°/per month
» Temperature Range: —20to +71°C

o Size: 374"x5%,"x5%," ¢« Weight: 2 lbs.

TYPE MLS — Laboratory —
Frequency Standard
Type MLS is an extremely high stability lab-
oratory frequency standard. The clock on the
panel facilitates easy checking of stability.
» Frequency Ranges Available: 50 cps to 4 kc

(Multiple Taps Optional)

+ Frequency Stability Available: 5 parts in 10’
e Qutput: 10 watts at specified frequency
» Input: 115 v, 50 cycles to 400 cycles
» Size: 9"x10"x7” e Weight: 15 lbs.

A wide variety of units are designed to comply
with the most severe military specifications.

Manufactured by

ACCURATE INSTRUMENT CO.

2422 BRANARD ST.
HOUSTON 6, TEXAS
JA 3-2712
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We're a long way from Valhalla, legendary home of
the gods, but we're searching for such men as were

FAVORED BY VIDAR*®

And who was Vidar? Ancient

Scandinavians knew him as the
god of Wisdom and Science. Son of
the giantess Grid and of the great
king of gods, Odin, he had a pene-
trating glance which read all secrets.
To certain favored mortals he im-
parted the gifts of understanding
and scientific knowledge.

We suspect you gained your scien-
tific skills less dramatically. Your
knowledge may have been derived
from study and from five to ten
years of tangible accomplishment;
we'll gladly settle for this more
prosaic method.

But — and here’s the important
point — we are looking particularly
for engineers who are sparked by
mature enthusiasm, for men relue-
tant to label a project “impossible”,
for men eager to extend their pro-
fessional horizons.

You may be such a man. Then let
us invite you to join in advanced
work which may help to shape to-
morrow’s history. As a long term
prime contractor for the Atomic
Energy Commission we offer posi-
tions at all levels of responsibility in

design, development or project en-
gineering.

Especially urgent is our invitation
lo electronics engineers who are
specialists in automation or elec-
tronic tube application. Experi-
ence in any of the following fields is
valuable: general radar type circuitry
involving pulse techniques, band
pass amplifier techmiques, standard
and stripline microwave techniques.
and subminiaturizatien using plastic
embedment and encapsulation tech-
niques.

Although we promise you here
none of the nebulous delights of
Valhalla, we do have unique, worldly
rewards to offer hoth you and your
family. It will cost yaou exactly 4¢ to
inquire,

Mail brief confidential resume to:

MR. T. H, TILLMAN
BENDIX AVIATION CORPORATION
BOX 303-ET, KANSAS CITY, MISSOURI

A Bonci”

KANSAS CITY, MISSOURI

the problem of double zeros as
would be experienced if comple-
mentary techniques were employed
for mnegative number indication.
Range of the counter is 99999
counts. Counter opcrates at rates
up to 50 ke. Each decade of the
counter may be set to a predeter-
mined value independently of the
other decades and the entirc counter
may be resct to zero by operation
of a single contact. Circle 230 on
Reader Service Card.

Millimeter Products
versatile equipment

Narpa Microwave Corp., 118-
160 Herricks Road, Mineola, N. Y.,
lias developed a complete line of
clectronic test cquipment for the
measurcment  of impedance, at-
tenuation, and other microwave
propertics  within  the millimeter
waveguide ranges. Specific equip-
ment in K, V, Q, M, and E bands
which is now available includes
variable  waveguide attenuators,
tuncable waveguide detectors, high
dircctivity directional couplers, im-
pedance meters, vswr amplifiers,
terminations, E-H tuners, frequency
meters and waveguide clamps and
stands. Circle 231 on Reader Serv-
ice Card.

Frequency Standard
transistorized

Accurate InstrUMENT Co., 2422
Branard St., Houston 6, Texas.
Type MAFCD-3 is a transistorized,
60 cvcle, tuning fork controlled,
frequency standard with a tolerance
of =0.005 percent under all of the
following conditions: temperature,
—55 to +71 C; power supply de-
viation from 10 to 14 v d-¢; any
variation in load impedance; opera-
tion in any position. Unit will de-
liver 12 v rms into a 100 K lo=d
with less than 1 percent harnon

distortion and will maintain at least
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TEMP=-R-TAPE®
pressure-sensitive TEFLON* tapes

for Class H & C insulation,
non-stick or chemical resistant facing

Temp-R-Tapes, Teflon with a silicone polymer adhe-
sive, provide dielectric strength up to 2750 v/m, low
power factor, a temperature range of —100°F to
500°F (—75°C to 250°C) and a slippery, low fric-
tion or chemical resistant surface. Easy-to-apply, just
press in place. Temp-R-Tapes are “called out” for
many electrical and electronic insulating applications,
aircraft and general industrial mechanical applications.
1/4” to 12 wide, .002” to .013"” thick. From stock.

* du Pont T M.

FREE SAMPLE and data . .write, phone or use inquiry service.

A PRODUCT OF THE CONNECTICUT HARD RUBBER CO., NEW HAVEN 8, CONN.
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“* lekatron

COUNTING TUBES

FOR RELIABLE,

HIGH SPEED COUNTING
APPLICATIONS

Baird-Atomic uses DEKATRON glow transfer tubes
in all instruments where counting and read-out are re-
quired. A typical application is the Atomic Instrument
Line’s Model 134 Scaler for ultra-high speed counting
of beta and gamma radioactivity . . . up to 1,000,000
counts/minute! The input circuit incorporates a fast,
constant-sensitivity Schmitt discriminator driving a
beam switching decade with glow tube read-out. ..
6 DEKATRONS.

You too, can count on DEKATRON for reliable
performance. For detailed information request Data
Sheet IC 4001.

sending a bill?

It'll get there quicker if you
give your postal delivery zone

number with your address.

The Post Office has divided
106 cities into postal delivery
zones to speed mail delivery.
Be sure to include zone number
when writing to these cities; be
sure to include your zone
number in your return address
—after the city, before the

state.

ELECTRONICS — Januvary 2, 1959

FROM DESIGN TO PRODUCTION

Stock Reflectors — solid spun, 4 in.
to 10 ft. in diameter - mesh, 4 ft. to 18 ft.
in diameter + larger sizes or special
shapes on request.

Antennas — up to 10,000 mc

Large Waveguide Components

Prompt Delivery of any type antenna or reflector
— precision built to your specifications.
Write for technical data.

CORPORATION

312 Quincy Ave., Quincy, Massachusetts

CIRCLE 55 READERS SERVICE CARD
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You get more than ‘hardware’
when you buy from Bowmar

The big plus factor in all Bowmar de-

signed components and assemblies is  PRECISION
RELIABILITY. You can't hear it, touch it COUNTING
or see it . . . but it's there, your Bowmar DEVICES
insurance policy against performance

mediocrity or failure.

When your project calls for precision PRECISION
counting or indicating devices . . . preci- GEARHEADS
sion gearheads or speed reducers . . .

precision electromechanical assemblies, AND SPEED
Bowmar is the firm most experienced and REDUCERS
best equipped to design and produce them

for you.

Bowmar has the facilities and know how  PRECISION
to manufacture these devices in quantities  SERVO
from single prototypes to thousands . . .  PACKAGES
all to your most demanding performance

requirements.

SEND NOW FOR BOWMAR HANDBOOK 358

B., INSTRUMENT
oOwMAR CORPORATION

} .
8000 Bluffton Road . Fort Wayne, Indiana
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expecting a check?

Youwll get it quicker if you gave your postal
delivery zone number with your address.

The Post Office has divided 106 cities into
postal delivery zones to speed mail delivery.
Be sure to include zone number when writing
to these cities; be sure to include your zone
number in your return address—after the city,

before the state.
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=2 percent voltage regulation into
a fixed load under all conditions.
Size is 475 in. by 44s in. by 4% in.
Circle 232 on Reader Service Card.,

Telephone Relay
hermetically sealed

Kurnaman Evectric Co., 191 Newel
St,, Brooklyn 22, N. Y. Serics
SM-400 hermctically sealed minia-
turc telephone retav operates on
100 cps.  Various contact arrange-
ments are available up to 4 pdt.
Contacts arc rated at 3 aniperes,
115 v a-c, or 28 v d-c 0.5 ampere.
Contact resistance is. less than
0.030 ohm. The serics SM will
meet requirements of MIL-R-5757
B. Circle 233 on Reader Service
Card.

Shift Register
one core per bit

Epsco, Inc., 588 Commonwealth
Ave., Boston 15, Mass. Model
SR-60P is a onc core per bit mag-
netic shift register capable of op-
erating at frequencies up to 250 C
and designed to be transistor driven.
Unit mecasures o in. bv & in. by
% in. Circle 234 on Reader Scrvice
Card.

Current Probe
14ke to 100 mc

Stovpart Arkcrarr Rapio Co.,
INc., 6644 Santa Monica Blvd.,
Hollywood 38, Cualif. Model
91550-1 current probe is a clamp-on
tvpe r-f current transformer. It is
an accessory deviee used with cali-
brated radio interference measuring
cquipment to accuratelv determine
the intensity of r-f current present
i an clectrical conductor or group
of conductors. I'requency range of
probe is from 14 ke to 100 mg
direct connection to conductor is
not required. It measures con-
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Get out your pencil and help yourself to
electronics READER SERVICE

it —if L FOR SPECIFIC ITEMS IN

'f S free lf S easy MULTI-PRODUCT ADVERTISEMENTS
- M For more information on specific items
it's for your convenience s St i, o
Box A’ the circle number of the adver-

tisement and the specific product(s) on
which you desire more information.

Use these handy READER SERVICE CARDS for more
information on:

ADVERTISEMENTS—NEW PRODUCTS— ——HOW TO SUBSCRIBE———
LITERATURE OF THE WEEK TO electronics

If you are not a subscriber and you
desire to receive electronies regu-
larly, fill in the section “FOR SUB-

1—Circle the number on the postpaid card below that

corresponds to the number at the bottom of Adver- SCRIPTIONS” on card below
tisement, New Product item, or Literature of the $end no money, electronics will bill
Week selection. you at the address indicated on the

Reader Service Card.

2—Please print carefully, as it is impossible to process
cards that are not readable.

Additional Postage MUST be added to cards for all FOREIGN MAILINGS

FOR SUBSCRIPTIONS:

(CHECK ONE BOX)

JAN 2.59 9|ec1'r°nics ® READER SERVICE CARD @ Please Print Carefully
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In every industry there's always
ONE accepted Product and

Data Buying Book...in elec-

tronics it's the BUYERS"

GUIDE = fundamental in any
sales program aimed at the
electronics and allied indus-
tries. Its 52,000 paid subscrib-

ers are important Design-

INE!

Research/Production/
Management Engineers, who,
individually, or working in com-
bination with one another,
influence the purchase of prod-
ucts, materials and services...
whatever is bought by the

entire industry.

@ electronics

A McGRAW-HILL PUBLICATION
430 West 42nd Street ¢« New York 36, N.Y.

FIRST CLASS
PERMIT NO. 64
BUSINESS REPLY MAIL GEe 349 FLAR)
NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES NEW YORK, N. Y.
' —
6¢ Postage Will Be Paid By ——
[ ]
ELECTRONICS  —
Reader Service Dept. =
]
330 West 42nd Street E——
]
New York 36, N. Y. —
]
FIRST CLASS
PERMIT NO. 64
BUSINESS REPLY MAIL S 39 L)
NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES v S

6¢ Postage Will Be Paid By
ELECTRONICS

Reader Service Dept.

330 West 42nd Street

New York 36, N. Y.



ducted radio interference currents Precision Components . . . another Kearfott czpability.-
in accordance with military specifi-
cation MIL-1-26600 (USAF). Cir- |
cle 235 on Reader Service Card.

[ __ high-
mperature
;:gmponents

Solenoid

high-speed unit
TeLeconrpuTiNg Core., 915 North
Citrus Ave., Los Angcles 38, Calif.
The compact R.S.5174 solenoid 1s
designed to operate with a 2+Ib

load. The start of the 0.020 m RS ot )
stroke occurs at a maximum of TR SYNGHRO CONTHES

—y ) : . Kearfott components for missile and ITTER TYPE

14 ll’ll.”lSCC, and it completes its aircraft systems can provide opti- B ARF?}T comPANY
travel in less than 20 millisec from mum performance at temperatures : UITHLE FALLS.
circuit closing. The unit is specified as high as 200°C. Moreover, this :
for opcration in an ambient tem- peak performance is unaffected by
perature range of from —65 to f{OOO-;_:ps "“bratm“ a“‘11,5(;"G Sh,o‘:}ll"

160 F. Voltage rating is 24 v d-c earfott’s compact, light-weight
+ . g 5 and corrosion-resistant components
at 78 . Circle 236 on Reader Serv- provide this consistent record of

ice Card. accuracy:
Synchros: Sizes 8 through 25. Errors a3
low as 20 seconds from E. Z.

‘ Motor-generators: Sizes 8 through 18.
Linearity of 0.01%.

Wound for transistorized
amplifiers.

l Servomotors: Sizes 8 through 25.

REA%%(JRON@ 3 Kearfott research is continually developing even more
accurate and more durable components ... preparing for the
| needs of tomorrow. For details, write today or contact

Beam Power Tube your nearest Kearfott sales office.

forced-air-cooled Engineers: Kearfott offers challenging opportunities
. in advanced component and system development.
Rapro Corr. or Amrrica, Harri- |

son, N. J. Tvpe 7213 forced-air- -y S EE—
cooled beam power tube is designed L FRECTSCI N
for use as a lincar r-f power ampli-
ficr and as a class C r-f power ampli-
fier in airborme and fixed station
equipment. The tube can be used
with full ratings at frequencies up
through the Acronautical Radio-

KEARFOTT COMPANY, INC., LITTLE FALLS, N. J.

N(lVlgd‘tIOI'l band of 960 to ]’21 > A Subsidiary of General Precision Equipment Corporation

me. Circle 237 on Reader Service Soles and Engineering Offices 1378 Main Ave . Clifton, N. J.

Card Midwest Office. 23 W Calendar Ave Lla Grange 1l South Central Office 6211 Denton Drive, Dallas, Texas
* | West Coast Office 253 N Vinedo Avenve, Pasadena. Calif
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NICAH

assured by NlCAD

sintered plate batteries

Lissiles must not fail to function instantly, on demand.

INICAD Sintered Plate Batteries—with an outstanding
record of proven reliability under szvere environmental
conditions—were chosen for use on several missiles to
rrovide the power that guarantees ready performance.

“his same reliability has made NICAD Battcries first
choice in other fields where there can be no
compromise with perfect function . . . on guicance
systems . . . communications and data processing
cquipment . . . alarm and signzl svstems . . . aircraft
engine starting

NICAD Sintered Plate Batteries are available in
capacities from Y2 ampere hour and feature sustained
voltage at heavy discharge rates. They are capable of
rapid charge acceptance . . . have a maximum discharge
current up to 25 times the rated ampere hour capacity.
Internal resistance is extremely low, and vibration
resistance is excellent. They can be discharged in any
position. Charge retention is exceptionally high,

and there is no known limitation either to cycle

or storage life.

NICAD Batteries are “‘missile quality”—delivering

high level performance adaptable for a wide range
of purposes.

Ask us for complete information. NICAD Division,
Gould-National Batteries, Inc., asthampton, Mass,
Offices in New York, Chicago, San Francisca.

NICKEL CADMIUM
ALKALINE
STORAGE BATTERIES

CIRCLE 58 READERS SERVICE CARD

Literature of
MATERIALS

Ceramic Parts. CFI Corp., Cot-
tage Place, Mineola, N. Y. Bul-
letin 958 discusses the company’s
facilities for the design, prototype
development, and production of
such  high-temperature ceramics:
components, ceramic-to-metal vac-
uum-tight  composites,  glass-to-
metal seals and specialized body
compositions. Circle 250 on Reader
Service Card.

COMPONENTS

Indicator Lights. The Sloan
Co., 4101 Burbank Blvd., Burbank,
Calif. Catalog A-58 describes in
detail the complete line of Color-
Lite subminiature incandescent in-
dicating lights and accessories.
Circle 251 on Reader Service Card.

Switch Engineering Data. Cherry
Electrical Products Corp., 1650
Deerfield Rd., Highland Park, Il
Detailed information for snap-
action switch use in cam applica-
tions is described in a new bulletin.
Circle 252 on Reader Service Card.

Svnchro Testing. Theta Instru-
ment Corp.,, 48 Pine St, East
Paterson, N. J. A 14-page techni-
cal bulletin  describes in  detail
many svnchro test methods. It
emphasizes the application of the
svnchro and resolver bridge for
both component and svstem meas-
urements. Circle 253 on Reader
Service Card.

Power Packs. Electronic Meas-
urements Co., Inc., Eatontown,
N. J. Bulletin 350A, an up-to-date
version of the original four-page
bulletin, includes new models and
complete  specifications.  Models
are listed according to application:
transistor and lab work, automatic
control, computer, and genecral
utilitv. Circle 254 on Reader Serv-
ice Card.

Selenium  Rectifiers.  Svntron
Co., 241 Lexington Ave.,, Homer
City, Pa, has published an eight-
page catalog giving complete de-
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the Week

scriptions, data and specifications
for a full line of h-v glass or
phenolic tube cartridge-type sele-
num  rectifiers.  Circle 255 on
Reader Service Card.

EQUIPMENT

Automatic Programming. Rem-
igton Rand Univac Div., Sperry
Rand Corp., 315 Fourth Ave., New
York 10, N. Y. A method of trans-
lating automatically, at electronic
specd, the flow chart of a svstems
expert into the language of the
Univac I data-automation system
is described in booklet U1350. Cir-
cle 256 on Reader Service Card.

Test  Instruments.  lewlett-
Packard Co., 275 Page Mill Road,
Palo Alto, Cahf. A wide variet
of measuring equipment is illus-
trated and described in a 16-page
catalog. Prices are included. Circle
257 on Reader Service Card.

Microwave Equipment. Sperrv
Microwave Electronics Co., Great
Neck, N. Y., has published a cata-
log describing latest weapon system
support equipment, ferrite devices,
microwave subsystems, antennas,
system components, radar test
equipment, and precision micro-
wave instruments. Circle 258 on
Reader Service Card.

Transistorized Memory. General
Ceramics Corp., Keasbey, N. J.
An engineering data sheet contains
complete application and perform-
ance data on the transistorized
sequential load-unload 144 charac-
ter memory svstem. Circle 259 on
Recader Service Card.

FACILITIES

Environmental Chambers. Con-
rad, Inc., 141 Jefferson St., Con-
rad Square, Ilolland, Mich. A 6-
page brochure shows the company’s
walk-in  environmental chambers
for temperature, altitude and
humidity. It describes complete
missile test facilities and com-
ponents testing units. Circle 260
on Reader Service Card.
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profitable **do-it-yourseif'

look what *2SE422 puys

/n test equipment/

HEATHKITS
GIVE YOU
TWICE AS MUCH

equipment for
every dollar
invested

The famous model V-7A Vacuum-
Tube-Voltmeter Is a perfect
example of the high-quality
Instruments available from Heath
at ¥4 the price you would expect

to pay! Complete,
only ’242

Get the most out of your test equipment budget by utilizing HEATHKIT
instruments in your laboratory or on your production line. Get high
quality equipment, withcut paying the usual premium price, by dealing
directly with the manufacturer, and by letting engineers or technicians
assemble Heathkits between rush periods. Comprehensive instructions
insure minimum construction time. You'll get more equipment for the
same investment, and be able to fill your needs by choosing from the
more than 100 different electronic kits by Heath. These are the most
popular "“do-it-yourself'’ kits in the world, so why not investigate their
possibilities in your particular area of activityl Write for the free
Heathkit catalog now!

Contains detaifed descriptions « FREE ¢ atalog
of Heathkit models available,
including YTVM's, scopes, Mail coupon below for
generators, testers, bridges, your copy—Nowl

power supplies, etc.

HEATH COMPANY
A SUBSIDIARY OF DAYSTROM, INC,
BENTON HARBOR 14, MICHIGAN

Name
Address
. . ity & Z
Wlso describes Heathkit ham City & Zone
gear and hi-fi equipment in
kit form. 100 interesting and State

projects|
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PLANTS AND PEOPLE

O e i . T

Corning Glass Adds Facility

e e ]

A MODERN, multimillion-dollar electronic plant was recently placed in
operation in Bradford, Pa., by Corning Glass Works.

Covering more than 142,000 sq ft of production and office space, the
new facility produces glass resistors, capacitors and other electronic

parts.

Most of its products are thimble-size components for uses

ranging from radio and tv sets to guided missiles.
Plant is the tenth new manufacturing facility constructed by Cor-

ning Glass Works in the past ten years.

Factory employs nearly 500
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