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Creative Microwave Technology WY

Published by Microwave and Power Tube Division, Raytheon Company, Waltham 54, Mass., Vol. 1, No. 6

NEW 5-WATT TRAVELING WAVE TUBE DESIGNED FOR MICROWAVE RELAY LINKS

The versatile modulation characteristics
of this broadband power amplifier are
particularly well suited for microwave
communication applications. The tube,
identified QK-542, is a permanent-magnet
focused CW type, operates in the 5,900 to
7,400 Mc frequency range, and has anominal
saturated power output of 5 watts.,

High amplification over a wide range of
power levels results in small-signal gain
of up to 35 db. A special control elec-
trode facilitates low-voltage pulsed or
amplitude modulation.

The tube is supplied with an integral wave-~
guide coupler package which accommodates

Typical Operating Characteristics

UG 34‘4/U Yiavegulde—type flanges. When Lo & yNiTE 5,900 to 7,400 Mc
supplied with an optional coaxial output VSWR (Input and Output) 2.1:1 max.
coupler package, tube will operate over gg?iﬂ‘gé%ﬁ?;&%f; gg tg g?, ‘é%
the 4,000 to 8,000 Mc range. Power Output 5 watts
POWER OUTPUT AND GAIN POWER OUTPUT AND GAIN
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You can obtain detailed application information
and special development services by contacting:
Microwave and Power Tube Division, Raytheon
Companv, Waltham 54, Massachusetts

Excellence in Electronics

A LEADER IN CREATIVE MICROWAVE TECHNOLOGY




electronics

s

DECEMBER 18, 1959

A-McGRAW-HILL PUBLICATION
Vol. 32 No. 51

JAMES GIRDWOOD, Publisher

W. W. MacDONALD, Edifor

JOHN M, CARROLL, Managing Editor
Associate Editors: Frank Leary,
Michael F. Tomaino, Howard K.
Janis, Sylvester P, Carter, Roland
J. Charest, William P. O’Brien,
John F. Mason, William E. Bushor,
Thomas Emma, Somuel Weber, Sy
Yogel, Lleslie Solomon, M. M.
Perugini, George J. Flynn,

Assistant  Editors: Michael F.
Wolff, Nilo Lindgren, Harold M.
McKean

Regional Editors: Harold C.
Hood (Pacific Coast, Los Angeles),
Harold Harris  (Midwestern, Chi-
cago), Thomas Maguire (New Eng-
land, Baston)

Market Research Editor: Edward
DeJongh

Buyers’ Guide Editor: George
Sideris

Art Director: Harry Phillips

Production Editor: John C.
Wright, Jr.

Editorial Assistonts: Gloria J.
Filippone, Arlene Schilp, Bernice
Duffy, Patricia Landers, Carol
Weaver, Marian L. Freed, Dolores
A. Fornaro, Lorraine Rossi, Dorothy
Smith, Virginia T. Bastian

BRUCE A. WINNER, Advertising
Sales Moanager. R. S. Quint, As-
sistant Advertising Sales Manager
and Buyers’ ‘Guide Manager. Fred
Stewaort, Promotion Manager.
Richard J. Tomlinson, Production
Monager. George E. Pomeroy,
Clossified Mopager. Hugh J.
Quinn, Circulation Monager

New York: Donald H. Miller,
Henry M. Shaw, George F. Werner.
Boston: Wm. S.  Hodgkinson.
Philadelphio: Warren H. Gardner,
William J. Boyle, Chicogo: Harvey
W. Wernecke, Martin J. Gallay.
Clevelond: P. T. Fegley, David M.
Watson. San  Froncisco: T. H.
Carmody, R. C. Alcorn, fos
Angeles: Carl W, Dysinger, D. A,
McMillan. Denver: ). Patten. Aft.
lanta: M. Miller. Dallos: Gardon
L. Jones, Robert T. Wood. London:
E. E. Schirmer, Norman Strick.
Frankfurt: Michael R. Zeynel

Issue at a Glance

Business

Training Missilemen Creates New Business, Who’s doing what......32
FAA to Test Blind-Landing Gear. Firms work on three new systems.36
Stratolab Looks at Venus. And finds water vapor in atmosphere..... .41
Satellite Test Open to All. Project Echo has new ring............ 44

Doctors Seek Pattern Detectors. Leading radiologist airs views.....49

Shoptalk ................... 4 25 Most Active Stocks......21

Electronics Newsletter. .. ... 11 Market Research........... 26

Washington Outlook..... ... 14 Current Figures............ 26

Financial Roundup......... 21 Meetings Ahead............ 54
Engineering

Superhighways are tested by electronics carried in truck and child-
ren’s wagon. See p 6. ... ... COVER

Electronics Assists in Highway Construction. Better riding through
electronics. a YMialledhoq oo s AeGvs SFWE Sy a¥g gz niynlis By H. Harris 69

Recent Communications Systems Developments. Five papers show
how to solve communications problems...... By M. M. Perugini 72

High-Power Silicon Transistors. Electrical characteristics of typical
UNIES oo e By T. P. Nowalk 76

Fading Rate Recorder for Propagation Research. Provides strip-
chart recordings..By J. W. Koch, W. B. Harding and R. J. Jansen 78

New Microwave Circulators. Characteristics and performance of
Y-type circulators.............. By H. N. Chait and T. R. Curry 81

Simplified Method for Making Harmonic Analysis. Form simplifies
analysis of complex waves........... .......By E. T. Sohlberg 84

Departments

Research and Development. Ferroelectrics Generate Power........ 88

Components and Materials. Alumina Powder for Potting: It Pours. .92

Production Techniques. Connections Plated With Wiring.......... 96
On the Market............ 100 News of Reps............. 127
Literature of the Week....122 Comment ................ 128
Plants and People......... 124 Index to Advertisers....... 134



31 reasons why
Transistorized

UARANTEED

LAMBDA LT TRANSISTORIZED POWER SUPPLIES

IMMEDIATE DELIVERY FROM STOCK

CONVECTION COOLED

No internal blowers — No moving parts
0-32 VDC -+ 0-1 AMP - 02 AMP

. Every Lambda Transistorized Power Supply is guaran- ¢ Ambient 50° C at full rating.
tee(l to perform within applicable specifications and is further warranted to be e High efficiency radiator heat sinks.
free from defects in material and workmanship for a period of five full years. e Silicon rectifier.

This plus the excellent experience of present users is your assurance of getting

. . . ® 50-400 cycles input.
the finest in power supply service when you specify Lambda.

® Special, high-purity foil, long:-life electrolytics..

Voltage Bands ...... 0-8, 8-16, 16-24, 24-32 VDC ® Compact. Only 3'2” panel height.
® Short-circuit proof.
Line Regulation ...... Better than 0.15 per cent or 20 millivolts (whichever is ® Protected by magnetic circuit breakers.
greater). For input variations from 105-125 VAC. e Hermetically-sealed transformer.
Designed to MIL-T27A.
Load Regulation . .... Better than 0.15 per cent or 20 millivolts (whichever is
greater). For load variations from 0 to full load. ® All transistor. No tubes.
o Fast transient response.
AClnput ........... 105-125 VAC, 50-400 CPS o Excess ambient thermal protection.
Electrical Overload e Excellent regulation. Low output impedance.
Protection .......... Magnetic circuit breaker, front panel mounted. Unit can- Low ripple.
not be injured by short circuit or overload. ® Remote sensing and DC vernier.
;lrm:t;r:z:’gvefl.o‘a‘d ..... Thermostat, manual reset, rear of chassis. Thermal over- O SRR [LFFER - et

® Model LT 1095M (metered) $315
® Model LT 2095 $365
Size ...iiiiiiiiinen 3%” H x 19" W x 14%” D. ® Model LT 2095M (metered) $395

load indicator light, front panel.

SEND FOR COMPLETE DATA

Write for information and specifications on Lambda’s full
line of transistor-regulated and tube-regulated power supplies.

LAMBDA ELECTRONICS CORP.

11-11 131 STREET ¢ COLLEGE POINT 56, N. Y. ¢« INDEPENDENCE 1-8500



Lambda
Power Supplies are

FOR 5 YEARS!

30 31
ey

16 14 13 1247 1
Thermal overload breaker for excess amki 10 Every connection and solder joint individu: 21 Compact — only 3%” panel height
ent temperature protection ally inspected and checked
: ] ) 22 Rated for operation from 50-400 cycle source
High efficiency, convection heat sinks. 11 Ssturdy gripping nandles .
12 o oM rmodel 23 Hermetically-sealed transformer — designed
Industrial type power transistors inherently etegsion MR OC G to Mil-T 27A
tected agai erload b .
(S gainst overlo 13 Magnetic circuit breaker 24 Heavy-duty extra-length industrial cord
Highly stable Zener voltage reference diode 14 Fuses, internal failure protection 25 Harness wiring
Special, high-purity foil, hermetically sezled, 15 Thermal overload indicator light 26 Nylon jacketed vinyl wire
iong-life electrolytic capacitors
16 Fasttransient response
sili ¥t 27 Sturdy cable clamp anchors
ucoirectitier 17 Every spacification lab-checked before ship-
ent 28 Remote DC vernier adjustment terminals
Excellent regulation, low output, impedance, -
tow ripple 18 Ratad for full load over entire voltage range 29 Remote sensing terminals
Stable, |ow-noi§e yvire-wound reference net- 19 Advanced packaging for optimum thermal 30 Al controls clearly identified and marked
works and multipliers and mechanical design
31 Heavy-duty barriertype terminal block lo-
Unit welded chassis and frame 20  Ratad for 24-hour continuous duty cated for convenient rack cabling
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SHOPTALK . . . editorial

KEEPING IN THE KNOW. Electronic engineering moves fast in-
deed. Many an engineer whose work has kept him engrossed in the
minutiae of some project has looked up from his breadboard to find a
whole new subject has passed him by. More and more employment
ads specify that an engineer’s degree must be less than 10, 5 or even 2
yvears old. What’s more, even technicians today are often expected to
know computer techniques, binary arithmetic, Boolean algebra,
transistor and pulse circuits,.

How to keep up? One way is by reading ELECTRONICS magazine.

We have published nearly 500 technical feature articles in the past
vear. That is a significant percentage of all technical articles pub-
lished in the free world. We have more than two dozen editors con-
tinually scouting for articles, then carefully selecting only the most
significant and authoritative. The time you spend with us can give
yvou the equivalent of many nights in graduate school, many days at
professional meetings. You can keep in the know the convenient way
by curling up at home these winter evenings while scanning the
whole spectrum of the industry through the eves of our editors.

Coming In Our December 25 Issue . . .

ANNUAL INDEX. As we mentioned above, ELECTRONICS will have
published in 1959 nearly 500 engineering feature articles on subjects
ranging from amplifiers to Zener diodes. Since we pride ourselves on
the fact that our feature articles form, for many subscribers, a ready
and very useful reference library, we’re naturally interested in help-
ing you find your way quickly among this mass of information. Our
32-page annual index, which appears in next week’s issue, will help
yvou locate specific articles by title, subject or author. The index this
vear contains 4,000 technical and 2,000 business entries, covers
departmental as well as feature material, and is twice as big as last
vear’s.

ELECTRON DEVICES. Interest in new and improved electron de-
vices manifests itself each year in increasing attendance at the
Electron Devices Meeting in Washington. This year 1,300 more engi-
neers attended sessions at which 62 technieal papers were presented.

In our next issue, Assistant Editor Wolff presents a roundup of
some significant developments unveiled at the two-day conclave.
In his artiele you’ll find information about: a selective-erasure stor-
age tube, the latest in electroluminescent devices, a reflected-beam
kinescope, new low-noise devices, and a parametric amplifier which
requires low pump power.

AIR CONDITIONING. Use of analog computers for analyzing the
thermal behavior of dwellings has been limited to studies of special
enclosures, using general-purpose equipment. Now W. L. Wright and
C. A. Booker of Westinghouse in Cheswick, Pa., describe an analog
computer designed specifically to determine residential air condi-
tioning loads. The concept is based on using thermal circuits that
represent unit areas of the physical structure.

DESIGNING AGAINST RADIATION. As brought out in a recent
ELECTRONICS article (p 55, Nov. 27), the tolerance of solid-state circuits
to nuclear radiation can be increased through proper choice of transis-
tors. Next week, J. R. Bilinski and R. Merrill of GE in Ithaca, N. Y.,
present some nomographs that will help circuit designers select the best
transistor for a radiation environment.

DECEMBER 18, 1959 + ELECTRONICS



SPRAGUE' RELIABILITY
in these two dependable
wirewound resistors

MINIATURE

VITREOUS-ENAMEL

Sprague’s new improved construction gives even
greater reliability and higher wattage ratings to fa-
mous Blue Jacket miniature axial lead resistors.
A look at the small actual sizes illustrated, em-
phasizes how ideal they are for use in mihiature

electronic equipment with either conventional wir-
ing or printed wiring boards.

Get complete data on these dependable minified
resistors, write for Engineering Bulletin 7410.

TAB-TYPE BLUE JACKETS: For industrial applica-
tions, a wide selection of wattage ratings from 5 to
218 watts are available in Spraguc’s famous Tab-
Type Blue Jacket close-tolerance, power-type wire-
wound resistors. Ideal for use in radio transmitters,
electronic and industrial equipment, etc. For com-
plete data, send for Engineering Bulletin 7400A.

SPRAGUE ELECTRIC COMPANY

35 MARSHALL STREET  NORTH ADAMS, MASS.

N

®
POWER RESISTORS

NEW SMALLER SIZE

KOOLOHM

INSULATED-SHELL POWER RESISTORS

New Koolohm construction features include welded
leads and winding terminations—Ceron ceramic-

! ALL UNITS ACTUAL SIZE v

insulated resistance wire, wound on special ceramic
core—multi-layer non-inductive windings or high
resistance value conventional windings—sealed, in-
sulated, non-porous ceramic outer shells—aged-on-
load to stabilize resistance value.

You can depend upon them to carry maximium
rated load for any given physical size.

Send for Engineering Bulletin 7300 for complete

technical data,
SPRAGUE

THE MARK OF RELIABILITY

. SPRAGUE COMPONENTS: RESISTORS ® CAPACITORS ® MAGNETIC COMPONENTS @ TRANSISTORS
INTERFERENCE FILTERS @ PULSE NETWORKS ® HIGH TEMPERATURE MAGNET WIRE @ PRINTED CIRCUITS

ELECTRONICS + DECEMBER 18, 1959 CIRCLE 5 ON READER SERVICE CARD 5



from INDIANA STEEL

NEW HIGH ENERGY ALNICO V-7
PERMANENT MAGNETS ACHIEVE TYPICAL ENERGY
VALUES OF 7 MILLION FOR THE FIRST TIME!

For the design engineer with a special application problem

Hyflux Alnico V-7 is a new high
energy material now available for
special applications requiring either
greater energy per unit weight or
volume, or equal energy from a
lighter or smaller magnet.
Compared with the previous en-
ergy leader — Alnico V, new Hy-
flux Alnico V-7 represents a sig-
nificant advance in the energy level
of permanent magnets. To show
this, a portion of the Demagnetiza-
tion and Energy Product Curve has
been enlarged and depicted here.
The curve for Hyflux Alnico V-7
shows a typical energy value of 7.00

¢ /
HYFILUX //, //
N AT T T

70 2 A / /
l
Ponss
e Ve V. ALNICO V
v v

million. By comparison, Alnico V
has a typical value of only 5.50
million.

The reason for this remarkable
performance lies in the very high
degree of crystal magnet orientation
found in the material. As a result,
Hyflux Alnico V-7 produces more

magnetic energy per unit volume
or weight than any other perma-
nent magnet material presently
available.

Other characteristics of Hyflux
Alnico V-7 are equally impressive,
For example, residual induction
(B,) is 12,750 gausses, and the co-
ercive force (H.) is 765 oersteds.
For Alnico V the B, is only 12,500
gausses and the H. 600 oersteds.
Improvements such as these point
the way to important design break-
throughs in many fields.

When To Use Hyflux Alnico V-7

A premium material, Hyflux Alnico
V-7 is particularly suited for use in
space age or other critical equip-
ment requiring a greater level of
energy, or where smaller size and
weight without loss of energy is
needed.

1. Military Electronics. Use Hyflux Al-
nico V-7 for light-weight ground and
airborne generators and alternators
{in a full range of frequencies).

2. Testing Equipment. Use Hyflux Al.
nico V-7 in meters, recording instru-
ments, oscillographs, magnetometers
and galvanometers.

3. Miniature and Sub-miniature Com-
ponents. Use Hyflux Alnico V-7 for
missile-borne guidance and record-
ing equipment,

B 17 o® 1w
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INDUCTION-8-KILOGAUSS

ENERGY PRODUCT - 8dHdX 104

DEMAGNETIZING FORCE.H-OFRSTEDS (GIBERTS PER CMJ

INDIANA STEEL PRODUCTS
Division of Indiana General Corporation

Valparaiso, Indiana

WORLD’'S LARGEST MANUFACTURER OF PERMANENT MAGNETS

In Canada: The Indiana Steel Products Company of Canada Limited, Kitchener, Ont.

6 CIRCLE 6 ON READER SERVICE CARD

Designing With Hyflux Alnico V-7

The nature of the material is such
that orientation (and magnetiza-
tion) must be straight, eliminating
the familiar horseshoe shape, Cyl-
inders, rectangles and other pris-
matic shapes, however, are possible,
as are certain conic or pyramidal
frustums. Pole faces may be ground
quite easily. Side surfaces may also
be ground, but somewhat slower
than normal.

TYPICAL CHARACTERISTICS
OF HYFLUX ALNICO V.7

{in comparison with Alnico V)

Hyflux
PROPERTIES Alnico Alnico
v-7
Residual Induction
{minimum) B, Gausses 12,750 12,500
Coercive Force
(minimum) H, Oersteds 765 600
Peak Energy Product
ByHgmax x 106 7.00 5.50
Peak Magnetizing Force
Oersteds 3,000 3,000
Weight
(Ib per ¢cu in) 0.265 0.265
Mechonical Properties Hard- Hard-
Brittle Brittle

For more information on new Hyflux
Alnico V-7 and its role in the design
future of your firm, write Dept, A-12.

DEMAGNETIZATION AND
ENERGY PRODUCT CURVE

INDIANA

PERMANENT
MAGNETS

CIRCLE 7 ON READER SERVICE CARD—>>
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...AT U.S. NAVY’S DAVID TAYLOR

MODEL BASIN

FASTEST COMPUTER READOUT
MICROFILM PRINTER IN USE TODAY!

FIFTEEN THOUSAND plotting points
or alphanumeric characters per sec-
ond are being recorded now on the
Stromberg-Carlson S-C 4020 high-
speed microfilm printer at the U.S.
Navy’s David Taylor Model Basin in
Carderock, Md. Either on-line or off-
line operation is provided.

At the David Taylor Model Basin, the
S-C 4020 is used in the applied
mathematics laboratory for the
solution of various Naval problems
including ship design, hydrodynam-
ics, structural mechanics and nuclear
reactor design, It is ideal for all kinds
of high-speed computer printing,
filing and archive storage.

In typical graph plotting applications,
the S-C 4020 can save as much as

STROMBERG-CARLSON-=£
a owvision or GENERAL DYNAMICS CORPORATION

CIRCLE 7 OGN READER SERVICE CARD

$4,840 a month. Assume that an aver-
age of 2,100 graphs with 375 points
each are required each month.
Twenty-five engineering aids can do
this work by hand at an estimated
cost of $8,800 a month. One S-C 4020
high-speed printer can do the same
work for a capital expense of $3,960
—a saving of $4,840 a manth.

Printers similar to the one in use by
the U.S. Navy are coming off the pro-
duction line right now. You can have
your own printer saving hundreds of
valuable man-hours within § months,

LITERATURE AVAILABLE — Write to
Dept. A-14, Stromberg-Carlson-San
Diego, 1895 Hancock Street, San
Diego 12, California.

Selected data, either tabular or
graphic, may be projected on
the accessory viewing screen
only 8 seconds after film expo-
sure. The projection unit is
useful for computer monitoring.




64 channels
in 60”

On these two pages eight fully tran-
sigtorized Model 850-1500P Pream-
plifiers appear actual size —each
measures approximately 2’ x 77 x
144", In racks of eight, 64 pream-
plifiers take only 56” of panel space,
and a blower unit another 4”. Neces-
sary power and chopper excitation
is provided by a completely transis-
torized Model 858-500P Power
Supply that mounts at the rear of
each 8-preamplifier unit, so that no
additional panel space is required.

unusual capabilities and stability

INPUT CHARACTERISTICS

Input circuit guarded, floating, isolated from
output, can be grounded. Input impedance
200,000 ohms min. (Preamplifier also available
at extra cost with 4.step attenuator with gains
of 10, 20, 50 and 100 and smooth gain con-
trol to reach any intermediate setting.)

BANDWIDTH
DC to 70 cps (—3 db).

RISE TIME
25 ms to 99.9% of steady state vaiue.

OUTPUT CHARACTERISTICS
Floating, independent of input, can be
grounded. )
Capabilities: =1 v across 300 ohms, DC to
70 cps
=1.5 v across 300 ohms, DC to
40 cps

Output impedance 100 ohms. Outputisacross
300 ohm internal load, shunted by internal 4
mfd capacitance. Part or all of this resistance
and capacitance can be supplied externally,
in any combination to suit your application.

LINEARITY
=0.1% of full scale output (2 volts)

GAIN

100 (10 mv input for 1 volt output). Preampli-
fier with gain of 1000 (1 mv input for 1 volt
output) also available on special order. Gain
stability =0.1% for min. of 24 hours.

INPHASE REJECTION RATIO

120 db at 60 cps, 160 db at DC, with 5000 ohms
unbalance in source.

INPHASE TOLERANCE
250 VDC, 220 VAC

NOISE

2 uv peak-to-peak referred toinput (measured
over DC to 100 cps). Noise plus ripple for full
scale signal not to exceed =0.1% of signa!
(measured wide band-ripple is 880 cps).

DRIFTY

=2 uv referred to input, at constant ambient
temperature, after 30 minutes’ warm-up. Input
drift temperature coefficient £0.2uv/°C, max,

OVERLOAD RECOVERY

Preamplifier recovers from fully blocked con-
dition within 20 milliseconds after removal of
signal. 10 volts of signal atinput will notdam-
age preamplifier.

POWER REQUIREMENTS

Each Preamplifier requires 2.5 watts; Mode!
858-500P Power Supply handles up to eight
Preamplifiers.

Preamplifier .... 850

oW LBV
PREAMP

SANBORN
850-1500P

LOWLEVEL |
PREANP }

SANBORN
850-1500P.




$462.50
per channel, complete

Each Model 850-1500P Preamplifier costs
$400, each Power Supply for every eight Pre-
amplifiers, $500. Consider the substantial
savings over equipment with comparable
specifications — when economy “per chan-
nel’” is multiplied by the number of channels
you're using. (All prices are F. O. B.Waltham,
Mass., within continental U. S. A}

LW LE¥EL
e |

SANGDRN

850-I500F d

LOW LEVEL

& RENP

What distinguishes this data preamplifier
from others is not its specifications alone—
but the combination of this performance with
high reliability, practical cost and small size.
Together, they make the Sanborn

Model 850-1500P the logical choice for

data processing systems in which tens or
hundreds of channels of information

must be handled.

Completely transistorized, the 850-1500P is
designed for amplifying low level inputs such as
thermocouple, strain gage and resistance
bridge outputs. Typical outputs include digital
voltmeters, tape recorders, scopes and

other readout devices.

Complete engineering data and application
assistance is available from Sanborn Company.
Contact your nearest Sanborn Industrial
Sales-Engineering Representative, or write

the main office in Waltham, Mass.
COMPANY

NS(.
INDUSTRIAL DIVISION

175 Wyman St., Waltham 54, Mass,

SANBORN

886-1500P -
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' WHEN IT COMES TO SHIELDED WIRE

JEEN N T

SLIDE SLIP CRIMP SNAP

on the ferrule in the ground taps the three together on the lnsulatlon

PRESTO

the best insulated ferrule you can buy

\—_——_

How’s that for speed! And the post-insulation of the Termashield
Shielded Wire Ferrule is easily and quickly accomplished . . . you
eliminate close tolerance cable stripping required by other tech-
niques . . . you eliminate blind probing of taps into other type
ferrules . . . you eliminate solder and burnt cable . . . you eliminate
lost time . . . you eliminate doubt.

For positive attachment, top reliability, unbeatable speed and
tangible economy, get A-MP Post-Insulated Termashield Shielded
Wire Ferrules.

Write for more information,

AMP INCORPORATED

GENERAL OFFICES: HARRISBURG, PENNSYLVANIA

A-MP products and engineering assistance are available through subsidiary companies in: Australia ¢ Canada « England ¢ France « Holland « Japan
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BUSINESS THIS WEEK

ELECTRONICS NEWSLETTER

F-M AUTO RADIO selling for about $125 will be the U.S.S. Dewey, to neutralize magnetic distor-

marketed next February by Motorola. Company
says design of the set permits it to fit under the
dashboard with three brackets for easy installa-
tion and removal. The radio can be used in any
12-volt American car built since 1955, or in any
other 12-volt vehicle with a negative ground igni-
tion system; set uses a regular car antenna.
Adapter kits for rear-seat speakers will also be
offered. The company estimates there are 15 mil-
lion f-m receivers, believes “a good percentage” of
these f-m listeners will want to keep tuned in while
driving. Motorola says it has overcome technical
difficulties which previously prevented mass pro-
duction of an f-m receiver for the automobile mar-
ket. The radio is powered by three transistors and
seven tubes, provides 15 watts of peak power.

ltalian business machine maker Olivetti is producing
typewriter arm support-plates with a fixed program
automatic electrohydraulic milling machine equipped
with a transistorized control unit. Printed circuits are
used for logical functions of program direction. Ma-
chine works two identical parts at once during a five-
minute cycle of 275 operations.

CIVIL AIR REGULATIONS amendment is proposed
by the Federal Aviation Agency that would require
Agency approval of the performance standards of
airborne radar and radio devices which now sup-
plement required navigation and communications
facilities. FAA says such gear may have a sig-
nificant effect on air safety, asks for power to ap-
prove equipment before its experimental installa-
tion and invites comment on the proposed change
in rules.

Nearly 61 percent of the nation’s 66,000 general aviation
aircraft were carrying receiver-transmitters in 1958,
according to a Federal Aviation Agency survey. In 1954
less than 48 percent of 61,000 aircraft carried nwo-
way radio equipment.

RED CHINA has developed a remote control sys-
tem, presumably for power transmission, which
uses telemetering gear and automatic control de-
vices at unmanned substations. Peiping Radio,
monitored in Tokyo, said recently that semicon-
ductor devices, magnetic elements and some printed
circuits are used. Work was done at the Institute
of Automation and Telemechanics of the Chinese
Academy of Sciences, counterpart of a similar
institute in the USSR. Another Peiping broad-
cast boasted that Red China is now turning out
electronic computers, telephone equipment and
television transmitters. The broadcast said 110,-
000 radio sets were turned out last year, 5.5 times
the number for the previous year.

NEW DEGAUSSING COILS gird the inside of the
Navy’s just commissioned guided missile destroyer,

ELECTRONICS - DECEMBER 18, 1959

tions that trigger mines and attract torpedoes. The
coils are energized by ITT Federal equipment
which automatically compensates for varying mag-
netic currents as the ship passes from one location
to another. Effect is a magnetic field opposite to
that of the ship which makes the ship magnetically
“invisible.”

second coast-10-coast microwave system may be opera-
ting by 1962. Western Union is reportedly planning
such an expansion and, maybe later, a further exten-
sion southward. WU’s present east-west system reaches
Cincinnati and Chicago.

CHEMISTRY INFORMATION RETRIEVAL will be

carried out by a new special computer under devel-
opment in the USSR for the Council for Cyber-
netics of the Academy of Sciences. The machine
will determine within seconds, says Tass, any pos-
sible chemical compounds that answer to input spe-
cifications. The machine will use an algorithmic
technique, translating chemical characteristics into
mathematical expressions and analyzing the expres-
sions by matrix inversion and other linear meth-
ods. Answers will then be retranslated into chemi-
cal terms. Ultimately, Soviet planners hope to
derive information about the physical and other
properties of chemical compounds.

PERMANENT HEARTBEAT CONTROLLER has

been attached to the heart muscle of a patient in
the fourth case of its kind. A bipolar electrode
was sewn into place against the heart wall of a
37-year-old man with a progressively worsening
heartblock-—a condition in which the filling and
pumping chambers lose their synchronized rhythm
and do not respond to drugs. Operation was per-
formed at the University of California Medical
Center in San Francisco. Plastic-coated wires,
leading from the electrode out through the chest
incision, were attached to a transistorized, battery
powered pacemaker. Device is worn on a belt
around the waist, delivering an electrical stimulus
to the heart 60 times a minute. This maintains
a firm and regular pulse.

Third International Conference on Medical Electronics

will be held at Olympia, London, from July 21 1o 27,
1960. Conference is being organized by the Electronics
and Cominunications Section of The Institution of
Electrical Engineers in association with the Interna-
tional Federation for Medical Electronics. A simultane-
ous exhibition is planned.

IMAGE INTENSIFIER which multiplies the bright-

ness of a faint image 50,000 times has been devel-
oped at the Imperial College of Science in London.
The intensifier tube, expected to find application
in astronomy, nuclear physics and hospital X-ray
use, is 18-in. long and 2-in. in diameter.

n



Microwave Component News

@ from SYLVANIA @

Now available—
wide range of
traveling wave tubes
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SANBORN VISO-CARDIETTE p

A

Actual strip chart record-
ing of test on a production
tube shows the uniform
ONLY SYLVANIA CAN OFFER YOU gain characteristics of this
Sylvania tube over the 2.0
KMC to 4.0 KMC spectrum

AVAILABILITY — now in production, 16 types of traveling
wave tubes covering the microwave spectrum from 1 to 11 kme,
and milliwatts to kilowatts. Backward wave oscillators are also
available. Modifications and new designs for your special re-
quirements are part of Sylvania’s service.

HIGHEST GAIN —Sylvania’s traveling wave tubes deliver 2
to 5 times the gain of competitive types. For example, TW-4002
delivers a minimum gain of 37 db over its full 2 to 4 kme band.
GUARANTEED UNIFORMITY — Sylvania guarantees gain
variations one-half those of other tubes; i.e. 2 to 3 db narrower
limits. Other test limits are correspondingly more rigid.
PROVEN RUGGED DEPENDABILITY — Sylvania traveling
wave tubes have proved their performance by meeting tough Write for our new
military standards and by being specified and used in modern  Traveling Wave Tube Catalog
supersonic aircraft.

For more information
write your nearest Sylvania tube sales office or y
Sylvania Electric Products Inc,,

Special Tube Operations, Subsidiary of
500 Evelyn Ave., Mountain View, Calif. GENERAL TELEPHONE & ELECTRONICS
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FAIRCHILD
SEMICONDUCTOR

THE ONLY MANUFACTURER OF SILICON MESA
TRANSISTORS OFFERING A YEAR AND A HALF
OF PRODUCTION EXPERIENCE, A WHOLE FAMILY"
OF PRODUCTS IN VOLUME PRODUCTION WITH
ASSURED DELIVERIES ON SCHEDULE AND THE
ULTIMATE IN QUALITY OF WORKMANSHIP.

*GENERAL PURPOSE types suitable for switching *HIGH VOLTAGE type particularly suited to video
RF and DC applications over a wide current range. amplifiers and RF oscillators.
2N696 & 2N697 2N699
. *LOW STORAGE types optimized for high current
PNP COMPLEMENT to the 2N696 and 2N697 saturated switching circuitry.
2N1131 & 2N1132 2N1252 & 2N1253

*HIGH SPEED LOGIC transistor suitable for saturated
switching circuitry without sacrificing speed.

2N706

AVAILABLE IN QUANTITIES OF 1-999 FROM DISTRIBUTOR STOCKS OR DIRECT FROM THE FACTORY FOR ORDERS
OF 1,000 OR MORE. COMPLETE SPECIFICATIONS FROM EITHER SOURCE.

(5 i

\ _/ SEMICONDUCTOR CORPORRATION

FRANCHISED FAIRCHILD DISTRIBUTORS: CRAMER ELECTRONICS, Boston, Mass. e PHILA, ELECTRONICS, INC., Philadelphia, Pa.
WESCO SALES CO., Santa Monica, Calif. « SCHWEBER ELECTRONICS, Mineola, Long Istand, N.Y.  VALLEY INDUSTRIAL ELECTRONICS,
INC., Utica, N.Y. o SEMICONDUCTOR DISTRIBUTOR SPECIALISTS, INC., Chicago, !ll. e KIERULFF ELECTRONICS, Los Angeles, Calif.

FAIRCHILD FIELD OFFICES: Garden Gity, N.Y., Ploneer 1-4770 « Jenkintown, Pa, TUrner 6-6623 » Los Angeles, Calif,, OLeander 5-6058
Washington, D.C., NAtional 8-7770

545 WHISMAN ROAD / MOUNTAIN VIEW, CALIFORNIA / YORKSHIRE 8-8161
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WEINSCHEL

 COAXIAL
TERMINATIONS

DC to 10 KMC ’
50 ohms
Connectors: N, C, SC, BNC and TNC &
Individual VSWR calibrations sup-
plied at seven frequendies: DC, 4,
1,2,4,7.5and 10 KMC.
Made with Weinschel Film Resis- — !

tors for maximum stability.

& R

535-MSC 535-FSC

Weinschel Fixed Coaxial
Attenuators cover the fre-

quency range of DC to
12.4 KMC. Write for com-
plete catalog.

Weinschel Engineering

KENSINGTON, MARYLAND

WASHINGTON OUTLOOK

FEDERAL COMMUNICATIONS COMMISSION is extending the grace period for
vhf translators to March 31 of next year in the hope that Congress will
act to legalize them. A bill to make the 1,000-odd existing installations
legal was introduced in the Senate, where pressure from western senators
pushed it through.

Almost all boosters (which pick up and rebroadcast on the same
channel) have been changed over to become translators (which rebroad-
cast on a different vhf channel), because boosters are inclined to be
unstable and to pick up false signals. Neither type of installation is now
legal in the vhf range.

FCC is asking Congress to change the Communications Act to permit
licensing of stations constructed prior te granting of a permit. This would
cover all the translators, while the few remaining boosters would be out.
In addition, FCC is proposing standards to legalize new low-power vhf
translators up to 1 watt. More powerful ones would have to work in the
uhf range, where translators are already legal.

The Commission is inviting comments until Jan. 11. Broadcasters are
lobbying to require translators to get permission from the station whose
signal they pick up. But mountain state legislators, whose constituents
depend heavily on translators for tv, are powerful boosters for the pro-
posed change.

® Some Pentagon experts are saying the recent cut in the B-70 program
spells finis for manned bombers beyond the present B-52 and R-38
aircraft. The Defense Department’s decision to ‘“reorient” B-70
R&D means the Air Force will build two prototype planes capable
of flying 2,000 mph but stripped of combat systems such as bomb-nav
and defensive radar.
The project’s new objective is to demonstrate the aerodynamic
feasibility of flying a large aircraft at three times the speed of sound
rather than to develop a complete weapons system.

Electronics producers such as IBM, Westinghouse and Motorola,
which were contractors for the major subsystems, bear the brunt
of the cutback. Scope of the project is being reduced from the $300
million originally planned for fiscal 1961 to only $75 million. Sperry
Gyroscope is building a gyro platform for the two B-70 prototypes
with target date in 1962, and is apparently unaffected by the cut in
the program.

As plans shape up now, the first B-70 will be test-flown in 1963,
a year later than previously planned. The aircraft is now looked
upon as a “composite” plane, likely to become a prototype for future
transport or reconnaissance craft. Its potential as a bomber or
missile platform hasn’t entirely been ruled out, of course, but recent
deemphasis on combat-system development plays down the plane’s
combat role.

® FCC was up and charging in other directions this week. For the
first time in years it was threatening to revoke licenses and otherwise
crack down on station owners who may have been involved in broad-
casting hanky-panky.

The agency ordered WGMA in Hollywood, Fla., to show why its
license should not be revoked. WGMA is jointly owned by co-pro-
ducers of two of the fixed quiz shows. FCC has not revoked a license
since 1949, and picked up only three or four in its history.

Various Commission actions and statements indicate that the FCC,
suffering acute embarrassment in the public spotlight, will be
tougher on all kinds of mis-, mal- and non-feasance in the future,
whether it be bad programming, improper antenna-tower heights,
or interference.
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Constant reliability . . . duplicated in volume
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2= e Fast Switching Types S
. o General Purpose Types el
- e Military Approved Types <

Y TRANSISTORS

Low thermal resistance, low saturation resistance plus superior
current gain and high reliability construction make Clevite tran-
sistors your first choice for such applications as power converters, ﬂ -
audio amplifiers, power supplies and high current switching circuits. -

GERMANIUM POWER TRANSISTORS
e 2& 4 Watt Audio Types
e 5 Ampere Switching Types
® Iligh Power 65 Watt & 15 Amp Types

Available at leading electronic distributors in principal cities.

SEND FOR
Short Form Catalog 59

CLEVITE TRANSISTOR

254 CRESCENT STREET « WALTHAM 54, MASS.
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RcA 7025 “low noise and low hum" characterize the performance of this
- s 88 high-mu twin triode—ideal for your pre-amplifier designs.
“versatility” keynotes the applications for this tube—a sharp-
RCA 71 99 cutoff pentode and a medium-mu triode in one envelope~for
= wns low-level stages.
“compact, but powerful” can describe monophonic and stereo-
RCA 6973 phonic power amplifiers designed around this 9-pin miniature
B wme -—apairin Class AB1 can deliver up to 20 watts output.
“power deluxe"—up to 76 watts with only 2% distortion from
RCA 7 27 A a pair in Class AB1 audio service—new structure design pro-
= 0 - vides exceptional electrical stability and reliability.
ANOTHER WAY RCA SERVES YOU THROUGH ELECTRONICS

RADIO CORPORATION OF AMERICA

, Electron Tube Division Harrison, N. J.

"

From pre-amplifier to power amplifier, mono
or stereo, you can design a comprehensive line
of high-fidelity products around these 4 RCA
tube types. And your designs with RCA tubes
add up to recognition . . . for quality, perform-
ance, prestige. Contact your RCA Field Repre-
sentative for details. For technical data, write
RCA Commercial Engineering, Section
L-19-DE-3, Harrison, N. J.

EAST:
744 Broad St., Newark 2, New Jersey,
HUmMboldt 5-3900

MIDWEST:

Suite 1184, Merchandise Mart Plaza,
Chicago 54, til.,, WHitehall 4-2900
WEST:

6355 East Washington Boulevard, Los
Angeles 22, Callf.,, RAymond 3-8361
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No. 815,317.
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More than 50 years

of Continuous Research
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The original patent

issued to Mr. Lynde Bradley
in 1906 is reproduced above.

Tiny Type G, V2" dia.
Rated Y2 watt, 70°C.
Type L, V2 watt, 100°C.

b@ ~;7,:.,,_

\ g ‘;ﬂf‘ i
."& g ‘
a4
New Type R adjust-
able fixed resistor

rated % watt at 70°C
ambient.

Popular Type Jis 1”7 in dia.
Rated 2 watts, 70°C. High
temp. Type K rated 2 watts,
100°C, 1 watt at 125°C,

For over half a century, Allen-Bradley has set the
pace in the development of quality variable resis-
tors—and continues to do so today! With the
original patent, illustrated above, Allen-Bradley
introduced a new concept in the field of vari-
able resistors. And in the early days of radio,
Allen-Bradley variable resistors were so universally
accepted for their smooth control that famous
“Bradleystats” were a byword of the wireless era.

stands behind the Quality “Family” of

L. BRADLEY.
RESISTANCE DEVICE FOR ELECTRIC CURRENT CONTROLLERS.

APPLIOATION FILED JULY 28, 1903.

PATENTED MAR. 13, 1906.

ﬂ(l? -1
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1
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From this unique background comes today’s
famous A-B family of variable resistors, all of
which feature the solid, hot molded resistance ele-
ment—an exclusive A-B design that has proven
unequaled for reliability and long life. Itis because
of this superlative performance that Allen-Bradley
variable resistors enjoy the enviable reputation of
being ‘“‘required” in so many critical military and
industrial applications.

Allen-Bradley Co., 222 W. Greenfield Ave., Milwaukee 4, Wis.
In Canada: Allen-Bradley Canada Ltd., Galt, Ont.

ALLEN-BRADLEY

Quality Electronic Components

-

6-59-E




TYPE R
ADJUSTABLE
FIXED RESISTOR
Available from 100 chms to

2.5 megohms.

= RESISTANCE!

Allen-Bradley adjustable fixed resistors are -
s ially designed to hold precise settings EHEm1Eh iEWhotl THENR %/Murvatt=—
especially cesig prect 9 70° C adjustable fixed resistor

under extremes of shock and vibration [

. . - 'y Adjustin
Through Allen-Bradley’s exclusive process, the solid Brush holder = e Scrlew 9 Molded

resistance element and the insulating mounting of Mounting hole phenolic
the Type R control are hot molded into an integral case
unit. This makes the Type R adjustable fixed resistor
virtually immune to shock and vibration. In addi- Resistance
tion, the moving element is self-locking to assure set-
ting remains stable at all times. Operation of the
Type R is exceptionally smooth—with never an
abrupt change during adjustment.

The molded case of this adjustable fixed resistor
is watertight and dust-tight, permitting the entire

unit to be potted after adjustment. Write for Techni- Collect L Jtaet ik
cal Bulletin 5205—it contains full details. A Q : - e

Allen-Bradley Co., 222 W. Greenfield Ave., Milwaukee 4, Wis. In Canada: Allen-Bradley Canada Ltd., Galt, Ont.

ALLE N - B RA D LEY Quality Electronic Componentsv

Carbon brush

track
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The

care and feeding of a

it takes more than pressing a button to send a giant rocket on its way.
Actually, almost as many man-hours go into the design and construction
of the support equipment as into the missile itself. A leading factor in the
reliability of Douglas missile systems is the company's practice of including
all the necessary ground handling units, plus detailed procedures for system
utilization and crew training. This complete job allows Douglas missiles like
THOR, Nike HERCULES, Nike AJAX and others to move quickly from test
to operational status and perform with outstanding dependability. Douglas
is seeking qualified engineers and scientists for the design of missiles,
space systems and their supporting equipment. Some immediate openings
are described on the facing page. Please read it carefully.

Alfred J. Carah, Chief Design Engineer, discusses the ground installation
requirements for a series of THOR-boosted space DO U G LAS
probes with Donald W. Douglas, Jr., President of

MISSILE AND SPACE SYSTEMS B MILITARY AIRCRAFT M DC-8 JETLINERS B CARGO TRANSPORTS M AIRCOMB M GROUND SUPPQORT EQUIPMENT
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FINANCIAL ROUNDUP

Split Plan Up for Vote

MAILING OF 143,219 PROXIES to
Westinghouse common stock hold-
ers for their votes on a two-for-one
stock split on Jan. 4, has been an-
nounced. Company board of direc-
tors recommended the split in Oc-
tober when the dividend was
raised from 50 to 60 cents a share.
At that time the firm reported the
highest third-quarter earnings in
its history. Third-quarter net in-
come of $22,075,000 showed an in-
crease of 16 percent over earnings
in the same period of 1958. Earn-
ings also exceeded by 16 percent
the preceeding 1959 quarter, high-
est April-June period ever. If the
split is approved, the number of
common shares will go from 25 to
50 million and par value will go
from $12.50 to $6.25 a share.

¢ Stockholders of Avien Inc.,
Woodside, N. Y., have voted to ex-
change all the company’s class B
stock for class A shares on a one-
for-one basis. The decision will
involve 313,096 shares. Also ap-
proved was a plan to increase the
number of shares that can be op-
tioned under the company’s stock
option plan. The move raises the
present limit from 30,000 to 50,000
shares.

» Monogram Precision Indus-
tries, Inc., Culver City, Calif,,
shareholders approved a restricted
stock option plan at their Fall
meeting. The plan calls for 60,000
shares to be distributed to key
employees and to be used to assist
in recruiting qualified engineers.

e Victoreen Instrument, Cleve-
land, is awaiting SEC approval of
registration for $2! million in
6-percent convertible subordinated
debentures. The issue, which will
be due in 1974, will be offered in
coupon form in $1,000 denomina-
tions. The proceeds will be used
to retire a bank loan, finance ac-
quisition of Standard Felt Co., and
for other such corporate purposes
as may be necessary.

e Telechrome Mfg., Amityville,

ELECTRONICS + DECEMBER 18, 1959

N. Y, has filed with SEC for regis-
tration of $750,000 in 6-percent
convertible subordinated deben-
tures due in 1969. The issue will
be convertible into shares of the
company’s class A stock. Of the
proceeds, $650,000 will be used to
retire bank notes. The remainder
will be used for new acquisitions
in process and for general cor-
porate expansion.

¢ Perkin-Elmer Corp., Norwalk,
Conn., reports net sales of $3,246,-
721 and net income of $55,5650 for
the quarter ended Oct. 31. This
compares with $4,285,348 and
$143,396 respectively for the same
period a year ago. R. S. Perkin,
chairman of the board, commented
that many months elapse between
receip and shipment of govern-
ment orders, in explaining the di-
minished volume of sales, earnings.

125 MOST ACTIVE STOCKS |

WEEK ENDING DECEMBER 4

SHARES
b (IN 100’s) HIGH LOW CLOSE .
Reeves Snderft 4,164 132 10% 1245 |

| Sperry Rand 3,451 27% 24% 27

. Philco Carp 1,590 3244 27V 3245
Elec & Mus Ind 1,468 1134 11%s 1134
RCA 1,448 73%  69% 0% |
Raytheon 1,273 588 5378 57V
Avco Corp 1,064 15% 14% 15
Emerson 951 19%  15%  19%
Burroughs Corp 925 3% 33% 3678
Gen Dynamics 877 517%  43% 4912
Intl Tel & Tel 729 4035 38Y2 40
“Univ Control 722 193 1844 1878
Gen Electric 642 93 8912 917
Gen Inst 642 331 29% 33

! Compudyne 641 20 16Y4 183 |
Admiral Corp 569 24% 22V 243
Lear Inc 559 213 19% 1978
Siegler Corp 465 3578 32V 3542
Standard Coil 464 174 15V 17
Harmon Kardon 459 8% 7 8%
Ampex 437 1341, 119%, 123

Gen Tel & Efed 423 78 75%2  71% -

Cons Electronics 408 587  52%  55%
Varian AsSoc 406 51%  46% 4758
Loral Electronics 405 39%  341s 37

The above figures represent sales of electronics

stocks on the New York and American Stock

Exchanges. Listings are-prepared exclusively for

ELECcTRONICS by Ira Haupt & Co., investment
¢ bankers.

DIVIDEND ANNOUNCEMENTS

Amount Date

per Share Payable
Amphenol-Borg $.35 Dec. 30
Anaconda Co. 1.00 Dec. 28
Bendix Aviation .60 Dec. 29
Clevite Corp. .30 ’ Dec. 28
General Electric .50 Jan. 25
Philco pfd. 93%s Jan. 1

It your career needs
care and feeding...

DOUGLAS AIRCRAFT COMPANY
MISSILES AND SPACE SYSTEMS

has immediate openings
in the following fields—

Electrical and Electronics:

Control System Analysis & Design
Antenna & Radome Design

Radar System Analysis and Design
Instrumentation

Equipment Installation

Test Procedures

Logic Design

Power System Design

Mechanical Engineering —
Analysis and Design of the following:

Servo Units

Hydraulic Power Systems

Air Conditioning Systems
Missile Launcher Systems
Propulsion Units and Systems
Auxiliary Power Supplies

Aeronautical Engineering:
Aerodynamic Design
Advanced Aerodynamic Study
Aerodynamic Heating
Structural Analysis
Strength Testing
Dynamic Analysis of Flutter

and Vibration
Aeroelasticity
Design of Complex Structure
Trajectory Analysis
Space Mechanics
Welding
Metallurgy

Physics and Mathematics:

Experimental Thermodynamics

General Advanced Analysis in
all fields

Computer Application Analysis

Computer Programming and
Analysis

Mathematical Analysis

For full information
write to:

Mr. C. C. LaVene

Box F-620

Douglas Aircraft Company, Inc.
Santa Monica, Calif.
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One of a series of advertisements When you've got big plans {or the future — vou have good

pregared by the ASSOCIATED reasons for reading your businesspaper mighty carefully. This is

BUSINESS PUBLICATONS where a man who means business gets facts, news, ideas. ..
information he needs to do business. Issue after issue vou find
meaty stuff to keep your job and vour business growing — in both
the advertising and editorial pages of ... your businesspaper.

ShOTOC ON LOCATION BY EHRENBERG

Where there’s business action, there’s a
businesspaper .. .wherethere’selectronics business, there’s

electronics

A McGRAW-HILL PUBLICATION ¢ 330 WEST 42nd STREET, NEW YORK 36, N. Y.
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From Technical Breakthrough

to Reliable Production ' ' ' '

CARCINOTRONS®

Backward Wave Oscillators have now
attained the full cycle of the capability
associated with all CSF products. This
cycle, beginning with the pioneering
research and development has led to
the largest frequency coverage in Car-
cinotrons, is now completed with the
reliable full scale production of these
tubes.

Electronically tunable, the Carcino-
tron tube permits the largest range
of uninterrupted tuning ever achieved
by a single tube. Latest developments
in CSF CW Carcinotrons include:

P milliwatts at 2 m/m wavelength

P watt at 4 m/m wavelength

» 10 watts at 8 m/m wavelength

P 5 kilowatts at 1 m wavelength

A partial listing is shown below of
current CSF production of type “O”
Carcinotrons, which have a complete
coverage from 1 to 100 kMecs.

Co 515 980 — 2100 Mcs.
o0 521 8000 — 16,000 Mcs.
CO 2012 A 15,500 — 24,000 Mcs.

CO 1308 A 23,500 — 37,500 Mcs.

Current production of “M” type Car-
cinotrons between 1 and 10.5 kMes
includes:

CM 5200 1200 — 1500 Mcs 500 W Cw min
CM 440 2700 — 3400 Mcs 500 W Cw min
CM 7060A 3200 — 4000 Mcs 200 W Cw min
M 730 8500 — 10,500 Mcs 80 W Cw min

American Radio welcomes inquiries
about special development for particu-
lar needs.

AMERICAN RADIO CO.’ INC. *US. Patent No. 2,880,355

445 PARK AVENUE, NEW YORK 22, NEW YORK

Subsidiary of Compagnie Générale de T.S. F. (CSF) Paris, France
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General Electrie Semiconductor News

Tests prove reliability of

Mass production of SCR’s is
now a reality. The experience,
skill and manufacturing knowhow
of General Electric’s SCR produc-
tion line is your assurance of de-
pendable quality-controlled SCR’s
—an assurance unmatched by any
other manufacturer.

WHAT THE SCR DOES

The SCR is a miniature semiconductor device that
blocks positive forward voltage in its “off” or non-
conducting state. However, by applying a small signal
to the gate terminal it switches rapidly to a conduct-
ing state and acts like a single junction silicon recti-
fier., Tt is completely static, arcless and fast. It is
almost 100% eflicient. It contains no mechanisms sub-
ject to wear. As a result, the SCR can switch and con-
trel power either faster, more safely, less expensively
or more reliably than the many devices it replaces:
circuit breaker, relay, thyratron, magnetic amplifier,
rotating amplifier and many others. Among the many
hundreds of circuit designs are these:

Superior d-c motor operation from an a-c source. Eliminates motor
generator sets, tubes or magnetic amplifiers to provide controlled
d-c. Replaces mechanical speed and direction changers.

Superior a-c generation from a variable d-c source. First really
practicad method of using static inverters with ratings of several
kilowatts.

Simpler conversion to high frequency. SCR converters are small
and efficient. Extends use of high frequency power where desirable,
as in fluorescent lighting systems.

Pulse modulators. Compact, yet rugged replacement for hydrogen
thyratrons in radar and beacon modulators.

D-c regulation. Control large blocks of voltage with small losses
by pulse width modulation. Eliminate bulky rheostats and adjustable
d-c generators.

Other applications: Battery charging regulator, transient voltage
protection, dynamic braking, constant current supply, static switching,
regulated power supply, d-c to d-c conversion, temperature control.

24
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silicon controlled rectifier

Prices again reduced, new circuits developed,
customer designs move into manufacturing stage

Prices again have been reduced an average of twenty per-
cent on General Electric’s Silicon Controlled Rectifier, pro-
viding greater values to users. These new prices haye been
made possible through expanding production and lower
manufacturing costs.

$ 300

$275

$ 250+ | |
—{ AN ACTUAL PRICE PICTURE
OF THE G-E €358 {(200V)
CONTROLLED RECTIFIER

§$225

$ 200

$175

$150 4

$ 125 i

$ 100 l

B

$75

$ 50

$ 25

$o

5

} [ 111 i
JFMAMJJASONDJFMAMJJASONDJFMAMJJASOND
1958 1959 1960
GENERAL ELECTRIC

CONTROLLED RECTIFIER PRICE TREND

TESTS AND FIELD REPORTS PROVE RELIABILITY

Reliability of General Electric SCR’s has been steadily im-
proved over two years of manufacturing experience. Typical
test results point to the reliability achieved to date.

MAXIMUM ALLOWABLE RATINGS (Resistive or Inductive Load)

98% survival after 1000 hours of storage at 125°.

97% survival after 1000 hours of operation at maximum
ratings at 125°C,

No thermal fatigue failures after 30,000 cycles from
20°C to 135°C and return.

Less than one percent failures experienced .by customers
(many of which were traced to misapplication).

SCR NOW BEING USED BY MANY COMPANIES

The evaluation stage is passing rapidly into the application
stage. Many products incorporating the SCR are being mar-
keted, for the applications are proved, circuits refined and
quantity production is a reality. These are just a few of the
many cases where an SCR is now doing a job more efhici-
ently. less expensively, faster or more reliably than previous
designs:

Power supplies incorporating transient voltage protec-

tion (for computers).

Radar modulator.

Static switch to replace mechanical relay for aircraft,

Three phase inverter.

Stage lighting lamp dimming.

Regulated power supply.

Battery charging regulator.

Constant current supply for a magnetic yoke.

SEND FOR DESIGN INFORMATION

Detailed application notes and article reprints are available
for the guidance of designers. Your General Electric Semi-
conductor Sales Representative will be pleased to provide
you with complete details. Or write to Section $25129,
Semiconductor Products Dept., General Electric Company,
Electronics Park, Syracuse. New York. Many local G-E
Semiconductor Distributors also stock General Electric SCR
units for fast delivery at factory-low prices.

€35V C35F C35A C35G C358 C35H €35¢C C35D
Continuous Peak Inverse Voltage (PIV) 25 50 100 150 200 250 300 400 volts
Transient Peak Inverse Voltage (Non-Recurrent<5 millisec.) 35 75 150 225 300 350 400 500 volis
RMS Voltage (Vrms), Sinusoidal 17.5 35 70 105 140 175 210 280 volts
Average Forward Current (If) Up to 16 omperes
Peak One Cycle Surge Current (lsurge) 150 amperes
Peak Gate Power 5 wotls
Average Gate Power 0.5 watls
Peak Gate Current (lG} 2 omperes
Peak Gate Voltage (Vs) (forward) 10 volts
Storage Temperature —65°C to +150°C
Operating Temperature —65°C 1o +125°C
CHARACTERISTICS (At Moximum Ratings) C35U C35F C35A C35G C35B  C35H €35¢C C35D
Minimum Forward Breakover Voltage {Vso) 25 50 100 150 200 250 300 400 volts
Moximum Reverse (Iz) or Forward (Is) Leakage Current (Full Cycle Average) 6.5 6.5 6.5 6.5 6.0 5.5 5.0 4.0 ma
Moximum Forward Voltage (Vi Ave) 0.86 volts (Full Cycle Average)
Moximum Gate Current To Fire (1) 25 mo
Moximum Gate Voltage To Fire (VoF) 3 volts
Typical Gate Current To Fire {1cF) 10 mo ot +1.5 volts (Gate to Cathode Voltage]

C-35 Series—lower cost series with ratings similar to above, but for use up to 100°C moximum, with forward current ratings up to 10 amperes.

75-50 Series—a high-current series now in development, and available on o protatype-sample basis.

GENERAL @B ELECTRIC

Semiconductor Products Department
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CoaMac
SPECIALTY SEALS

precision-made to
your specifications

High-temperature
specialty seals
vacuum-tight, shock-
and vibration-proof

A competent, dependable source
for custom seals is CerMac
(Ceramic-Metal Assemblies Cor-
poration). Here experienced and
skilled personnel employ modern
precision manufacturing facili-
ties to produce hermetic seals
and other metallized ceramic
assemblies of highest quality
with prompt deliveries. Send
drawings for quotations.

Representatives in principal cities

CERAMIC-METAL
ASSEMBLIES CORP.

P. O. Box E- 328 Latrobe, Pennsylvania
Phone: Latrobe, Keystone 9-1757
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MARKET RESEARCH

Chuck Joyner: Gets new EIA duties

Bill Long: Joins Philco

New Market Data Head at EIA

A TOP-LEVEL marketing personnel
change at the Electronic Industries
Association heads this week’s news.

Chuck Joyner has been named
head of EIA’s Market Data Depart-
ment. He replaces Bill Long, who
is joining the Lansdale Division of
Philco Corp. in a long-range plan-
ning capacity.

The market data job at EIA has
considerable significance to the
electronics industry. The depart-
ment is the repository of confiden-
tial sales and inventory information
from which the association develops
the industry-wide marketing statis-
tics it supplies to members and the
public.

Long established the department
in 1951 with a staff of three mem-
bers. It now has a staff of 14. De-
partment services have grown con-
siderably since 1951. They include
not only the collection and prepa-
ration of inventory and sales in-
formation but publishing of the
annual EIA Fact Book and the
processing of military data ab-
stracts.

Works With Industry

Joyner received his statistical
and marketing training from
George Washington University. He
joined EIA in 1952 and has been
assistant manager since 1953.

The department now works ac-
tively with 200 marketing men in
industry. It also sponsors periodic

seminars in marketing research
techniques, Within the last year,
it has added a military economist
to its staff and is making long-
range studies and short-range
analyses of the military market.

With the association’s Military
Products Division it has a com-
puter program under study. This
program includes a periodic deter-
mination of the number of com-
puters in use, characteristics of
companies in which computers are
analyzed, the amount of peripheral
equipment employed, and the vari-
ous ways computers are used.

Thusands - FIGURES OF

of Units

THE WEEK

Production
Week of 11-27

RADIO SETS

L1958

‘959_ Source: EIA
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available from '
inventory for
immediate delivery—
silicon transistors with

All electrodes completely insulated from th JEE ackage (TO-5
pietely paciage (T0-9)
F
These Hughes PNP fused junction silicon transistors...which are especially recom- 4 ]
mended for small signal current gain, DC amplifier and other applications...offer you ¢ g
the following advantages over competitive devices: | 4 F
» BVcgos BVigo, and BV o are symmetrical « lower leakage current « controlled . l
gain band « lower saturation resistance « higher operating frequency . ;ﬁg
4
You receive still another benefit from these Hughes silicon transistors: proven reliability. i ; ié
fts reliability life tests at maximum operating temperature show a reliability factor of %
4 X 10-5 or only one failure in 25,000 transistor hours of operating life. ! §
Order today! These Hughes transistors are available from inventory at both the factory |
and at all Hughes distributors. Just call or write your nearest Hughes Semiconductor
Sales office or distributor.
Specifications
BVEmo Max. Vce ?
Type BVcBo Hife @lc=10ma Maximum Typ.Fab
BVcEo Min. Max. @ls=2ma Iceo® and IEBO* (MC)
2N1228 —15V 14 32 —0.2 —0.1pA 1.2
2N1229 —15V 28 65 —0.2 —0.tpA 1.2 i
2N1230 —35V [ 32 —0.2 —0.14A 12 sy o
2N1231 —35V 28 65 —0.2 —0.18A 1.2 g\ﬁ ;
2N1232 —60V 14 32 —0.2 —0.1pA 1.0
2N1233 —60V 28 65 —0.2 —0.1pA 1.0 ¥ L
2N1234 —110V 14 32 —0.2 —0.1uA 0.8 IS 2
ALSO AVAILABLE WITH 1 WATT POWER DISSIPATION IN GOAXIAL PACKAGE .AV 80% OF MAXIMUM VOLTAGE §% w’é
i & =

v

SEMICONDUCTOR DIVISION

Creating a new world with eLECTRONICS | HUGHES PRODUCTS

©1959, HUGHES AIRCRAFT COMPANY
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High-vacuum
measurement-all types
—Qone source

P T L L R I N R AL g

T N L el -

VTP 6578 IONIZATION GAUGE
TUBE Especially designed for high ulti-
mate vacuum applications: 3 filaments for
long life. Reliable, positive calibration.
Flanged for use in metal vacuum systems.

F e R R |

VTP 6343 THERMOCOUPLE GAUGE
TUBE Fast response: less than 0.1 second!
Pressure range: 0.1 to 1000 microns. Rugged-
ized all-metal construction. Useable for
leak detection on vacuum systems as well
as absolute pressure measurement.

VTP TC-43-1 THERMOCOUPLE
GAUGE CONTROL Dual meter control.
Indicating meters for heater current and
system pressure. Rotary switch permits
selective measurement of pressure at any
one of four separate measuring points.

P R R R R et

VTP 7169 IONIZATION GAUGE TUBE
All glass. Designed for use in glass vacuum
systems. Electrically identical to VTP 6578.
Both may be outgassed easily by passing
heater current through grid structure.

VTP PG-25 COLD CATHODE DIS-
CHARGE TUBE Small, rugged, non-
burnout, all-metal gauge tube for precise
measurements and contaminating atmos-
pheres. Easily dismantlted for cleaning. Pos-
itive and accurate under all conditions.

VTP PGC-25-01 DUAL RANGE
PHILIPS GAUGE CONTRO4 Simple,
inexpensive and rugged Philips gauge (cold
cathode) control measures pressures in two
ranges: (1) from 25 microns to 0.1 micron,
(2) from 0.11 micron to 0.01 micron.

VTP 3-147 IONIZATION/
THERMOCOUPLE GAUGE
CONTROL

Dual thermocouple control
combined with ionization gauge
control. Automatic lockout protects
jonization gauge tube. Contact
meter optional,

28 CIRCLE 28 ON READER SERVICE CARD

For your laboratory and production
use, the world's most complete line
of vacuum measurement devices is
available from Vacuum Tube
Products.

Backed by over 13 years of research,
development and production
experience in the high-vacuum field,
these precision instruments offer you
the maximum in accuracy and
reliability—plus long operating life!

Precise, dependable VTP vacuum
gauge tubes are especially designed
to give you extra-long life plus
interchangeability in existing systems.

For detailed information on VTP's
complete line of vacuum gauge tubes
and controls—or sound solutions to
your particular vacuum measurement
problems, write:

Vacuum Tube Products
P.O. Box 90427
International Airport Station
Los Angeles 45, California

For export information, write:
Hughes [nternational
Culver City, California

T ®
P

C o
VACUUM TUBE PRODUCTS
a division of HUGHES AIRCRAFT COMPANY

© 1959 HUGHES AIRCRAFT COMPANY
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Still using *‘old-fashioned’’
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) methods for measuring non-recurring
1
' transients? If so, now is the time to
5 investigate the easy way to solve your
)
. ! most difficult transient measurement
| problems with the latest model Hughes
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oscilloscope

Why? Because new features, new
advanced circuitry, new panel layout
and new mechanical design now
assure maximum accuracy in all your
transient measurements—p/us higher
performance, greater dependability
and easier operation|

The Hughes '"Memo-Scope’’ oscilloscope

(Model 104E) stores nonrepetitive events
for an indefinite period—hours, or days—
keeping them available for thorough study
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new improved features

s Simplified panel layout, redesigned
trigger circuit...assure easier
operation,
s Advanced mechanical design gives:
= Better cooling for longer
component lite,

« Far greater accessibility for
maintenance,

« Increased ruggedness; resistance
to vibration,

® Built-in single-sweep circuit (**1-shot”
trigger) at no extra cost,

» Available for either 110 v. or 220 v.
operation.

applications
= Data reduction equipment trouble-
shooting
Physical testing: shock, stress, strain
Ultrasonic flaw detection
Semiconductor testing

Ballistics and explosives research
...and many others.

For complete information on the new improved Hughes '’ Memo-Scope”
oscilloscope (Model 104E}, detailed data sheets and application analysis
of your transient measurement problems, write or wire: HUGHES PRODUCTS
Industrial Systems Division, International Airport Station, Los Angeles 45, California o« - - & - - - o 0 C o oo o oo - = i e K]

© 1959, HUGHES AIRGRAFT COMPANY
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Experience—the added alloy in A-L Electrical Steels
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GAUSSES—STANDARD TEST FLUX DENSITIES-

Greater permeability for

.014 and .006 Strip

Allegheny Ludlum’s AL-4750...and it's guaranteed

promises more consistency, higher predict-
ability for magnetic cores

AL-4750 nickel-iron strip now has higher guaranteed per-
meability values than ever before. For example, at 40
induction gausses AL-4750 now has 57% higher perme-
ability than in the past, using the standard flux den-
sity test.

This greater permeability means better consistency and
predictability for magnetic core users . . . and allows
careful, high performance design.

This improvement in AL-4750 is the result of Allegheny
Ludlum’s continuing research on electrical alloys and

WSW 7491

nickel-bearing steels. Moly Permalloy has been similarly
improved in permeability. A.L constantly researches sili-
con steels, including A-L's well-known grain-oriented
silicon, Silectron, and other magnetic alloys.

Complete facilities for the fabrication and heat treat-
ment of laminations are available at Allegheny Ludlum.
And A-L’s technical know-how guarantees you close gage
tolerance, uniformity of gage throughout the coil and
minimum spread of gage across the coil-width.

If you have a problem on electrical steels, laminations
or magnetic material, call A-L for prompt technical as-
sistance. Write for blue sheet EM-16 for complete data on
AL-4750. Allegheny Ludlum Steel Corporation, Oliver
Building, Pittsburgh 22, Pa. Address Dept. E-24.

ALLEGHENY LUDLUM ' -

STEELMAKERS TO THE ELECTRICAL INDUSTRY

Export distribution, Electrical Maferials: AIRCO INTERNATIONAL INC., NYC 17
Export distribution, Laminations: AD. AURIEMA, NYC 4
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THOR
MACE
TITAN
HAWK
ATLAS
SNARK
NIKE B
BOMARC

NIKE ZEUS
SPARROW |
“" SPARROW 11
SPARROW |11

NIKE HERCULES

SIDEWINDER
REGULUS II
VANGUARD
PERSHING
BULL PUP
POLARIS
CORVUS
FALCON

-

New T4 Frocesses /mprove 1istumentt Sensiivinty !

present day, modern assembly areas approach
fantastic levels of cleanliness.

In delicately-precise instrumentation, parts must react
to relatively small rotive forces. Here . . . bearing

torque is the highly critical factor. Separator selection, An everyday example of N.D.'s contribution to improved

bearing finish and clinically clean assembly areas are
extremely important.

It's here that New Departure is setting new industry
standards! Special dies and in-process gauging of
separators assure ball retention with improved torque
and vibration characteristics. In addition, new N.D.
honing processes and Talyrond gauging deliver uniform
accuracy to millionths of an inch. Moreover, having
originated the first bearing industry "'white room’’,
followed by continuous experience, New Departure’s

instrument sensitivity can be found in the Smithsonian
Institution-selected Micro Clocks. These vitally important
instruments are accurately tracking both U.S. and
foreign satellite movements in time determinations of
1 milli-second . . . and better!

For new performance and reliability in your precision
instruments, ask your N.D. Miniature/Instrument Bearing
Specialist to sit in on early design level discussions. For
further information call or write Department L.S., New
Departure Civision, General Motors Corp., Bristol, Conn.

| ==

MINIATURE £ |

TRUMENT BALL BEARINGS

“proved reliobility you can build oround
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CIRCLE 31 ON READER SERVICE CARD



Training Missilemen Creates New

Classroom gear sales exceed $100 million. Hundreds of courses on more
than 40 missile systems are being run at factory and military sites

LONG BEFORE a missile system is in
production, military crews are
learning to operate and maintain it.
Instruction of these crews has now
become a large business for elec-
tronics firms. Supplying classroom
equipment is even bigger.

Teaching the military to main-
tain and launch a single missile type
often requires 15 different courses.
These are held at factory sites and
military bases.

Industry training contracts are
awarded for course preparation,
trainer fabrication, preparation of
training sites, tuition, and purchase
of equipment.

Buying Guidance Gear

“Classroom equipment” usually
means prototype or operational sub-
systems of a missile. One of the
biggest items bought for classroom
instruction is guidance equipment.
Atlas guidance gear now being used
for instruction at Keesler AFB,
Miss., cost about $10} million.

Other types of guidance equip-
ment bought for instruction in-
clude radio-inertial ground and
airborne systems; all-inertial air-
borne; stellar-inertial; map-match-
ing; semiactive, active and passive
airborne radar; infrared; and tv-
inertial.

Another large requirement for
training is computers. Ground-
based computers are used in the
ballistic missile program; airborne

computers are important elements
in the larger guided missiles.

Other instruction gear includes
automatic  checkout equipment,
ground support consoles, data re-
duction systems and ground com-
munications.

Training is a continuous process.
Tests during development of a mis-
sile system often result in the modi-
fication or replacement of subsys-
tems. This calls for a new course
as well as new classroom equipment.
Normal turnover in military per-
sonnel is another big factor in the
continued need for instruction.

USAF’s Air Training Command
has, to date, turned out about 9,000
missilemen. Current instruction
consists of some 300 courses on
more than 15 missile systems.

The series of events usually goes
this way: individual training at the
prime center or another ATC cen-
ter; special training, conducted by
the manufacturer; on-the-job train-
ing assistance; field training, con-
ducted at the missile’s operational
sites, and crew training when re-
quested by the using command.

The prime center does not con-
duct courses on all subsystems of
a missile. Various portions are

farmed out to cther bases, “support
centers,” or to factories.

Much of the guidance equipment
training goes on at Keesler AFB.
Instructors are either factory in-
structors or

military personnel

formerly trained by factory instrue-
tors. Guidance training for the
IRBM Thor, however, is conducted
at AC Spark Plug’s Milwaukee
plant.

Lowry AFB, Colo., is prime cen-
ter for the surface-to-surface Mace
and the air-to-air Falcon GAR-3.
Factory training has been phased
out on these weapons. Classes are
now manned by the military.

Northrop runs factory schools
for Snark at Amarillo AFB, Tex.,
and Patrick AFB, Fla. Schooling is
now in progress for Atlas at Con-
vair’s factory in San Diego. GE
provides courses on Atlas at its
Philadelphia plant, Lowry AFB,
Keesler AFB, and Vandenberg
AFB. Burroughs offers factory
training for Atlas at Keesler AFB.

Martin gives classes on Titan at
its Denver plant and Sheppard
AFB. McDonnell for Green Quail
at its St. Louis plant; North Amer-
ican for Hound Dog in the Downey,
Calif., plant; Boeing for Bomare in
Seattle; Hughes for Falcons GAR 9
and 11 in Los Angeles.

Other companies conducting
courses, says ATC, include Reeves
Instrument, Laboratory for Elec-
tronics, Gilfillan, IBM, Western
Electrie, RCA Service, and Avco.

Navy trains missilemen at two
U. 8. Naval Guided Missiles Schools,
one at Dam Neck, Va., the other at
Pomona, Calif. At Dam Neck,
courses are conducted on Terrier,
Tartar, Talos, Polaris and Regulus
I. Pomona provides instruction on
Terrier and Tartar.

The Navy has special mainte-
nance problems, according to the
Dam Neck school officer-in-charge,
Cdr. W. A. Arthur. These are
caused by high humidity, vibration,
ship’s motion, and space limita-
tions.

Officers practice Atlas launchings at
Sheppard AFB, Tex., in course contracted
to Convair
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Revenue

Arthur says the complex nature
of electronic devices obviates the
classic circuit-tracing approach to
electronics training. There simply
isn’t enough time. The trainee con-
cerns himself more with the inputs,
function, and outputs of individual
modules.

Training men to operate and
maintain the Polaris Fleet Ballistic
Missile (FBM) and the associated
submarine gear has posed problems
almost as knotty as developing and
building the hardware, Navy says.

At this stage of the program,
most of the training takes place at
factories where classroom work is
supplemented by on-the-job train-
ing. When equipment for training
becomes available to the Navy
school system, training will be con-
ducted within the Navy.

The Dam Neck school is the
“prep” school for Polaris. Here,
courses are conducted in digital
computer techniques, binary -cir-
cuits, binary mathematics, Boolean
algebra, transistors, and pulsing
circuits.

New Manuals Written

Factory training is being con-
ducted under supervision of the
Bureau of Naval Personnel. Missile
training is going on at Lockheed,
Sunnyvale, Calif.; Nortronics, Ana-
heim, Calif.; ITT, Nutley, N. J.;
American Standard, Norwood,
Mass.; Packard and Burns, Need-
ham, Mass. Fire control and guid-
ance classes are held at GE, Pitts-
field, Mass.

So complex is the new equipment
being used in the Polaris sub-
marines that it has been necessary
to write a whole new family of
manuals to interpret the mainte-
nance manuals for the crews. These
new manuals are not primers but
advanced engineering texts.

Individual training is also being
conducted at the shipyards where
the subs are being built. Simula-
tors are used for operational train-
ing. This phase of the program will
go into new quarters at New Lon-
don, Conn., this spring.

Two ships, ex-Mariner class hulls

ELECTRONICS - DECEMBER 18, 1959

Navigation officer of Polaris sub trains at Sperry’s factory school. Eight courses on sub
navigation gear have been given to 400 students here

especially converted and fitted out
for the purpose, serve as floating
test and training centers. The USS
Compass Island is the proving
ground for the ship’s inertial navi-
gation system (SINS). Her sister
ship, USS Observation Island,
equipped with two launching tubes
and fire control gear, is the test
base for missile launching.

The Observation Island’s base of
operations is Port Canaveral, ad-
jacent to the Atlantic Missile
Range. Here a Naval Ordnance Test
Unit puts the Polaris test vehi-
cle through the flight test and
evaluation phase. At the same time,
missile and fire control crews from
the fleet ballistic missile subs get
on-the-job training.

‘Missile Academy’

Army’s missile training is con-
centrated in five schools, factories,
and operational missile sites.

Army Ordnance Guided Missile
School at Huntsville, Ala.—called
by the Army the “missile academy”
-—gives 57 courses on seven missile
systems: Nike-Ajax, Nike-Hercules,
Corporal, Redstone, Lacrosse,
Hawk, and Jupiter. Most instruc-
tion emphasizes field and depot
maintenance and supply. Students
consist of Army, USAF, civilian
personnel, and NATO technicians.

Academic training of missile
technicians is only one of the

school’s missions. It must also
originate and keep up-to-date all
textbooks, lectures, films and audio-
visual training aids used locally
and throughout the Army. The
school regularly televises courses
on missiles to other training cen-
ters and uses tv in most of its own
classrooms.

Two-Pronged Teaching

The Air Defense School at Fort
Bliss, Tex., teaches both operation
and maintenance for Nike-Ajax,
Nike-Hercules and Hawk. Civilian
instructors at Fort Bliss are pre-
pared for their jobs at Western
Electric’'s Winston-Salem, N. C,
factory school.

The Army Artillery and Missile
School at Fort Sill, Okla., teaches
operation and maintenance of Cor-
poral, Lacrosse, and Redstone. The
school will soon handle instruction
on Sergeant and Pershing.

Army Signal School at Fort
Monmouth, N. J., teaches 11 weeks
of basic electronics to missile crews.
Soon the Infantry School at Fort
Benning, Ga., and the Armor
School, Fort Knox, Ky., will initiate
an extensive instruction program
on antitank guided missiles.

Factory courses include: Martin
for Lacrosse; Firestone Tire and
Rubber, Gilfillan, and LeTourneau
for Corporal; and Raytheon for
Hawk.
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Model EPD —14Q¢
Portable Generator
— Diesel Driven

Model EPM — 1402
Portable Generator
— Motor Driven

WHERE YOU NEED IT...W

: 1
i

Model ESM ~1403
Statlonary Generator
—Motor Driven

IN THE MULTIPLE RANGES YOU NEED...

On the production line of leading airframe manufacturers...at U. S. ;
Air Force bases.. .. and on the remote air strips of our global defense net- D’SI?II\JIE;: P: ZI:?I:.TSIIE’PEI l%ﬁ Agégss(lt;':,ﬂ] ::J‘)El;ll%glt.)Y
work throughout the world...wherever logistics call for a full-range 00O DC o 3.5 amps
power supply of absolute reliability you can depend on generating equip- 150 VOIt DG ....vvvvssssennnsesr. 7.5amps,
ment by the Electric Machinery & Equipment Division of American —140VOIDC .ivvvivriniinneniiiiannnn. 4.5 amps.
Electronics, Inc. to meet the need. Providing complete versatility with 28VoltDC ...o.eiiiiiii 75.0 amps.
maximum reliability, this rugged, mobile high-frequency generating 28BvoltDC ...t 100.0 amps.
equipment is precision engineered for checkout of the complete electri- ii:ﬁgg zz:: """""" 1:82 g 2:: """"" fg x:
cal systems of the B-58 and the F-106. It is doing an equally exacting job | 115/200volt .......... 400cycle ... . ... 5KVA
of checkout and support for other aircraft and weapon systems.

, AMERICAN ELECTRONICS, INC.

ELECTRIC MACHINERY & EQUIPMENT DIVISION
2112 N. CHICO AVENUE, EL MONTE, CALIFORNIA » TEL. CUmberland 3.7151

Write for brochure
detailing full particulars

EME 59.1

34 CIRCLE 34 ON READER SERVICE CARD DECEMBER 18, 1959 « ELECTRONICS




NOW PRICED WITH PRECISION WIRE-WOUNDS!

OHMITE HRRE
Series 77

ISION
ETAL FILM RESI

Excellent High Frequency
Characteristics

i

i

= .

e g
W

" High Stability, Low Noise :

Exceeds Military : ;
Specifications = 4 \ P f
\ £ {

= 0

ACTUAL SIZE

- o [a 1 Y b by o0

™~

At last you can get quality metal film resistors, with all ) ) . Full Wattage
their advantages, at prices competitive with precision Og:;i'ée MIL Rimerisionsincncs) Rating at Min —Max Rngta:d
wire-wound units. In fact, some values are actually 1 Sizes ! 125°C | 150°C Ohms Volts
Style Length | Diameter
priced lower. £ Amb. | Amb.
771-1 — e .400 b4 Va 25-250K 350
EXCFEPS Mll.'ITARY S:"EEIFICATION.‘{).—I'Ohmitg meltal(fiilm 7712 — % 500 7 % 251K-400K | 350
precision resistors exhibit great stability under load at RNG5*
ambient temperatures of 150°C and higher, as well as in 772-3C RI92% % % “ & 30-125K 300
high humidity. Stability in storage is also excellent. A 772-3C) | RI92% % 1544 Y Y 50-85K 300
shelf-life test (covering a period of 415 years) of 93 units 772-1 - % 214, Y Y 25-259K 350
in the 60 to 300 K-ohms range showed less than 0.059, 772-1C - % 244 Y A 25-250K 350
maximum change in resistance. This stability together 772.2 RN72% e 214, v v 25.400K 350
with low temperature co-efficient, low noise level, and RI1%4%
unexcelled high frequency characteristics, are the reasons 772-2C | RI94% "o Vi 2] ) 25-400K 350
why Series 77 metal film resistors are demanded for both 772.2CS ggzqr* 1346 194 Y, Ve 25-350K 350
military and industrial applications.
772.2) RI94+ 346 214 1 — 25-400K 350
Write for Bulletin 155 1346 2144 - Vs 25-150K 350
% 2V 1 — 25-400K 350
172-20) | RIsAt e | % - Y 25-150K 350
@ H M | 7728 | RISt | T4 | va | 1 v, [100-1 meg | 500
onmiTelB oorLiry mese |RRET| e | e | % |100-1 meg | 500
MANUFACTURING Components 2-"“’5“:\41 772-10 = 2% 7%, 2 . 200-2.5meg | 750
COMPANY size P L772-10C [ RN8O* [ 2% | % | 2 — | 200-2.5 meg [ 750

3610 Howard Street, Skokie, lllinois *MIL-R-10509C TMIL-R-19074B

RHEOSTATS RESISTORS RELAYS TANTALUM CAPACITORS TAP SWITCHES VARIABLE TRANSFORMERS R. F. CHOKES GERMANIUM DIODES
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FAA to Test Blind-Landing

Companies are working on three new electronic systems designed to

land airplanes safely in zero-zero weather. Here’s a detailed roundup

WASHINGTON — ALL-WEATHER
instrument-landing systems will be
getting a lot of attention during the
coming year from Federal Aviation
Agency development people. Three
electronic approaches to the old
problem of bringing down an air-
craft safely in zero-zero weather
will be undergoing tests at Na-
tional Aviation Facilities Experi-
mental Center, FAA’s big proving
ground near Atlantic City, N. J.

Lack of a genuine and reliable
all-weather landing system costs in-
dustry millions of dollars a year, ac-
cording to aviation officials. The Al-
legheny Airlines plane that crashed
early this month was attempting an
instrument landing in snow, was
pulling out of one attempt when it
crashed. Military capability to meet
enemy attack is also affected by the
need.

Dependable—With Limitations

The instrument-landing system
(ILS) has been in use for years,
of course. Coupled with automatic
pilot, it provides a reasonably
dependable  electronic  pathway
through murk and overcast.

A ground transmitter emits a
single electronic glidepath and the
pilot stays on this track—horizon-
tally and vertically—by merely
keeping two needles centered on the
cockpit display. Or, in planes
equipped with an autopilot, that
system will keep him lined up hori-
zontally with the runway.

However, the standard ILS has
limitations. The system offers the
pilot no information on how far he
is from touchdown. And if he strays
from the right track, he must either
get back on quickly or pull up and
go through the whole instrument
approach sequence all over again.

More importantly, ILS is really
only an approach system, not a
landing system. It is not depend-
able enough below 200 ft to be an
efficient guide, and the pilot himself
must take over from that altitude.

As FAA deputy director James
Pyle explains, “it was economically
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imperative that a solution be found.
Cancelled flights because of weather
difficulties, alternate landing neces-
sitated by lack of visibility—all
these have to be eliminated if the
aviation industry is to continue its
progress as a popular and depend-
able mode of transportation.”

Solutions

Both long- and short-range solu-
tions have been proposed. Top FAA
officials are especially enthusiastic
about the longer-range approach
worked up under a development con-
tract with Gilfillan Brothers. This
refined ILS system is called REGAL
and is meant to provide Range, Ele-
vation, Guidance, Approach and
Landing.

A ground transmitter—as close
to the touchdown point as possible
—emits a notched scanning beam.
The airborne receiver, in effect,
searches for the notch and trans-
lates the signal into information on
how far and how high the plane is
from touchdown.

The second element in the system
— control — is provided by an
airborne computer which takes
REGAL’s altitude and distance data
and translates them into commands
to the autopilot. In the absence of
an autopilot, the computer itself
provides displays for pilot control.

If the system works according to
plan, it will provide several advan-
tages over ILS. First, it will take
the plane all the way to touchdown
on a blind landing. Further, it will
give the pilot information on dis-
tance from touchdown. And if the
aircraft is blown off the track, the
computer should immediately and
automatically give the autopilot a
new track on glide slopes ranging
from zero to 20 deg.

The REGAL system is off the
drawing boards, and an experimen-
tal model will be delivered to
NAFEC in January. Plans call for
ground-testing the guidance ele-
ments early in 1960, with flight
tests in July.

Sperry and Lear, which have con-

b

Aids Air Traffic Control

Federal Aviation Agency has tied in an IBM650 at Indianapalis Air Route Traffic Control
Center with Univac File-Computers at Washington, Cleveland and Pittsburgh ARTCs. Paper
tape equipment (pictured) provides multiple direct connections between wire links and
the computer. Incoming message traffic is automatically edited, checked and sent to the
computer; outgoing flight plans are devised and routed to proper adjoining centers. Boston
and New York computers will join the network shortly
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Gear

tracts for the computer and display
elements of the system, are equip-
ping a C-54 and a C-45 for the tests.
The Air Force will provide a C-131
and a T-33.

If the initial experiments prove
successful, then specifications will
be drawn and FAA will buy a com-
plete engineering model for further
tests. It is hoped the system can be
in operation within five vears.

Short-Range Solution Needed

Even assuming the REGAL sys-
tem lives up to its advance billing,
there is one big customer which
may not be willing to wait five
years: the Air Force. Accordingly,
FAA is going ahead at Atlantic
City with tests of two other blind
landing systems which are in a
later stage of development.

These two were developed by
Bell Aireraft and North American
Aviation’s Autonetics division, un-
der Air Force-FAA contracts. Both
are at the preproduction-test stage.

In the Bell Aireraft system,
ground-based radar picks up an ap-
proaching aircraft, electronically
records and analyzes distance and
height from touchdown, and sends
instructions to the pilot via the
standard TLS system.

Autonetics’ system combines an
airborne radar altimeter with the
ILS to give the pilot a programmed
track below the critical 200-ft alti-
tude and guide him on to touch-
down.

Whatever system is finally
adopted to succeed or complement
ILS, a healthy new market awaits
the electronics industry.

FAA is currently operating 173
ILS ground stations at airports
within the U. S, and more are go-
ing in. Although any transition
would be gradual, all are potential
sites for a new sysbhem.

In the air, each of the 2,000-odd
aircraft in common-carrier service
represents potential sales. So does
at least a small percentage of the
75,000 private and corporate air-
craft in the country. But the big-
gest customer would be the Defense
Department, with its total aircraft
inventory of 35,000.
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design engineering
...operational
...off-the-shelf

An Arnoux-pewer supply
going into a canjster
for the Atlas propeilant
utilization system.

Arnoux’s fast moving
story... What's New
in power supplies

NEW POWER Arnoux has consistently proved its versatility and

SUPPLIES FOR reliability in providing either a few prototypes or
: thousands of power supplies—quality in quantity.

) guidance In fact, wherever reliability and design integrity are

flight control taken for granted, there you'll find Arnoux power

_ire control and
airborn2 computers

VCO’s and SCO's

if amplifiers
and transmitters

precision reference-
voltage sources

missile checkout
radar systems

supplies, static converters, and inverters.

For airborne applications and for GSE, Arnoux
power supplies have these outstanding features: preci-
sion regulation. .. temperature stability ... low ripple. ..
tight packaging . ..light weight. ..and they meet, exceed,
or are qualified under specification MIL-E-5272A.

For highly precise, static and dynamic regulation
of line and load changes when accuracy is vital, Arnoux
power supplies provide a wide range of output voltage
and current. Depending on specific models, this range
is from 5 to 500 vdc and from 30 ma to 15 amperes.

Bulletin 102.
Arnoux Corporation

11924 W. Washington Blvd. » Los Angeles 66, Californ:a

phonetically, soy Are‘new

POWER SUPPLIES
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interfering

electromagnetic -
energy i, |

within the frequency range of

30 cps to 10.7 kme

...can be investigated, analyzed, monitored and measured
to the highest practical degree of accuracy with Stoddart

Radio Interference & Field Intensity Measuring Systems.

Stoddart RFl Measuring Equipment is approved for use by all departments of the Depart-
ment of Defense. Military and commercial equipments are identical ... were designed and
manufactured to Military Equipment Specifications to meet the requirements of Military
Measurement Specifications. Equipments are portable, dripproof, dustproof, and ruggedized
for all-weather field use ... precise and dependable for sensitive-selective laboratory
measurements.

Applications include interference measurement and location, frequency conservation and
allocation studies, spectrum signatures, antenna propagation studies, field intensity sur-
veys, RF energy surveillance and monitoring, and verification of the electronic compatibility
of modern weapons systems, i.e., missile firing and guidance, computer, telemetering and
communications; the measurement of all rotating electrical devices, transmitting and
receiving equipment, or any system or equipment capable of producing unwanted radiated
or conducted electrical disturbances.

Stoddart instruments are available as individual self-contained units covering specific fre-
quency ranges, or in rack-mounted console systems for laboratory, mobile, airborne and

marine use.
0@ ; our sales engineering department
e 5, - ® |
L "o il will give you individual consideration and information in the
NM-40A (AN/URM-41) areas of interference problems or measurement with which
30 cps to 15 ke you are particularly concerned ... provide engineering bulletins,

military specification information, descriptions of new
measurement techniques and applications ... class or
individual instruction in the operation, calibration, and
maintenance of Stoddart instruments. For prompt service
please call ‘‘Sales Engineering’’, HOllywood 4-9292.

NM-10A (AN/URM-6B)
14 Kc to 250 ke

NM-20B (AN/PRM-14)
150 k¢ to 25 mc

Lease-purchase and lease-rental agreements available
Immediate delivery

NM-30A (AN/URM-47) 4
20 mc to 400 mc s

NM-504
(AN/URM-17)
375 me to 1000 me Send for complete literature

(AN URM-42) AIRCRAFT RADIO CO., INC.
1 Kmc to 10.7 Kmc 6644 Santa Monica Blvd., Hoilywood 38, Calif., HO 4-9292
i, = serving 33 countries in radio interference control
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VARIATIONS
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The name TEENUTS is a registered trade mark of the United-Carr fastener Corparation

Since the first TEENUT was developed by Carr
Fastener in 1927, more than 600 different modifications
of this extremely versatile device have been designed
and manufactured in true, mass-production quantities.

By combining nut and washer in one solid unit, the
DOT TEENUT offers exceptional strength and security
and eliminates the need for tapping. Its flanged base
can be formed with welding bosses for attachment to
sheet or solid metal structures . . . with prongs for
wood . . . or with any number of different special bases
for particular applications. DOT TEENUTS can be
made in heat and corrosion-resistant materials and they
can be provided with moisture-seals and vibration-proof,
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V\( S
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<
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self-locking barrels.

Once mounted, the DOT TEENUT stays put and
can’t be lost or mislaid . . . an advantage at any time
and a necessity where blind fastening is required.

Wide experience in the proper application of DOT
TEENUTS and a multitude of other special-purpose
fasteners enables your DOT field representative to pro-
vide prompt and effective solutions to a tremendous
variety of fastening problems. Where special design
work is needed, he can bring you the services of a
design-engineering group unequalled in its field.

The DOT TEENUT catalog is an invaluable refer-
ence . . . yours on request.

CARR FASTENER COMPANY

* Division of UNITED-CARR Fastener Corp., Cambridge 42, Mass.

Offices In:

Atlanta, Boston, Chicago, Cleveland, Dallas, Detroit, Los Angeles, New York, Philadelphia, Syracuse
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INFRARED...

new and important
uses from Crosley

Infrared—which in World War II gave the
expert marksman the power to see in the
dark—now holds even greater promise. It
may serve to provide early warning of
approaching ICBM’s if they are launched.

Infrared’s singular use in World War II
triggered a tremendous postwar effort to
find other uses for its unique features.

This effort, to which Avco’s Crosley Divisiofy
is a major contributor, has produced

many applications in both industry and
defense to which infrared is ideally suited.

Because they are so important to the
national defense effort, most infrared
research programs are classified as secret.
But in general, Crosley’s work in the field
points toward new breakthroughs and
conspicuous contributions in searching and
tracking, anti-ICBM detection, airborne
early warning and defense systems,
reconnaissance, surveillance, anti-submarine
warfare and passive ranging.

As a result of its progress in these areas,
Crosley’s team of infrared specialists—
one of the largest in the country—is
gaining the respect of a growing number
of contractors.

For more information, write to: Vice President,
M arketing-Defense Products, Crosley Division,
Auwco Corporation, 1329 Arlington Street,
Cincinnalt 25, Ohio.

ENGINEERS AND PHYSICISTS

Ezxcellent career opportunities are available §
for all levels of Engineers and Physicists |
spectalizing in: Optical Design and Instru- |
mentation, Infrared Systems, Physics of
Infrared, Electronics with emphasis on
Transistor Circuttry, Infrared Detectors
and Components, Infrared Measurements
and Mechanical Design. For further in-
formation, contact: Director, Technical and
Scientific Personnel, Avco/Crosley,
Dept. E-129, 1329 Arlington Street,
Cincinnatr 25, Ohio,




Stratolab Looks at Venus

Navy balloon flight over midwestern states proves feasibility of using

the gasbags to study atmosphere, stratosphere, near space

LATEST IN NAvY’s Stratolab flights
took A. D. Little astrophysicist
Charles B. Moore 81,000 ft aloft
late last month, enabled him to get
a good look at Venus from a higher
vantage point than ever before and
spectrographically analyze its at-
mosphere. The balloon went up
from the Stratobowl, a natural de-
pression in the Black Hills near
Rapid City, S. D., stayed aloft 26
hours, came down with a bang near
Manhattan, Kans.

One preliminary conclusion from
the analysis: contrary to prior be-
lief, there’s water vapor in the
Venusian atmosphere. How much,
and what other components are
present, had not been determined
as KLECTRONICS went to press.

Flight was one of the first in a
new program of balloon astronomy
initiated by the Office of Naval Re-
search and partly funded by Na-
tional Science Foundation. Called
Stratolab High IV, it is the fourth
ONR closed-gondola flight to
heights in excess of 80,000 ft. It
was originally scheduled for this
time last year to observe Mars, then
was put off when a ground accident
destroyed the balloon.

Navy plans to use Stratolab bal-
loons to permit scientists to conduct
astrophysical research while aloft
in the stratosphere. Subsequent
flights are planned to observe other
planets and the sun, test feasibility
of stratospheric and near-space
monitoring platforms, and analyze
upper-atmosphere winds and ioni-
zation.

Weather Trouble

The 1959 flight was scheduled for
Oct. 15, but a full night of unob-
structed ground observation of
Venus was required before the bal-
loon could go up. Weather closed in
prior to launch, and the flight was
put off until Nov. 28.

Mounted atop the gondola was a
16-in. Schmidt-type telescope with
a gold-coated spherical mirror and
an aspheric correcting plate. It was

ELECTRONICS - DECEMBER 18, 1959

designed and produced by Ferson
Optical Co., Ocean Springs, Miss.
A rough guidance system was used
to bring Venus into the approxi-
mate telescope field; from there a
Startracker made by Librascope of
Livermore, Calif., took over to keep
the image centered automatically
throughout the flight.

Light from the primary optical
system was relayed to a monocen-
tric mirror and thence down to a
spectrograph inside the gondola.
The spectrograph was devised by
John Strong and built at Johns
Hopkins, where Strong is director
of the astrophysics and meteorol-

ogy labs. Prime detector in the
spectrograph was a multiplier
phototube developed by ITT’s Fort
Wayne, Ind., labs.

A telemetry-command system de-
veloped by Data-Control Systems,
Danbury, Conn., provided 36 chan-
nels for telemetry and six command
channels from ground to- balloon.
This system relayed inflight phys-
iological data. on pilot. Malcolm
Ross and flight scientist Moore to
medical observers on the ground.
Data recorders also kept permanent
physiological records in the gon-,
dola, as well as recording data on’
inside and outside environment.

Schmidt telescope atop gondola tracked Venus, relayed light to spectrograph inslde
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New from Japan...

Important advance in short-haul,
multi-channel communications

Microwave 60-channel voice transmission over a non-optical
path up to 300 MILES is now possible without repeater stations.

NEC's High Sensitivity Reception System, by extending
threshold level and improving S/N ratio 10 to 13 db makes
this hop with only 1/20 of the power output required for
conventional systems.

A 100 W transmitter in the 1,800-mc band, for example, has
a scatter path of 100—150 MILES. A conventional FM system
requires 2 KW output and at least one repeater stjtaon to
connect the same distance over a non-optical pa

)
By eliminating high-power amplifiers and repeater stations,

the High Sensitivity Reception System results in considerable
reduction in initial investment. Savings in maintenance and
power consumption are estimated at 40% or more.

Extensive propagation tests have been made, and NEC is now
prepared to supply commercial users and government agencies
anywhere in the world. Please write for detailed information.
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"500 SERIES”

ACTUAL SIZE

y

ELECTRONICS St

CAMBRIDGE DIVISION CAMBRIDGE, MARYLAND
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(ADVERTISEMENT)

On the Market . .

Coincidence Indicator
saves circuit components

The KP-150 is a subminiature tube

glow-discharge indicator tube for
transistor monitor service, which elim-
inates over a dozen other circuit com-
ponents for coincidence applications;
acts as an “and” gate; indicates. Its
output may be used as a control, e.qg.,
to close a relay. The KP-150 operates
(glows) only when two coincident, low
voltage signals are applied to its dual
grids. This tube is specifically designed
for transistor monitor service, and re-
quires very low signal volage and
currents, thus preventing
loading of the test circuit.
The KP-150 operated, with
AC on the anode, is grid-
controlled, that is, will
conduct (glow) when a
grid signal is present,
and is off when the sig-
nal is removed.

For "memory" applica-
tions, the KP-150 may be
] . used with DC anode sup-

ply. In this case, the op-

eration is that of a con-

ventional thyratron.
The tube remains on

(glow) until the anode

S current is interrupted,
thus providing an electri-
cal memory. A bright,

"ball-of-fire” discharge provides ex-

ceptional visual indication which fills

the tip of the tube, indicating in areas
of high ambient light without special
masking. No special mounting orienta-
tion is needed, as the tubes may be
viewed from any angle. The KP-150
is in production and in stock. For
further details, data sheets, etc., con-
tact KIP ELECTRONICS CORPORA-
TION, DEPT. 930 BOX 562, STAM-

FORD, CONNECTICUT.
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Satellite Test Open

NASA announces timetable for Project Echo and

invites outside scientists to join in

PROJECT ECHO—the experiment
designed to launch into orbit early
next spring a 100-ft inflatable
sphere for use as a passive commu-
nications satellite—will be open. to
participation by American and for-
eign scientists in the communica-
tions field.

An invitation from the National
Aeronautics and Space Administra-
tion extends to all scientists “who
could make constructive use of ex-
periments involving the sphere.”
This includes European scientists
who have the necessary equipment.
Some discussion is already reported
to have taken place with scientists
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in Britain and West Germany.

Object of the satellite experi-
ment, said NASA, will be “to test
the feasibility of a passive reflector
communications system on a global
basis.”

The NASA announcement cited
“the intense interest expressed by
the scientific community for volun-
teer participation by others than
those who will participate on a con-
tractual basis.”

To give scientists sufficient notice
to make necessary technical prepa-
rations, the agency said it was mak-
ing an exception to its long-stand-
ing policy of not publicly reporting
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NASA’s 100-ft aluminized polyester film sphere will fold inside a 28-in. diameter container

at launching of passive balloon satellite
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to All

on space experiments until they
have been performed.

The spring launching will be the
first of three Project Echo satel-
lites, each a NASA-developed 100-
ft reflecting sphere fired into orbit
by a Delta vehicle.

The aluminum-coated passive bal-
loon satellite is expected to be
launched into a 1,000-mi. altitude
earth orbit in a northeasterly direc-
tion from the Atlantic Missile
Range, with an inclination of about
50 degrees to the equator.

Orbit Over U. S.

NASA said the satellite would
have a 120-minute orbital period
and is expected to pass over every
part of the U. S. except Alaska, per-
mitting communications research-
ers to use the sphere for propaga-
tion experiments. Maximum time
of mutual visibility between the
East and West Coasts for any one
pass will be about 16 minutes.

NASA reported that the inflata-
ble satellite of 0.0005-in.-thick
Mylar plastic coated with vapor-
deposited aluminum would provide
reflectivity of at least 98 percent up
to frequencies of 4,000-mc per sec.

Interim Vehicle

The two major facilities involved
in the experiment will be the NASA
Jet Propulsion Laboratory’s Gold-
stone Tracking station in Califor-
nia and a Bell Telephone Labora-
tories station at Holmdel, N. J.
Goldstone will transmit a 2,390-me
signal for interception at Holmdel.
The Bell antenna will transmit a
960-me signal to Goldstone.

The Delta launching vehicle is an
interim vehicle for use in 1960 and
1961. Three-stage configuration will
be similar to Thor-Able but will
have an improved inertial guidance
system, and active control of longer
coasting periods between second-
stage burnout and third-stage igni-
tion.

Vega, first of NASA’s more ad-
vanced boosters, will not be ready
for flight tests before late 1960.
Eight are slated for production by
the end of 1961 (ELECTRONICS, p 11,
May 22).
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SPECIAL BALANCED MODULATORS

Custom-Engineered to Customer Requirements

APPLICATION: Used to impress a carrier frequency source upon a signal frequency
source to generate signals of sum and difference frequencies while simultaneously
suppressing the carrier from the input and the output circuits and also isolating the
input and output circuits. See schematic below:

NOTE: By impressing a pulse signal on the carrier input terminals, the input signal is

. effectively switched {gated) on and off at the cutput circuit. Polarity of the switching

pulse determines phase of the output signal.

i S o i o e
t AMA—— [ 3
I 1
: 1
I0K _n { : 125 .
I l
2 4 |
= CARRIER =
54 (GATING)-+6
S .41 SE— )

SPECIFICATIONS (H.S.T. PART 956-0346-400)

DESIGN SPECIFICATIONS: MIL-T-27A, Class R, GATING SOURCE VOLTAGE: 1.0 volt RMS
Grade 4 maximum

SIGNAL SOURCE IMPEDANCE: 10,000 ohms GATING SIGNAL FREQUENCY: 8.5 Ke

OUTPUT IMPEDANCE: 125 ohms CONVERSION LOSS: 10 db = 1 db

SIGNAL INPUT VOLTAGE: 0.4 volts RMS BANDWIDTH: 3 Kec to 13 Ke = 2 db
maximum CARRIER SUPPRESSION: 50 db minimum

SIGNAL INPUT FREQUENCY: 3.5 Ke SIZE: 1-21/64" x 2.5/8” x 1-3/4” high

GATING SOURCE IMPEDANCE: 800 ohms WEIGHT: 0.6 pounds maximum

This is just one of a line of special balanced modulators designed, engineered and
manufactured by HERMETIC SEAL at both its Texas Components Division and Pacific
Components Division plants. Other quality componentry available from HST includes
Magnetic Amplifiers, Filters, Saturable Reactors, and all types of Transformer and
Toroidal Components.

For further information on this specific Balanced Modulator, write for Bulletin
NPB 103. Catalog No. 102 also available on request,

Imermetlc Seal

o~

TEXAS COMPONENTS DIVISION PACIFIC COMPONENTS DIVISION
555 N. Fifth St. P. O. Box 978 18151 Napa St. P. O. Box 161
Garland, Texas Northridge, California
Dallas phone BRoadway 6-5141 Phone Dlckens 5-2250
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Collins “engineering team” approach

gives you individual expression and recognition

Ideas — new ideas — are the foun-
dation of any business’ growth and
success.

Collins Radio Company has achieved
leadership in the electronics field by
creating a \vorking system that stimu-
lates ideas from engineers. Three fac-
tors are basic to this system: 1) The
opportunity to expund imagination and
develop ideas. 2) Group ideation and
the help of other talented engineers.
3) Complete recognition of each engi-
neer’s own ideas.

At Collins this system is called the
engineering team approach. Its value
to the company, and to individual ca-
reer advancement, has been time
proven.

There are other advantages to work-
ing with Collins. You are able to choose
the city and climate you and your fam-
ilv prefer. All Collins plants have the
most modern laboratories, research fa-

COLLINS RADIO COMPANY e

46

CEDAR RAPIDS, IOWA o

cilities and the finest working condi-
tions.

Right now, Collins is able to offer
outstanding opportunities to qualified
engineers and physicists. These oppor-
tunities are available in the following
areas:

Collins in Cedar Rapids

Circuit design, gyro design and gvro
systems, navigation and guidance sys-
tems, aircraft instrumentation and con-
trols, antennas and propagation.

Collins in Dallas

Transistorized circuit design, radar,
Loran, microwave and carrier, scatter,
airborne  communication and counter-
measures.

Collins in Burbank

Kineplex® (binary data transmission),
transistorized circuit design, Mechani-
cal Filter and other component engi-
neering, reliability engineering.

Send your resume
to the Collins location
of your choice.

‘CEDAR RAPIDS
L. R. Nuss

Collins Radio Company
855-F 35th Street N.E,
Cedar Rapids, lowa

DALLAS
B. E. Jeffries

Collins Radio Company
1930-F Hi-Line Drive
Dallas 7, Texas

BURBANK
R. J. Olson

Collins Radio Company
2700-F W. Olive Avenue
Burbank, California

DALLAS, TEXAS

3 BURBANK, CALIFORNIA
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... in a high-current silicon switching diode. The 1N920-
1N923 series is the latest result of Sperry Semiconductor’s
unique developments for the computer field.

The most advanced addition to the industry’s most com-
plete line of high conduction fast recovery diodes, this series
meets the severe requirements of high current pulse cir-
cuits for high speed computer switching, pulse clamping,
gating, blocking, and diode logic circuits.

Designed for high temperature operation (to 175° C), the
1N920 series features high forward conductance (500mA
at 1.0V.) and low leakage (50uxA at 150° C). Peak dissipa-
tion is 800 mw.

All units feature a maximum recovery time of 0.3 micro-
seconds to return to 10K ohms when switched from a for-
ward current 2 microsecond pulse of 500mA to a reverse
voltage of —50 volts (—30 V for 1N920), with a loop imped-
ance of 1K ohms. Faster switching speeds are obtained
at lower currents.

]

TENTATIVE*DATA "
: Max in.
Working Max. Forward laverse Saturation Max,”
Type \',';‘{ia%g iy s d C»;rkent Voltage at Recovery
(Volts) V) 2sec “s0cc o50g  mseG
IN920 36 0 at 500mA

1.
INS21 70 1.0at500mA .25 @ 6oV,

1.0at 500mA- .25 50% 90V, ~ 120 0,3
10at500mA 25 50@120V, 150 0.3
*Refer to Sperry Bulletin No, 2103 ‘ ot

.25 S0@ 30V. 40 0.3
50 (@ B0 0.3

/=AM

Faslesl

recovery
yet...

500 mA PULSE 2uS SWITCHED TO—50 VOLTS

SILICON SWITGHING DIODES

SPECIAL SAMPLE OFFER
Order a sample lot for your own application at
the special price of only $50 for a lot of 10 1N921
diodes. Direct your order to the So. Norwalk plant
or the nearest Sperry sales office as listed below.

il

SPERRY SEMICONDUCTOR DIVISION, SPERRY RAND CORPORATION, SOUTH NORWALK, CONN.
Call or write: Sperry Semiconductor, Wilson Avenue, SOUTH NORWALK, Conn., VOlunteer 6-1641;
in NEW YORK PlLaza 2-0885;/3555 W. Peterson Ave.,, CHICAGO 45, 11l., KEystone 9-1776;
2200 East Imperial Highway, EL SEGUNDO, Calif., ORegon 8-6226.

ELECTRONICS - DECEMBER 18, 1959
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push-button money saver

This control button cluster, designed for simple, error-proof operation, symbolizes the dozens of '
advanced engineering features that make the Ampex FR-600 the most time- and money-saving data
recorder you can own. Here's why:

THE AMPEX FR-600 CUTS TAPE COSTS /N HALF — saves thousands of dollars a month in this way
alone. How? By recording all standard IRIG channels at 30 ips instead of 60 (made possible by the
FR-600's extra-wide bandwidth) you put the same data on half the tape required by other machines.

THE AMPEX FR-600 CUTS INSTRUMENTATION COSTS. How? By recording at 30 ips instead of 60,
a 14-inch reel handles a full 48-minute data run — enough for most full missile flights including pre-
launch time. Expensive dual-transport set-ups become unnecessary.

THE AMPEX FR-600 DOUBLES THE RECORDING TIME OF EXISTING INSTRUMENTATION RECORDERS.’
How? Because bandwidth is a function of the reproduce head rather than the record head, 100 KC
channels to be reproduced on the FR-600 can be recorded at 30 ips on such equipment as the Ampex
AR-200 airborne recorder, on earlier Model 800 recorders (with a simple bias change) and on many
‘other compatible equipments. Recording time is doubled in space-limited airborne data acquisition.

THE AMPEX FR-600 RECORDS MORE DATA PER DAY. How? By cutting non-recording time needed
for maintenance, warm-ups and calibration. Low-drift, solid-state electronics, for example, warm up in
less than 10 minutes, maintain FM calibration within 1% for more than 24 hours as compared to 2 hours
on most other equipment. One calibration instead of 12,

Need we say more ? If so, a stamped, self-addressed boxcar will bring you
our entire engineering staff. Lesser problems can undoubtedly be solved
by a copy of the new AMPEX FR-600 brochure.

AMPEX DATA PRODUCTS CO. 934 Charter St., Redwood City, Calif.

AMPEX




Doctors Seek Pattern Detectors

Radiologist urges optical-electronic device for

automatic analysis of human smear specimens

CHICAGO—A leading U. S. radi-
ologist says the medical profession
needs a high-volume, mass-screen-
ing unit for automatic optical-elec-
tronic analysis of human smear
specimens,

Dr. Lee B. Lusted of Rochester,
N. Y., made the statement here re-
cently at the 45th annual meeting
of the Radiological Society of North
America.

Lusted thinks “a better under-
standing of the reasoning processes
concerned with systematic decision-
making may help to increase diag-
nostic accuracy.”

Related to this, he adds, is devel-
opment of electronic devices for es-
tablishment of “normal” or “abnor-
mal” diagnostic conclusions, based
on electronic screening of routine
smear tests.

Scanner-Computer Unit

Lusted says the device deemed
necessary for the medical profes-
sion would be an electronic scanner-

computer combination. It would be
used to look at chest photofluro-
grams and to separate clearly nor-
mal chest films from abnormal ones.

The abnormal chest films would
be marked for later study by radi-
ologists, he says.

Lusted adds: “A challenging
problem present in various scien-
tific fields today concerns pattern
detection and recognition. For in-
stance, reading a psychometric test
profile, a bone tumor analysis pro-
file, or map reading where large
surface areas have been surveyed—
as in satellite mapping.

“The problems of pattern recog-
nition for a lung lesion are difficult
but the time required to solve them
will be well spent. Here is a real
challenge for a radiologist with firm
grasp of principles in the disci-
plines of electronics, medicine, radi-
ology, and visual physiology. Who
knows, a radiologist could solve the
problem of pattern recognition be-
fore the cartographers.”

Infrared Dome for Interceptor

The small ““chin” on the profile of the McDonnell F4H-1 houses an infrared detection
system developed by Avion div., ACF Industries

ELECTRONICS - DECEMBER 18, 1959

Whether an interval is a month or a mi-
crosecond, you can measure it, divide it,
record it, or use it for control with a
custom-designed or standard timer from
The A. W. Haydon Co. Every type, every
size, every class...timing motors, time
delay relays, interval timers, repeat cycle
timers...you name it, we make it. If you
ever have a specific timing problem, the
least you can do for yourself is get our
literature. Bulletin RC 301 (on the 4400
Series repeat cycle timer) is yours for the
asking. W The 4400 Series sub-miniature
repeat cycle timer weighs 6% ounces.
Cycling times: 5 secs ‘
to 90 minutes. Up to 8
poles double throw.

Hermetically sealed. <

AWHAYDON

COMPANY

235 North Eim Street, Waterbury 20, Connecticut
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10,000 hour
load-life tests prove
unsurpassed reliability of the

WESTON VAMISTOR®

the precision metal-film resistor that’s
proof-tested 6% times its own rating!

Top-flight VAMISTOR performance starts back in the shop with
Weston Quality Control — the most thorough, stringent system

of testing now used to assure VAMISTOR reliability . . . reliability
in no uncertain terms!

For example, every VAMISTOR is actually proof-tested six-and-a-quarter
times its own rating for 10 seconds! And random production units,
subjected to a 10,000 hr life test under full load, changed less

than .5% — tangible evidence of tight Quality Control. Many users
themselves attest to this kind of performance.

Quality Control also makes for minimum thermal and static noise,
makes sure VAMISTOR is entirely corona-free . .. can handle

higher maximum continuous voltage than wire-wound types ... higher
wattages, too, up to 16 full watts at 40 C.

3% times
actual size The exclusive Weston process of fusing the special-alloy element to
the resistor’s inner surface of steatite assures long shelf and
service life ... more reliability, greater mean-time-to-failure . . .
improved resistance to all adverse environments . . . peak performance
even under radioactive conditions.

VAMISTOR conforms to MIL-R 10509 CHAR. C SPECS.
Includes RN-65, RN-70, RN-75 and RN-80 styles.

For full information, contact your local Weston representative . . .
or write to Daystrom-Weston Sales Division, Newark 12, N. J.
In Canada: Daystrom Ltd., 840 Caledonia Rd., Toronto 19, Ont.
Export: Daystrom Int'l.,, 100 Empire St., Newark 12, N, J.

; WESTON

.

WORLD LEADERS IN MEASUREMENT AND CONTROL
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General Motors pledges

AC QUESTMANSHIP

AC Seeks and Solves the Significant—Because of GM’s large contribution in the international race
for technological superiority, AC accepts a challenge. AC Research is on a scientific quest for solutions
to significant problems . .. for accomplishments even more advanced than AChiever inertial guidance
for Titan. / We call this creafive challenge . . . AC QUESTMANSHIP. It's an exciting quest for new ideas,
components and systems. . . to advance AC’s many projects in guidance, navigation, control and detec-
tion. / Right now Dr. Joseph F. Shea, AC’s Director of Advanced Systems Research and Development,
is drawing a group of competent men around him to build “the greatest R & D organization in the
industry.” And Dr. Shea adds strong support to the fact that AC offers “‘an excellent working atmos-
phere for a scientist or engineer who wishes to produce and progress.” / You may qualify for our
specially selected staff...if you have a B.S., M.S. or Ph.D. in the electronics, electrical or mechanical
fields, plus related experience. If you are a ‘'seeker and solver,” write the Director of Scientific and
Professional Employment, Mr. Robert Allen, Oak Creek Plant, Box 746, South Milwaukee, Wisconsin.

GUIDANCE| NAVIGATION/ CONTROL/ DETECTION/ AC SPARK PLUG % The Electronics Division of General Motors
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SWEEPING
OSCILLATORS
for RADAR and

TELEMETERING SYSTEMS

ALIGNMENT 200 cycles-3800 mc

Kay Vari-Suecp 860-A

The Kay sweeping oscillators
are a line of high level
laboratory field test and
production instruments designed
for the alignment of radar

and telemetering 1F's and front
ends, 200 c¢ycles to 3300 me.

o Wide Range, Wide Sweep
e High Output
o Tundamental Frequency

e Constant Qutput (Fast-Acting AGC)
e Continuously Variable Centers
e Fixed, Crystal-Controlled Markers

o All Electronic Operation

instrument Cat. No. Range Sweep Width RF Output Markers Price4
2 ke-12 me 1.0V rms customer
Ligna-Sweep SKV 935-A 200 cycles- customer AGC'd, $995.
g 4 220 mc e CHic LS selected
3 1.0 V rms
Vari-Sweey © 860-A (Zc'gﬁfer")‘c AGC'd, None $795,
Contin. 70 ohms |
) Variable to 11 Fixed Crystals
L Vari- Sweep 866.A% 4-120 mc 60% center Aé’c,\’dffﬂs 1 Variable. $985
(center) freq. below D Direct reading 3
Model IF 50 mc: 30 mc 70 ohms dial
plus, above 11 Fixed Crystals
. 1.0 V rms i
Yari-Swee, 10-145 mc 50 mc. 3 1 Variable.
Modelsnadfr o (center) ;gcog}ns 3-"?“ reading =E=
ia
Same as above 20 irmaginto
Sari, - 70 ohms to 220
Vari-Sweep 867-A 15-470. mc to 400 mc; me: 0.5V rms None $850.
Model 400 in 10 bands 20 mc max. to 470 me;
above 400 mc all AGC'd
Mega-Sweey © 110-A%* 50 kc-950 me 50 kc-40 me Lo at None $575.
; 2 Switched
G 2 Switched 7 9 Fixed $450.
Rada-Swee, 380-A° bands 20-40 bands, wide 250 mv rms, ixe (with
74 me; 50-70 me gomncmc, Nar. 70 ohms Crystals 4 crystals) .
Approx. 70% 5V rms 24
, , _ 1-260 mc (center) of center into Fixed $650.
Kada-Swecp Sr. 385-A 6 Switched bands freq. 70 ohms Crystals
Low band: 0.1 V -+0.1% accurate
. 5.1000 mc Full range of rms into 50 ohms;|  qicect readin $4,950.
Magua-Sweep 3500 2200-3800 mc sweptband - litigh: 15V into | Gigital \iavemeter
**Qther M -Swee to “wide p widths, additional crystal N i
1200 mec'; anggvavi(anae:ers. ma:ke:ss::aellatmle tms s;ec:all order. * All prices F.0.8. Pine Brook, N. J.

© 1959 BY KAY ELECTRIC CO.

Dept. E-12
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WRITE FOR NEW KAY CATALOG

KAY ELECTRICCOMPANY

Maple Avenue, Pine Brook, N. J.

CApital 6-4000
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®
TYPE MC RESISTORS

INHERENT STABILITY
Assured in a DALOHM MC Resistor

The freezing temperature of coils is mild by
comparison with the temperature extremes at
which Dalohm resistors can operate reliably.

conditions . . . Dalohm precision resistors retain
their stability because it has been “firmly in-
fixed” by Dalohm design and methods of

manufacture.

For all applications demanding resistors that
meet or surpass MIL specifications, you can
depend on Dalohm.

Stored on the shelf for months. .. or placed
under continuous load . .. operating in severe
environmental, shock, vibration and humidity
o |
DEPOSITED CARBON  MOLDED  MINIATURE = \
DALOHM TYPE MC RESISTORS ® Ratedat2,1, %, Vs and Y watts
Made of pure crystalline carbon film .
with no binder or filler, these resistors ® Resistance range fror.n T8l eliis

tc 50 megohms, depending on type

offer excellent high frequency charac-
teristics. °

A molded housing provides complete
electrical insulation and mechanical

SPECIAL PROBLEMS?

You can depend on Dalohm, too, for help
in solving any special problem in the
realm of development, engineering, design
and production. Chances are you can
find the answer in our standard line of
precision resistors (wire wound, metal
film and deposited carbon); trimmer
potentiometers; resistor networks; collet-

Standard tolerance +~ 19,

® Temperature coefficient 500
P.P.M. maximum

protection.
. . o fitting knobs: and hysteresis motors. If
TYPICAL DERATING CURVE b g';"éu‘tl’l’e:t] |3'A"352I’z’ef,0 r;;sn”g ;ngl/ir’?m not, just outline your specific situation.
100
e \\ ® Full load operation to 70° C,,
N derating to 0 at 150° C. from DALOHM

e High heat dissipation Better things in

»
[

% of roted power
o
o

smaller packages

DALE PRODUCTS, INC.

1300 28th Ave., Columbus, Nebr.

e Meet applicable paragraphs of
MIL-R-10509C.

0
25 75 125 175 225 275
AMBIENT TEMP-DEG. CENTIGRADE

Write for Bulletin R-35, with handy cross-reference file card.
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Bendix
Craftsmanship
at work for you

ONE IN A SERIES

WIDEST RANGE OF MICROWAVE GAS
NOISE SOURCES AVAILABLE ANYWHERE

Since accurate measurement of a
receiver’s inherent noise level is
vital in determining a value for
absolute signal level for a given
signal-to-noise ratio, it stands to
reason that the noise source tube
used should fit the specific job
requirements exactly.

The tremendous variety—
biggest in the industry — of
Bendix® Microwave Gas Noise
Source Tubes is your best guar-
antee of matching noise sources to
the application—whether that

Complete engineering data on the Bendix Microwave Noise Source Tube
line and on auxiliary circuit designs can be obtained by writing . . .

SPECIAL-PURPOSE TUBES DEPARTMENT

2o Gonk” Division -2

EATONTOWN, NEW JERSEY

application be in the laboratory,
in field service, or as a component
of the system.

Our new improvements in design
make Bendix tubes suitable for use
in pulse circuits with an increase
of one order of magnitude in life.
And our improved manufacturing
techniques have resulted in a
smaller spread of excess noise out-
put from tube to tube. Many
Bendix types are now available to
a tolerance of + 0.1 db on excess
noise output.

AVIATION CORPORATION

West Coost Sales & Service: 117 E. Providencia Ave., Burbonk, Calif.
Export Soles & Service: Bendix International Division, 205 E, 42nd St., New York 17, N. Y.
Canadian Distributor: Computing Devices of Conodo, Ltd., P. O. Box 508, Ottowa 4, Ontaria
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MEETINGS AHEAD

Jan. 11-13: Reliability & Quality
Control, National Symposium,
ASQC, IRE, EIA, AIEE, Statler
Hotel, Washington, D. C.

Jan. 31-Feb. 5: Comparison of Con-
trol Computers, Winter General
Meeting, AIEE, New York City.

Feb. 1-4: Instrument-Automation
Conf. and Exhibit, ISA, Sam

Houston Coliseum, Houston,
Texas.

Feb. 3-5: Military Electronics,
Winter Convention, Biltmore
Hotel, Los Angeles.

Feb. 10-12: Solid-State Circuits
Conf., AIEE, IRE, Univ. of

Penn., Philadelphia.

Feb. 11-13: Electronic Represen-
tatives Assoc., Annual Conven-
tion, Drake Hotel, Chicago.

Feb. 16-18: Nondestructive Test-
ing of Aircraft & Missile Com-
ponents, Southwest Research In-
stitute, Hilton Hotel, San An-
tonio, Texas.

Feb. 20-29: Component Parts and
Electronic Tubes, International
Exhibition, Porte de Versailles,
Place Balard, Paris.

Mar. 21-24: Institute of Radio
Engineers, National Convention,
Coliseum & Waldorf-Astoria
Hotel, N. Y. C.

Apr. 4-7: Nuclear Congress, EJC,
PGNS of IRE, New York Coli-
seum, New York City.

Apr. 11-14: Weather Radar Con-
ference, American Meteorologi-
cal Society and Stanford Re-
search Institute, San Francisco.

Apr. 18-19: Automatic Techniques,
Annual Conf, ASME, IRE,
AIEE, Cleveland-Sheraton Hotel,
Cleveland, O.

Apr. 19-21: Active Networks &
Feedback Systems, International
Symposium, Department of De-
fense Research Agencies, IRE,
Engineering Societies Bldg.,
New York, City.

Aug. 23-26: Western Electronics
Show and Convention, WESCON,
Ambassador Hotel & Memorial
Sports Arena, Los Angeles.

There’s more news in ON the
MARKET, PLANTS and PEO-
PLE and other departments be-
ginning on p 100.
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HIGH RELIABILITY,
SMALL SIZE,

LESS THAN

50 MILLIMICROSECONDS
PULSE JITTER

A TRUE
SOLID STATE
RADAR
MODULATOR

Temco Electronics has developed the first

and only true solid state radar modulator for
use in missiles, aircraft and ground

equipment installations. Pulse jitter is minimum
— it will not exceed 50 m# sec.

Circuit efficiency is greater than in any
comparable conventional modulator. It gains
high reliability through the full use of

solid state components as well as through the
simplicity of design and circuitry.

Use of solid state switching techniques rather
than conventional thyratron switching

also increases efficiency and reliability.

Temco's solid state modulator meets military
specifications for shock, vibration

and temperature environments. It needs no
adjustment prior to or during

operation, has automatic fault sensing and
reset. Further advantages are

small size and low operating voltage.

Temco has developed a family of solid state
modulators suitable for a variety

of military and commercial uses. One current
application is in missile and airborne

radar beacons. Further information is available
from Temco on request.

TEMCO ELECTRONICS

A Division of TEMCO AIRCRAFT CORPORATION A, 0. Box 6191 « Dallas 22, Texas

e S —

Y= T 3 “ P ]
t MISSILES & AIRCRAFT DIVISION l OVERHMAUL & AEROSYSTEMS DIVIS!ON‘ INDUSTRIAL DIVISION l FENSKE. FEDRICK & MILLER. INC. SUBSIDIARY., l
L i e L DN i S

%
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AER

DEFINITELY DEPENDABLE'®

COM

Reliability is built into every part of this
dual 1000-watt aerophare unit. Ruggedly
constructed and conservatively rated, it
provides trouble-free unattended service,
and at truly low operating and mainte-
nance cost. It operates in the frequency
range 200-415 kcs, using plug-in crystal
for desired frequency.

Uses single phase power supply, nomi-
nal 220 volts, 50 or 60 cycles. Consists of
two 1 kw transmitters with 2 keyers,
automatic transfer unit and weatherproof
antenna tuner. Each transmitter housed
in separate fan ventilated rack cabinet,
with controls in center rack cabinet.

Nominal carrier power is 1000 watts.

3090 S.W. 37th AVENUE

CIRCLE 56 ON READER SERVICE CARD

Aerocom’s Dual Automatic Radio Beacon

High level plate modulation of final am-
plifier is used, providing any desired level
of modulation up to 100%. P-T switch
interrupts tone, permitting voice opera-
tion. Operates in ambient temperatures
from —35°C to 55°C, humidity up to 95%.

Standby transmitter is placed in opera-
tion when main transmitter suffers loss
(or low level) of carrier power or modu-
lation, or continuous (30 sec.) tone, or
carrier frequency change of 5 kcs or
more. Audible indication in monitoring
receiver tells when standby transmitter
is in operation.

Antenna may be either vertical tower
or symmetrical T type.

Also available in
50 WATT
100 WATT
400 WATT
and
4 KILOWATT
models

MIAMI, FLORIDA
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NOW

printed
circuit
laminate

-

. New Shamban KOP-R-KLAD laminate presents several distinct

A new, complete line of advantages to the users of printed circuitry. KOP-R-KLAD

hi-temperature hi-dielectric offers a complete line, the right constructions for every applica-

. .. tion; optimum electrical properties through proper bonding, best

Strel?gth lamlnat.es featumng: . volume, surface and insulation resistivity, highest dielectric

% Maximum electrical properties strength; highest peel strength, for sharp bends, rugged environ-

* Unique, optimum-performance .ments; continuous lengths, for convenience of user, for wider ap-

4 f) or?din = elih - plication. KOP-R-KLAD is available in twelve different types,

g g ; including copper to Teflon, to Teflon-glass, to Kel-F, and to

* Highest commercial peel strengths FEP-fluorocarbon. Each type has specific advantages, all types

* Availability in sheets and have the advantage of absolute dependability and predictability

‘ : within the limitations of the materials specified. KOP-R-KLAD

continuous lengths is immediately available, dependent upon type, in widths up to

* Full range of typps of 36", in lengths from 2" to continuous rolls. Write or wire factory
constructions, sizes for complete data.

SHAMBAN PRODUCTS FOR ELECTRONICS

Engineered Piastic Products

W. S. Shamban & Co.
11617 W. Jefferson Blvd.
Culver City, Calif. S HAMCO

oFt. Wayne, Indiana
+Floral Park, New York

Snag-proof Teflon grommets. Stand-off and feed-thru insu- Teflon and Nylon spaghetti
Non-abrasive, chemical resist- lators. Absolute insulation for  tubing, standard and Micro-
ant and very durable, Sham- criticak circuit tiepoints. Re-  thin wall sizes. Available in
ban snap-in and channel type sists high frequency and volt-  all sizes, to meet every tubing
grommets provide secure age breakdowns. need. Consistent quality.
holding device.
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Wide Range

KLYSTRON POWER SUPPLY— $49590 f

Model 438

Operates more Klystrons
than any comparable unit!

This new Narda Wide Range Klystron Power
Supply operates virtually all medium and low
voltage Klystrons, as well as some high voltage
tubes (at reduced power output). lt literally oper-
ates more Klystrons, including Sperry and Varian
tubes, than any other unit in its price range!

What's more, all components, including tube
sockets, are operated within manufacturers’ rat-
ings. (Many other supplies exceed plate-cathode,

cathode-filament or socket-ground voltage
ratings.)

Want more information about this new Power
Supply that gives you greater versatility and
longer trouble-free service at lower cost? Then
write us for complete spec sheets. Ask, too, for
your free copy of our complete catalog. Address:
Dept. E-6.

FEATURES

250-700 volt Beam Supply, 0-65 ma.
0-1000 volt Reflector Supply

Accurate Ten-Turn Dial Calibration
¢ 5 mv max. Reflector Ripple

Diode Protection Circuit

@ the narda

e Qil Filled Capacitors in High Voltage Filters

e Square Wave Modulation 0-150 Volts, 300 to
3000 cps.

e Saw Tooth Modulation 0-150 Volts, 30 to
180 cps.

e Sine Wave Modulation 0-150 Volts, 60 cps.

microwave
corporation

118-160 HERRICKS ROAD, MINEOLA, L. I., N. Y. - PIONEER 6-4650
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% fireat Moments In Electronics

(Never Before Recorded)
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DISS DAY MINE PURPOSE
ISS TO INVENT SOMETING

BUT
HERR FRANKLIN
VILL GET

DER CREDIT

DER

Yes, Professor . . . “dot iss electricity” . . . discovered
through bold research. And such research at SIE
has produced the Model R-3 Transistorized Voltmeter,
which combines more desirable features than any

other instrument in its class.

AC: 1 mv to 1000 v full scale in 14 ranges
DC: 1 v to 1000 v full scale -} or — in 7 ranges
Electrometer: 0 to 1 vdc -} or —

Ask your SIE representative to dem-
j onstrate the R-3 and the entire line
of SIE Advanced Design Instruments, §

"Do itt zoon!”

Write today for prices and specifications.

SOUTHWESTERN INDUSTRIAL ELECTRONICS CO.
A DIVISION OF DRESSER INDUSTRIES, INC.

10201 Westheimer « P. 0. Box 22187 « Houston 27, Texas * HO mestead 5-3471
CABLE: SIECO HOUSTON TWX: HO-1185
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If you have a problem in

If you have an electrical protection
problem, the BUSS fuse research labo-
ratory, and its staff of engineers are
at your service. Our engineers will work
with yours to help you find a solution
— and so save you engineering time.

It is quite possible a fuse already
stocked by local wholesalers will be
your answer, so that the right fuse is
readily available if your equipment
needs service.

The complete BUSS and FUSE-
TRON fuse line includes:

Single-element fuses for circuits
where quick-blowing is needed,
such as for instrument protection.

BUSS fuses are made to protect - not to blow, needlessly.

electrical protection — let BUSS Fuse
Engineers Help You Solve It.

Single-element fuses for normal
circuit protection.

Dual-element, slow-blowing fuses
for circuits where harmless current
surges occur.

Indicating fuses where signal must
be given when fuses open — or to
activate an alarm.

BUSS and FUSETRON fuses range
in size from 1/500 amperes up — and
there’s a companion BUSS line of fuse
clips, blocks and holders.

Dependability Always

Every BUSS or FUSETRON fuse is
tested in a sensitive electronic device

BUSS makes a complete line of fuses for home, farm, commercial,
siectronic, electrical, automotive and industrial use.

2\

that automatically rejects any fuse not
correctly calibrated, properly con-
structed and right in all physical
dimensions.

For a catalog on BUSS and FUSE-
TRON small dimension fuses and fuse-
holders, — write for bulletin SFB. It
you need special fuses or fuseholders,
submit description or sketch, showing
type of fuse to be used, number of
circuits, type of terminal, etc.

BUSSMANN MFG. DIVISION,
McGraw-Edison Co.
University at Jefferson, St. Lovis 7, Ma.

TRUSTWORTHY NAMES IN
ELECTRICAL PROTECTION

60 CIRCLE 60 ON READER SERVICE CARD
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avoid unnecessary delays

GT DELIVERS SILICON TRANSISTORS IN 24 TO 48 HOURS!

No need to get hung up with delays or hooked by unkept

promises! GENERAL TRANSISTOR delivers sample

quantities of GT Silicon Transistors in 24 to 48 hours...

production quantities in 2 to 4 weeks!

These are not mere claims, but firm promises on which
you can base your design and production schedules.

Quality? Yes — plenty of weight here without waiting.
General Transistor is today one of the largest
suppliers of highly dependable devices, delivering
quality in quantity.

For full information —and fast delivery —call your
local General Transistor representative, or
contact us directly. Write for Silicon Brochure S-100.

m

GENERAL TRANSISTOR CORPORATION

91-27 138th Place, Jamaica 35, New York
Phone: Hickory 1-1000

ELECTRONICS - DECEMBER 18, 1959

A Few of the GT Alloyed Junction Silicon Transistors
Now Available

HIGH SPEED SWITCHING

MEDIUM SPEED SWITCHING

HIGH VOLTAGE

HIGH SPEED LINEAR AMPLIFIER
MEDIUM SPEED LINEAR AMPLIFIER

PNP: 2N1218 2N1220 2N1221 2N1222 2N1223

Veso 30v 30v 30v 30v 40 v
Vceo 25v 25v 25v 25v 40v
Yeso 20v 20v 10v 10v 10v

leco .1 pamax. .1pamax. .1uamax. .1 pamax. .1 pamax.

hee 18 min. 9 min. —_— —_— —_—
fab{mc) 5 min. 2 min. 5 min. 2 min. 2 typ.
hfe - D — 18 min. 9 min. 6 min.

FOR IMMEDIATE DELIVERY FROM STOCK. CONTACT YOUR NEAREST AUTHORIZED
GENERAL TRANSISTOR DISTRIBUTOR OR GENERAL TRANSISTOR DISTRIBUTING
CORP.. 91:27 138TH PLACE JAMAICA 33, NEW YORK FOR EXPORT: GENERAL
TRANSISTOR INTERNATIONAL CORP., 91-27 138TH PLACE, JAMAICA 33, NEW YORK.
PRECISION MAGNETIC RECORDING HEAOS AVAILABLE FROM

GENERAL TRANSISTOR WESTERN CORP.. 6110 VENICE BLVD., LOS ANGELES, CALIF,
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You get an extra measure of design freedom with
... POWDERED PERMALLOY FILTOROID® CORES*

The high permeability and low core loss of pow-
dered permalloy Filtoroid cores can remove design
roadblocks for you. You can build extra frequency
stability into filter networks with these cores.
Their permeability remains stable with changes in
time and flux levels. Distortion factors are held to
a bare minimum. Temperature coefficient of in-
ductance is tightly controlled.

There’s extra design flexibility for you, too, in

the broad range of Filtoroid cores available.
They’re made in three standard permeabilities—
150, 125 and 60—in sizes up to 1.570”” O.D., all
carried in stock for immediate shipment.

Our engineers are ready right now to help you
select the proper Filtoroid core for your filter
circuits. Write or call for a discussion of your
needs, or send for Bulletin G-1.

*MADE UNDER A LICENSE AGREEMENT WITH WESTERN ELECTRIC COMPANY

AGNETIC
) ETALS

transformer laminations * motor laminations « tape-wound cores
powdered molybdenum permalloy cores » electromagnetic shields

MAGNETIC METALS COMPANY +* Hayes Avenue at 21st Street, Camden 1, N. J.
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First commercial induction device
for repair and salvage o PWA's

o @

General Electric device now provides

reliable salvage of printed wiring assemblies

Now you can repair complex, heat-
sensitive, miniaturized printed wiring
assemblies effectively and reliably.

A new dual-purpose Induction De-
Solder and Solder Device from General
Electric has been developed specifically
to meet military and commercial elec-
tronic industry requirements. It offers
you a means of salvaging expensive
components, removing defective com-
ponents completely, and remaking or
repairing solder joints in printed wiring
assemblies—without the difficulties

normally associated with this work. All
old solder is removed, leaving clean,
tinned eyelets and leads.

The device can be controlled either
automatically or manually; results in
up to 20 percert man-hour savings, and
is particularly effective for removal of
multiple terminal components.

WRITE FOR BULLETIN GEA-6994 or con-
tact your nearby G-E Apparatus Sales
Office for more information. Section
723-40, General Electric Company,
Schenectady 5, N. Y,

Progress ls Ovr Most Important Product

GENERAL @3 ELECTRIC

A NEW G-E RESISTANCE SOLDERING
TOOL provides void-free solder joints
for reliable, high-quality connections
required by aircraft and missile applica-
tions. The new tool eliminates tip arcing
or flashing, preventing pitting; is hand-
operated, requiring no pedals; and
features a zirconium-tungsten electrode
that does not require frequent redress-
ing, maintenance or replacement. Write
for Bulletin GEA-6588.



FREQUENCY

STANDARDS

PRECISION FORK UNIT
TYPE 50
Size 17 dia. x 3%"” H* Wght., 4 oz.

Frequencies: 240 to 1000 cycles
Accuracies:—

Type 50 (+.02% at —65° to 85°C)
Type R50 (+.002% at 15° to 35°C)
Double triode and 5 pigtail parts required
Input, Tube heater voltage and B voltage

Output, approx. 5V into 200,000 ohms

*31%” high
400 - 1000 cy.

FREQUENCY STANDARD
TYPE 50L
Size 8% x 4%” x 5%" High
Weight, 2 lbs.
Frequencies: 50, 60, 75 or 100 cycles o e
Accuracies:—
Type 50L (+.02% at —65° to 85°C)
Type R50L (=-.002% at 15° to 35°C)
Output, 3V into 200,000 ohms
Input, 150 to 300V, B (6V at .6 amps.)

PRECISION FORK UNIT
TYPE 2003
Size 1% dia. x 4%" H.* Wght. 8 oz.
Frequencies: 200 to 4000 cycles

i

Accuracies:—
Type 2003 (+£.02% at —65° to 85°C)
e Type R2003 (=.002% at 15° to 35°C)
*315” high Type W2003 (+.005% at —65° to 85°C)
400 to 500 cy. Double triode and 5 pigtail parts required
optional Input and outputrsame as Type 50, above

FREQUENCY STANDARD
TYPE 2005
Size, 8" 2 8" x 7" High
Weight, 14 lbs.

Frequencies: 50 to 400 cycles
(Specify)

Accuracy: *+.001% from 20° to 30°C
Output, 10 Watts at 115 Volts
Input, 115V. (50 to 400 cycles)

FREQUENCY STANDARD /',
TYPE 2007-6

TRANSISTORIZED, Silicon Type™~

Size 1%"” dia. x 3%"” H. Wght. 7 ozs.
Frequencies: 400 — 500 or 1000 cycles
Accuracies:

2007-6 (= .02% at —50° to 4-85°C)

R2007-6 (*.002% at 415° to 4-35°C)

W2007-6 (+.006% at —65° to +125°C)
Input: 10 to 30 Volts, D. C, at 6 ma.
Qutput: Multitap, 756 to 100,000 ohms

FREQUENCY
STANDARD

TYPE 2121A
Size

83" x 19" panel
Weight, 25 lbs.
Output: 115V
60 cycles, 10 Watt
Accuracy:
+.001% from 20° to 30°C
Input, 115V (50 to 400 cycles)

FREQUENCY STANDARD
TYPE- 2001-2
Size 334" x 4%" 6" H., Wght. 26 oz.,
~ Frequencies: 200 to 3000 cycles
‘‘‘‘ o Accuracy: =.001% at 20° to 30°C
ot Output: 5V. at 250,000 ohms
Input: Heater voltage, 6.3-12-28
B voltage, 100 to 300 V., at 5 to 10 ma.

FREQUENCY o -
STANDARD st
TYPE 2111IC

Size, with cover
10" 2 17" x 9" H.
Panel model

10" x 19" x 83%" H. LB
Weight, 25 lbs. S L

Frequencies: 50 to 1000 cycles

Accuracy: (=+.002% at 15° to 35°C)

Output: 115V, 75W. Input: 115V, 50 to 75 cycles.

ACCESSORY UNITS
for TYPE 2001-2

L —For low frequencies
multi-vibrator type, 40-200 cy.

#
/' ) : D—Tor low frequencies
counter type, 40-200 cy.

H—For high fregs, up to 20 KC.
M——Power Amplifier, 2W output.
P —Power supply.

This organization makes frequency standards
within a range of 30 to 30,000 cycles. They are
used extensively by aviation, industry, govern.
ment departments, armed forces—where maxi-
mum accuracy and durability are required.

WHEN REQUESTING INFORMATION
PLEASE SPECIFY TYPE NUMBER

American Time Products, Inc.

Telephone: PLaza 7-1430

580 Fifth Ave., New York 36, N. Y.

Timing Systems
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644 Zener Diode Types
Offer Advantages to Every
Voitage Regulator Circult

As compared to other voltage refer-
ence elements, the silicon diode regu-
lator has a longer life expectancy be-
cause of its mechanical ruggedness. It
does not deteriorate under storage nor
age during its operating life. Small size
and light weight make its use in air-
horne or portable equipment especially
desirable from many standpoints.

Iuternational Rectifier Corporation
now offers an extensive line of zener
types numbering 644 in seven basic
styles. From the miniature type rated
at 750 milliwatts to the precision
1N430 reference element types, all are
manufactured to meet the most rigid
military requircments. See how these
all-welded, hermetically sealed diodes
can improve your circuit design. . . .

CIRCLE 250 ON INQUIRY CARD

Miniature Voltage Reference Packs Maintain Voltage
Regulation to within =0.01% in Computer Applications

REF-PAK MODEL 4RVS
Standard MIL Transformer Case

Designed around the highly stable
1N430 silicon reference element, these
miniature reference supplies may be
considered to be the solid state equiva-
lent of the standurd cell. A high degree
of stability is attained by maintaining
a precise constant current through the
reference clement, regardless of tem-
perature or line voltage variations.

Ref-Paks will operate directly from

REF-PAK MODEL RV8-PC
Special Housing for insertion into
printed circuit boards.
an unregulated power source . . . main-
tain voltage regulation to within =+
0.01%! Output voltages of either 8.4 or
16.8 volts dc are available in 3 distinct
types that allow operation from 28 or
115 volt de, 400 and 60 cycle power
supplies. Temperature coefficient of
these devices is = 0.0017%/°C from
—55° to +100°C.
For complete details ask for SR-401.

CIRCLE 251 ON INQUIRY CARD

For extremely rapid detection of
light passing through punched curds
or tape, these photovoltaic readout
matrices have a response time in the
order of 10 micro-seconds. Each
matrix is made up of a multiple ar-
ray of individually segmented silicon
cells that convert light energy
directly into electricity and permit
flow from only that segment struck
by light. Typical current self-gen-
erated: 300 microamperes for 0.01
square inch of active cell area at
1,000 footcandles illumination, Sup-
plied in single cell or multiple-cell
assemblies, these units are charac-
terized by negligible temperature
dependence, long operating life,
uniform response from cell in one
matrix, and rugged construction.

SILICON READOUT PHOTOCELLS FOR
COMPUTER, DATA HANDLING SYSTEMS

.

—_ - - .
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Technical Service Provides
XY Plot of Reverse Breakdown
Characteristics of Each Diode

in all Prototype Orders

To eliminate guesswork and tedious
testing on your part, every zener diode
sent on prototype orders will be accom-
panied by a specially plotted XY re-
cording of its exact breakdown voltage
point! This permanent record can come
in mighty handy when it’s time to
match diodes or reorder to the same
specs. This is just one of the many
application engineering services we are
prepared to extend to you at all times!

Write to the factory for Bulletin
SR-250-A, a four page technical article
describing the characteristics of zener
diodes, how to select them, and appli-
cation data with circuit schematics.

FOR SAME DAY SERVICE ON PRODUCT INFORMATION DESCRIBED ABOVE, SEND REQUEST ON YOUR COMPANY'S LETTERHEAD




/ HOW
//PRECISE
IS

66

... Only as precise as experience tells us. And ex-
perience with Cubic digital instrumentation and
with run-of-the-market instruments tells you
clearly where to find the precision you need.

Under the revealing lens of a microscope, the
micrometer we accept as a definitively precise in-
strument shows surface flaws that cause us to
wonder. We know, however, that we CAN de-
pend on its vernier scale. So, too, can you depend
on the Cubic line of high-performance, precision
digital instruments built with your requirements
in mind — not bargain-basement instruments of
minimum specifications, spasmodic performance
and intermittent accuracy.

Cubic offers the precision and dependability of
consistently superior digital instruments for lab-
oratory, process control, minute measurement,
automatic operation . . , for your every need in
fine instrumentation.

Four and five-digit Cubic DC Voltmeters com-
bined with the Control Unit provide instrumenta-
tion for bench-top use or for simple insertion into

// ‘[\\\

Electronic Engineering

CIRCLE 66 ON READER SERVICE CARD

elaborate systems. The Cubic AC Converter ex-
pands a systems capability for rapid, accurate
measurement of AC voltages, with automatic or
manual ranging models available. Cubic’s years
ahead design also extends into its superior line
of four and five-digit Ohmmeters . . . and systems
capabilities are further expanded with Cubic
Scanners, Printer Controls, Ratiometers and DC
Pre-Amplifiers. Monitoring, control, check-out, in-
spection, calibration, research and development
are among the many large and small-scale appli-
cations possible with Cubic digital systems . . .
together with Cubic advantages such as accuracy,
speed, clear readout, unit construction and simple
routine maintenance.

The skill and experience responsible for the
superiority of Cubic’s Space Age electronic track-
ing systems are also important components of
Cubic digital instruments . . . yours for an easier
job — done faster, better and with greater assur-
ance.

BI C CORPORATION

5575 Kearny Villa Road, San Diego 11, California
With a Dimension for the Future
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CBS I
NPN SWITCHING TRANSISTORS
GVEYOU

MISSILE RELIABIL!

9000000000000 00002004808080800

Here Are

Some

of the

Reasons Why . ..

s e p
Contamination is eliminated. Baking, surface treatment, electrical

L . ; i testing and package welding are all conducted in dry-boxes at a
=T - v dewpoint temperature below — 90°F,

CBS NPN switching transistors have proved
themselves in flight in many of our important
“birds.” They have been found to have the advan-
tages of fast switching, high voltage, low cutoff
current, and low saturation resistance. All 28 of
these CBS transistors exceed the MIL-T-19500A
specification.

This same proven reliability under the most
adverse environmental conditions is yours for
military or industrial core drivers, logic circuits or
general switching functions. Write for complete
data sheet E-333. Order from your local Manu-
facturers Warehousing Distributor,

Flat, aven junctions avoid “*hotspots." Precise control
of time and temperature (=0.03%) of alloying process
eliminates localized heating, gives long reliable Iife.
Characteristics are more uniform.

Ruggedness exceeds MIL specification. Severe
requirements for shock (1000 g, 1 ms), vibration (I1C g,
100-3000 cps) and acceleration (20,000 g) are met by -
electronic welding of formec lead wires, horizontal base
tab, and welded JEDEC TO- case.

More reliable products through Advanced Engineering
Choose From . ..
2N306  2N357 2N388  2N439A  2N445  2N558  2N1000
= 2N312  2N358  2N438  2N440  2N4d6  2NB34  2N1012
Sem I con d“Cto rs 2N356  2N377  2N438A  2N440A  2N447  2N635  2N1090
® 2N356A  2N385  2N439  2N444  2NS56  2N636  2N1091

. ) Sales O ffices: Lowell, Mass., 900 Chelmsford St., GLenview 4-0446 » Newark, N. )., 32 Green St.,
cBS ELECTRONICS, semiconductor Operations MAcket 3-5832 + Melrose Park, IIl., 1990 N. Manaheim Rd. EStebrook 9-2100
A Division of Columbia Broadcasting System, Inc. Los Angeles, Calif., 2120 S. Garfield Ave., RAymond 3-9081
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New Precision
In
Stereo Control

We have developed a new approach to
a one-knob control for dual stereo
amplifiers. It gives far greater precision
of match and track than you may have
thought possible. On typical systems
we have developed control packages
based on a db or voltage conception
which deliver matching and tracking
coinciding in volts throughout the
useable range of the control.

This is equivalent to approximately
59, resistance match and track. In
contrast, “standard” 209, tolerance
controls when ganged may be 409,
out of track between match points,
while the matching and tracking of
the Mallory units is tailored to the
individual requirements.

We welcome the opportunity to discuss
this new idea . . . to engineer a control
package for your system . . . to develop
new match and track specifications
with you.

T

M

Mallory Controls Company
Frankfort, indiana

68 CIRCLE 68 ON READER SERVICE CARD
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Electronics

Assists 1n

Highway Construction

A new family of instruments is being born to solve roadbuilding’s unique

problems. Experimental roadbeds are ironed out by latest electronic devices

By‘HAROLD HARRIS, Midwestern Editor

DURING THE NEXT 15 years, over one-hundred-billion
dollars will be spent on highway construetion in the
United States. Electronics plays a very important
role in the largest highway research project” ever
undertaken. This project is sponsored by the Ameri-
can Association of State Highway Officials, adminis-
tered and directed by the Highway Research Board
of the National Academy of Science.

Due to the unique requirements, much of the instru-
mentation had to be developed specifically for this re-
search program. Instrumentation for a test highway
(nine miles of four-lane highway divided into six
test loops of portland cement and asphaltic concrete)
serves several purposes. It measures the various
effects of traffic on the test pavements and the envi-
ronmental conditions such as moisture content and
sub-surface temperature at the test site. It also speeds
acquisition of the test data and reduces the volume of
data to summary form to permit rapid engineering
and statistical analysis.

Systems were classified into three categories. Those
associated with pavement capabilities, those associ-
ated with pavement performance and those related to
covariables.

PAVEMENT DEFLECTION—With strains in con-
crete pavements in the order of 20 to 50 micro-
inches per inch, resolution of one microinch per inch
was desired. Deflections (vertical movement) of the
surface is to be measured to 0.001 in. with occasional

ELECTRONICS - DECEMBER 18, 1959

FIG. 1—Test setup checks strain gage by bending concrete beam in
beam breaker that determines flexural strength

Fig. 2—Subbase contactors are installed prior to laying the pavement

69
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FIG. 3—Benkelman beam used to measure road distortion duve to
applied load as truck passes probe at creep speed. Road deflection
is indicated on detector
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excursions exceeding 0.1 in.

Strains or deflections are half-wave transients with
the passage of a truck wheel over a gage point. The
strain or deflection assumes a shape similar to a
heavily damped sine wave with half-cycle time
approximately 100 milliseconds.

Strain gages for measurement of concrete strain
were specially made to meet project requirements.
Gages were etched foil on epoxy resin having a gage
length of six inches. The foil gage was enclosed in a
cover consisting of linen tracing cloth and epoxy resin
covered with brass shim stock. Figure 1 shows a
strain gage being tested in a beam breaker.

In operation, the gage is cemented to the concrete
roadway with the leads kept under the surface and
running to a junction box located alongside the test
pavement.

Concrete pavement slabs warp when there is a tem-
perature or moisture differential between the top and
the bottom. Slab-subbase contact indicators are in-
stalled under the pavement to indicate whether or not
the slab ends are in contact with the supporting sub-
base or whether the warp has broken the contact.
The device is a simple pressure switch and is installed
during construction as shown in Fig. 2.

The majority of deflections were measured with
linear variable-differential transformers. The strain
indicator, originally used by the U. S. Navy, met engi-
neers’ needs with a resolution of one mieroinch per
inch without the need for primary calibration at each
gagepoint and with extremely small error due to tem-
perature variation or lead capacitance. These strain
translators were used in all units using strain gages
as transducers. These include curvature strips, direct
strain measurements and the slope-measuring portion
of the longitudinal profilometer.

Studies of pavements with asphaltic concrete sur-
facing were augmented by the use of a Benkelman
beam. This device consists of a reference beam sup-
ported on the pavement surface outside the area
influenced by the loaded wheel as shown in Fig. 3.
Pivoted on this beam is a lever arm with one end
resting on the surface. The probe is placed so that
the contact end rests on the pavement in the area of
load influence. The initial readings are made and
the vehicle is driven away at creep speed. The oper-
ator then reads the maximum deflection value on the

70

FIG. 4—Longitudinal profile of road is highly correlated with road
performance. Slope-detecting wheels are located between the two
pairs of large riding wheels

deflection gage attached to the free end of the lever
arm.

PROFILOMETER—To measure variations of the
riding surface of the road, both the longitudinal and
transverse profiles are measured and recorded. To
measure the longitudinal profile, a trailer similar to
that shown in Fig. 4 is towed down the test highway
at 5 mph. Two pairs of slope measuring wheels fol-
low the traffic paths. Each pair of wheels is designed
to provide a continuous voltage analog proportional
to the slope of the angle between the road and the
trailer. Another voltage, proportional to the angle
between the trailer bed and horizontal, is gener-
ated and both sets of voltages are fed to the record-
ing system shown in Fig. 5. Distance data consist-
ing of voltage pips at each one-foot interval and
additional pips to indicate start and finish of each
test section are also supplied. A separate system,
one for each wheel track, is provided so that a single
pass of the trailer makes records for each wheel path.

The trailer horizontal reference must remain tan-
gent to the surface of the earth despite earth rota-
tion and must remain unaffected by acceleration. A
free-spinning disk rotating on ball bearings which
in turn rest on pressurized nitrogen gas was used.
This almost frictionless bearing allowed the disk to
spin for about one hour. Air friction existed pri-
marily at the periphery of the disk. The disk center
of gravity is a little below its support center. The
disk showed some pendulum (with an 84-minute pe-
riod) characteristics. The angle between disk and
trailer was detected by a sensitive capacitance bridge.

As approximately 42 actual miles of charts will be
generated by the longitudinal profilometer an auto-
matic chart-reading device was developed. The
oscillograph tape record is passed through a flying-
spot scanner unit which reads the ordinate of the
slope line at each one foot interval. The output of the
scanner is digitized and punched into tape. The re-
sult is a foot-by-foot sample of analog record which
can be summarized by a digital computer.

The transverse profilometer, shown in Figs. 6 and
7, consists of a truss bridging both lanes of pave-
ment. Suspended from it are nine pneumatically
operated probes that extend to, and contact, the
pavement surface. At each probe, distance from
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SLOPE ——»

ANALOG |  CHART
HORIZ RECORDER READER
CORRECT i

DISTANCE DATA DIGITIZER

PROFILE TO
ANALOG INTE- | DIGITAL TAPE
RECORDER GRATOR | COMPUTER PUNCH

FIG. 5—Analog recorder accepts pavement slope signal which is

digitized for summation purposes. Distance data and start and
finish signals are also supplied

pavement to truss is picked up by linear potenti-
ometers within the probes and rut depths are sensed,
digitized and punch taped. Provisions are made for
an analog record of the transverse profile of the
pavement under the truss.

NUCLEAR GAGE—The success of the test project
rests to a large degree on the uniformity achieved
in the construction of the test pavements. High
uniformity in thickness, composition and condition
of various test section components is desired.

In the construction of the various soil emban})-
ments, the uniformity of compaction of each 4-in.
layer was checked by testing undisturbed specimens
of material obtained by driven sampler tubes. Since
this and any other conventional method, were not
considered satisfactory for density determination of
granular materials, a nuclear density-determination
system similar to that shown in Fig. 8 was used.

A source of 3.5 millicurie of Cs™ and a halogen-
quenched, neon-filled counter tube are mounted in a
lead open-bottom container (Fig. 8). This surface
gage is placed on the road surface and connected to
a battery-operated counter and timer. During opera-
tion, the timer starts and stops the counter. With
the source and the counter separated by a lead shield,
the count is a function of the radiation reflected by
the subsurface material. Calibration is accomplished
by taking counts with the gage on blocks of materials
of known densities.

HELP WANTED—The road engineering staff re-
quires a non-destructive system for making accurate
measurements, to one-percent of weight, of the mois-
ture content of a thin (1-in.) layer of soil immedi-
ately under the pavement structure.

Among the systems tried were change in resistance
due to moisture content and change in capacitance
with change in dielectric (due to changes in moisture
content). These have not worked with success and
AASHO engineers hope that some ELECTRONICS
reader may come up with an answer. Ideas would
be welcomed by the Highway Research Board, Na-
tional Academy of Secience, 2101 Constitution Ave.,
Washington 25, D. C.

The author thanks W. N. Carey, chief engineer
for research, AASHO, for his help.
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FIG. 6—Transverse profilometer truss can be quickly leveled and
probes activated by equipment in truck. Motor-driven carriage
(left bottom of truss) records analog of profile
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c = DEPTH OF RUT

FIG. 7—To measure depth of rut, outputs of probes a and b are
averaged then subtracted from output of probe ¢
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FIG. 8—Crushed stone base material density measured by back-
scatter from Cs'37 source and indicated on wagon-mounted scaler
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Recent Communications

Communications featured at Fall meeting of AIEE. Here’s how some
significant developments in microwave, telegraph and telephone sys-
tems are being used to meet some of these ever increasing require-

ments

By M. M. PERUGINI, associate Editor
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Systems Developments

seems to be no problem that will
prevent the use of microwave in any
future signal applications such as
coded information for data proc-
essing.

Microwave circuits must compete
on a cost basis with other types
of communication systems used by
power companies. Power line car-
rier, leased wires, private telephone
line and carrier on private tele-
phone line are some of these com-
peting systems. When used for
power utility operation, microwave
systems have technical advantages
over these alternate means of com-
munication.

Higher intelligibility, better sig-
nal to noise ratio, lower crosstalk
level, more flexibility and better
continuity are some of these advan-
tages. Figure 1 shows the contin-
nity performance of a typical micro-
wave system used by one power
company. An additional advantage
of microwave is the ability to re-
store zero dbm level.

By using it for long hauls, micro-
wave can be made the backbone of
power company communication sys-
tems. Local areas can then be fed
by other communication methods.
In this manner, the characteristics
of each method are used to maxi-
mum advantage.

Telegraph System

A new 26-channel carrier tele-
graph system uses frequency-shift
keying with transmission of one
frequency indicating a mark and
transmission of another frequency
indicating a space.” Eighteen of
the 26 channels are located in fre-
quency band between 340 and 3,400
cycles while the other eight are
located above 3,500 cycles. Maxi-
mum signaling speed of each chan-
nel is slightly more than 100 words
per minute (80 bits per sec).

Transistorized circuits reduce
heat problems in this system. A
full terminal dissipates only % the
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American Electric Power System

power of comparable vacuum tube
equipment. A terminal of 18 chan-
nels occupies 7 ft of a standard 19-
in. rack and has an overall depth
of 10 in.

The system is divided into three
functional groups as shown in Fig.
2. Use of this same division in the
physical layout of the terminal has

T 38 TERM
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FIG. 3—Modulation arrangement for two-
path polar loop uses diode bridge. Simi-
lor bridges are used for other types of
loop operation
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Large passive repeater located on Canton to Philo (Ohio) microwave system of the

two advantages. The transistorized
channel equipment.is kept separate
from the heat-producing loop equip-
ment and flexibility of design and
application is obtained.

Loop Unit

When transmitting loop unit
modulates the channel carrier oscil-
lator in accordance with signals
generated on the loop by a tele-
printer. When receiving, the unit
keys the loop in step with signals
received from the distant transmit-
ting equipment. How the loop unit
functions in a two-path polar cir-
cuit is shown in Fig. 3.

The voltage developed across R,
by the send loop current biases the
diode quad. Marking current (from
negative battery) biases the quad
off, and C,, the shift capacitor, is
isolated from the main oscillator
tank by a high impedance. Thus,
the oscillator produces the high or
marking frequency. Spacing cur-
rent (plus battery) biases the quad
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FIG. 4—Horizontal check line (A), spiral check line (B) and error-
detection control characters (C) used in odd-even count error detec-

tion system

on, coupling the shift capacitor into
the main oscillator tank. Under
these conditions the oscillator pro-
duces the low or spacing frequency.
On the receive side, polar signals
are developed in the loop from the
contacts of the receive relay.

To obtain good frequency stabil-
ity as a function of voltage, a fer-
rite core inductor, resonated with
a polystyrene film capacitor, is used
in the oscillator tank. Because the
core and capacitor have nearly equal
and opposite temperature coeffi-
cients, this combination also gives
good stability as a function of tem-
perature. After measuring reso-
nant frequency of the tank at room
temperature and 50 C, any residual
coefficient is reduced by padding the
tank with capacitors of zero, nega-
tive or positive temperature coeffi-
cients as required.

Error Detection

Transmission of more numeric
material (data) and the direct use
of transmitted material in auto-
matic computers without the ma-
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FIG. 5—Method of preparing tape at sending station (A) and check-
ing tape at receiving station (B) in binary totaling error detection

shows how characters are totaled

terial being read and checked by a
human operator are becoming more
common. These two trends have
increased the demand for an auto-
matic means of detecting transmis-
sion errors. Two error detection
systems for 5-level punched tape
use the common teleprinter code
and add check characters to the
data being transmitted. One method®
uses odd-even counts to generate
the check characters; the other*
uses a binary totaling system to
determine the check character.

Odd-Even Counting Principle

The odd-even count method adds,
at the originating end, a check
character after each typed line or
portion of a line terminated by a
carriage return (CR) signal.

When the transmitter senses a
CR signal in the tape, it stops and
waits while five error detection
contro!l characters, including the
check character, are sent on the
line from the error-detection cir-
cuit. The transmitter then resumes
sending, the next character being

the line feed (LF) character which
advances the teletypewriter paper.

The check character is generated
from five odd-even counts of the
marking signal elements in five sep-
arate lines along the punched tape.
Each counting line may be a hori-
zontal line, Fig. 4A. An alternate
form of counting line, Fig. 4B,
shifts one level vertically for each
character of horizontal advance.

Each of the five lines generates
from its count a check bit. This
check bit is a mark if there are an
odd number of marks in the line,
a space if there is an even number.
The check bits are then used as the
five signal elements of the check
character, (CK) in Fig 4A and B.

Figure 4C shows the control char-
acters that are inserted by the
error-detection circuit at the send-
ing end. These five control char-
acters are sent over the line from
an auxiliary distributor.

At the receiving end a new check
character is generated from the
received text by the same process
as that used at the sending end.
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This locally generated check chayr-
acter is compared to the character
sent over the line. If the two do not
agree, it indicates that an error
has occurred in the preceding line
of text. When a transmission error
is detected, an identifying mark is
made on the copy of the line in
error.

Binary Totaling

Figures 5A and B illustrate the
basic features of the two-character
binary total error detection system.
Each character in the text is con-
sidered a five-digit binary number
with levels 1 through 5 having
weights 1, 2, 4, 8 and 16 respec-
tively. The characters in a variable-
length line which does not exceed
72 characters are totaled up to and
including the CR by a counter.

The counter has eight stages and
can therefore total from 0 to 255.
As the total for a line of 72 char-
acters can be as high as 2,232, the
counter cycles a number of times in
totaling an average line,

At the end of the group the com-
plement of the 8-digit binary total
in the counter is punched in the
tape as levels 1, 2, 4 and 5 in two
characters. The third level of each
of these characters is always
punched to avoid the formation of
control-character combinations used
in switching systems.

The checking process at the re-
cetving station. consists of again
totaling the characters in the group
in a counter similar to the one in
the sending unit. The eight binary
digits in the two check characters
are also totaled and if no errors
were introduced in transmission
this results in all eight stages of
the counter being reset to 1.

If any of the bits in the block
were reversed during transmission
at least one of the stages in the re-
ceiving counter would be set on
zero. When this happens, an alarm
sounds and the text is marked in
red.

Telephone Carrier

A new telephone carrier system
provides up to 24 circuits on two
cable pairs between offices. where
the attenuation of the trunks does
not exceed 200 db at 480 kc. De-
pending on the gage and capac-
itance of the cable pairs, this repre-
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sents a distance of between 10 and
20 miles.

Based on double-sideband, sup-
pressed-carrier modulation, this
multiplex equipment uses a base
group of 12 channel modulators
(transmitters) operating at carrier
frequencies between 292 and 476 ke
and a corresponding base group of
12 channel demodulators (receiv-
ers) operating between 68 and 252
ke. Although each channel occupies
8 ke, the spacing between channels
is 16 ke to permit interleaving of
the two directions of transmission
and to prevent crosstalk.

To close the transmission path
between the 12-channel modulator
group and the 12-channel demodu-
lator group, it is necessary to trans-
late (group-modulate or -demodu-
late) once. The system block dia-
gram is shown in Fig. 6.

The channel modulator-demod-
ulators (modem) contain the chan-
nel transmitters and receivers.
They also provide the crystal con-
trolled carrier supply for the trans-
mitters.

Signal Supply

One signal supply provides 3.7-
and 3.9-ke¢ tones for 24 signaling
units. The group modulator trans-
lates 12 high group transmitting
channels to the low group spectrum
and combines both groups. Separa-
tion of high group from the low
group and amplification of the low
group for channel detection is pro-
vided by the group receiver ampli-
fier.

The group demodulator trans-
Jates 12 high group receiving chan-
nels to the low group spectrum and
amplifies the group for channel de-
tection. The line amplifier boosts

et n SASNLON

the channels to line level for trans-
mission and provides span adjust-
ment, equalization and amplifica-
tion for received signals. It includes
facilities for connecting repeater
power.

Repeaters

Regulating and nonregulating re-
peaters are used. While both types
furnish a normal gain of 25 db at
the highest line frequency (480 ke),
the regulating repeaters compen-
sate for line variations of = 8 db.
Repeaters are installed at the same
point for both directions of trans-
mission with every third repeater
being the regulating tvpe. Power
for the repeaters is fed over the
same cable pairs on which they are
installed. Ten repeaters can be used
in a system without using an inter-
mediate power source as up to five
repeaters can be fed from each end.

This completely transistorized
system uses plug-in units and
module-type construction in both
terminal and repeater equipment.
Handles on the plug-in units assure
easy removal of the units from the
equipment.
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Typical High-Power

Table 1—Characteristics of Typical Silicon Power Transistors?®

Veemaz  Icmas?
Manu- VCEmaz lCmar Bmiu @ IC "Smaz (£ fOf nthma: Ti ICmaz RSmar
Type Structure? facturert (v)  (amp)  (amp ohm) (usec) (ke) (°C/w) (°C) (w) w)

2N-1016-F npn-F  WEC 300 5 10 5 0.50 20 300 0.70 150 1,500 12.5
2N-1015-F  npn-F WEC 300 35 10 2 0.75 20 300 0.70 150 1,500 18.8
2N-1016-E  npn-F WEC 250, ) 10 5 0.50 20 300 0.70 150 1,250 12.5
2N-1015-E  npn-F WEC 250 3 10 2 0.75 20 300 0.70 150 1,250 18.8
2N-1016-D npn-F WEC 200 5 10 5 0.50 20 300 0.70 150 1,000 12.5
2N-1015-D npn-F  WEC 200 5 10 2 0.75 20 300 0.70 150 1.000 18.8
2N-1016-C  npn-F WEC 150 5 10 5 0.50 20 300 0.70 150 750 12.5
2N-1015-C  npn-F WEC 150 > 10 2 0.75 20 300 0.70 150 750 18.8
2N-1016-B  npn-F  WEC 100 5 10 5 0.50 20 300 0.70 150 500 12.5
2N-1015-B° npn-F  WEC 100 5 10 2 075 20 300 0.70 150 500 18.8
2N-1016-A npn-F WEC 60 5 10 5 0.50 20 300 0.70 150 3060 12.5
2N-1015-A  npn-l WEC 60 5 10 2 0.75 20 300 0.70 150 300 18.8
2N-1208 npn-D  TEC 60 5 15 - 1.5 025 12me 0.50 200 300 37.5
ST-100 npn-D TEC 60 5 I 2 235 0.25 6me 2.5 200 300 62.5
2N-1212 npn-D  TEC 60 5 12— 25 0.25 2me 0.50 200 300 62.5
2N-1250 npn-D  TEC 60 5 15 e : 0.25 6me 0.50 200 300 . 2

2N-1070 npn- STC/RCA 60 4 10 RIS (RO 12me3.0 175 240 10.7
2N-1069 npn-1>  STC/RCA 60 4 10 1.5 2.0 [12me 3.0 175 240 32

2N-1209 npn-D TEC 45 B 20 1.5 0.25 12me 0.50 200 225 37.5
ST-101 npn-D TEC 45 5 20 2 25 025 6me 2.5 200 225 62.5
ST-102 npn-D TEC 60 3 15 2 40 025 6mec 3.0 200 180 36

2N-424 npn-D TEC/TIT 80 2 12 1 10 0.70 6me 2.1 200 160 40

2N-1016 npn-F -~ WEC 30 5 10 5 0.50 20 300 0.70 150 150 12.5
2N-1015 npn-F WEC 30 5 10 2 0.75 20 300 0 70 150 150 18.8
2N-1072 npn-D - WEST 75 2 - , Lt IS 150 .
ST-403 npn-1>  TEC 45 3 15 2 3.0 0.25 6me 3.0 200 135 27

2N-389 npn-D  TEC/TIT 60 2 135 1 2500 L. 8me 2.1 200 120 20

ARA-16P Composite ARA 40 310,000 ... 5.0 ... ..., 2.6 200 1200 45

Vermar—DBlocking voltage capability: [one.—Current ¢ WEC—Westinghouse Electric Corp: TEC—Transitron
carrying capacity; Rgno.—Collector saturation rvesist-  Elestronic Corp.: STC—Silicon Transistor Corp.; RCA—
ance; B—ocurrent transfer ratio; fa—frequency response; Radio Corp. of America; TII—Texas Instruments Inc.;
{,—swilching time: Ru—thermal resistance; Tj—junction WEST—Western Electric Co.; ARA—Advanced Research
teniperature Associates Inc.

b —fused; D—diffused
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Silicon Transistors

Properties of 28 commercially available high-power silicon transistors made

by 7 manufacturers are listed. Article also gives indications of expected levels

of performance of future devices

By THOMAS P. NOWALK, semiconductor Dept., Westinghouse Electric Corp., Youngwood, Pa.

ADVANCES IN SILICON TECHNOLOGY over the past few
years have generated a new family of power tran-
sistors. Silicon transistors for power applications of
the several kilowatt range and higher are anticipated
for the near future.

This article describes the present plateau of silicon
power transistor development in terms of selected
electrical characteristics. Primary data were obtained
from specification sheets of commercially available
units. Some developmental information is also in-
cluded to indicate expected levels of performance of
future devices.

The subject group of silicon transistors is loosely
defined as high power. Limits of this category reflect
the state of the art, among other things. Since cur-
rent ratings are increasing in large increments, and
thereby extending the range to very high values, the
arbitrary minimum selected for this category is a
collector current of two amperes.

Evaluation of high power transistors can be made
in terms of several pertinent electrical and thermal
characteristics. The common-emitter switching mode
is assumed since the majority of applications employ
this configuration. Moreover, it simplifies comparison
of the devices in terms of power handling capability.

Data of typical commercially available units which
satisfy the criterion of two amperes collector current,
minimum, are given in Table I. The second column
indicates a fused (F) or diffused (D) structure. The
last two columns serve to compare devices in terms of
power handling capability, defined as the product of
Vesmax and I, and power loss, defined as the product
0of Icm. 