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UTC products are the most copied in the world. This is only natural, since we
maintain the largest laboratories and engineering staff in our field. However,
copyinz aloie cannot provide the measure of uniformity and reliability inherent
in UTC unite. To provide for the maximum in quality and reliability, continuing
programs of quality control and quality improvement are constantly maintained in
our laboratories.

A large aircraft company..."Our vendor analysis for past year (thou-
sands of tests) shows zero rejects.”

A large electric company. .. “Consistent quality has placed you as our
#1 source...are grateful for the aid you have given our own quality
control staff.”

A large military electronics company. .. “Switching from former vendor
to UTC has saved us 18% of transformer and filter cost by reducing
manufacturing costs.”

A large instrumentation company...“We haven't had one field failure
in fifteen years’ use of UTC parts*.”
*Over 100,000 units.

UNITED TRANSFORMER CORPORATION

150 Varick Street, New York 13, N.Y.

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

EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y. CABLES: ""ARLAB"



e'CCtI’OI]iCS engineering edition

H. W. MATEER, Publisher

W. W. MacDONALD, Editor

Managing  Editor, John M.
Carroll,

Feature Editor, John Markus.

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

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

Art Director, Harry Phillips, Roy
Thompsen.

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

Editorial Assistants: Gloria ).
Filippone, Arlene Schilp, Noreen
Hennessy, Phylis A. Cronin, Patricia
Landers, Catherine McDermott.

JAMES GIRDWOOD, Advertising
Sales Manager. R. S. Quint, As-
sistant Advertising Soles Manoger
and Buyer’s Guide Manager. Fred
Stewart,
Frank H. Ward, Business Manager.
George E. Pomeroy, Classified

Promotion Manager.

Manager. Jean Heiges, Research.

New York: Donald H. Miller,
Henry M. Shaw, Martin J. Gallay.
Boston: Wm. S. Hodgkinson. Phila-
delphia: James T. Hauptli. Chi-
cago: Bruce Winner. Cleveland:
Warren H. Gordner. San Fran-
cisco: T. H. Carmody, R. C. Alcorn.
Los Angeles: Carl W. Dysinger,
D. A. McMillan. Denver: J. Patten.
Atlanta: M. Miller. Dallas: Gor-
don L. Jones. Llondon: Herbert
Lagler. Frankfurt: Michael R.
Zeynel.

A McGRAW-HILL PUBLICATION * VOL. 31, NO. 21 ¢ MAY 23, 1958

Issue at a Glance

Airborne Tv System. Ultrahigh-frequency fm television transmission system
developed by Philco for U.S. Navy provides military reconnaissance link

from helicopter to surface command post. Sce p. 66.......... COVER
Business Briefs . ... ... . oo p7
Illcctronics Newsletter ... ... i, [ Lllectronic Cars: How Soon?. . ... 14
Figures of the Week. . .......... 7 Financial Roundup ............ 16
\ilitary Backlog $4.9 Billion. . ... 8 Electronic Tracer ........... -6
Reveals USAT's \Weapons Plans 8 Mobile Radio to Double bv 1968.. 16
Lol l\lo;utlxlx' Figunes o 8 Microwave Group Probes Solid
o S S S State ... 18
Washington Outlook ........ .. 12 Follow the Sun ... .. s

[§8]

10.000-Transistor Computer Out. . 1
Militarv Electronics ... ... .. ... . 1
BBC Perfects Video Recorder. ...

New Computers Shown on Coast 18
Fngincers Study Fxecutive Roles.. 18
Meetings Ahead . ... ......... 18

“+ =

Gamma-Ray Detector Aids Oil Field Survevs. Radioactive tracers introduced
into water in an oil-producing formation arc detected by G-M tubes
feeding transistor circuit.  Instrument is sclf-contained in a 1-in. diame-
Eer tUDE 3 2.p 00 6 e T A i L S B e TR o g m o an n pye - p 61
By I'. E. Armstrong

Transistor Chopper Drives Accurate Clock.  Svnchronous clock motor is
driven by a-c pulsed output of a transistorized chopper control
CITCUIE e e e p 64
Bv Richard H. Williams

Airhorne ‘I'v System for Militarv Reconnaissance.  Telicopter-mounted i-0
camera output is relayed over 50 mile range by 30w uhf fm trans-
mitter oL 2 15 A 8 A oA 0 1 p 60
By N. Sher and J. F. Fisher

Automatic Specech Amplitude Control.  Increases amount of intelligence
transmitted over radio communication syvstem under adverse conditions
by altering cnergy distribution of speech. ... ... L p 7l
Bv Lvle R. Battersby

Alarm System Uses Gated Neon Warbler.  Conclrad alarm generates own
warning signal, monitors Kkev-station modulation and turns off local
CATTICT . L e e e e e p 74

DIGEST CONTINUED ON NEXT PAGE



DIGEST continued

Photoformer Solves Sound Barricr Problems. Photoelectric function gen-
erator provides smooth reproduction of complex curves for use in simu-
lating analog computer problems. ... p 79
By Robert W. Maloy

Cathode-Ray Tube Adds Third Dimension. Fluorescent screen i1s motor-
driven toward and away from obscrver along Z-axis. Electromag-
netic pickup gives signal corresponding to instantancous position of

screen p 81

By Edward L. Withey

Transistor A-C Amplifier Uses Multiple Feedback. Use of multiple fecd-
back loop in single stage produces reliable and versatile transistor a-c
..p 84

amplifier
By Howard Lefkowitz

Multicoupler Nomograph for I'v Antenna Networks.  Resistance and power
loss of nonreactive n-set multicoupler are determined by using straight-
edge an Chatt. .. ,ee vomrimvnns srddish s vmesa fiavains : aaese oo . p 86
By Anthony Paolantonio

Electrons At WOTKE: « 2. | ik #od): a0 weer 550 biasdia) EOOK b B0 < =1 alf K LR p 88

High-Specd Data Handler. ... .. p S8

Photocell Checks Raindrop Size..p 88
Whip Antenuas Track Missiles. .p 90

Comet Shows CRT Beam Direc-

tom ... p &8 Chopper Uses New Photocells. .p 90
Bv |. J. Wormscr By Richard G. Seed
Component Design . ...... ...t p 100
Elcctrostatic Oscilloscope ... ... p 100 Pen Recorder vop .t cspimnion. p- 102
Automatic Assembly Resistor....p 100 Metal Film Attenuator. . ....... p 106
Production TechniqQues’ v o s c it s ts 1w wine 550 9 o 50a ma X = =R&aE ) p 108
Chassis Design Cuts Tv Costs. .p 108 Jets Cleanse Transistors........ p 111
By W. R. Petrick and L. R. Travis Bv James E. Greever
Design Trends ........... .... p 108
INAW, PrOQUCHS 500 siorwnsi s oomiazaes | -os mon e (e e phows e s g v B YA ETL p 114
Literature of the Weck. ... oot A et phesn p 144
Plants and People............... S50 o8] B ) - @=L Dk R o o el p 146
News of Reps. .. ............ i e 3 TIE AR G e @ @ < | DRNE ST BT p 151
New Books ... oLt - e SO B S B v ...p 152
Comment ........................... S T PP O s W p 154
Index to Advertisers........ e e YRR R ¢ AL e s p 162

electronics
May 23, 1958 Vol. 31, No. 21

Published weekly, with alternating
engineering and business editions, and
with a BUYERS’ GUIDE issue in wmid
June, by McGraw-Hill Publishing Com-
pany, Inc., James H. McGraw (1860-1918)
Founder.

Executive, Editorial, Circulation and Advertis-
ing Offices: McGraw-Hill Building, 330 W. 42
St.. New York 36, N. Y. Longacre 4-3000.

Publication Office 99-1290 North Broad
way, Albany 1, N. Y. See panel below
for directions regarding subscription or
change of address. Donald C. McGraw
President; Joseph A. Gerardi, Executive
\ice President; L. Keith Goodrich, Vice
President and Treasurer; John J. Cooke
Secretary; Nelson Bond, Executive Vice
President, Publications Division; Ralph
B. Smith, Vice President and Editerial
Director; Joseph H. Allen, Vice Presi-
dent and Director of Advertising Sales;
A. R. Venezian, Vice President and Cir-
culation Coordinator.

Single copies $1.00 for Engineering
Edition and 50¢ for Business Edition
in United States and possessions, and
Canada; $2.00 and $1.00 for all other
foreign countries. Buyers’ Guide $3.00.
Subscription rates—United States and
possessions, $0.00 a year; $9.00 for two
veurs; $12.00 for thrce years. Canada,
$10.00 a year, $16 for two years; $20.00
for three years. All other countries
$20.00 a year, $30.00 for two years;
$10.00 for three vears. Second class
mail privileges authorized at Albany,
N. Y. Printed in U.S.A, Copyright 1958
by McGraw-Hill Publishing Co., Inc.—
All Rights Reserved. Title registered in
U. S. Patent Office. BRANCH OFFICES:
520 North Michigan Avenue, Chicago 11;
68 Post Street, San Francisco 4; McGraw-
Hill House, London E. C. 4; ANM.
Leonhards 12, Frankfurt Main; National
Press Bldg.,, Washington 4, D. C.;
Six Penn Center Plaza, Philadelphia
3; 1111 Henry W. Oliver Bldg.,
Pittsburgh 22; 1510 Hanna Bldg., Cleve-
land 15; 856 Penobscot Bldg., Detroit 26
3015 Olive St., St. Louis 8; 350 Park
Square Bldg., Boston 16; 1321 Rhodes
Haverty Bldg., Atlanta 3; 1125 West
Sixth St., Los Angeles 17; 1740 Broad-
way, Denver 2. ELECTRONICS is in-

dexed regularly in The Engineering Index.

Subscriptions: Address _correspondence to:
Fulfilimeat Manager. Electronics, 330 W.
42nd St., New York 36, N. Allow one
month for changes of address, stating old
as well as new address. Subscriptions are
solicited only from persons engaged in
theory, research, design, production, man-
agement, maintenance and use of elec-
tronies and industrial control components,
parts and products. Position and company
connection must be indicated on subscrip-
tion orders.

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

36, N. Y.

Member ABF and ABC




SOLID-ELECTROLYTE

CAPACITORS

complete ratings from SPRHGUE

prompt delivery and

This solid-electrolyte Tantalex
Capacitor (shown 1% times actual
size} is rated at 4.7 uF, 10 volis
d-¢, and is only 4" in diameter

Sprague, the pioneer in the production of
solid-electrolyte tantalum electrolytic capac-
itors, now offers prompt delivery on produc-
tion quantities of all standard ratings. New
expanded facilities end production delays in
your assembly of minified transistor circuits.

Typical of these Tantalex Capacitors is the
Type 150D shown above. Its tiny sintered
anode is impregnated with a solid, non-
corrosive, semi-conductor material which can-
not leak under any circumstance. It combines
true miniaturization with electrical stability
previously unobtainable in an electrolytic
capacitor of any type.

Thermal coefficient of these capacitors is
sufficiently low and linear so that for the first
time a circuit designer can think of an electro-
lytic in terms of parts per million capacitance
change. Nominal value is + 500 ppm/ °C. The

by 4" long.

capacitor may be used without derating over
a range from 4 85°C to as low as —80°C, a
temperature at which no other electrolytic has
proved useful.

Solid construction permits the Type 150D
to withstand the severe shock and vibration
encountered in missile and ballistic applica-
tions. Hermetic sealing makes it completely
immune to humid atmospheric conditions.

Complete performance data covering the
wide range of sizes and ratings are in Engi-
neering Bulletin 3520B, available on letter-
head request to the Technical Literature Sec-
tion, Sprague Electric Company, 35 Marshall
Street, North Adams, Massachusetts.

I

Sprague, on request, will provide you with
complete application engineering service in
the use of Tantalex Capacitors.

DON’T FORGET! —Sprague also offers prompt
delivery on all other types of tantalum capacitors
including tubular foil and sintered anode designs.
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AIRCRAFT
DALLAS

At Temco titanium is keeping its promises to the aircraft industry. No longer
the intransigent metal, titanium in precision assemblies has become routine
here. Through the development of Temco's Ti-Brite process, the tough titanium
scale which once limited the material’'s usefulness is electrolytically removed
without etching or disturbing the most precise dimensions.

And at Temco a successful process for chrome-plating titanium may be the
major break-through in the feasibility study for extending its temperature resist-
ance beyond the 800-1000°F range. Forming, spot welding, precision machining
are everyday operations. Temco's proven capabilities in precision automatic
fusion welding have proved especially effective in the assembly of titanium
parts. A case in point: the front compressor casings of Pratt & Whitney's J-57
engine, produced at Temco.

Quality and reliability of assemblies produced at Temco are assured by the
extensive facilities of the Quality Control Department and Metallurgical Labora-
tory. These include the newest non-destructive spectographic and large X-ray
equipment.

Capabilities in advanced metallurgy . . in titanium, aluminum, austenitic steel,
stainless steel . . are typical of Temco progress. And now research and develop-
ment capabilities are challenging the rare earths . . berylium, columbium, tanta-
lum, molybdenum . . for tomorrow’s needs. As the aircraft industry grows, so
do Temco's capabilities to design, tool and produce for it. Whether your need is
for a companent, o subsystem or a camplete system . . . on inspection of Temco will
be infarmative and profitable.

CHALLENGE TEMCO...TODAY!
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For HIGH VOLTAGE DC Supplies—
Call BETA...High Voltage HEADQUARTERS

200 Series, Portable

Light-weight, easily carried, air-insulated. Output from 0 to
30 KV continuously variable, 2 to 5§ ma, with reversible
polarity. Ripple, 1% per ma at 30 KV,

1000 Series, Rack-Mounted DC Supplies

0-1 to 0-60 KV, 2-500 ma. Rugged construction, conservative
design, with full self-protection. Selenium rectifiers in
models below 10 ma rating. Ripple; below 2.5% rms for
max. current. at max. voltage. Polarity reversible, with center-
tap provision if cesired.

'l.&bh':'obé

AR

2000 Series

0-1 and 0-250 KV; 5 to 3000 ma. Two-unit design, for remote
operation and maximum safety for personnel and equipment.
Conservative rating, simple operation, Polarity reversible.

ELECTRONICS engineering edition — May 23, 1958

voltage ratings to 150 KV and
continuous currents uﬁ to 1000 MA

Whatever your need in High Violtage —whether it's
a rugged, portable unit, or an ela orately instrumented

supply for wide-range operatlons
Beta is your best source.

Beta’s many years of Specializition in the design,

production, and application of A

and DC

high voltage equipment — in all kihds of applications,
ranging from electrostatic smoking of meats

to nuclear particle acceleration —
and performance in apparatus ar
that is exceptional. Equally outst
line of Beta overpotential testers
transcontinental cables to individ

All the advantages of this dist
the growing field of electrostaticd
voltage operations are immediatel

through your Beta representative.

Or you are cordially invited to
to Beta headquarters for full inf

ssure a level of quality
d instruments

anding is the famed
capable of testing

hal AC and DC circuits.

nctive leadership in
and other high
y available to you

call or write directly
rmatlon on

the MosT cOMPLETE LINE of DC hﬁgh voltage equipment,

some of which are illustrated.

9000 Series, “HI-SEL"” DC Power Pa
Five models, from 05 KV and § m
5 ma. Low ripple at all ratings. Selen
insulated design. Can be mounted in

BETA ELECTRIC

division of SORENSEN

Richards Avenue

ks

up to 0-30 KV and
um rectifiers and air-
lany position.

COMPANY

k. CO., INC.

South Norwalk, Conn.

TEmple 8-6571
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RAYTHEON
CK:565 1WA

MADE (N U.SA

VOLTAGE REFERENCE - VOLTAGE REGULATOR - COLD CATHODE RECTIFIER
THYRATRON and LIGHT INDICATOR TUBES

for Military and Industrial Applications

These Raytheon Tubes are designed, constructed and tested for severe military environ-
ment, including temperature ratings to 165°C, and shock and vibration resistance.
Raytheon custom designed gas filled tubes are backed by over thirty years of design,

development and production experience. It will pay you to get in touch with Raytheon for

gas filled tubes that meet your specific needs.

RAYTHEON GAS FILLED TUBES

VOLTAGE REGULATOR TUBES COLD CATHODE RECTIFIERS
OA2, OA2WA, CK6626 Miniature 150 volts, 5to30mA CKS5517 Miniature PIV =2800 I[o=12mA
0B2, OB2WA, CK6627 Miniature 108volts, 5to30mA CK6174 Miniature PIV=2800 lo= 3mA
CKS787WA Submin. 98 voits, 5to25mA CK6659 (CK1042) Submin. PIv =2800 Ilo= 8mA
CKé6542 Submin. 150 volts, 5to25mA CK6763 Miniature PIV =2800 lo = 12mA
(Ruggedized)
: VOLTAGE REFERENCE TUBES THYRATRONS
CK5651, CK5651WA Miniature 85 volts, 1.5 to 3.5mA RK61 Submin. For control receivers in
CKS783WA Submin. 85 volts, 1.5t0 3.5mA CK1054 Submin. model aircraft, boats, etc.
CKé6213 Submin. 130volts, 1to2.5mA CKS643 Submin. For general purpose
military use
RADIAG TUBES LIGHT INDICATOR
Raytheon offers Corona Voltage Regulator Tubes for CK1050 Submin.  Low drain, grid controlled
higher voltages in a wide range of ratings; also a variety indicator for semiconduc-
of Radiation Counter Tubes. tor circuitry.
@ INDUSTRIAL TUBE DIVISION Newton, Mass.:.......... 55 Chapel St., Blgelow 4-7500
4 g New York: ................ 589 Fifth Ave., PLaza 9-3900

Reliable Miniature and Subminiature Tubes <

VR Tubes = Rectifiers « Thyratrons e

é CIRCLE 4 READERS SERVICE CARD

Filamentary Tubes
Cathode Ray Tubes

Chicago: 9501 Grand Ave., Franklin Park, NAtional 5-6130
Los Angeles: 5236 Santa Monica Blvd., NOrmandy 5-4221
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BUSINESS BRIEFS
ELECTRONICS NEWSLETTER

after last fall’s defense stretchouts, reports:

RUSSIA’S THIRD SPUTNIK, launched last weck, Electronics production employment by June 1
appears from first reports to be carrying instru- will be three percent ahcad of last October,
ments similar to those on a USSR rocket fired Survey also showed: (1) there has been no re-
Feb. 21 (Evrrctronics, May 2. p 19). duction in number of persons in basic research;

(2) there will be a 10 perecent overall increase
in the number of engincers and a five pereent
rise 1n technicians by June 1 over Oct. 1957.

ELECTRIC-POWERED MAGNETIC PROPUL-
SION svstem looms as a strong possibility for
mancuvering a manned satcllite in outer space.

New concept stems from studics and experi- INFORMATION THEORY IN RUSSIA contin-
ments in magnetohvdrodvnamics sponsored by ucs to get priority attention, it is indicated by
USAF Office of Scientific Rescarch at the Avco a 'Tass report about a recent meceting of the
Manufacturing  Corp.’s  Rescarch  Laboratory Moscow lingincers Club.  More than 200
(Erecrronics, Jan. 24, p 17 and Apr. 11, p 14). Soviet scientists and engincers were told that
Magnetic thrust engine would take over after “on a frequency of 3,000 cveles, with a certain
launching of spaceship by chemical propellant amount of interference, 300 telephone conver-
rockets; the magnetic engine would alter the sations, and not just one, can be held simulta-
craft’s orbit altitude while it circled the carth ncouslv on onc linc.”  Mathematician Viadimir
or would power it to the moon or other plancts. Siforov said that m the future radio stations
Thrust is produced by using a magnetic ficld will be able to use dozens of times more short-
to accelerate and expel a neutral plasma of wave bands for broadcasting than at present.

fully ionized gas. Device would eliminate nced
to scparate 1ons, an integral part of an ion rocket
system, and might have other advantages.

EARTH SATELLITE-BORNE TELESCOPE and
tv cquipment weighing about a ton require
solution of the problems of automatic stabili-

NEW ENGLAND ELECTRONICS FIRMS arc zation and control, savs James I1. Doolittle,
cheered by optimistic reports from two quar- chairman of the National Advisorv Committee
ters.  First National Bank of Boston savs the for Acronautics. lle told the Senate’s Special
industry’s growth is favorably influencing the Committee on Space and Astronautics that the
region’s economic foundation and offers special job was a straightforward one that “could be
promisc for the vear ahcad.  Associated Indus- accomplished with rcasonable promptness if
tries of Massachusetts, which quizzed 100 Mas- sufficient scientific and technical manpowcer s
sachusetts electronics firms and got 61 replies assigned to the work.”

7 RAD| Y™
SEUY L
\
\
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FIGURES OF THE WEEK FIGURES OF THE YEAR Totals for first two months

RECEIVER PRODUCTION 1958 1957 Perceat Change

(Source: ETA) May 2, ‘58 Apr. 25, ‘58 May 3, '57 Receiving tube sales ....... 56,466,000 82,031,000 —31.2

Television sets, total ........ 77,344 84,999 81,864 Transistor production . ... ... 6,061,955 3,221,000 +88.2
Radio sets, total ......, .... 149,604 162,421 280,490 el 3
P10 il 39,754 ) iy Cathode-ray tube sales ..... 1,178,046 1,489,223 — 21
Television sel production .. .. 804,396 914,887 —121
STOCK PRICE AVERAGES Radio set production . ... ... 1,903,418 2,350,294  —19.0
(Source: Standard & Poor’s) May 7, '58  Apr. 30, ‘58 May 8, '57 TV setsales .............. 1,030,213 1,148,796 —10.3
Radio-tv & electronics ...... 46.24 45.57 51.88 Radio set sales
Radio broadcasters .......... 61.21 59.16 69.36 (excl. auto) ., purmewne.. 954,705 1,088,392 —12.3

MORE FIGURES NEXT PAGE '
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ELECTRONIC EMPLOYEES

SOURCE. OFFICE OF NAVAL MATERIAL

Military Backlog $4.9 Billion

Prime contracts run four percent ahead of last year.

Subcontracts are down about 16 percent

ELEcTRONICS PRODUCERS  should
rack up sales of $8.3 billion this
vear—3$600,000 million above the
record 1957 high of $7.7 billion.
Existing militarv backlogs give good
reason for predicting this incrcase
in business.

The Office of Naval Matcrial re-
ports current military backlog hg-
ures in its recently rcleased sixth
annual survey of electronics in-
dustry capabilities.

As of Jan. 1, 1958, the total mili-
tary contract backlog of the clec-
tronics industry amounted to
$4.922 billion, about one percent
ahead of the backlog of Jan. 1,
1957. However, thc 1958 prime
contract backlog of $4.206 billion
was four percent ahead of the 1957
figure; while the subcontract back-
log trailed the 1957 onc by 16 per-
cent.

Average mihitary backlog per em-
ployce for Jan. 1958 was $10,088.
This is an incrcase of $718 over the

average militarv backlog per em-
ployee figure of Jan. 1957.

The backlog-per-employee figures
vary according to company sizc. As
of Jan. 1, 1958, firms with over
5,000 cmplovees averaged $11,413
in backlog per employee. Iirms
with 51 to 100 employces averaged
$4,485. In most cases, sizc of back-
log as well as backlog per employce
was, as might be expected, Targer
for larger firms.

On the average, 85.4 percent of
military backlogs were in prime
contracts. However, the propor-
tion of prime and subcontracts
varied considerably with companyv
size.

Firms with over 5,000 cmplovees
had an average of 92.0 percent of
their military backlogs in prime
contracts. The survev also shows
that companics with 51 to 100 em-
ployces had an average of 58.2
percent of their military backlogs
in prime contracts.

Reveals USAF's

Weapons Plans

A1r Force weapon system planning
was rcvealed in considerable detail
by Lt. Gen. C. S. Irvine, Deputy
Chicf of Staff, Matericl, at Syl-
vania’s formal opening ceremonies
recently for its new Amherst Engi-
ncering  Laboratorv in Williams-
ville, N. Y.

The evolution of manned aircraft
is planned as follows:

Mach 2, above 75,000 ft altitude:
Convair’s  clectronics-laden  B-58
Hustler will replace the B-47 inter-
nicdiate-range bomber and provide
support for long-range B-52’s, con-
ceivably as clectronic countermecas-
ures planes. Eight or 10 B-58’s are
currently operable.  Tlight  tests
prove that speed (and it is assumed,
range) is better than expected.

An air-to-surface guided missile
is In the works for the Hustler. It
will have to be faster than the
B-52’s IHound Dog missile since the
B-58 flies faster than Hound Dog
will.  North American’s Hound
Dog will be ready for flight testing
next sumier.

Mach 3, above 100,000 ft
altitude: North American’s B-70
(ELecTrONICS, Feb. 21, p 15) and
F-108 will reveal a radical departure
from present configuration. Radar
svstems will have to possess far
greater range than is currently pos-
sible with present airborne  sets.
The B-70 will carry and air launch
an MRBM (Medium Range Ballis-
tic Missile). Three companies are
currently working on design details
of this 500-mi range ballistic bird.

Mach 5 or 6: Not vet being
designed, this later gencration of
hypersonic vehicles will be mtro-
duced into the program only in the
cvent that the gap between oper-
ational B-70s and manned space

TRANSISTOR AND TUBE SALES, MONTHLY EMPLOYMENT AND EARNINGS, MONTHLY

(Source: EIA) Feb. 58 Jan. '58 Feb. '57 (Source: Bur. Labor Statistics) Feb. ’58 Jan, '58 Feh.'57
Trangistors, units ........... 3,106,708 2,955,247 1,785,000 Prod. workers, comm. equip. . . . 349 800 362,000 394,600
Transistors, value . .......... 56,806,562 $6,704,383 $5,172,000 0 Ll o, GUiiheiae $79.75 ST TBoe
Receiving tubes, units ....... 29,661,000 26,805,000 44,460,000
Receiving tubes, value ....... $25,650,000 523,264,000 $36,631,000 (30 Wi GBI (UG e ST S S
Picture tubes, units ........ 556,136 521,910 728,363 Av. wkly. hours, comm. ....... 38.9 38.8 40.7
Picture tubes, value ,.,..... $11,210,527 $12,341,927 $13,134,778 Av. wkly. hours, radio ......,. 39.1 38.7 40.0
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VARIAN'S
VAclon®

VA-1402

COMPLETELY HIGH VACUUM PUMP

*TRADE MARK
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Heart of a gyroscope is the rotor made of new Mallory 1000
Gyromet®—a high density alloy especially developed to withstand
the extreme rotational speeds in tomorrow’s inertial guidance
systems. Mass elements such as counterweights, balances,
dummy warheads, can be made extra compact by designing with
Mallory 1000 metal—a unique powder alloy with twice the den-
sity of lead and excellent machinability.

Sub-assemblies made to order, in Mallory’s Electronic Assem-
bly Department, Frankfort, Indiana, receive the attention of a
skilled staff well experienced in every phase of circuit research,
component development, assembly and testing. Now qualified
under the U.S. Army Signal Corps Reduced Inspection Quality
Assurance Plan (RIQAP), this Mallory department is ready to
undertake production of single units or complete systems.

For Greater Reliability.

] o
N, AnoRy & 9
e wee SIL

Ideal power for transistors is the mercury battery, pioneered by
Mallory. High energy in small volume, long life and constant
discharge characteristics make this battery valuable in mini-
aturized, self-powered equipment. Another Mallory develop-
ment is the Solidion® solid state battery, capable of storage
for over 15 years. It is ideal for stockpiled systems.

10 CIRCLE 6 READERS SERVICE CARD

New high temperature miniature wirewound control . . . only
84" in diameter, is designed for ambient temperatures of 200°C
and up. Tt has exceptionally high power dissipation for its size
rated 5 watts at 145°C. Control is gold plated to assure maximum
shelf life, resistance to corrosion and high heat transfer. Easily
adaptable to hermetically sealed mounting.
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Electromechanical — Resistors ¢

High temperature tantalum capacitors,
pioneered by Mallory for —55°C to
+200°C service, include special designs
for extreme acceleration. Newest models
are even smualler in size, to fit mini-
aturized missile-borne telemetering cir-
cuits. In addition, Mallory manufactures
a full line of subminiature and solid
electrolyte tantalum capacitors.

o in Missile Guidance Systems

MALLORY Components and Services

In today’s accelerated defense programs, elec-
tronic missile guidance systems need an extra
measure of dependability in order to perform a
critical service at a precise moment. You can
build this extra dependability into research cir-
cuits, prototypes and production models—when
you specify Mallory precision-made components.

When your problems are new or unusual, you can
get expert assistance from the experienced
Mallory application engineering team. Becuuse
of the wide range of components we supply, you

Serving Industry with These Products:

Switches o Tuning Devices *

Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries
Metallurgical — Contacts » Special Metals * Welding Materials

Parts distributors in all mojor cities stock Mallory

standard components for your convenience.

ELECTRONICS engineering edition — May 23, 1958

Vibrators

can count on us for engineering consultation not
only on component design and application, but
also In other Important areas such as contact
metallurgy and sub-assembly manufacturing.

Shown here are just a few of the Mallory products
and services that can help put peak reliability in
vour missile guidance circuitry. It will pay you
to check your needs against the broad Mallory
line. Write today for a consultation on your spe-
cific projects. For prompt delivery of stock com-
ponents, call on vour nearby Mallory distributor.

Expect more...get more from

7

P.R.MALLORY & CO.Inc.

ALLOR

INDIANAPOLIS 6, INDIANA

P. R. MALLORY & CO. Inc.,
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flight (Dynasoar) drags out for too
long a period.

First step toward space: North
Amcrican’s X-15, carly next vear,
will carry Capt. Iven Kincheloe to
over 100-mi altitude and faster than
3,600 mph. A transponder beacon
carricd in the nose of the planc will
help ground radar stations track the
test flights. Major electronic equip-
ment to be used consists of trans-
ducers and  tclemctering gear to
measure, record and transmit flight
data.

Dynasoar: After the X-15, Dyna-
soar, or a similar tvpc project,
should result in a vehicle that will
safely put a man in orbit for onc or
more trips around the carth before
landing. Presumably the Dvnasoar
vehicle will require advanced-type
electromc telemetering and control
cquipment.

Space vehicles: As a natural out-
growth of knowledge gained frem
these experiments, the Air Force
will probably develop piloted space
vchicles with weapon deploviment
and counter-offensive  capabilities.
These will perform  within  the
carth’s gravitational field but well
outside 99 percent of its atmos-
pheric envelope.

10,000-Transistor
Computer Out

Transistors are mounted on 332 print-
cd-circuit cards for case of access

"T'RANSISTORIZED computers arc be-
ginning to appear in the market-
place.

Philco Corp.’s Transac, now be-
ing dclivered to its first customers
after almost three years of develop-
ment and ficld tests, uses 10,000
surface-barricr transistors in 332 all-
transistor printed-circuit cards. The

12

WASHINGTON OUTLOOK

TR ADMINISIRATION'S PROPOSAL to sct up a new civilian space agency
to run our clectronics-laden space exploration program scems to be in
trouble on Capitol Hill.  On onc hand, the proposal is besct by charges
that broad civilian authority over space rescarch could sorcly restrict
vital military projects. But it is also criticized for establishing too
limited civilian powers over space exploration.

Both Pentagon spokesmen and congressional leaders such as Sen.
Stvles Bridges (R, N.I1.) believe that the Defense Dept.’s role i space
operations is downgraded by expanding the National Advisory Com-
mittee on Acronautics into a new civilian spacc rescarch with over-all
control over the program.

Still, men such as Scn. Clinton P. Anderson (D, N.M.) lament the
fact that civilian considerations. in their opinion, arc being pushed to
the side under the proposed new sctup.

These opponents are peeved over provisions putting the new agenev
under the direction of a committee consisting of only cight government
representatives and nine nongovernment specialists (NACA is run by a
committce dominated by government ofhcials) and barring the civilian
space agency from space programs peculiar to or primarily associated
with military weapon systems or military operation.

Says Andcerson: “So few things in modern life could not be described
as peculiar to military opcrations that if the same test were used in the
rest of our national affairs, we would have a military dictatorship.”

The crux of the squabble over civilian vs military control of space
is the question of who is to determine whether a specific space project
is of a militarv nature, and thus a function of the Defense Dept.'s
Advanced Research Projects Agency, or a nonmilitary nature to be
put under the acgis of the newly proposed National Acronautics and
Space Agency.

Deputy Defense Scev. Quarles told the Senate Space Committec that
ultimatelv the questions would be answered by the President. Quarles’s
statement, of course, begs the question.  The President’s decisions will
ve based on advice from his technical advisers.  The gencral consensus
is that the Pentagon-NASA rclationship on space will be comparable
to the Pentagon-NACA rclationship on acronautical research.

The outlook is that the new agenev will be engaged mostly in basic
rescarch in its own laboratories and in contractor facilitics. The Defense
Dept. will continue to pull the strings on the more costlv phascs of
hardwarce development.

® The Defense Dept.s ARPA now has before Congress budget
requests totaling $520 million for fiscal 1959, starting July 1.
Of this sum, all but $72 million is carmarked for military spacc
projects.

ARPA wants to push work on improved guidance systems to
put artificial carth satcllites into more precise orbits. It wants
to develop satellites to provide commiunication relay stations, to
survey weather patterns, to serve as navigational aids and to act as
carly warning reconnaissance stations against encmy attack.

Other kev space clectronies projects are to develop satcellite
tracking and monitoring svstems and to speed up work on ballistic
missile carly waming systems. Of next vear's budget, $157.4
million is carmarked for the latter project—in addition to sums
in the Air Foree’s budgct.
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Puzz/ed by ground
loop problems? How to rescue
microvolt signals
from volts of noise?

HERE’'S WHY KIN TEL'S DIFFERENTIAL
DC AMPLIFIERS FIT IN INSTRUMENTATION SYSTEMS

160 db DC, 120 db 60 cycle common mode rejection with balanced or
unbalanced input 8 Input completely isolated from output ® Input and
output differential and floating m 5 microvolt stability for thousands of
hours 8.05% linearity, 0.19% gain stability ® Gain of 10 to 1000 in
five steps @ >S5 megohms input, <2 ohms output impedance » 120
cycle bandwidth m Integral power supply

These are just a few of the many outstanding features of the Model
114A differential DC amplifier . . . features that make this amplifier
really work in instrumentation systems...features that will help solve
Yyour instrumentation problems today.

Ideal for thermocouple amplification, the 114A eliminates ground loop
problems; allows the use of a common transducer power supply; per-
mits longer cable runs; drives grounded, ungrounded or balanced loads,
and can be used inverting or non-inverting.

For additional information and technical literature on this exceptional
instrument, write or call KIN TEL — the world’s largest manufacturer of
precision, chopper-stabilized DC instruments.

KIN TEL 114A
differential DC amplifiers

...convenient, interchange-
able plug-in mounting in
either 6-amplifier 19” rack

mount modules or single-

amplifier cabinets.

5725 Kearny Villa Road, San Diego 11, Calif.
Phone: BRowning 7-6700
Representatives in all major cities

A Division of Cohu Electronics Inc.
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circuit cards in the arithmetic and
control circuits are stacked librarv-
fashion behind the control console
face for casy accessibilitv (photo,
p 12).

The new unit is an all-binary.
parallel, asvnchironous computer
with  magnetic-corc  storage. It
comes in two models. The smaller
model operates on 36-bit words,
uses  punched  paper  tape  or
punched cards as input-output
media. The larger model’s word s
48 bits long. The bigger machine
can work with up to 256 mag-
netic-tape transport units besides
punched cards and paper tape.

Tape units will operate at 150
in./sce. read or write 90,000 alpha-
numeric or 150,000 numecric char-
acters a scc. The l6-channcl tape
will contain 12 numeric bits [(or
two 6-bit coded alphanumeric char-
acters), plus two parity-check chan.
nels and two timing channels. Mag-
netic tape also makes possible the
usc of off-line high-speed printers
and other transeribing gear.

Magnctic-core storage for both
modcls is a basic unit of 4.096
words. The memory of the larger
computer can be  cxpanded in
4,096-word blocks of 65,536 words,

BBC Perfects
Video Recorder

Brrrisn Broancasring Corp. c¢n-
gincers have designed and built a
video tape recorder after two vears
of development in the BBC re-
scarch lab.

Known as VERA (Vision Elcc-
tronic Recording Apparatus), the
ncw recorder uses i-in. wide tape.

The British recorder utilizes lon-
gitudinal recording.  BBC  tape
travels at 200 ips, carries a 15-min
program on a 20%-in. diam reel.

The new unit records on three
tracks, two for video and one sound,
to produce the 2.5-mc bandwidth
required for the BBC 405-line. 25-
framce tv svstein. Longitudinal tech-
nique offers the advantage of easv
splicing, is conducive to simultane-
ous rccording and monitoring.

[here’s no color tv broadcast in
Britain at present. but BBC cn-
gincers feel VERA is not limited to
black and white.

14

MILITARY ELECTRONICS

® New light weight, highlv accu-
ratc Doppler radar navigation sct,
to be designed and developed by
Gencral Precision Labs, will go into

IBM’s  bomb-nav  svstem  (AN/
ASQ-28) for North Amcrican’s
B-70.

Ravtheon is supplving Doppler
radar for Sperry’s bomb-nav system
m Convair's B-58 (Evrrcrronics,
I'eb. 21, p 15).

e An improved solid-propellant
Bomarce, ground-to-air electronically
guided interceptor missile with a
400-mi range (ErLECcTRONICS, Teb.
21, p 306), is scheduled to begin a
scveral-vears-long  test  program
soon. Program will be carried out
by USAF and prime contractor
Boeing. 'L he current Bomare modcl,
which has a 200-m1 range, has been
fired approximately 40 times to
date. Four Bomarc launching sites
are under construction in the U.S.

o [lirst step toward putting a
100-ft balloon into orbit took place
last wnonth when NACA success-
fully sent a 12-ft balloon to 50

miles by rocket. Having a 100-ft
balloon in orbit will be useful in
studving long range communica-
tions, NACA director Hugh L.
Dryden savs.

o “Introduction of single side-
band (SSB) radio equipment into
the fleet is being accclerated,”
Rear Admural H. C. Bruton, Direc-
tor of Naval Communications, savs.
Also, “We have great hopes for
metcor scatter as a means of solving
some of our ship-to-shore communi-
cations problems.”

¢ British IRBM under develop-
ment by de Havilland Propellers is
now officially confirmed. Firm savs
the missile, which cventually will
be test fired at Australia’s \Voomera
range, could carry a thermonuclear
warhcad “with extreme accuracv
over a range of several thousand
miles to a surface target.”

D¢ Havilland  also  confirmed
that Rolls-Rovee is providing the
power plant and Sperry Gyroscope
Co. the gmdance system.

=

Electronic Cars:

A GM srokEsnian told ELEcTrON-
1cs a few days ago that if current
prototvpes of clectronic auto con
trols prove practical and salable, an
enormous new market will open for
component manufacturers.
Conventional operator’s controls,
he said, may be completely climi

May 23,

Elcctronic amplifiers used in two-lever steering and transmission control developed
by Ford (left) and electronic computers nsed in steering, acceleration and brake con-
trol developed by GM (right) cause our industry to ask . . .

How Soon?

nated within the next few vears.
I'wo new developments giving
weight to this prediction were an-
nounced bv GM and Ford at the
Governors” Committec for High-
way Safcty couference last month.
In the system demonstrated by
GM’s Rescarch Staff, a single con-
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More Power to the Load

Hughes medium power, silicon rectifiers

The exceptionally high efficiency of these rectifiers, obtained by
advanced development and construction techniques, makes pos-
sible power supply design which was previously impossible. Effi-

STUD-MOUNT TYPES

Average Rectified Current
Peak Inverse @ Specified Case Temperature  Average | nverse

ciency like this means less power loss in the rectifier and, for a Voltage (Volts) (Amps max)  (Degrees C) Current (mA, max.)*
given size of rectifier, more power to the load. Cooler operation HR10671 100 3.0 150 0.5
==l A S f HR10673 200 3.0 150 0.5
also results, thereby contributing increased life since there is less HR10675 300 30 150 0%
heat to dissipate. HR10677 400 3.0 150 0.5
) S HR10679 500 20 135 0.5
In most instances, the voltage drop across the rectifier is so small— HR10681 600 2.0 135 05

and it is constant throughout the life of the rectifier —that it may
be neglected in power supply design. The low drop improves regu-
lation of the power supply too.

LEAD-MOUNT TYPES
Average Rectified Current

So specify the types listed at right and capitalize fully upon the Peak Inverse @ Specified Ambient Temperature Average Inverse
) i’ e & ] ( ) D t (mA, max.)*
advantage of high rectifier efficiency. In addition to the types — V°'“"1°0(()V° 5 ‘""‘3:(’)") ( “1'335 ) e g"l g
shown, Hughes has two groups of 1N-numbered units, one with a HR10423 200 350 100 0.1
L i i i HR10424 300 350 100 0.1
lead ”mount configuration and the other in the standard JETEC idbsts 00 o 100 it
7/16” hex package.
For literature or a visit from one of our sales engineers, * Averaged over one cycle at full rated conditions of current, voltage, and temperature
please write: HUGHES PRODUCTS, Semiconductor Division, with a resistive load.
International Airport Station, Los Angeles 45, California
[_ ———————————————————————————— - e -~ . -n’-]

Creating a new world with ELECTRONICS

' HUGHES PRODUCTS

HUGHES J
)

Bol o, ]

SEMICONDUCTORS © 1958, HUGHES AIRCRAFT COMPANY
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trol lever substitutes for stecring
wheel, accelerator pedal and brake
pedal. Svstem uses a four-inch con-
trol lever which can be manipu-
lated mm anv direction. Pushing
forward accclerates  car, pulling
back applics brakes. Sidewise move-
ment in desired direction stecrs car.
Steering ratio is varied with speed.

As the drver steers, the com-
puter determines the wheel angle
required to make the desired turn
based on lever displacement and
car’s speed. Brake and accelerator
controls arc operated by scrvos.

A GMI spokesman said an analog
computer with d-c opcrational am-
plifiers is used at present. IHe cau
tioned, however, that production
modcls, when made, mav be radi-
callv different. Transistorized com-
puters are a probability, but present
model uses vacuun tubes.

In svstem demonstrated by Ford,
only the steering and speed rauge
arc controlled. Two control lcvcrs
replace the conventional stecring
wheel and transmission shift lever.

Right or left turns are made by
moving steering control in the cor-
responding direction. When stcer-
ing, an error signal is gencrated
between a potentiometer connected
to the lever and a slave in the stecer-
ing linkage. The signal is boosted
b\ a servo amplifier whose output
1s applied to a torque wmotor which
drives a spool in a hvdraulic valve.
Tlus valve controls hydraulic circuit
used to move front wheels.

Electronic Tracer

No templates are nceded by clectronic
tracer control which scans line drawings
and steers steel-entting torches. Tracer
svstem consists of vibrator-type scanner,
phototransistor and a closed-loop servo.
Unit was developed by Canadian West-

mghonsc Ltd., for National Cylinder

Gas Company
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FINANCIAL ROUNDUP

e Western Electric offers minor-
ity stockholders (general public)
rights to subscribe to 2,853 addi-
tional shares of common stock at
$50 per share, and at rate of one
new share for cach 10 shares held.
This will raise $142,650. Same op-
portunity is being offered to all
other stockholders (American Tele-
phone & Telegraph), explains a
spokesman for WE. AT&T, which
owns some 99.8 percent of West-
crn Flectric stock, will subscribe to
1,565,065 sharcs of stock via the
right offering and will contribute
$78.3 million to \WE’s coffcrs. Pro-
cceds arc to be used for plant ex-
pansion, added working capital and
general corporate purposcs.

e Aircraft Radio Corp., Boonton,
N. J,, recently paid its 100th unin-
terrupted quarterlv cash dividend.
The latest paviment, this Spring,
was 20 cents per share.

e Belock Instrumcnt, College
Point, L. I, N. Y., and Sonic In-
dustries, Lv nbrool\ L. I, -N. ¥,

announce abandonment of the plan
for Belock to acquire Sonic throngh
exchange of shares. Belock is pri-
marilv engaged in military  clee-
tronic svstems work and also manu-
facturers marine navigation cquip-
ment. Sonic makes hi-fi equipment,
phonographs and radios.

America,

99,125

e Avionics Corp. of
Philadelphia, TPa., issucs

Mobile Radio to

Double by 1968

DETROIT —Mobile radio use will
double in uext ten vears, $14 mil-
lion will be spent on equipment,
and licensces will exceed 600.

Thesc are predictions by the Na-
tional Mobile Radio System which
held its 10th annual mecting in De-
troit last week.

Among design features shaping
up for the future i the growing
medinm arc message recorders, di-
reet dial svstems, personal paging

May 23,

shares of common stock at $3 per
sharc.  Avionics  devclops  and
manufactures electronic test cquip-
ment and also makes electronic and
clectrical components. New money
will be used for plant construction
and for working capital. Under-
writing is being handled by Milton
D. Blaunder & Co. and Amos T'reat
& Co., both of New York, and
Hallowell, Sulzberger, Jenks, Kirk-
land & Co. of Philadelphia, on a
best cfforts basis.

e Maine Industrial Building Au-
thority announces that its rate for
insuring industrial mortgages will
be one pereent. The recently cre-
ated MIBA insures mortgage loans
granted to local industrial develop-
ment corporations up to 90 percent
of the cost of new industrial proj-
ccts.  Maine looks for increased
clectronics activity in the Pine T'rec
Statc as a result of new plant fi-
naucing through MIBA.

e Smith-Corona and Marchant
Calculators stockholders will vote
June 26 on a previously announced
proposal to merge the frms. S-C
is headquartered in Svracuse, N. Y,
and Marchant’s headquarters are in
Oakland, Calif. The merged firm
would be known as Smith-Corona
Marchant. Proposed agreement also
provides for stock of two firms to
be exchanged on basis of 14 shares
of Smith-Corona for 1 share of
Marchant.

devices and smaller transistorized
units working antomatically.

Svstem president, Norman Med-
lar, savs mobilc radio is “definitcly
booming”, ecspecially in western
U.S. He says fnturc devclopments
must entail  cdueating  potential
users to the valucs of mobile radio.

Tomorrow’s cnstomers e ©x-
pected to mclude a growing num-
ber of municipal and medical uscrs,
as well as indnstrial services need-
ing rapid links between ficld and
basc personnél.

NMRS membership today draws
on 286 license holders. In 1949
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THE FIRST POTENTIOMETER
to satisfy CHARACTERISTIC “Y”
of MIL-R-94

The Type J (RV-4)

The popular T'ype ] potentiometer is designed for
operating continuously at 70° C ambient at full
rating of 2 watts. Control is always smooth—with-
out abrupt resistance changes— hecause of the solid,

hot molded resistance element that is used. Iiven Triple Unit Cotrol >
initiall ise characteristics are extremely | with Plain, Short Shaft Dual Element Control
initiallv, noise characteristics are extremely low, . L with 125 v Line Switch

but actually improve with use. ‘I'he Tvpe ] potenti-
ometer is made in single, dual, and triple units with
various tvpes of shafts, and with a built-in line
switch. 1t is also furnished encapsulated in epoxy
resin. Total resistance values range from 50 ohms to
5 megohms. Taps can be supplied. Tyvpe J is avail-

able in all standard tapers. Siagle Unit with Short L
Shaft and Lock Type Bushing i - ol

Single Unit Variable
Resistor with Long Shaft

Hot Molded Composition
POTENTIOMETERS

The Type G (RV-6)

This tinv potentiometer—only 14 inch in diameter
—is designed for use where space must be conserved . : .
without sacrificing performance. The solid, hot U e Serld
molded resistor element assures long operating life,
and low noise level which improves with use. Full
rating of 15 watt at 70° C ambient. Available with
plain or lock type bushings, and with line switch.
The Type G can also be supplied encapsulated in
epoxy resin. Total resistance v alues from 100 ohms

to 5 megohms. Available in all standard tapers. — Encapsulated
Viith Lock Type Bushing

Write for Technical Bulletin 5200

When you want the ultimate in performance
—potentiometers that not only satis{ly —but Allen-Bradley Co.
exceed—the most rigid moisture resistance and 222 W. Greenfield Ave.

thermal cyeling requirements of MIL-R-94B, Milwaukee 4, Wis.
&, .. da:
Characteristic Y’ —insis Allen - Bradley. 3 In Cana
ton ' y ! Allen-Bradley Canada Ltd., Galt, Ont.

3-58-E




S/
1 WATT AT 125°C!

HIGH TEMPERATURE
Hot Molded Composition
\ Potentiometer

Especially designed for high temperature applications,
the Tvpe K has ultraconservative ratings of 1 watt at
125° C, 2 watts at 100° C, and 3 watts at 70° C ambient
TYPE'-‘ - temperatures. It can be operated at 150° C—under “no
load” conditions. Thus, the Type K potentiometer far

l » surpasses the requirements of characteristic “Y,” of
0L L MIL-R-94B. The solid, hot molded resistor element
10 ?\[L«msm TE’LIBERATURESI:’CO 130 assures long life, smooth 0pcrulipn, ‘zmd. low "noise’.’—
particularly after long use. Identical in size and physical

construction 1o the well-known Type ] potentiometer.
Also furnished in the same types and resistance ranges.

Comparison between Type K and Type J variable
resistors—power ratings vs. ambient temperature.
Type K far exceeds the requirements of MIL-R-94B.

For Industrial
Electronic Applications
Rugged...Reliable!

TYPE H Hot Molded
Composition Potentiometer

The Type 11 variable resistor is especially designed for

Available with plain, ] applications requiring smooth control and long life—
lock type, or watertight : > & in a 3-watt rating. The dual track, solid vesistance ele-
:;TE'"Gis'pls;:f:ZU:\écg; _ ment eliminates all moving metal-to-metal electrical
with screwdriver slofs. contacts, making it outstanding for its low “noise”
Two types of mountings characteristics, both initially and after long use. It pro-

:;Uor:l:gfe-c:;.cnoe?en;x::-’ vides an operatling !il'c ()f. over 100,000 cycles \.s'ilh no

ing, ot left; or front-of- appreeiable chzmge in resistance. The Tvpe 1 is rated

panel mounting, above. 5 watts at 40° C, with a maximum continuous voltage

of 750 volts. Total resistance—50 ohms to 2.5 megohins.

For Printed Circuits
TYPE F—Only %2 inch in diam-

eter, yet rated Y4 watt at 70° C.

Gold plated terminals for reliable

soldering. With slotted shafts only. % J
L LI E =

Flat... Compact
TYPE T—Rated 2 watt at 70°C.

Using cover as actuator results in a
very thinunit...ideal for miniaturized
equipment. 100 Ohmsto 5.0 megohms.




Write a numeral here
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on new Bell Labs machine

“reads” a numeral while it is being written

A new device invented at Bell Laboratories
and instantly converts it into distinctive electric signals. The signals may be employed to
make a numeral light up in a display panel, as above, or they may be sent to a computer or

to a magnetic “memory” for storage.

The writing is done with a metal stylus on a specially prepared surface. Two dots, one
above the other, are used as reference points. Seven sensitized lines extend radially from
the dots. Transistorized logic circuits recognize numerals according to which lines are crossed.

The concept of a number-reader has interesting possibilities as a new means of commu-
nication from humans to machines. For example,
in an adjunct to a telephone, it might provide inex-
pensive means of converting handwritten data into
signals which 1nachines can read. The signals
could be transmitted through the regular telephone
neiwork to a teletypewriter or computer at a distant
point. In this way, a salesman might quickly and
easily furnish sales data to headquarters, or a
merchant might order goods from a warehouse.

Tom Dimond. a B.S, in E.I, from the Uni-
versity of lowa, demonstrates an experi-

Modern communication involves many more

fields of inquiry than the transmission and recep- mental model of his number-reading
tion of sound. The experimental number-reader is  invention. Al similar device can also be made

g to read alphabetical characters. Small size
but one 'example of Bell Telephone Laboratories ) “}o. - ———— ——
work to mprove communications service, transislor circuilry.

BELL TELEPHONE LABORATORIES
World Center of Communications Research and Development
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therc were only 43. Today’s oper-
ator runs an average of 50 mobile
units.

Microwave Group

Probes Solid State

Errecrs or rerrires and solid-
statc amplificrs on microwave were
demonstrated this montl at a three-
dav symposium sponsored by the
IRE Professional Group on Micro-
wave Theorv and Techniques at
Stanford University.

Onc paper told about ferrite
phasc shifter for 200 to 600 mc.
The  two-dimensional device  ex-
hibits less than 1 db loss, is capable
of 360 deg phasc shift.

Also disclosed was a ferrite scrro-
dyne that makes possible transla-
tion of X-band signals up to 50 ke.

Other new ferrite devices intro-
duced at a session included broad-
band rotators using quadruply
ridged circular waveguide, a high-
power load isolator with power
capacitics of 3 kw at S-band and a
low-cnergy ferrite switch.  Switch
uses a rectangular ferrite ring in
transverse planc of the rectangular
waveguide and a single wire loop in
H-planc for magnctizing.

Specific sohd-state devices  dis-
cussed included a uhf maser am-
plifving at 300 mec and pumped at
5,300 mc. The amplifier gives a
10-dl> gain and a 100-ke bandwidth.
It uses cliromium-doped potassium
cobalticvanide at 1.6 K.

Follow the Sun

Heliostat which deflects sunlight into
solar fumace is centered on sun by
group of phototubes and serve controls.
Furnace is stationary so its instrumenta-
tion is not disturbed. Operator at GE
wissile Jab checks temperature (6,000
F) with pyromcter

New Computers

Shown on Coast

LOS ANGELLES—Ilighlights of
the Western Joint Computer Con-
ference held recently were the un-
velling of three digital comnputers
and a mechanical translation svs-
tem.

Rapid handling of large amounts
of complex datu is feature of Sperry
Rand’s M-460 stored-program com-
puter.  Svchronous logic with 2
2.me clock rate is used. The com-
puter operates in the parallel binary
modc with 30-bit instruction and
15 or 30-bit data words.

A model of a special-purposc
digital computer using diode and
resistor  logic  and  approximately
1,000 high-specd transistor pulsc
amplifiers was announced by Bell
Labs. Quartz ultrasonic dclay lines
arc used i its cntirely solid-state
storage unit.

Primary advantage of the RCA
501 transistor computer systom,
described at the conference, 1s 1ts
high tape and data speed.

The University of \Washington
described a Russian-to-linglish me-
chanical translation system having
30-megabit permanent storage with
50-millisccond access tunc.

Engineers Study

Executive Roles
SACRAMENTO, CALIF.——Engi-

neering  managenient is gectting
more attcution on the West Coast
these days.

This was obvious hicre recently
at the Scventh Regional IRE con-
vention.  About 1,500 attended,
56 exhibitors showed wares.

Educational scssions dclved into
proper engincering school curricula,
with the management problem in
nund.  Audience-participation svin-
posium stressed the complexity of
engincering management.

Technical papers covered com-
puter applications, microwave de-
vices, missile tracking gear, amoug
other subjecets.

MEETINGS AHEAD

May 19-June 2: International Civil
Aeronautics  Organization, TCAO,
Conf., Maison de Aviation Interna-
tionale, Montreal, Canada.

May 27-28: Second LEIA Conf. on
Maintainability of Electronic Equip,,
Univ. of Penn., Phila.

June 2-4: National Teclemetering Con-
ference, AIEE, ISA, ARS, Lord Bal-
timore Ilotel, Baltimore, Md.

June 2-4: Automation and Computers,
Short Course and Conf., Univ. of
Texas, College of Engineering, Aus-
tin, T'exas.

June 4-6: Armed Forces Communica-

18

tions and Electronic Assoc., Tixhibit,
Hotel Sheraton Park, Washington,
D. C

June 5-6: Sccond National Conference
on Production Techniques, IRE,
PGPT, Hotel Ncw Yorker, New
York City.

June 9-13: Automation Seminar, IFourth
Annual, Pennsylvania State Univ,
University Park, Pa.

June 16-18: Tlectrical Contact Seminar
Div, Pennsvlvania State  Univ,
University Park, Pa.

June 16-18: Militarv Electronics Sec-
ond National Convention, Sheraton
Park liotel, Washington, D. C.

June 17-27: Two-Week Special Sum-
mer Program in Switching Circuits,
Massachusetts  Institute of ‘Fech-
nology, Cambridge, Mass.

June 18-20: Radio Wave Propagation,
Statistical Methods, Univ. of Calif.
Fngincering Extension, Los Angcles,
Calif.

July 6-18: Underwater Missile Engi
necring, Graduate  Course, Penn
State Univ., University Park, Pa.

July  16-18:  Torestry, Conservation
Communications Assoc. (FCCA),
Ninth Annual Conf., Parker House,
Boston, Mass.
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1/2-AMPERE
FAST

SWITCHING
DIODE

NEW FROM SPERRY is this high-temperature S-130
series silicon diode which gives you greater current-
500 ma PULSE 248 ——— ¢ SWITCHED TO — 50 VOLTS handling capability than germanium diodes — with
no sacrifice in recovery time!

Check for yourself the performance characteris-
tics of this ncw diode in the graphs at left . . . then
compare them with our minimum specifications
below.

FAST RECOVERY. Maximum recovery time is
0.8 microseconds to return to 10 K ohms.
Rccovery test switches from a forward current 2
microsecond pulse of 500 ma, to a reverse voltage
of —50 volts with a loop impedance of 1 K ohm.

ACTUAL SCOPE
PHOTO

HIGH FORWARD CONDUCTANCE. The for-
ward current specification is 400 ma at 25° C
with 1.0 volt maximum drop under static (d-c)
conditions. Conductivity increases with tempera-
ture — diagram shows (ypical “x-y” plots at 25°
and 150° C.

' LOow LEAKAGE at high inverse voltage. Spec-
ification at 25° C is maximum 0.25 pa at
rated voltages.

INVERSE VOLTAGE

FORWARD CURRENT

, 250v 225v 0

@\{ 0.25 pa
&—ﬁmo ua

1 voLT
FORWARD VOLTAGE
HIGH INVERSE VOLTAGE. Saturation volt-
ages can be supplied in a range from 40 to
200 volts for this high current series.

REVERSE CURRENT
("stretched" scale)

HIGH-TEMPERATURE OPERATION. Typically,
leakage current is no greater than 30 pa at
working inverse voltage and 150° C. Diodes are
rated for both opcration and storage at tempera-
tures from —65° to +150° C.

SF[HH SEMIGONDUCTOR DIVISION

SPERRY RAND CORPORATION
South Norwalk, Connecticut

REVERSE CURRENT
(“stretched"” scaie)

ADDRESS ALL INQUIRIES: Muarketing Department,
Great Neck, N. Y., or Sperry Gyroscope offices in
Brooklyn, Cleveland, Scattle, San Francisco, Los

INVERSE VOLTAGE: 1 ¢
Angeles, New Orleans, Boston, Baltimore, Philadelphia.
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For mobile electronic equipment —

in mobile vehicles with

- an Ep BN 9% W SN S B N = =
TYPICAL OVERVOLTAGE CURV

- e ew S e .

battery-generator power systems

New Cathodes Lick
The Overvoltage Threat

High heater voltages ordinarily doom
electron tubes to a short life. But
Superior’s new cathode alloy,
Cathaloy® A-31, gives them a resis-
tance to overvoltage damage un-
matched by any other alloy.

This has been proved in car radios
and other mobile electronic equip-
ment. Voltages commonly range up-
wards of 259, over specification. And
tubes with these new Superior cath-

odes consistently outlast others—by
hundreds of hours.

This significant advance in electron
tube performance is one of the prac-
tical benefits that keep coming your
way from the laboratories of Superior
Tube . . . world’s leading independent
supplier of cathodes for electron
tubes. For information on Superior
cathodes, write for Catalog Section
51, Superior Tube Company, 2500
Germantown Ave., Norristown, Pa.

The big name in small tubing

NORRISTOWN, PA.

Survives high heater voltage. New Superior Tube cathode
prolongs electron tube life in mobile electronic equipment.

Sz;ae/'/é/' 7

Johnson & Hoffman Mfg. Corp., Mineola, N.Y.—an affiliated company making precision metal stamp-
ings and deep-drawn parts, such as those used in the electron guns that go with this new rathode.

20 CIRCLE 14 READERS SERVICE CARD
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thousands of

GENERAL PURPOSE: Up
to 12 positions; 30°, 45°,
60° throw.

Series H

SIMPLE SWITCHING: Up
to 5 positions combined
with AC switch.

Series 52, 54

USHBUTTON

SINGLE BUTTON—1 to 4
poles; spring return and
push-push,

Series 170, 175

LOW COST: Up to 12
positions; staked or strut
screw construction.

Series QH

1.33/64"

SIMPLE SWITCHING: Up
to 4 positions; numerous
variations.

Series 20

SOLENOID SWITCH: Oak
wafers with G. H. leland
type of Rotary Solenoid.

1.21/32" \i

o,

SIMPLER CIRCUITS: 3 to
12 buttons; very adapt-
able unit,

Series 80

ROTARY

. "

w & \, v’_
D) A
1.3/32% g v T
&1
s
i)
MINIATURE: 8, 10,and 12
positions; up to 18 con-
tacts per wafer.

Series A

18-POSITION: Single or
double .eyelet fastening
of c¢lips.

Series L

LEVER OPERATED: 2 to §
positions; numerous ver-
sions using std. wafers.

Series 185

5/8"

2-POSITION: Shorting
type with floating slider.

Series 70

COMPLICATED CIRCUITS:
1 to 18 buttons, up to 32
contacts each.

Series 130

without DELAY!

SMALL: Up to 12 positions
in phenolic, Mycalex, or
steatite insulation,

Series F

24-POSITION: 15° throw
handles complex circuits.,

Series MF

CONCENTRIC SHAFTS:
Duval and triple shafts
with many wafer types.

COMPLICATED SWITCH-
ING: 2 to 4 positions; up
to 20 poles; very thin.

Series 150

ULTRATHIN: 1 to 12 but-
tons; up to 14 contacts
per button.

Series 131

1.17/32"

ADAPTABLE: 8, 10, 12,
and 14 positions; many
variations; economical.

Series J, K, N

LOW COST: 2 to 5 posi-
tions; fits in limited space.

Series 50, 53

FOR PRINTED CIRCUITS:
Special lug designs for
direct insertions,

ROTARY SLIDE

\‘l 1.29/32"

ST

1 - ‘(‘:,}_

COMPACT—2 to 4 posi-
tions; max. switching in
min. space.

Series 160

For Recommendations on Unusual Applications, send us a sketch and short description.

1260 Clybourn Ave., Dept. G, Chicago 10, lllinois
Phone: MOhawk 4-2222

ELECTRONICS engineering edition — May 23, 1958
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0 OLD FASTENING PROBLEMS !

NYLO-FAST ALL-NYLON FASTENINGS

OPEN NEW HORIZONS IN
ELECTRONIC DESIGN AND

NYLO-FAST's low dielectric constant
and high dielectric strength reduce the
number of components in many assem-
blies by eliminating the need for insulat-
ing bushings, washers and couplings.

Consolidating several functions in one
fastening, (NYLO-FAST also offers high
resistance to heat, shock, vibration and
chemical solvents) this new product cuts
assembly costs and permits space sav-
ing by reducing '‘safety arc'’ space.

Recognizing these advantages, de-

CIRCLE 16 READERS SERVICE CARD

FABRICATION

signers throughout industry and in
several government departments now
specify *“NYLO-FAST fastenings.”

Don't just take our word for it. Make
your own most rigorous tests. Deter-
mine the value of these new fastenings
i to you, in design engi-
2 ‘.f*i neering and practical,
profitable fabrication.
Write today for the
NYLO-FAST sam-
pling kit.

PLASTICS DIVISION ANTI-CORROSIVE

METAL PRODUCTS CO., INC.
CASTLETON-ON-HUDSON, NEW YORK
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TYPE 543

PERFORMANCE | Dﬂt03UMC
0SCILLOSCOPE

=

:

S

3

. OPERATING
\CONVENIENCE ,,

This new fast-rise oscilloscope with the

Tektronix Plug-In Feature is extremely

versatile and easy to opcrate. With a

= o single Type 53/54 fast-rise plug-in pre-

amplifier the Type 543 handles the usual
applications in the DC-to-30 MC range.
Many other incxpensive plug-in units

arc available for the more-specialized

jobs, including one for transistor rise,

fall, delay and storage time testing.

7

Fror 23, 4o MamDe manar
A

PLIC VR,

Y E(®

- . . gy e ol

. ® -y e
——l 4 Frrle
“ < s =0 =

& W EY - . |

MAIN CHARACTERISTICS

VERSATILITY HIGH WRITING RATE
Nine Available Plug-In Preamplifiers—Wide Band, Dual Trace, 250 cm ‘psec. 10-kv accelerating potential assures bright trace
Low Level, Differential, and athers for specialized applications. for operation in single-sweep applications, and with low sweep

repetition rates.

HIGH PERFORMANCE

DC to 30 MC with fast-rise plug-in units. TYPE 543 PRICE, without plug-in units . ... .. ... $1200
DC to 24 MC with dual-trace plug-in unit. . 53/54K Fast-Rise Unit $125
0.02 to 15 ) ype ast-Rise Uni Y
psec cm to - SR Type 53, 54C Dual-Trace Unit P . EEAN $275
EASY OPERATION Type 53, 54R Transistor Test Unit S..........%300
24 Cadlibrated Direct-Reading Sweep Rates. Prices f.o.b. factory.

Sweep Magnification—2, 5, 10, 20, 50, and 100 Times.
Preset Triggering—Eliminates triggering adjustments in
most applications

. L Please call your Tektronix Field Engineer or Repre-
Single Sweep Operation—Lockout-Reset Circuitry for ease you r 9 ep

. sentative for complete specifications and, if desired,
one-shot recording. to arrange for a demonstration at your convenience.

ADD SWEEP LOCKOUT 1o your Tektronix Type Tek,ron '.x’ ’n c.

531 and 541 Oscilloscopes—order Modification Kit

K531 Sweep Lockout, Tek. 040-118. . = $25
for Type 532 P.O.Box 831 <+ Portland 7, Oregon
K532 Sweep Lockout, Tek. 040-147 . . . $25 Phone CYpress 2-2611 + TWX-PD 311 - Cable: TEKTRONIX
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There’s a

one-best
voltmeter”

for every job...

and you’ll find it here!

Makeshift measurement—where you stretch a faithful but out-
moded instrument to or beyond its limitations— this takes time.
Save engineering time by choosing and ordering now the ‘“‘one-best”’
-hp- voltmeters fitting your measurement need. -hp- offers a com-
plete array of precision, dependable voltmeters, each specifically
suited to a given type of voltage measuring job. Check the brief
data here, then ask your -hp- representative for demonstration—
on your bench and on your problems!

WIDE RANGE—10 cps to 4 MC

-hp- 400D, probably the best -/ p-
voltmeter ever built. Covers all
frequencies 10 cps to 4 MC. Ex-
tremely sensitive, accurate within
+2% to 1 MC, measures 0.1 mv
to 300 v. Direct reading in dbm.
10 megohm input impedance in-
sures negligible loading on cir-
cuits under test. New amplifier
circuit with 56 db feedback in-
sures maximum stability and free-
dom from change due to external
conditions. $225.00.

MULTI-PURPOSE to 600 KC—$200

-hp- 400AB, unique value, broad
utility and long-term dependabil-
ity in a low cost laboratory instru-
ment. Covers 10 cps to 600 KC,
measures from 0.3 mv to 300 v in
11 ranges. High stability, high
sensitivity, accuracy * 2% full
scale from 20 cps to 100 KC. 10
megohm input impedance; 25p4f
shunt. Meter reads direct in volts
and dbm. $200.00.

EXTREME ACCURACY of 19,

-hip-400H,designed for userswho
need highest accuracy within &
1% to 500 KC, £ 2% to 1 MC
and * 5% full range. Coversfre-
quency range 10 cps to 4+ MC. Has
5” meter with mirror scale, mea-
sures voltages 0.1 mv to 300 v.
High 10 megohm resistance mini-
mizes circuit disturbances ; ampli-
fier with 56 db feedback insures
lasting stability. Direct reading
in db or volts. Extremely high
quality throughout. $325.00.

-hp- also offers a broad variety of voltmeter accessories including voltage dividers, connectors,

shunts and multipliers to extend the useful range of your equipment. Details on request from

your -hp- representatives or direct; or see page 46 of current -hp- catalog.

CIRCLE 18 READERS SERVICE CARD
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-hp- 400L
Logarithmic
Voltmeter

High accuracy

10 cps to 4 MC
makes over 5” true log voltage scale

350 basic Linear 12 db scale
test instruments 10 db range steps
for science, Generous scale overlap

]

indusfry and New, convenient -kp- 400L is a unique instrument combining a specially
designed logarithmic meter movement with the many desirable features of -hp-
400D and 400H voltmeters.

the military

Model 400L’s logarithmic voltage scale plus unusually long scale length
provides an instrument of maximum readability and an accuracy which is a
constant percentage of the reading. Voltage scales are more than 5” long,
with a 12 db scale spread across the full scale length. The meter is mirror
backed for maximum accuracy. A range switch changes voltage sensitivity
in 10 db intervals. This feature, together with the 12 db scale, provides
generous overlap and is of particular convenience in work involving decibel
levels.

Other features of the new 400L include exceptional long term stability, high
sensitivity, high input impedance, large overload capacity, compact size and
highest quality construction.

Model 400L may also be used as a stable amplifier.

SPECIFICATIONS -hp- 400L

Voltage Range: 0.3 mv to 300 v, 12 ranges, 1-3-10-30 sequence.
Frequency Range: 10 cps to 4 MC
Accuracy: *+ 2% of reading, or = 1% of full scale, whichever is more accurate,
50 cps to 500 KC; % 3% of reading, 20 ¢ps to 1 MC; = 5% of reading, 10
STANDARD OF INDUSTRY — ¢ps to 4 MC (Includes line voltage changes 103 to 127 volts.}
20 cps fo 700 MC Long Term Stability:  G.. reduction in amplifier tubes to 75% nominal causes less than 0.5% error,
-hp-4108, perhaps the most wide- 20 cps to 1 MC
ly used Pf all precision voltmeters. Calibration: Calibrated in RMS value of sine wave. Log voltage scale, 0.8 to 3 v and 0.3 to
In addition to 20 cps te 700 MC 1v. Db scale — 12 to - 2 db. 10 db intervals between ranges.
ac coverage, serves as a de vqlt- Input Impedance: 10 megohms shunted by 15 puf, 1 to 300 v. 25 puf shunt on 0.001 to 0.3 v range.
meter with over 100 megohms in- m | . A : . ]
put impedance. Also is ohmmeter mplifier Usage: Qutput 1erm|r)cls permn? 400L to amplify small signals or monitor
N b Y00 waveforms with an oscilloscope.
megohms. For ac measurements, Power Supply: 115/230 v % 10%, 50/1,000 cps, approx. 100 watts,
input capacity 1.5 puf, 10 meg- Price: -hp- 400L (cabinet) $325.00. -hp- 400LR (rack) $330.00.
ohms input impedance, employs

radical -Zp-developed diode
probe which virtually eliminates
circuit loading. $245.00.

Data subject to change without notice. Prices f.0.b. factory

HEWLETT-PACKARD COMPANY

4650A PAGE MILL ROAD ¢ PALO ALTO, CALIFORNIA, U. §S. A,
Cable “"HEWPACK' ¢ DAvenport 5-4451
FIELD ENGINEERS IN ALL PRINCIPAL AREAS
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Lumped-constant
DELAY LINES

the way you want them!

Epsco has met these limiis — what are yours ?

e Delays from 20 milfimicroseconds to 200 milli-
seconds or longer, if desired.

¢ Delay to rise time ratios up to 50.

¢ Delay tolerance of 0.1% or 10 millimicroseconds,
whichever is greater.

e Characteristic impedance tolerance of 1% from
50 to 5,000 ohms.

e Spurious signals measured at the terminated input
after twice delay time can be held to fess than 1%."

¢ Temperature compensation to 10 ppm/°C over
a range of —50°C to +150°C. (Patent pending)

For standard 19-inch rack mounting

tf you're involved with lumped-constant delay lines, draw closer. Epsco has application-
engineered a wide range of such devices for coding, decoding, telemetering systems, speech
synthesis, auto and cross-correlation, trigger delay, pulse forming circuits, etc.

Unique packaging is our meat: just tell us your space, configuration and mounting requirements
and performance specifications. If you are concerned with environmental problems, we will
test your delay lines for shock, vibration, moisture, altitude, temperature, etc., in Epsco’s
own in-plant environmental laboratory.

Custom engineerirg-production of electronic components (shift registers, magnetic logic
elements, delay lines, special pulse transformers, etc.) is our specialty. You can count on.
Epsco's cooperaticn and conscientious service right down the line. Your inquiry will receive
prompt action. Wiite for Delay Lines Technical Bulletin DL-55.

Epsco, Incorporated, Dept. R127,108 Cummington St., Boston 15, Mass.

€ SCO/ //" START-TO-FINISH cooperation . . . an Epsco guarantee
e . $

e /,// COMPONENTS
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New 5-megawatt ferrite isolator
for high-power radars

FORCED AIR COOLED!

Another Sperry contribution to improved per-
formance of radar systems is this new Model
D44S1 ferrite isolator. It boosts efficiency of
S-band radars by allowing optimum operation
of high-power tubes. -
In addition, this isolator protects high-power 1
tubes from load mismatches, and eliminates
frequency and power variations due to chang-
ing load impedances. It is rated at 5 megawatts
peak, 5 kilowatts average, and features inser-
tion loss of less than 0.3 db. Compact and
small, the Model D44S1 measures only 6 inches
in length and 8 inches in diameter. And its air-
cooled design eliminates the extra expense and
weight of liquid-cooling accessorics.
Currently Sperry has under development or
in production a wide variety of ferrite devices
in addition to those shown herc. These include
megawatt duplexers, coaxial duplexers, octave-
plus bandwidth isolators and attenuators, high-
speed switches, modulators and choppers.
Sample quantitics of the listed units are
available immediately from our stock for test
and evaluation in your system, with a view to MODEL D44S1 SPECIFICATIONS
production tailored to your specific require- Power: 5 mw peak, 5 kw average [solation: 10 db min.
ments. Contact our nearest district oflice for Frequency: 2700-2900 mc Cooling: Forced air
further information. Insertion loss: less than 0.3 db

COAXIAL FERRITE ISOLATORS

MODEL USE FREQ.RANGE MAX.AV.POWER INSERTION/ISOLATION DIMENSIONS

A44L]1 Radar 1250-1365mc 400w ido  10db 3~ dia.x 13.25"
A44S1 Radar 2700-3100 me 10w ldb  10db 1.5”dia.x 5”

D44L1 Relay 1700-2400 mc 30w 15db  21db 3~ dia. x 13.25”
A44S4 ECM  2000-4000mc 400w ldv  10db 3" dia. x13.25"

-

X-BAND FERRITE COMPONENTS

MODEL USE FREQ. RANGE MAX.AV.POWER  INSERTION/ISOLATION DIMENSIONS
A44X1 Isolator 8200-12400 mc 400 w 1db 10db 1.5" dia. x 5"
o A43X1 , Variable  8500- 9600 mc 10w 1db  30dbvar. 1.5” dia. x 2"
S . Attenuator
GYROSCOPE COMPANY

Great Neck, New York
DIVISION OF SPERRY RAND CORFPORATION

BROOKLYN « CLEVELAND » NEW ORLEANS + LOS ANGELES « SAN FRANCISCO » SEATTLE. IN CANADA: SPERRY GYROSCOPE COMPANY OF CANADA, LIMITED, MONTREAL, QUEBEC
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Accurate, rapid microwave
power measurements

Calorimeter, X-Band Water Load!

Now Sierra offers a new and highly convenient means of obtaining accurate
measurements of power from a few walts to kilowatts—at any frequency 7 KMC

to 10 KMC.

Model 190A Calorimeter, together with Model XB187A Water Load, measures
rf power with approximately 29 accuracy. The Meter consists of a differential
thermopile, millivoltmeter, long flow-path valve, water calibrator heater, and ap-
propriate calibrating switches, meter damping resistors, etc. It operates by
measuring the temperature of water before and after power has been dissipated
in the water load, and presenting the differential on the millivoltmeter.

Model XB187A Water Load, designed for use with 190A Calorimeter, has fre-
quency range of 7 KMC to 10 KMC, VSWR less than 1.2 over full range.

SPECIFICATIONS

Model XB187A X-Band Water Load
Frequency Range: 7 KMC to 10 KMC.
VSWR: Less than 1.2 full range.

Power: 1 Kw cw, 300 Kw peak.

Coupling: UG-52/U choke flange.
Weight: Approx. 21 lbs. Probe: Fixed. BNC UG-290/U.
Dimensions: 84” x 9” x 17", Size, Weight: 18%" long. Approx. 214 1bs.

Specifications subject to change without notice.

Model 190A Calorimeter
Full Scale Ranges: 300, 600, 1,500, 3,000 .
Max. Pressure: 50 psi.
Meter Sensitivity: 1.5 millivolts.
Thermopile Sens.: 1 mv per °C.

Model 189A Differential Thermopile

Converts differential temperatures in flowing liquids
to electrical energy. Has 30 pairs of copper-advance
junctions enclosed in watertight case. Electrical
connections through sealed banana jacks. Water
connections to %" tubing through Uniflare fittings.
Internal resistance approx. 5 ohms; output voltage
approx. 1 mv per °C; max. pressure 75 psi; wt.
15 oz. Write jor bulletin!

= Sierra Electronic Corporation

A Subsidiory of Philco Corporation
3664A Bohannon Dr., DAvenport 6-2060, Menlo Park, Calif,

Sales Representatives in major cities

CANADA: Atlas Instrument Corp., Ltd., Toronto, Montrea!, Vancouver,
Winnipeg
EXPORT: Frazar & Hansen, Ltd., San Francisco, New York, Los Angeles
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o Sierra
Model 186A-Z

NEW !
Liquid-cooled

COAXIAL LOAD

Sierra Model 186A series are new
high accuracy water loads specifi-
cally designed for use with Sierra
Model 190A Calorimeter. The new
loads provide swift, sure and sim-
ple measurements of powers from
100 watts to 2000 watts with an ac-
curacy of approximately 2%. Model
186A-Z covers the frequency range
fromdecto 1500 MC; Model 186A-W
from 750 MC to 4000 MC. With oil
coolant, Model 186A-Z can be used
to 4000 MC. Both models have low
VSWR over frequency range. When
used with Sierra 190A Calorimeter,
calibration can be made with 60
cycle line current. The dissipative
element in the load is a metallic film
resistor which insures extreme time
and temperature stability.

Sierra 186A series loads are de-
signed for use with rigid 155" co-
axial transmission line (mating with

UG-50/U.) Request Bulletin.

edition



Custom designed cooling is our business at Ellis and Watts. For example, we have recently
engineered and built highly specialized equipment for the following applications:

m Liquid coolers for electronic components (bulletin 94)

| Cooling Klystrons with air to liquid heat exchangers (bulletin 95)

m Special units to cool airborne electronic gear (bulletin 99)

m Cooling equipment for huge complex electronic computers (bulletin 102)

B Electronic console and rack coolers (bulletin 105)

W Small portable field units to cool huts fifled with electronic gear for missile ground support,
battlefield television, communications and radar {(bulletin 106)

B Conditioning systems for Radome shelters (bulletin 108)

B Mobile cooling units for trailer-mounted electronic systems for missile and aircraft ground
support (bulletin 111)

®m Units to cool automatic landing devices for carrier and land-based aircraft (bulletin 122)

m Cooling equipment for fixed or mobile flight training simulators (bulletin 124)

m Dewpoint control equipment for pressurized radar waveguides (bulletin 128)

These are but a few examples. On land (MIL-E-5272A), on the sea (MIL-E-16400B), in the air
(MIL-E-5400B) — even in outer space (MIL-E-8189A) — E-W specialized cooling equipment guaran-
tees the performance of your electronic systems, independent of environmental conditions, for
military or commercial applications.

If your project involves cooling . . . it's a job for Ellis and Watts. We are staffed with special-
ists who will analyze your requirements, submit a proposal, design and build equipment promptly
and to your complete satisfaction. Field installation and maintenance services available.

P i
] Ellis and Watts Products, Inc., Dept. E, Cincinnati 36, Ohio |
{ Please send the following information: }
| [ Bulletin 94 95 99 102 105 106 108 111 122 124 128 (circle numbers desired) |
I [ Cooling load calculating Nomogram |
: [ Booklet “How to determine requirements for cooling electronic equipment” }
: NAME oot en et Title oo, vemeer s l
|

: GO D ANY i b T s ES AT B fos s e e 70 b T TS ot T ST e e s :
I ADAIESS. .ot SOV OOV OPOUURTTOTOTOPROUN :
|

: Gty e Zone........... State...oo i
e e e e e e e e e e e e e e e J

Cincinnati 36, Ohio.
Designers and builders of MIL-AC Units
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Encapsulated Inductances

Millen DESIGNED for APPLICATION encapsulated coils provide another advance
in the r-f inductor field. Modern application requires miniature, heat and cold re-
sistant, hermetically sealed. and abrasion resistant r-f inductor ussemblies. The James
Millen Manufacturing Company has pionecred many advances in the r-f inductor
field, including the now standard 4 pi r-f choke, the axial lead r-f choke, und the minia-
ture r-fchoke. Developments have now made possible another advanee. the No. 34301
and No. J301 encapsulated inductors—hermetically sealed—miniature size. Ambient
temperature minus 55 degrees to plus 100 degrees C.

NO. J301 MINIATURE ENCAPSULATED
INDUCTANCES

DESIGNED for APPLICATION miniature induetances are: extremely smaull (see
table at right)—hermetically sealed—wound on axial lead Carbonyl cores—color
coded. Coils are availuble in RIE'TMA standard values plus 25, 50. 150, 250, 350. 500,
and 2500 microhenries. Coils are three layer solenoids up to 350 microhenries. From
360 1o 2500 microhenries coils are pi-wound. Current rating 50 to 600 milliamperes
depemding on coil size. Inductanee = 5%. Speeial coils on order.

NO. 34301 STANDARD ENCAPSULATED
INDUCTANCES

Encapsulated DESIGNED for APPLICATION axial lead phenolic form r-f induet -
ances. Ilermetically sealed—heut resistant—abrasion proof—color coded. 1 to 350
microhenries available in RETMA standard values plus 25, 50, 150, 250, and 350
microhenries. Inductance = 5%,. Values available in same progression as J301 coils
listed in the table at the right. Solenoid winding for 1 to 15 microhenrics, Unjversal
pi_winding {rom 20 microlenrics to 350 microhenries. Current rating 250 to 1500
milliamperes, depending on coil size. Ambient temperature range—minus 55 degrees
to plus 100 degrees Centigrade. Size: 34 inches diameter X 74 inches fong. Special
coils on order,

JAMES MILLEN

MAIN OFFICE

MALDEN, MASSACHUS

30 CIRCLE 24 READERS SERVICE CARD

coiL INDUCTANCE DIAMETER
NUMBER MICROHENRIES INCHES
1301-25 25 Y
1301-33 33 Yo
1301-47 47 s
J301-50 50 %e
1301-82 2 82 s
1301-100 100 s
1301-120 120 %e
1301-150 150 g
1301-200 200 e
1301-220 220 s
1301-250 250 %
1301-300 300 %he
1301-330 330 %e
1301-350 350 s
1301-360 360 7
1301-390 390 T
J301-430 430 7
1301-470 470 Y
1301-500 500 A
J301-510 510 Va
1301-560 560 Y
1301-620 620 Ya
1301-680 680 Y
1301-750 750 %2
1301-820 820 Yo
1301-910 910 Ya
1301-1000 1000 Vs
1301-1200 1200 N
1301-1300 1300 %6
1301-1500 1500 %
1301-1800% 1800 %e
1301-2000 2000 %
J301-2200 2200 %
1301-2400 2400 %
1301-2500 2500 %

MFG. CO., INC.

AND FACTORY

ETTS, U.S.A.

LENGTH

INCHES
s
Y6
Ye
e
%ie
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Advance Automatic Ciare Neomite- Guardian Leach
Relays Electric Elgin Electric

RELAY SA

BOX 186-A

ONLY RELAY WITH
DRY CIRCUIT and 10 AMPS

HERMETICALLY SEALED . 4 PDT

Here is the only relay known to combine dry circuit and
10 amps in a single enclosure. It’s available, /i stock,
for 24 hour dclivery from Relay Sales, the world’s
largest rclay distributor. We now have in stock 33 differ-
ent EMS relays in one, two, three and four pole models.

BALANCED ARMATURE MAKES EMS RELAY COMPLETELY VER-
SATILE. ALL MODELS SURPASS MIL R SPEC 5757C, 6106C, 25018

Write for Complete Details in Bulletin 8601.

SPECIAL EMS CONSTRUCTION FEATURES

STOCKING DISTRIBUTORS OF ALL

Contact Board
Mounting Bracket with

AN

integral spring return g

Return Spring ==
Contact Spring

Mounting Board /

|

|

o W

Armature

Pivot Pin

NN\

—30

Contact Spring
Moving Contact

7L

Stationary Contact
Stationary Contact

Mounting Board # ‘\.;, (Y
:\ A
Balancing Slug ——FXy 8P
LY . Oy f X .A\.
Coil B b o0y AN
N W% Y
Core N A %)
Frame g
TYPES OF RELAYS BY LEADING MANUFACTURERS

wrm @ S

Phillips Potter & Struthers- Terado Besson & Electro
Controls Brumfield Dunn Robinson Mechanical
Specialties

LES,

WEST CHICAG

inc.

o, ILL.

WRITE FOR COMPLETE RELAY CATALOG C-9
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AMP-EDGE

The new AMP-Edge Connector gives you...
greater flexibility— your printed circuit area and completed unit are not limited by the size

of connection, as found in alternate methods of edge connection.

greater design versatility— they can be applied in any arrangement to any section of the

perimeter of the printed circuit.

two-way cost reduction— production time and material costs are reduced through solderless

termination of the connector to the wire (4,000 terminations per houx).
and the ease of applying the Edge Connector to the printed circuit
without molded parts,

Additional information is available upon request.

AMP INCORPORATED

GENERAL OFFICES: HARRISBURG, PENNSYLVANIA

A-MP products and engineering assistance are available through wholly-owned subsidiaries in: Canada e England e France e Holland e Japan
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A really NEW drawing material...

Ozalid DURATRACE

superior to cloth for pencil, ot
—at far less cost

her drafting

voxnnc: unuu OTHERWISE T SPECIFD

ey
PART OF DWG. MO. CTIONS ANGAES:

/ "ua“u‘ " OZAL_'D”M“P
bipe ::'ns'so.. By, New YO
Reviiont J“" L m' i - —
i neaases 108 uoeuaxo- - et »—‘ " ::;: : 4 - B
/ su::};uow weo BT T T |
/"" 4 X Fonsr APPeD, BY ! i _i
Ve - .

Extremely durable, practically ageless—that’s new Ozalid
Duratrace drawing film. Duratrace can speed your draft-
ing operations, insure greater accuracy and finer prints.
It can be used under all climatic conditions and it will
still maintain its exceptionally high-dimensional stability.

And Duratrace saves you money! Not only will it out-
perform the highest quality, moistureproof pencil trac-
ing cloths in every respect—it actually costs 159, to
209, less!

HERE ARE A FEW OF ITS OUTSTANDING ADVANTAGES:

* Makes drafting easier, improves accuracy
Duratrace has an exclusive new fiber-free matte sur-
face that takes pencil better than any cloth available.
It lets you use hard pencils for greater accuracy,
cleaner drawings. It erases easily and quickly without
smudging. And Duratrace lies flat, won’t curl—even
after being rolled for long periods.

* Gives you better prints, faster
The very high translucency of Duratrace means faster
copying in your whiteprint or blueprint machine—
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A Division of General Aniline & Film Corporation

In Canada: Hughes Owens Company, Ltd., Montreal

-
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copies with maximum contrast. Duratrace won’t
stretch, melt or peel in your copying
tortion of drawings is ended.

machine. Dis-

Stands up to roughest usage—indefinitely
Easy to handle and file, Duratrace resists wear and
tear—is almost ageless! Its fold and tear strengths
far exceed those of cloth, most other films. Duratrace
can’t fray, become ““dog-eared,” crack, chip, or turn
brittle. It’s nonyellowing . . . really waterproof; can
be filed indefinitely, without deterioration!

Why not test this advanced new drawing material and
discover for yourself its many advantages and applica-
tions? Just mail the coupon and you will receive free
sample and price information.

T T e e =
| DURATRACE, Division of Ozalid |
| Dept. L5-23 |
| Johnson City, New York |
I Please send me a free test sample of Ozalid DURATRACE. I
I I understand there is no obligution. :
I

I Name |
: Company. :
| Position |
I, |
I Address I
I City State___ |
e "
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BUSS offers the widest possible
selection of fuses to meet your exact
electrical protection requirements. The
complete BUSS line of fuses includes:
single - element, quick-blowing type;
single-element for normal circuit pro-
tection type; dual-element, slow blow-
ing type and signal or visual indicating
types...ranging in sizes from 1/500
ampere up — plus a companion line of
fuse clips, blocks and holders.

ELECTRONIC TESTING ASSURES DEPEND-
ABILITY: With BUSS fuses, dependable
electrical protection is not left to chance.
Every BUSS fuse is tested in a sensitive

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

34 CIRCLE 30 READERS SERVICE CARD

electronic device that automatically
rejects any fuse not correctly calibrated,
properly constructed and right in all
physical dimensions.

By operating as intended, BUSS
fuses provide maximum protection
against damage due to electrical fault
and —BUSS fuses eliminate shutdowns
caused by needless blows. Hence, BUSS
fuses help the good name of your pro-
duct for service and reliability.

FUSE ENGINEERING HELP: If you have
a special problem in electrical pro-
tection, BUSS engineers are at your
service —and in many cases can save

you engineering time by helping you
choose the right fuse for the job. When-
ever possible, the fuse selected will
be available in local wholesalers’ stocks
that your device can be serviced easily.

For more information on the com-
plete line of BUSS and FUSETRON
Small Dimension Fuses and Fuse-
holders, write for bulletin SFB.

Bussmann Mfg. Division McGraw-
Edison Co., University at Jefferson,
St. Louis 7, Mo.

Prisernory

TRUSTWORTHY NAMIS IN
ELECTRICAL PROTICTION

h iUss 4

A complete line of
fuses for home, farm,
commercial, electronic,
avtomotive and in-

dustrial use. <%
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FOR RADAR

ANOTHER |

' VARIAN FIRST

A MEGAWATT TWT AMPLIFIER

4 Mw

2 Mw

1 Mw
0.5 Mw
0.25 Mw

TEST DATA AT 110 KV 6 us PULSE

|

out?Y!

pov

40 db
30db |
20 db IL

GAIN

40%
30%
20%

«—— Frequency’ kMc -

3.0 3 3.2 33

“Also available at other S-band frequencies

HIGH EFFICIENCY-30% + WIDE BANDWIDTH —129
HIGH GAIN-30db + HIGH PEAK POWER-Over 1 Mw
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 bacteria...
~ bombs...

88.
i

- bumblebees

Broad, comprehensive engineering experience is the firm foandation for advanced thinking and
scientific development for the future.

Bendix-Pacific has developed unique instrumentetion for biological testing . . . created devices
which have contributed materially to the state of the bombing art . . . has extensive missile guidance
experience dating back to the start of Navy's Bumblebee Program.

Current active developments include servo valves for missi es and their launchers, actuators for
turbo prop pitch control, sonic altimeters for low fying aircraft, submarine sonar systems, and high
resolution radar for helicopters. These programs provide only z few of the building blocks used at
Bendix-Pacific in advanced work on many types of weasons systems.

Exceptional career opportunities for skilled engineers e”JI‘
are available. The day-fo-day association with chal- RS

lenging problems in many and varied scientific fiekds

at Pac?fi,: Division will beyrewarding. You are invited PACIF IC DIV | SION
to write R. A. Lamm, Director of Engineering, and = “Bendjx’ Aviation Corporation
obtain more information about Bendix-Pacific and NDRTH HOLLYWOOD. CALIF
your future.

ADVANCED THINKING FOR SYSTEMS AND PRODUCTS IN AIRBORNE RADAR ... HYDRAULICS ...
MISSILE GUIDANCE ... ELECTRO-MECHANICS ... DECCA MNAVIGATION ... SONAR... TELEMETRY
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ANTENNAS o ANTENNA SYSTEMS
TRANSMISSION LINES

ANDREW CORPORATION offers a wealth
of engineering experience in the field
of super power RF transmission de-
vices. A broad line of standard equip-
ment is offered and ANDREW facilities
for the development and production
of special equipment are without
equal.

Available on a production basis is
antenna equipment in all of the new,
very large waveguide and transmis-
sion line sizes, including high power
coaxial lines designed with specially
shaped inner conductors and insula-
tors to substantially increase voltage
ratings.

Typical too, of this equipment are
patch panels such as the 9” line model

New
High Power

shown above, used for occasional re-
arrangement of antenna and trans-
mitter connections.

For high speed circuit switching,
ANDREW has developed peak reli-
ability, non-contacting waveguide

switches such as the 21” model above.
Similar switches are also supplied
with transitions for use with coaxial
line.

Of definite advantage to you is the
completeness of the ANDREW line
which permits a systems approach
with integrated equipment for best
performance of the overall system.

Our newly expanded production
facilities assure prompt deliveries.

' TRANSMISSION LINE
WITH SINGLE BOLT FLANGE CLAMP

PATCH BAY FOR SWITCHING 9**

LINE

21*" ALUMINUM WAVEGUIDE
WITH BRANCHING SWITCH

We would welcome your inquiries
for product information and engineer-
ing assistance on:

Antennas * Feed Horns * Switches *
Patch Panels * Duplexers * Power
Dividers + Filters * Coaxial Line *
Waveguide * Transitions * Adaptors *
Bends * Hangers * Dehydrators

WRITE FOR BULLETIN

Andrere

363 EAST 75TH STREET ¢ CHICAGO 19
New York ¢ Boston ¢ Los Angeles ¢ Toronto
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AL, DIRECTIONS AT OINNCEHE

They add new dimension to defense

Three dimensional radar...it is a positioning of radar
beams in space by electronic rather than mechanical means.
It provides three-dimensional target data from a single
antenna, transmitter, and receiving channel. Tt is a radical

new weapon for national defense.

Engincers at the Hughes Ground Systems Division in
Fullerton are responsible for pioneering this advancement
(sec antenna at left). But cven more importantly, these
same engineers are working on an elaborate radar warning
systemm which will not only provide this complete radar
data, but also translate it into meaningful information and

relay it to central communications centers.

Other Hughes activities offer similar engincering chal-
lenge. The Rescarch and Development Laboratories in
Culver City, for example, are probing into the effects of
nuclear radiation on electronics cquipment, studying ad-
vanced microwave theory and applications, examining
communications on a global scale, and developing new
methods for insuring product reliability.

The Hughes Products engineering team makes clectronics
usctul in solving industrial problems. For example, this
group has just unveiled an industrial electronics system
which will automate a complete and integrated line of

machine tools.

The diversity of Hughes activity offers prospective em-
ployees opportunity to build a rewarding carcer in a highly
progressive and expanding environment.

Newr commercial and military contracts have created an immediate
need for engineers in the following areas:

Microwaves

Crystal Filters
Computer Engineering
Field Engineering
Semiconductors

Communications
Reliability

Circuit Design
Systems Analysis
Vacuum Tubes

Write, briefly outlining your experience, to Mr. Phil N. Scheid,
Huglhes General O ffices, Bldg. 17B-1, Culver City, Califoruia.

© 1958, HUGHES AIRCRAFT COMPANY

ELECTRONICS engineering edition — May 23, 1958

Advanced research on the Maser (Microwave Amplification by Sim-
ulated Emission of Radiation) performed by the R&D Laboratorics
is directed towards applications of a portable, airborne Maser for
missiles and aircraft.

Falcon missiles have been an important factor in establishing Hughes
as a leader in advanced airborne electronics. Manufactured in
Tucson, Arizona, the Falcon missiles have both infrared and radar
guidance systems.

Creating a new world with ELECTRONICS

HUGHES AIRCRAFT COMPANY
Culyer City, El Segundo,

Fullerton and Los Angeles, California
Tucson, Arizona

K



ARC developed and manu-
factured first p-actical
radio shielding for spark

plugs, 1€23.

ARG installed first radio range receiving equipment, with six foot rigid rod antenna, which
was used on “Mailwing” biplanes by Pitcairn Aviation, 1928,

5 -
‘{ . __7 -
) =Nk i d -

ARC's laboratory and flying field at Boonton, N. J.,, 1929.

ARC radio range receiving equipment went to Antarctica
with Admiral Byrd on polar expedition aboard his Ford Tri-motor, 1929.

Early radio altimeter work was carried on by AJRC in 1929,

First Blind Flight was by Jimmy Doolittle in aircraft
equipped with ARC radio range receiver, 1929.
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The first successful two-way voice radio equipment standardized for ARC designed first beacon receivers for Douglas M-2 mail planes of

use on Army and Navy fighter aircraft was another important National Air Transport, later part of United Air Lines. Ap hi}.toric
ARG communications development, 1931. milepost in the development of today’s radio aids to navigation.

CELEBRATING 30 YEARS
OF PROGRESS IN AIRBORNE ELECTRONICS

e

Pilots wore goggles in 1928 . . . cockpits were open to the weather and biplanes still
resembled box kites. Flying the Atlantic was so new it was front page news and air
mail routes were the newest thing in communications. That was the year a group

of radio engineers got together to develop instruments to help pilots
navigate with more precision than “seat of the pants” flying.

That’s when Aircraft Radio Corporation was born.

On these pages some of the organization’s accomplishments over the
past 30 years are noted, along with a few of today’s precision
instruments of navigation and communications.

These are the mileposts that testify to a rich fund of experience

and engineering skill . . . of a group dedicated to the science of airborne
electronics for greater safety and progress in aviation.

Dependable Airborne Electronic Equipment Since 1928

ircraft Rodio Corporaticn BOONTON, NEW JERSEY

OMNI/LOC RECEIVERS o MINIATURIZED AUTOMATIC DIRECTION FINDERS ¢ COURSE DIRECTORS o LF RECEIVERS AND LOOP DIRECTION FINDERS
UHF AND VHF RECEIVERS AND TRANSMITTERS (5 TO 360 CHANNELS) o INTERPHONE AMPLIFIERS » HIGH POWERED CABIN AUDIO AMPLIFIERS
10-CHANNEL ISOLATION AMPLIFIERS ¢ OMNIRANGE SIGNAL GENERATORS AND STANDARD COURSE CHECKERS e $00-2100 MC SIGNAL GENERATORS.

ARC
COURSE DIRECTOR CD-1 TYPE H-14A TYPE 210 360-CHANNEL
DIRECTION FINDER WITH DUAL OMNI 15-D SIGNAL GENERATOR TRANSCEIVER
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e - How CDF Di-Clad'

can solve your

printed-circuit
problems

The CDF line of copper-clad laminates in all grades
is now known by a new name—Di-Clad. Di-Clad
grades meet the varying needs of design, production,
and operation of clectronic equipment. Grades other
than those described are also available.

Di-Clad 28E. For high mechanical strength, low
moisture-absorption, and good insulation resistance,
CDF Di-Clad laminates of epoxy resin laminated
with glass fabric offer the designer a strong, reliable
combination.

Di-Clad 112T. A Teflon* glass-fabric laminate offer-
ing the best dielectric properties over a wide tem-
perature and frequency range.

Send us your requirements and let our engineers
help you select the right grade for your application.

+Trademark of Continental-Diamond Fibre Corporation
#Du Pont trademark for its tetrafluoroethylene resin.

Di-Clad 2350. An economy paper- base phenolic grade having good tensile, CUNTINENTAL. D IAM 0 ND FIBRE

flexural, compressive, and impact strength. Adequate for most non-critical /
printed-circuit applications. Can be cold punched and sheared up to 5/64 \/

of an inch in thickness. A SUBSIDIARY OF THE -l)ll7lg# COMPANY « NEWARK 16, DEL.

TYPICAL Di-Clad PROPERTY VALUES
T
[ . Di-Clad 26 Di-Clad 28 Di-Clad 28E Di-Clad 1127
Di-Clad 2350 (NEMA XXXP) (NEMA XXXP) (NEMA G-10) Teflon*
|
BOND STRENGTHf() 0014” foxl (Ibs. reqd. 61010 L 6 to 10 6to 10 ‘ 8 to 12 408
to separate 1’ width of foil from l.lmmau.) | B
MAX]MUM CONT]NUOUS OI’ERAT]NG 120 ] 120 ' 150 200
TEMPERATURE (Deg C) ‘ ! L -
DIELECTRIC STREN(;TH (Maxxmum voltage 800 900 ‘ 850 650 700
 per mil for 1/16% thickness) ) gl |
INSULATION RESI&TANCE (Mu.ohms 96 500 150 000 600,000 100,000 75,000
hrs. ac35°C. & 90% RH (ASTM I D257, Fig. 3) - R
DlELECTRlC CONSTANT 10° Cycles 4.5 4.0 - 3.6 | - __4.9 B 2.6
DISS]PAT]ON FACTOR 10¢ C)CIes 0.040 0.026 0.027 - - 0.019 J 0.0015
| ARC-RESISTANCE (Seconds) 5 10 o 130 | —(
 TENSILE STRENGTH (psi.) 18,000 16,000 12,000 48,000 23.000
‘ FLEXURAL STRENGTH (psi.) 27,000 21,000 18,000 70,000 13,000
IZOD INPACT STRENGTH edgewise 0.80 0.45 0.42 12.0 6.0
(fr. Ibs. per inch of notch) - ) ) ) - | -
COI\IPRESSIVE STRENGTH flatwise (DSI ) 32,000 28,000 25,0007 ) | g 62._00_0 - 20,000
BASE MATERIAL OF F LAMINATE Paper Paper | Paper Medium-weave, Fine-weave,
medium-weight medium-weight
glass cloth glass cloth
COLOR OF UNCLAD LAMINATE Natral Natural Naural Natural Nataral
i greenish
All these standard grades are available with 0.0014” and 0.0028" or thicker electrolytic or rolled copper foil on one or both
surfaces. Other metal foils and other resin-and-base combinations can be supplied on special order.

*Du Pont Trademark

42 CIRCLE 36 READERS SERVICE CARD May 23, 1958 — ELECTRONICS engineering edition



ALL-ELECTRONIC DIGITAL VOLTMETER...ONLY $960

MEASURE

MILLIVOLT TO

KILOVOLT WITH
0.1% ACCURACY

Here at last is a portable all-electronic digital voltmeter
that measures DC voltages from .001 to 1000 volts with
0.1% accuracy. In less than 1/10 of a second the meas-
ured voltage is presented in clear numerical form on a
digital in-line readout that even unskilled personnel can
read quickly and accurately, with little possibility of error.
Direct voltage measurement by successive approximation
provides accuracy and sensitivity previously obtainable

Ranges 0.000 10 1.599; 00V.00 10 15.99; 000.0 to 159.9; 0000
to 1000 volts {(manual rangin d polarity)
Accuracy 0.1 f e
Readout 4 digits pl ¢
Input Impedance 2 ns per vol
I'he Mode! 8t wovides ms 1 Price
1190. 1 | 1 e h de cintal

ELECTAONIC DIGITAL VOLTMETE®

RFAD OnCH bigpiar Tims

L VOAYS PULL SCAlE L2

wo .
o° P

only in the delicate, complex and expensive instruments.
Extremely stable operation — continuous calibration
against an internal reference.

The low price of the Model 801 allows you to put one on
every bench. Its accuracy and reliability are assured by
KIN TEL’s years of design and manufacturing experience
... experience gained in the manufacture of more than
10,000 precision electronic instruments.

Conversion Rate 10 per second
approximately 70 milliseconds

Displuy Tim Adjustuble from approximately .1 second to
itinity (plus push-button read once control)
L1 high x 72" wide x 20" deep

Y volts, 60 cvele AC, 180 watts

Conr on Time

Regu nents 105 10 |

5 Kearny Villa Road, San Diego 11
Culiforniu. Phone BRowning 7-6700

Representatives in all major cities. Write today for demonstration or literature.

ELECTRONICS engineering edition — May 23, 1958

A Division of Cohu Electronics Inc,
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MAJOR INTERNATIONAL CARRIERS SELECT

I~

LORAN

-’

FOR JET-AGE LONG RANGE NAVIGATION

LORAN has long been recognized as the reliable, highly accurate
system of long range navigation. LORAN is already
implemented and in service over North Atlantic

and Pacific air routes, with immediate expansion planned

to cover other important areas, too.

Now, LORAN becomes an even more practical navigation system,
with the development by Edo of a simplified, lightweight,
pilot-operated unit. This compact equipment,

weighing only 26 pounds installed, can be mounted in the cockpit.
From it the pilot obtains directly read

line-of-position information, without having

to consult tables or make complicated calculations.

Thoroughly tested in trans-oceanic operation,

Edo LORAN has been ordered by Pan American World Airways,
BOAC, Qantas and Cubana for installation in their

upcoming fleets of Boeing and Douglas jet aircraft.

Many other international carriers have also indicated their intention
to use LORAN to assure precise, reliable long range navigation.

EDO AIRBORNE LORAN, Model 345

Control panel and 3-inch scope are mounted
in cockpit for operation by pilot or co-pilot.
Receiver (left) occupies % ATR rack. Installed
weight of complete system is only 26 lbs.,
and compact unit requires only a small frac-
tion of space formerly required. Designed
: and moanufactured by Edo, a major supplier
' of advanced electronic systems for the U.S.
Navy —sonar, radar, ASW equipment,

For the complete data on Edo Model 345 Airborne Loran,
g send for Technical Manual #501, Dept. T-5.

EDO Corporation

College Point, Long Island, New York

Muanufacturers of a Trusted Line of Marine and Airborne Electronic Equipments
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Amperex® proves
there's room for
extra engineering
even in standard

replacement tubes!

The hard core of the Amperex line has
always been a group of electrically unique
“proprietary” types, available from no
othermanufacturer. However, the Amperex
name has come to mean concrete engineer-
ing benefits even in standard communica-
tions and industrial tubes, above and be-
yond plug-in interchangeability. Thanks
to a manufacturing philosopty of untiring
perfectionism — combined with the most
recent techniques of production, quality
control and applications research — the
Amperex replacement tubes shown here
offer tighter tolerances, greater uniformity,
extra ruggedness in critical applications,
plus remarkable freedom from common
) defects and failures: -in short, an extra
dimension of quality.

replacement tubes with
extra engineering:

Amperex 6136

for example

here's what happens
when Amperex combines
ultramodern production
techniques

with uncompromising
manufacturing integrity
to make

a standard replacement
tube better...

Amperex
C3J/5632 THYRATRON
with these Amperex extras:
hard glass envelope

rigid anode connection

rugged grid cylinder

anti grid-emission slot

heat shield prevents
excessive grid temperatures

reinforced cathode with
special emitting material

ceramic insulators

heavy leads allow high
peak-currents

highly effective getter
rugged powder-glass base

860 00 © 06O

8 supports give
mechanical strength

Amperex 4X500A

Amperex C3JA /5864



TYPE 6RS20 _

Three new clip assembly selenium rectifiers are now
being produced in quantity by General Electric using

g1 l y Dy g
the Vac-u-Sel process.

Sizes and Ratings—Tvype ORSG uses 5/32” diameter
cells and is rated 2.5 ma; Type 6RS5 uses 9/32” cells
and is rated 8 ma; Type 6RS20 uses 15/32” cells and
is raled 25 ma. Fach size can 1ake from one to six cells
depending on the voltage rating (from 37 to 378 volts
PIV).

Applications— Vac-u-Sel clip assembly rectifiers are
designed for applications on half-wave, doubler, center-
tap or bridge circuits. They are low in cost—from 20
to 35 cents each in quantity lots. They are designed to
replace rectifiers up to twice as large in applicalions
such as small household appliances, instruments, low
power control devices and other electrical and elec-
tronic equipment.

For complete information, contact your G-E
Apparatus Sales Oflice. Semiconductor Products
Dept., General Electric Company, Lynchburg,
Virginia.

“Registered Trade-marl General Electric Compuny

The advantages of Vac-u-Sel rectifiers lie
in General Electric’s precision vacuum pro-
cess for obtaining a pure, more even deposi-
tion of selenium over the entire cell surface.
This results in longer life — even at high
operating ambients and better-than-normal
rated current. Performance can be reliably
predicted from unit to unit.

Encircled is the tiny Vac-u-Sel clip assembly rectifier
now being nsed in the compact Sleep-Guard® Control
of the General I'lectric Automatic Blauket.

Progress ls Ovr Most Important Prodvet

GENERAL 3 ELECTRIC

TYPE 6RS5
e
TYPE 6RS6
46 CIRCLE 30 READERS SERVICE CARD
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Barden Precision SFRI-5 miniature bearings as used in a computer gear train.

Specify BARDIEMN Precision miniature ball bearings
1 rrecision 2

¢ Ball Beorn9t

BARDEN Pprecision Miniatur!

SPECIFY BARDEN PRECISION BALL BEARINES FOR

Precision-built computer gear trains must
have uniformly low torque and minimum
backlash; mounting surfaces for the bearings
should be simple to manufacture.

Barden Precision miniature-size bearings
have the required low torque. Their low
eccentricity and closely controlled radial play
assure minimum backlash. Precision flanges
provide accurate positicning surfaces and
permit through-boring, eliminating the nged
for housing shoulders.

Barden Precision miniature bearings are built
to the same high standards of consistent
quality as Barden’s larger instrument sizes.

THE Bﬂ/@ E

Barden Precision means not only dimensional
accuracy but performance to match the de-
mands of the application.

Your product needs Barden Precision if it
has critical requirements for accuracy, torque,
vibration, temperature, or high speed. For
less difficult applications, the predictable per-
formance of Barden Precision bearings can
cut your rejection rates and teardown costs.

Write today for your copy of Catalog Sup-
plement M1 which gives dimensions, per-
formance and engineering datz on Barden
Precision ball bearings 38" O.D. and smaller.

CORPORATION

45 E. Franklin St., Danbury, Connecticut » Western office: 3850 Wilshire Blvd., Los Angeles 5, Califortiia

CIRCLE 4% READERS SERYICE CARD

: INSTRUMENTS « AIRCRAFT ACCESSORIES e EOMPUTERS AND RECORDERS « MACHINE TOOL AND TEXTILE SPINDLES' « OTHER PRECISION APPLICATIONS



COMPLETE LINE 125° C

SERVO MOTOR TACH GENERATORS

your precise specification

Y»—- « Both Damping and Integrating types available with parameters to your requirement.
===« Complete size range: 8, 10, 11, 15, 18. Can be designed with gear train.
P o __54°C to 4-125°C ambient temperature range.
® P « Designed to MIL-E-5272.
Ppr—- « Assembled under closely controlled environmental conditions.

o
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400 CPS SERVO MOTOR — TACHOMETER GENERATORS

MOTOR GENERATOR
Oster Type Size Length Wt Rotor Rated Voltage No load Watts Stall Excit. Output l Lin.% Null Ph:se
Inches 01. Inertia speed per phase | Torque Volt. Volts per to MV Shift
gmcm? F1 [ %] RPM @ Stall | OZ. IN. 1000 RPM | 3600 RPM @25°C
8MTG-6201-01 8 1.850 2.3 0.77 26 40/20 6,500 2.2 0.16 26 0.25 0.5 15 + 5
*10MTG-6228-02 10 2.157 4.2 0.72 115 115/57 5, 9,500 2.8 0.26 115 0.45 1.5 19 +10°
10MTG-6229-12 10 2.100 2.9 1.09 33/16.5 52/26 9,500 3.0 0.28 26 0.45 1.5 13 +10°
*10MTG-6229-03 10 2.100 2.9 1.09 26 26 10,500 3.0 0.26 18 0.3 15 12 +10°
10MTG-6229-15 10 2.100 29 1.09 26 26 10,500 3.0 0.26 26 | 03 15 12 +10°
*10MTG-6232-05 10 2.104 4.2 11 115 36/18 6,500 35 0.26 115 0.30 1.5 15 +10°
11MTG-6251-13 11 2.531 7.0 1.3 115 115/57.5 6,500 35 0.63 115 l 0.55 0.5 19 +10°
11MTG-6251-00 11 2.531 7.0 1.1 115 40/20 6,500 35 0.63 115 0.55 I 15 19 | x10°
11MTG-6254-01 11 2.200 6.0 11 115 115/57.5 6,500 35 0.63 s | oss | 15 19 +10°
15MTG-6280-01 15 3281 14.0 5.3 115 115/57.5 5,000 6.2 15 115 3.0 ‘ 0.2 13 + 5°
 {*15MTG-6276-03 15 3.875 15.0 4.4 115 57.5 8,500 58 0.70 115 2.75 0.2 13 + 0.5°
18MTG-6302-02 18 3.680 20.0 5.7 115 115/57.5 9,000 16.0 2.7 115 3.0 0.2 13 | £ 5
18MTG-6302-04 18 3.680 20.0 5.7 115 115/51.5 4,800 9.2 2.4 115 30 0.2 13 + 5°

*These units designed for 85°C ambient but same characteristics can be designed for 125°C. tAdditional 21.4 watts for heater, the values given are independent of ambient temperature.

Other products include servos, synchros,

resolvers, motor-gear-trains, AC drive MANUFACTURING CO.

motors, DC motors, servo mechanism as- oﬁ” Your Rotating Equipment Specialist
semblies, reference and tachometer gener- . e

ators, servo torque units, actuators and Avionic Division

motor driven blower and fan assemblies. Racine, Wisconsin

237 North Main Street 5333 So. Sepulveda Blvd.

Hempstead, L. |, New York Culver City, California
ool Phone: IVanhoe 34653 ol il Phones: EXmont 1-5742 TExas 0-1194

TWX Hempstead N. Y, 705 TWX S. Mon 7671

Interesting, varied work on designing transistor circuits and
Engineers For Advanced Projects: servo mechanisms. Contact Mr. Robert Burns, Personnel
Manager, in confidence.
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1400 STANDARD SIZE CLOSURES —
6 STANDARD METALS AVAILABLE

The most complete line of standard cases
and covers in the industry...in stock for fast
delivery. Hudson offers designers and
production engineers the economy of over
1400 standard size closures with both inside
and outside covers in six standard metals.
And Hudson is fully equipped to put ANY
modification in ANY closure in ANY position.
Hudson mass production methods and
standard tooling save you time and money!

BOTH SPECIAL AND STANDARD
CASES AND COVERS

Available in — Mu Metal, Aluminum,
Steel, Stainless Steel, Brass, Copper.
Tolerances available to =.005".

HUDSON

/| STANDARDIZED

ELECTRONICS engineering edition — May 23, 1958

PRECIS

CLOSURES

Metal Stampings and Sub-assemblies

TO CRITICAL REQUIREMENTS FOR
MILITARY, COMMERCIAL APPLICATIONS

Ask for catalog on standard cases and
covers or send drawings and specifications
for quotations on custom closures, metal
stampings or sub-assemblies.

HUDSON@D
TOOL & DIE CO  INC \_ !

18-38 Malvern Street, Newark 5, N. J.

Telephone: MArket 3-7584
Teletype No. NK 1066

CIRCLE 43 READERS SERVICE CARD 49



These shielded coil forms offer the utmost in reliability due to their unique
design and construction. Dimensions when mounted, including terminals,
are: LS-9, %i¢” diameter x }” high; LS-10, §4” x '%6”; LS-11, %" x V4",
Each form mounts by a single stud. Single layer or pie-type windings to

your specifications. L.S-14 is double-ended for primary and secondary
windings with separate tuning slugs for independent tuning of each section;
its overall length excluding tuning slugs is 113%:”; OD is %”. See photograph
below for new aluminum housing shielded coil forms.

Reliability — under any condition!

Cambion® miniaturized shielded coil
forms are highly shock resistant, With
mechanically enclosed, completely
shielded coil winding, they bring all the
ruggedness and dependable perform-
ance you require for your “‘tight spot’
applications — IF strips, RF coils,
oscillator coils, etc.

Cambridge Thermionic Corporation
combines quality control with quantity
production to supply exactly the com-
ponents you need, in any amount. Our
quality control includes material certifi-
cation, checking each step of produc-
tion, and finished product. And
Cambion guantity production means we
can fill your orders for any volume,
from smallest to largest.

Any Cambion coil form may be wound
to your specifications in -any desired
quantity. For samples, specifications
and prices, write to Sales Engineering
Dept., Cambridge Thermionic Corpo-

50

ration, 437 Concord Ave., Cambridge
39, Mass. On the West Coast contact
IS. V. Roberts and Associates, Inc., 5068
West Washington Blvd., Los Angeles

i
16 and 1560 Laurel St., San Carlos, Cal. ,_!‘!; Mg "*QP @ &; ‘J'l_,
FW"W’?”‘W?WW@“"'F"’W&K

=
& Fe

t Garaz

New aluminum housing shielded coil forms with
anodized finish. Available in three sizes, as variable
tamper-proof units with positive locking mecha-
nism and more precise tuning, or as fixed shielded
coil forms. Flange mounted by means of two
number 2-56 screws. Mounted heights above
chassis are 73”, 84”7, and 34” (in variable units ex-
clusive of tuning element).

2
CAMBRIDGE THERMIONIC CORPORATION

® A ‘

{3

Makers of guaranteed electronic components, custom or standard

CIRCLE 44 READERS SERVICE CARD CIRCLE 45 READERS SERVICE CARD —)



Tra ngitron

HIGH POWER

ILICON
RANSISTORS

New high power transistors have just been added to the Transitron line,
increasing power ratings to 85 watts. Now, whatever the application,
you can choose from the broadest power range in the industry . . .
with Transitron reliability built into every transistor.

Minimum
Maximum cD.C.
H P Typicol
® Rahngs to 85 watts Diss?::_'rion Eonr:‘i?";:? Coylfe'z;’or Maximum
. at 25°C Current Saturation Collector
® operahon 'o 5 amps case Gain Resistance Voltage
. Type {watts) B {ohms) Ve (volts)
® Low Rcs, 1.5 ohms typical “—— m———
. ST400 85 15@2 amps 1.5@2 amps 60
& Vo"age Ra'lngs to 60V §T401 85 20@2 amps 2.5@2 amps 60
® High Current Gain ST402 50 15@2amps 4.0@2amps 40
o High Speed Swi'ching ST403 50 15@2 omps 3.0@2 amps 45
= i e e—
MEDIUM POWER
Maximum D.C.
Power Maximum Common Typical
. Dissipu!lon Collector  Emitter Collect.or
® Operation to 500 ma Yo Ve SEm S
. T i
® Ratings to 5 watts e el pliol e frofte)
® Low Res, 6 ohms typical T H o e R
5 5 V@500
ow Rcs, 6 ohms typica 2N198 1 log 128200 o 4vgzoo ma
H HYH 2N497 4 ] 12@200 4V@200
® High Speed Core Driving 2N551 5 60 20@ 0ma 1V® 50ma
[ ] i i i 2N243 75 60 9@ 5 3.5v@20
Heat Sink Mountings available Ay 78 o I8 R et

SMALL SIGNAL

® Operation to 175°C
® Low lco at Rated Ve max.
® High Current Gain

® Three package sizes available

“Tra ngitron

";:

Transistors Diodes

*Fast Switching Type

Maximum
Collector
Minimum  Maximum Cut-off
Common Coliector Typical Current
Emitter Voltage Cut-off at 25°C
Current Vcc Peak Frequency at Ye MAX
Type Gain, 8 (Velts) (MC) (ua)
2N543 80 45 15 o3
2N480 40 45 11 .5
2ZN475 20 45 10 -
2N336 78 45 13 50
2N334 18 45 n 50
2N118 18 30 4 10
2N119 36 30 4 10
ST904 18 30 4 10
S$T905 36 30 4 10

WRITE FOR BULLETIN TE-1353

massachusetts

&%

ation

wakefield,

& 4
”-‘-Ev\!_ i
h"y

Rectifiers

T

Regulators
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These new 50 mil O.D. cores are now available in
General Ceramics S-4, the material that has proven
so successful in such vitally important systems as
the SAGE computer. Switching time is less than
one microsecond with 550 ma full drive. At recom-
mended operating conditions, the “ONE” output
voltage is greater than 60 millivolts; the “ZERO"”
output voltage is less than 6 millivolts. Cores are
provided in two quality levels, to .015 AQL and to
6.5 AQL. Dimensions are .050” O.D., .030” L.D.

S0 MIL O.D. Memory Cores
for Transistorized
High Speed Memories

and .015” in height, all with tolerances of + .002".
General Ceramics has designed and built special
equipment for core testing to insure that each unit
meets established electrical properties. 50 mil O.D.
cores are supplied in production quantities in two
quality levels. Parts are shipped according to MIL
Specification 105A to 0.015 AQL or 6.50 AQL. For
complete information on this core write General
Ceramics Corporation, Keasbey, New Jersey, for
Bulletin 326 ; address Dept. E.

GENERAL CERAMICS

Industrial Ceramics for Industrial Progress. .. Since 1906

-
4 %0, 3 i
» & ot s 1 [Lji\ b
% 8 _ o L o <&
2.9/
& "a L L AN
4 > N b
N . o £ G v
S—
PRECISION MAGNETIC “ADVAC'* HIGH SOLDERSEAL
FERRAMIC CORES STEATITES MEMORY PLANES TEMPERATURE SEALS TERMINALS
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Eimac

Power
Amplifier .

PULSE AMPLIFIER KLYSTRONS
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RF PEAK POWER OUTPUT—WATTS

00 ) 1000

10000

FREQUENCY~MEGACYCLES

Kilystrons
-« =« from VHF into SHF

KF PUWER DUIFUI—WAI id

CW AMPLIFIER KLYSTRONS

FREQUENCY—MEGACYCLES

EITEL-McCULLOUGH, INC.

S A N B R U N O - C A LI F O R NI A
Eimac 70:45" for Power Amplifier Klystrons

EIMAC DESIGNED AND MANUFACTURED PRODUCTS

Negative Grid Tubes Vacuum Tube Accessories
Reflex and Amplifier Klystrons Vacuum Switches
Ceramic Receiving Tubes Vacuum Pumps

Including more than 40 ceramic electron tubes

The broad frequency coverage and wide range
of power levels now offered by Eimac ampli-
fier klystrons is shown in the accompanying
charts. Frequency coverage extends into the
SHF range and multi-megawatt pulse output
powers are available.

The exceptional ability of Eimac amplifier
klystrons to conveniently and reliably generate
high RF power at ultra-high and super-high
frequencies has led to their widespread use
in tropo-scatter communications, high power
radar, UHF television broadcasting, linear
accelerators and many other applications.

For more detailed information on Eimac's
reliable, simplified approach to high power
at high frequencies, write for a copy of
Klystron Facts Case Five. The Eimac Applica-
tion Engineering Department will gladly assist
you in planning new systems using Eimac

power klystrons,
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New VEEDER-ROOT

High Speed . . . Electric Eye t
. + « “Pulse Stretcher” g
. « . Instant Reset k

e o T

First of a new series of electric
and electronic counting *“ packages” is this Model C
*“Count-Pak” . . . consisting of the new V-R instant-
reset, high-speed (3,000 counts per minute) electric
counter combined with a light source and photo cell.

Cell and light source can be adapted to
any application . . . and are permanently

*Trade-mark registrotion opplied for.

CIRCLE 48 READERS SERVICE CARD

Electronic ‘“Count-Pak’™

A COMPLETE COUNTING PACKAGE!

assembled so vibration can’t jar them out of focus.
Pulses as short as .0002 seconds will actuate this
device, which means that a }4” object or space mov-
ing at 6,000 feet per minute will be counted.
*“Count-Pak’’ is transistorized throughout (no tubes)
and utilizes printed circuits . . . double assurance of
instant action and long trouble-free life. Rugged,
compact case: 84" wide; 54" high; 624" deep.
Panel includes pilot light, reset button, and power
switch. And prices are unexpectedly low. Write:

EVERYONE CAN COUNT ON

Veeder-Root

INCORPORATED

HARTFORD 2, CONNECTICUT

Hartford, Conn. « Greenviile, S. C. » Altoona, Pa. ¢ Chicago
New York ¢ Los Angeles ¢ San Francisco * Montreal
Offices and Agents in Principal Cities

CIRCLE 49 READERS SERVICE CARD —-
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More
Marerra/s

pm—_ ar one source! LAvas

Here you will find industry’s widest choice There are AlSiMag materials which with-
of advanced technical ceramics . . . dense stand higher compressive loads than steel
or porous . . . key components in thousands . . . with lower coefficients of expansion
of applications in widely diverse fields. Top than any general-use metal. Chemically
performance is assured by careful matching inert . . . will not rust, oxidize or corrode.

: of physical and electrical properties to end Permanently rigid . . . will not deteriorate.
! use requirements. Some have unusual abrasion resistance.

If heat is a problem: AlSiMag technical SSNIENClE pavdias o Mahs'seals;

ceramics have higher insulation values at No matter what your problem, AlSiMag
elevated temperatures than fused quartz. ceramics may help solve it. And, this source
Excellent thermal shock resistance. Great has the machines and experience to pro-
strength, Low loss. Rugged AlSiMag Alum- duce precision parts in any quantity. Send
inas, for example, deliver superior perform- blueprint with details of operating proce-
ance at temperatures beyond the melting dure for complete data on the AlSiMag
points of most commonly used metals, ~ material best suned for your application.

MORE SPECIALIZED ENGINEERING TALENT. ..
MORE FACILITIES .. ... MORE “"KNOW HOW”

LA
A Sy of IR A“ER.CAN LAWVA [ cuarranooca s. renn.

Minnesota Mining and

Manufacturing Company ' c o R P O R A T l O N 57TH YEAR OF CERAMIC LEADERSHIP

For service, contact American Lava representatives in Offices of Minnesota Mining & Manufacturing Co. in these cities (see your local telephone

directory): Atlanta, Ga. * Boston: Newton Center, Mass. * Buffalo, N. Y. * Chicago: Bedford Park, Ill. * Cincinnati, O. * Cleveland, O. * Dallas,

Texas * Detroit, Mich. * High Point, N. C. * Los Angeles, Cal. * New York: Ridgefield, N. J. * Philadelphia, Pa. * St. Llouis, Mo. ¢ St. Paul,

Minn. * So. San Francisco, Cal. * Seattle, Wash. Canada: Minnesota Mining & Manufacturing of Canada, Ltd., P. 0. Box 757, London, Ontario.
All other export: Minnesota Mining & Manufacturing Co., international Division, 99 Park Ave, New York, N. Y.




vyou get fast delivery
on these

BROWN COMPONENTS

for instrument, servo or control circvits

11/6 less at 50 cycles. Some speeds available at 25 cycles.
116.0 watts in fleld winding, balance in amplifier winding.

——————— N N —— ———

|

|

|

|

! NEW!

|

| Brown

| *

| Motors

| ° . ° .

| for chart drives, servos, balancing circvits

|

| These newly-designed synchronous and two-phase

| Brown motors have many maintenance saving fea-

| tures: new, sectioned die-cast housing . . . new wicking

I to prevent oil leakage . . . printed circuits . . . ball

| bearings to reduce friction. You can replace any part

1 in two minutes, usually without disconnecting the

| leads from your installation.

|

| TWO-PHASE INDUCTION

|

| Nominal| Gear llnlermillenl;Max.Slari-| Power Current Temp.
No Load Ratio lRated'Lnad ing Torque | (watts) {amps) Rise

= RPMT | {0z.-in.) ! (0z2-in.) | Loadedit | Loaded Deg. F.
330 | 441 | 4 | 10 | 78 | a1 | 70

I 148 | 1001 5 20 | 7.0 At | 70

1 44 | 300 15 50 | 7.6 a1 | 70

i 22 | 601 | 30 120 | 7.6 M| 70

|

| SYNCHRONOUS

|

| Gear Pull-In. |COnlim|ous Power Current Temp.

| RPMt Ratio | Vorue,Min.,  Torque watts) {amps) Rise

{oz.-in.) | {0z.-in.) oaded Loaded Reg. F.

: 180 | 10:1 12 12 | e 7.2}: 100

i 180 | 101 | 35 | 4 13| a1 | ¢5

| 90 20:1 14 | 2 1 095 | 55

| 60 30:1 135 | 12 | 13 A1 | es

| 30 60:1 27.5 12 13 | a1 | es

|

|

|

e

BROWN Slechionik
PO
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BROWN Z/ectnorniK AMPLIFIERS*

Amplify a d-¢ or a-c microvolt input signal suffi-
ciently to drive one field of a two-phase balancing
motor. Brown amplifiers have extremely low stray
pickup, excellent stability, adjustable sensitivity
and fast response. Proved in thousands of Elec-
troniK instruments.

SELECT FROM THESE BASIC MODELS

Nominal | Sensitivity | Nominal Input Impedance
Gain { Microvolts) | {0hms)
1x 108 ‘ 40 | 370, 1400, 50,000
4% 108 | 1.0 | 370, 2500 i
12 x 10¢ 0.4 | _2500 -
40 x 108 ‘ 01 | 1400 o

POWER SUPPLY
115 v., 60 cycles (fused
power line

OPTIONAL FEATURES

(a) thermocouple burn-
out protection, (b) with-

OUTPUT tion .
2 to 18 ma. into 12,000 out desensitizing slild,lus%
ohm load ;ne(rlxlt), lEc) dpara Ie N
SENSITIVITY eedback, (d) velocity

damping, (e) special con-
necting cables and plugs,
(f) without tubes,
shields, and converter,
(g) for 25 cycles, (h)
220-110 volt trans-
formers.

Continuously variable
screwdriver adjustment.
Recessed slot protects
setting

MOUNTING

Operation unaffected by
mounting position

*The sale of this device does not carry with it a license under any of our combination

patents covering opparatus in which this device may be used.

For additional details, call your nearby Honeywell field
engineer. He’s as near as your phone.

MINNEAPOLIS-HONEYWELL REcuLATOR Co., Industrial Divi-
sion, Wayne and Windrim Avenues, Philadelphia 44, Pa.

Honeywell
TFouts i Cortiels-
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An announcement

Do you want to break into the big European electronic
market at the lowest capital cost to yourself ?

The United Kingdom offers a first-class opportunity for doing
so. Labour is comparatively cheap and there is a ready demand
for American ‘know-how’ in the whole area. Now comes the
chance to tic up with an established British manufacturing
company equipped to carry out economically many types of
electronic assembly, wiring, and testing operations.

For the past 12 years we have been working exclusively as
trusted sub-contractors to some of the best known companies
in the United Kingdom, for whom we have manufactured to
rigid government standards all types of equipment—small,
large, simple and complex. As sub-contractors we have no
conflicting interests of our own to get in the way of what we
do for the firms who employ us, and our record will stand
the closest investigation, both technically and financially.

We are now ready to expand and diversify our activities by
providing similar assembly, wiring and tes:ing facilities for a
suitable American principal. Initially we can offer 25%, of
our full capacity, combining high productive efficiency with
low labour charges. Fuller details of the specialised service we
cen offer in our new plant close to London, and of our past
history and present financial set-up, can be given in direct
correspondence.

If you are interested, please mail
A. T. IZZARD, MANAGING DIRECTOR,

BROXLEA PRODUCTS LIMITED

PARK LANE, BROXBOURNE, HERTFORDSHIRE, ENGLAND
Cebles : Hoddesdon 4455
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LINK YOUR CAREER TO TOMORROW

climate:

58

For career men it is almost impossible to
tell where mental climate leaves off

and physical climate begins. Like the Moebius
strip, properly joined, they present a
single-sided situation that is most benign.
At Link Aviation the climate is ideal . . .
Pioneers of flight simulation, Link’s modern
electronic laboratories now bracket

our continent. The facilities in Binghamton,
New York, have been supplemented by

the energetic Research & Development
Laboratories at PaloAlto, California.

At both places, primary consideration was
given to the importance of climate to

you. .. the very engincer we now seek.

'Dnscns|o~‘m’i

ALN3IWIDIND

! corPoRAaTION]
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Link AVlation, InC. Binghamton, NewYork

ELECTRONICS engineering edition — May 23, 1958

The mental climate at Link Avyiation,
Inc., is ideal for your growth. Its facili-
ties, its attitude, its personnel provide
a congenial, purposeful atmosphere.

The physical climare furnishes you
with the maximum in comfortable sub-
urban living. And you have your choice
between the full-scasoned stimulation of
Binghamton in upstate New York, or the
temperate California living in Palo Alto.

The climate of learning is bere, too. If
you are the man we want, you will never
claim that your education is finished.
Link Aviation does more than give lip
service to this concept. As a participant
in the Honors Cooperative Programs at
outstanding universities, you can ad-
vance your education by attending regu-
lar classes with'time and tuition provided
by Link.

In addition to providing you with the
ideal climares, Link also assures you
that your material benefits will be com-
mensurate with today’s most enlightened
practices; good pay, ample vacations,
hospital, heaith and retirement benefits.

If this entire work-live-study setup at
Link sums up the ideal you have estab-
lished in your mind, we urge you to re-
spond immediately.

Write:

Mr. Ken Viall

Link Aviation, Inc., Dept. P-1
Binghamton, New York

Or:

Mr. Joe Larko

Link Aviation, Inc., Dept. P-1
P.O. Box 1313

Palo Alto, California
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switching transistor...

HIGH CURRENT —

for modern computer circuitry!

PRy ! VT T T T T 177
Z 450 é{\"—}“—lmﬁ“, j, PHILCO MICRO-ALLOY —|
z {2 T | o TRANSISTOR
fpsn™]

e | o0 ]| TYPE 2N393
e ull o il
] - S+
::—..; -30 > _—
=2 L4 200 1/’
o2 =20 i o 0 o 2o
S | —tTTTiloH Gaty =10 * Exceptionally Good Life Characteristics,
= 1 . ofe aofe
510 N ] Reliability and Stability
8 LOW SATURATION RE’SISITANCI? oT 1

1 4 b b L __L Il

S = = = = = £ * Low Hole Storage

COLLECTOR VOLTS, Vg e Low Saturatio
anon

T High Beta at High Currents
TYPICAL INPUT CHARACTERISTI

~06 T=25°C i
GROUNDED EMITTER
l
=035 =

Philco’s new 2N393 transistor is exceptionally well suited to

0w

=

(=]

-

z . . . .

P et the special branching requirements of high speed computer
> i o . . . . .

o ] circuitry. Wherever multiple circuits must be driven from
]

g . . .

g I a single unit, the new 2N393 significantly outperforms
= PHILCO MICRO-ALLOY ) g o ) ? g y P

= TRANSISTOR ordinary driven-stage transistors.

% TYPE 2N393

=]

The 2N393 combines high gain with excellent high-
frequency response at frequencies up to 50 megacycles. Beta
linearity is extremely good at currents as high as 50 milli-
amperes. The new 2N393 micro alloy transistor provides
high frequency switching plus low saturation resistance.
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direct-coupled logic circuitry. Polarities of the emitter and

I
fF===- =

L Y i collector voltages are similar to PNP junction-type transistors.
2N393 — STAGES
t 2N393 Make Philco your prime source for complete transistor appli-

cation information . . .

[
F—-——-

The 2N393 is also excellent for use in video amplifiers up to one megacycle,
For complete specifications and prices on the 2N393, write Dept. E558.

PHILCO. CORPORATION

LANSDALE TUBE COMPANY DIVISION
LANSDALE, PENNSYLVANIA



Field engineer lowers assembled gamma-ray nrobe into wellbore prior to begin-

ning logging operation,

In rear is mobile unit containing recording instruments

electronics
eﬁgingeréﬂg edition
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Plug-in subassemblies inserted in 1-in.
diam tube make up probe

Gamma-Ray Detector
Aids Oil Field Surveys

Transistorized probe, using Geiger-Muller tubes, detects and measures
samma radiation from radioactive tracers applied to waters and brines in
petroleum reservoirs. Instrument is self-contained in a 1-in. diameter steel
pipe and operates for as long as 250 hours at depths of 5,000 feet and hydro-
static pressures of 2,000 psig. It has good stability between 70 I and 130 F

BV F. E. A[{DISTRONG, Division of Petroleum, Bureau of Mines, U. S. Dept. of the Interior, Bartlesville, Okla.

PPLICATION of radioactive iso-

topes as tracers in the study
of the flow of waters and brines
in petroleum reservoirs® is aided
by the instrument described in this
article. It was designed for use in
experiments by Bureau of Mines en-
gineers. Such experiments involve
adding a gamma- or beta-emitting
radioisotope to water being in-

-¢—CIRCLE 52 READERS SERVICE CARD

jected into an oil-producing forma-
tion, and detecting and measuring
the radioactivity of the water upon
its appearance at an oil well.
Instruments suitable for this
work must have a sensitivity
greater than that required for
uranium prospecting,’ must fit into
small-diameter wells, and be cap-
able of reliable operation under

ambient conditions that may be
normally expected in shallow, water-
flooded petroleum reservoirs rang-
ing from 500 to 4,000 feet in depth.
Operating pressures exceeding
2,000 psig are not uncommon at
the bottom of such comparatively
shallow wells. Maximum tempera-
tures seldom exceed 135 F.

The sensitivity of a gamma-ray
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well-logging probe may be defined
in several ways.® With Geiger or
scintillation-detection units, counts
per minute per milliroentgen per
hour is probably the most easily
understood and useful presentation
of information although not the
one most commonly used by indus-
try. Since most radioactivity meas-
urements made within wellbores by
or for the petroleum industry need
be only relative, little or no ut-
tempt is made generally toward ab-
solute calibration of gamma-ray
logging tools. The sensitivity of
most commercial logging equip-
ment is given in terms of inches
of deflection of the pen on the re-
corder chart versus radioactivity,
usually in milliroentgens per hour,
at the probe. Actually, the ac-
curacy of any quantitative deter-
mination made within a wellbore is
questionable because hole-size vari-
ation, heterogeneity of the media,
self absorption and well-luid ab-
sorption detract greatly from the
reliability of the determination.
The statistical nature of any radia-
tion measurement also becomes of
great importance in gamma-ray
well logging. By proper adjust-
ment of the time constant of the
recording instrument and logging
speed of the probe, the effect of
low sensitivity may be in large
measure compensated, although at
the cost of logging speed. It is not,
however, possible to correct for the
effects of poor instrumental stabil-
ity; thus, in the final analysis,
stability is the most important
single criterion in the design of
a gamma-ray logging tool.

Detector Choice

Sensitivity of a radiation-detec-
tion device is essentially a function
of the product of sensitive volume
and detection efficiency. In other
words, the sensitivity of a G-M
tube with an effective volume of
100 cubic in. and an efficiency of 2
percent is the same as that of a
scintillation crystal of 4 cubic in.
and an efficiency of 50 percent.
Practically, however, in a compari-
son of logging instruments using
these two detectors, the scintillator
would have the greater output be-
cause of the difference in spectral
energy sensitivity. In general, the
output of scintillators decreases
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FIG. 1—Schematic of gamma-ray probe. High voltage for G-M tubes is provided by
blocking oscillator Q, and selenium rectifier D.. Simple but effective temperature
compensation is achieved through the use of a thermistor

and that of G-M tubes increases
with an increase in spectral energy.
This fact alone makes the scintil-
lator a logical choice in logging de-
tectors, because of the lower
energies present in the radioactive
constituents of rock formations.
Ionization chambers, almost uni-
versally used in the larger diameter
commercial logging instruments,
are neither sensitive enough nor
amenable to miniaturization to the
degree that they may be used in
instruments of 1-in. diameter.

Temperature

Although the inherent sensitiv-
ity of the scintillation detector
makes it the first choice in select-
ing a suitable detection device for
the small-diameter logging instru-
ment, other characteristics rule it
out as a practical choice. The tem-
perature sensitivity of the multi-
plier phototubes that must be used
with the scintillation crystal re-
quire that they be cooled if the am-
bient temperatures in which the
instrument is to be operated ap-
preciably exceed 100 F. The high-
voltage supply for the tube must
be more stable by a factor of 10
to 100 than that required for G-M
tube operation. The low output-
pulse amplitude of the device re-
quires incorporation of wide-band
amplifiers to increase the pulse am-
plitude up to a level that may be
transmitted to the surface without
becoming lost in the ecircuit noise.
It is quite possible to solve these
problems and still maintain the
required 1-in. outside diameter of

the instrument. However, with the
exception of a need for spectral-
energy determinations within the
wellbore, it is questionable whether
the added sensitivity would be
worth its cost in complexity and
added maintenance. The problem
of cooling the multiplier phototube
is extremely difficult in probes of
this size, although many applica-
tions are apparent in wells where
temperatures do not exceed 100 F.

Thus, G-M tubes were decided
upon for this probe. A choice ex-
ists in a design of this nature be-
tween one large tube and a cluster
of smaller tubes. The large tube is
a simple, rugged unit but has the
disadvantage of lower sensitivity
and a higher operating voltage.
Sensitivity may be improved some-
what by complex cathode-design
features, but it is difficult to reduce
the operating voltage level much
below 900 or 1,000 v and maintain
reliability. The smaller tube has the
advantage of a higher volume
sensitivity and a lower operating
voltage. The disadvantages of the
small tube are a higher total cost,
a somewhat steeper plateau for the
bundle of tubes than for a single
large tube, and greater difficulty
in mounting. The operating volt-
age of the smaller tube is less than
700 v resulting in fewer problems
in power-supply design and leak-
age or corona effects. The output
pulse of the smaller tube is con-
siderably shorter in duration and
somewhat smaller in amplitude.
This, of course, is an advantage
where high counting rates may be
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encountered because of the reduc-
tion in dead time. The matter of
dead time of the detection unit is
important because it is the princi-
pal limiting function in attempting
to increase sensitivity by simply
increasing the number of G-M
tubes used. The response of the
unit becomes quite nonlinear at
higher counting rates where large
numbers of G-M tubes are em-
ploved. For this reason, the num-
ber of G-M tubes used in the de-
scribed instrument is limited to five.

Description

The probe consists of a cluster
of five small G-M tubes, a tran-
sistor high-voltage supply, a tran-
sistor pulse-shaping and amplify-
ing stage, and a mercury-cell
battery pack, housed in a stainless-
steel tube. The various components
of the probe circuit are assembled
on small terminal boards that plug
together to form the complete cir-
cuit unit. This kind of construction
allows rapid substitution of spare
units for field maintenance.

Figure 1 is a schematic drawing
of the probe circuit. The G-M
tubes are halogen-quenched and
operate at about 650 v. They are
about % in. in diameter and 8-in.
long, and were designed partic-
ularly for geophysical work. Five
33,000-ohm isolation resistors R,
through R, are used, one between
each G-M tube and the coupling ca-
pacitor C,. A 1-megohm resistor
R, provides quenching. A subminia-
ture audio transformer T, matches
impedance between the G-M tubes
and the base of the pulse amplifier
Q.. Transistor @, operates without
bias and conducts little or no cur-
rent, except during the period of an
applied pulse. As the amplitude of
the pulse from the G-M tubes is
sufficient to drive Q, into saturation,
the amplifier also serves as a pulse-
shaping and leveling stage. A sec-
ond subminiature audio trans-
former 7T, matches the collector
load impedance to that of the cable
(about 50 ohms). Crystal diode D,
across transformer T, prevents
overshoot at the collector and
damps out any tendency toward
ringing in the output circuit. The
output pulse at the surface is about
80 usec and 0.1 v in amplitude. Rise

time is about 3 usec and the pulse
is quite square.

Power Supply

The high-voltage supply consists
of a blocking oscillator, a subminia-
ture audio transformer T, used as
a voltage step-up device, a minia-
ture high-voltage selenium rectifier
D., and a simple R-C filter. Similar
supplies have been described.’ Be-
cause of the frequencies involved
and the low current drain, enough
filtering is achieved by two small
capacitors. Although the capacitors

cable is insulated with 0.025-in.
polyvinyl plastic covered with
0.005-in. nylon to protect the in-
sulation from abrasion by the steel
armor. The seal through which the
cable enters the probe is a simple
neoprene compression ring that
seals directly upon the outer layer
of the insulation as shown in Fig.
2. Only every other wire of the
armor is clamped in the head of
the probe to insure that the cable
will break at the probe if the in-
strument becomes lodged in the
hole and cannot be pulled free. The

CONTACT CONDUCTOR  INSULATION  SEAL COMPRESSION ARMOR
SCREW CLAMP | | RETAINER  RING /
\
D [ | / sooY /
\ | ) /
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BUSHING BUSHING SEAL WRAPPING BUSHING

FIG. 2—Cross-section of cable-head assembly shows details of method used to seal
probe against pressures which may rise as high as 2,000 psig

are rated at 600 v no difficulty has
been experienced during long
periods of operation at 700 v. A
second simple R-C filter isolates
the power-supply oscillator from
the battery source and prevents
coupling with the pulse amplifier.
A thermistor that shunts decou-
pling resistor R,, provides somewhat
crude but effective temperature
compensation. Regulation of the
output voltage is satisfactory over
the normal operating range of the
instrument which is 80 to 125 F.

The power supply for the circuit
is three mercury batteries in series
supplying 22.5 v at 1.1 ma. The
rated capacity of the batteries used
is 350 milliampere-hours, allowing
a practical useful life of more than
250 hours. Slide switch S, in the
head of the probe is used to ener-
gize the circuit when the cable is
connected.

The outer shell of the probe is a
welded stainless-steel tube with a
1-in. outside diameter and a 0.064-
in.-thick wall. The ends of the shell
are gealed with O-ring assemblies.
The inner conductor of the logging
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plug at the bottom of the probe is
a solid steel section 10-in. long,
added to increase the weight of the
instrument.

The complete assembly rests
upon a coil spring in the bottom of
the probe shell, which maintains
pressure upon the contact between
the cable terminal and the probe
circuit. The spring also serves as
a shock absorber if the instrument
should strike an obstacle in the hole
or the bottom of the well while
being lowered. A screen-covered
container in the probe holds a des-
sicant to reduce the amount of
moisture accumulated in the as-
sembly as a result of opening the
probe under field conditions.

The instrument has been used
intermittently in the field for more
than a year with satisfactory re-
sults. About 20,000 feet of hole was
logged during this time.

REFERENCES

(1) J. W. Watkins, E. S. Mardock, F. E.
Armstrong and R. J. Heemstra, Water-
floods Benefit by Radioactive Tracer Tech-
niques, The Petroleum Engineer, p B-53,
Sept. 1957.

(2) A.E.C. Pub. TEL-87.

(3) R. E. Fearon, Gamma-Ray Well
Logging, Nucleonics, p 67, Apr. 1949,

(4) A.E.C. Pub. HW-39338.

63



Transistor Chopper

Transistorized control circuit including a frequency-determining crystal

oscillator feeds a voltage chopper which doubles the 28-v d-¢ supply and di-

vides the driving frequency. The a-¢ pulsed output then drives a synchronous

clock motor. System measures time intervals from 10 sec to minutes with

a accuracy of 0.02 percent over a temperature range from —55 to + 70 C

RICHARD H. WI]L]LIAMS Electronic Test Equipment Department, Sandia Corporation, Albuquerque, New Mexico

intervals from 10 sec to sev-
eral minutes when the only source
of electrical power is 28 v d-¢ is oc-
casionally necessary in military ap-

ACCURATE MEASUREMENT of time

plications. Generally, the problem is
solved by using mechanically gov-
erned d-c motors to operate a clock
through an electromechanical
clutch. Expected system errors are
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FIG. 1—Time-interval clock uses bistable voltage doubling chopper to provide a-c power
necessary to drive synchronous clock motor with 0.02-percent accuracy
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FIG. 2—Voltage-doubling chopper utilizes complementary symmetry feature of tran-
sistors (A) to double input vollage to that appearing across the load in (B)
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#+0.20 percent of the measured time
interval over a temperature range
from —55 to +70 C and an addi-
tional error of #0.01 sec per start
and stop for cluteh variations. For
some applications the accuracy of
this system is inadequate.

With a moderate increase in clock
size, a long-time-interval measuring
clock operating on +28 v can be
made almost as accurate as the
clutching error. Besides increased
accuracy, the more accurate clock
can replace less accurate clocks al-
ready in the field on a retrofit basis.

A schematic diagram of an im-
proved time-interval clock system
is shown in Fig. 1. The transistor-
ized crystal oscillator generates an
800-cps square-wave signal. A pulse
train enters the bistable voltage-
doubling chopper which provides
the a-c power necessary to operate
a synchronous clock motor.

Voltage-Doubling Chopper

Operation of the voltage-doubling
chopper is described by reference to
its eircuit removed from the system
and shown in Fig. 2. This back-to-
back flip-flop is a result of the
complementary nature of pnp and
npn transistors. Resistor R is the
load. When transistors @, and Q,
are biased on and consequently col-
lector-to-emitter impedance is near
1 ohm, transistors @, and Q. are
biased off and their collector-to-
emitter impedance is greater than
several hundred thousand ohms. In
this state the potential at point B
is +F while at A it is zero. Since
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Drives Accurate Clock

Transistorized clock occupies same panel
as mechanically governed clock

the circuit is bistable, the two pairs
of transistors can be switched and
the potentials at A and B can be
reversed.

When the circuit is triggered by
a pulse train of frequency f, the
waveforms obtained at A and B are
shown in Fig. 2B where T is the
reciprocal of the frequency. The
voltage across R is the voltage at A
minus the voltage at B as shown in
Fig. 2B, and has a peak-to-peak
magnitude of 2F.

When the circuit is triggered at
frequency f, it chops the supply
voltage at frequency of /2 and the
peak-to-peak output voltage across
load R is double the mugnitude of
the d-c supply. Since low-power
trigger pulses control a much
greater a-c power level in load R,
circuit efficiency is good. When sup-
ply voltage E in Fig. 2A is 428 v
the square wave across load R has
a peak-to-peak magnitude 2E of
56 v.

For a 800-cps frequency, the fre-
quency of the square wave across R
is 400 cps. The Fourier series of the
square wave yields the rms magni-
tude of a fundamental voltage com-
ponent E.,.. as 2 (2)' Ez. With
2F equaling 56 v, E..., equals 254 v.

Synchronous Motor

Small synchronous clock motors
run at synchronous speed with
square wave excitation as well as
with sinusoidal excitation. There-
fore, when transistors of sufficient
current rating are used, load R can
be replaced by a 25-v, 400-cps, 6.5-w

Side view of time-interval clock system
shows mounting of circuit components

synchronous motor as shown in Fig.
1. Square wave harmonics higher
than the fundamental are absorbed
as losses within the synchronous
motor.

Oscillator

In choosing an oscillator for the
time-interval clock system, re-
sistors, inductors, capacitors, a fork
or a crystal could have been used
for frequency control. The crystal
oscillator was chosen because the
development of low-frequency du-
plex crystal blanks has made avail-
able crystals which are small,
trouble free, and stable in the an-
ticipated environments of military
applications. Using a duplex crystal
without an oven, a stability greater
than +0.02 percent of the output
frequency over a temperature range
from —55 to 470 C is expected.

The steering cirveuit is composed
of transistors @Q., Q,, Q. and Q.. If
@, and Q. of the voltage-doubling
chopper are on, then @, of the steer-
ing circuit is biased on and Q. is off.
When a trigger pulse from the oscil-
lator pulse train occurs, transistors
Q. and Q. which normally are off,
are biased on for the duration of
the pulse.

No output appears at the collector
of @, since parallel transistor Q, is
already on. However, since Q- is off,
a4 negative pulse appears at the
collector of @, which biases Q, on.
When @, is on, the voltage-doubling
chopper changes to its other
bistable state so that Q, and Q. are
off and @, and Q. are on. The circuit
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Technician makes proper adjustments of
time-interval clock using counter

can switch back to its original
stable state by application of an-
other trigger pulse.

Time accuracy of the chopper is
a function of the oscillator fre-
quency which can be controlled to
+0.02 percent. The original me-
chanically governed d-c clock motor
had a time accuracy of +0.2 per-
cent. For the temperature range
—55 to +70 C, the chopper circuit
provides an operating accuracy im-
provement by a factor of ten while
the clutching error remains the
same. The improved accuracy was
great enough to make a decrease in
the clutech errors unnecessary.
Extra components illustrated in
Fig. 1 can be packaged as an ex-
tension to the back of existing d-c
clock geometery.

Reliability

The system satisfies the military
requirements of reliability. Crystal-
controlled oscillators and snychro-
nous motors are among the most
reliable devices. Transistor circuits
can, with design care, be made
reasonably reliable too. Should any
failure occur which prevents trig-
ger pulses from reaching the volt-
age-doubling chopper, a-c¢ signals do
1ot appear across the motor so that
free-running operation is impos-
sible in the absence of trigger
pulses.

The author thanks G. S. Mills,
R. A. Richards and those individu-
als in the Electronic Test Equip-
ment Department who aided him
with their advice and criticism.
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FIG. 1—Elements of airborne and ground-based tv equipment

FIG. 2—Frequency deviator has feedback-controlled oscillator

Composite video signal from helicopter-carried image-orthicon camera chain

is transmitted to ground or surface-vessel installations within 50-mile line-of-

sight range by 30-w frequency-modulated transmitter operating in 780 to

900-me frequency band. Besides military use, system supplies pickup for

commercial network telecasts of conventions, parades and the like

Airborne Tv System for

By NISSON SHER Research Section Manager, Research Division

Philco Corporation, Philadelphia, Pa.

JOSEPH F. FISHER Engineering Section Manager, Government & Industrial Division

OMPARED TO conventional a-m

techniques, frequency modula-
tion of a television transmitter can
result in higher efficiency, im-
proved signal-to-noise ratio for
lower video frequencies and a more
compact physical unit. For these
reasons 1t was decided to employ
f-m in an air-to-ground uhf tv sys-
tem for military reconnaissance
from a helicopter. Transmission
can be on any of ten 12-mec channels
in the range of 780 to 900 me.

System Description

Figure 1 shows a block diagram
of the transmitting and receiving
equipment. The image orthicon
camera chain is a commercial unit
which produces a 525-line inter-
laced picture having a field fre-
quency of 60 cps. Its output is a
composite video signal, having a
level of 1v p-p on a 75-ohm' coaxial
cable. Applied to the input of the
transmitter, this signal produces a
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radiated signal having a maximum
deviation of 10 me.

The transmitter includes a
deviator operating at a frequency
of 30 me, a crystal-controlled fre-
quency converter, tripler, doubler,
driver and output stage. The final
stage delivers approximately 30
w of r-f power to a 50-ohm load.

One of the transmitting an-
tennas is an omnidirectional ver-
tically polarized array having a
power gain of 6 db which results
in an effective radiated power of
120 w. Under line-of-sight condi-
tions, the transmission range is ap-
proximately 50 miles.

Power for the transmitter and
sync generator are obtained from
an inverter which converts the 28-
v d-c available from the generator
on the helicopter to 115-v, 400 cps.

The receiving equipment which
may be ground based or installed on
a surface vessel, comprises an an-
tenna, wideband f-m receiver and

a bank of 17-inch monitors.
Various types of vertically polar-
ized receiving antennas, including
a quarter-wave stub, a 4-ft dish, a
2-ft dish, a helix and a three-bay
stacked array, are used with the
receiver. The antenna used for a
particular installation depends on
the distance and altitude of the
transmitter and the proximity of
objects which create multipath.
Under multipath conditions, f-m
eliminates ghost or repeat images.
However, in their place, the pic-
ture has a scintillating appearance
commonly called prune wrinkle.

Deviator

The composite video voltage
from the camera chain contains
frequency components up to 5 mec.
This voltage is applied to the 6AKS5
input tube of the deviator, shown
in Fig. 2, to frequency mndu-
late the three-tube deviable fre-
quency oscillator composed of a
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Television camera is positioned in open door of helicopter (left). Quarter-wave stub transmitting antenna extends below body when
airborne. Internal view of helicopter (right) shows arrangement of camera chain and adjunct equipment

Military Reconnaissance

404A and two type 5725 tubes.

The frequency of oscillation is
determined by the phase character-
istic of the feedback path. For
video voltages at syne-tip level, the
deviator oscillates at a frequency
of 29.17 me, while for video volt-

ages at white level the oscillator
frequency is 30.84 me.

Frequency deviation with video
input level is linear and a deviation
of 1.67 mc (30.84 fo 29.17 mc)
results in a total deviation of 10
me after tripling and doubling

Picture on 17-in. monitor was transmitted from airborne camera chain by uhf f-m
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in the succeeding stages of the
transmitter.

The d-c restorers set the fre-
quency for sync-tip level close to
one edge of the band and hold it
there for video signals having dif-
ferent average values. The video
voltages applied to the d-¢ restorers
are approximately 6 v p-p for good
restoration. Compensated attenu-
ators in the feeds to the modulator
tubes set the video signal level ap-
plied to the suppressor grids at 1 v.

The r-f voltage from the osecil-
lator’s plate circuit is fed to the
control grids of the two modulator
tubes through 45-deg phase-shift-
ing networks. As a result the plate
currents of these tubes are 90 deg
out of phase when operating at 30
me and the total plate current is
the vector sum of the individual
plate currents. This current devel-
ops a voltage at the grid of the
oscillator that is in phase with the
plate current of the modulator
tubes since the parallel-resonant
circuit connected to the grid of
oscillator is tuned to 30 me. Under
these conditions the circuit will
oscillate at 30 me.

Since video signals of equal am-
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FIG. 3—Transmitter exciter consists of local oscillator, mixer, thr:e amplifier stages and driver that provides 3-w to tripler stage

plitude and opposite polarity are
applied to the suppressor grids of
the modulators, the plate current
of one modulator may be increased
while that of the other modulator
decreases. Under these conditions,
the phase of the resultant plate cur-
rent and the phase of the voltage
applied to the oscillator grid
changes. To sustain oscillation,
the frequency adjusts itself so that
the required phase characteristic
is maintained. Thus, the amplitude
of the applied video signal controls
the frequency.

The 30-mc f-m signal is applied
to the exciter, at a level of 0.7 v
rms, through a 6AK6 buffer.

Exciter

The transmitter exciter and
iriver are shown in Fig. 3. The

local oscillator is a crystal-con-
trolled oscillator-doubler. Control
for 894-mc operation is provided by
a 59.5-mc series-mode crystal; L,
resonates the shunt capacitance of
the crystal while L. tunes the stray
circuit capacitance at 53.5 mc. The
double-tuned circuit consisting of
L, L, C, and stray capacitance is
sharply resonant at 119 mec. This
interstage coupling rejects un-
wanted oscillator harmonics and
provides higher gain than a single-
tuned circuit. Proper tuning of the
oscillator is indicated by a peak in
the grid current of the mixer.
The 30-me signal from the devi-
ator, with a maximum deviation
of 1.67 me, is applied to grid three
of the mixer. The sum of 30 mc
and 119 mc is produced at the grid
of V. by the T-coupled type double-

FIRST  SECOND +150V _9:/%4
R-F R-F L2
TANK TANK

§

FROM RECEIVING

ANTENNA = =
(894 MC) TO CRYSTAL

CUR METER
ALL

CAPACITANCES
IN L F

K=X1,000 .
w
@
6.3V A-C x
FROM CURRENT %
REGULATOR

FIG. 4—Double-tuned coaxial tanks provide selectivity for receiver
tuner. Unit provides 40 db rejection of image frequency

68

AMPLIFIER (45 MC) =

tuned interstage network com-
prised of L, C,, L, and R, along
with stray capacitance. Primary
and secondary tuning are provided
by L, and L, respectively, C, con-
trols the degree of coupling and
load resistor R, determines band-
width. DPlate current is supplied
through R, a 1,000-ohm resistor
with negligible r-f loading effect.

Interstage response is maximally
flat, with a 3-db bandwidth of 32
me. Similar interstage networks
are used at the outputs of the first
and second voltage amplifiers. The
T-coupled interstage network was
selected in preference to the pi-
coupled because the distribution of
stray coil capacitance in the former
yvields a higher gain-bandwidth
product.

The output circuit of the third

Transmitter (top) and sync generator (center) and mounted over
400-cps rotary inverter. Tube at right supports stub antenna
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FIG. 5—Simplified-sync generator used in airborne system and its output compared to commercially used sync signals

amplifier is of a different form
since it must be coupled through
the coaxial cable to the driver. The
circuit is double-tuned and consists
of L., a short length of RG-55/U,
L, L, C, and stray capacitance.
Capacitor C, acts as an impedance
step-up transformer with the in-
put capacitance of V, to transform
the low input resistance of V, to a
higher value across L.; L. and L,
are modified Mallory flat-spiral tun-
ing elements, the former control-
ing the coupling to L, and the latter
tuning the secondary circuit. The
RG-55/U cable affects both coup-
ling and tuning.

A signal level of 0.3 w drives the
grounded-grid driver stage to an
output of 3 w to feed the frequency
tripler which follows. The driver
operates class A with zero bias and
a plate current of 60 ma. The coup-
ling between V, and the tripler is
similar to that between V. and V..

A frequency tripler and doubler,
using grounded-grid 5876 pencil
triodes, raise the center frequency
to 894 me and increase the devia-
tion to 10 me. A 2C39A first power
amplifier delivers 6 w to the input
of the transmitter output stage,
another 2C39A. All coupling inter-
stage networks from the output of
the tripler through the antenna cir-
cuit are double-tuned pi-equiva-
lents with capacitance coupling,
transitionally coupled for a flat re-
sponse of 10 mc in each stage and
an overall response of 10 mc be-
tween 1-db points.

Output Stage

The 2C39A output stage is oper-
ated with a plate voltage of 900 v

and a plate current of 110 ma.. The
input drive of 6 w produces an out-
put power of 30 w across a 10-me
band into a 50-ohm antenna. The
input signal is applied through a
fixed tap on the center conductor of
a grid-cathode coaxial line. Tuning
of this circuit is accomplished by
a sliding shorting plunger with
spring finger contacts to both inner
and outer conductors.

The antenna coupling circuit is
double-tuned and transitionally
coupled; its primary is formed by
the grid-plate coaxial line, with an
adjustable shorting plunger. Coup-
ling is provided by an adjustable
capacitive probe inserted into the
plate line and by a short length of
RG-55/U. The secondary of the
double-tuned circuit comprises a
coaxial filter cavity with variable-
capacitance end loading for tuning
and a sliding contact connection to
the 50-ohm antenna line to control
loading.

The 30-w output from the filter
cavity is fed to the transmitting
antenna through several feet of
RG-9/U.

Receiver

As shown in Fig. 1, the super-
heterodyne receiver consists of two
passive tunable preselector stages,
a local oscillator and crystal mixer,
a low-noise i-f preamplifier, a high-
gain i-f amplifier of ten stages,
two cascaded limiters and an f-m
detector, The i-f center is 45 mc
and the overall bandwidth is 10 me
between the 1-db down points.
Video output for maximum trans-
mitter deviation is approximately
1.4 v into a 75-ohm load.
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The received signal at the an-
tenna is coupled to the receiver
tuner in Fig. 4 by low-loss RG-
17/U coaxial cable, 50 to 150 feet
in length. Selectivity ahead of the
1N21C mixer diode is provided by
a double-tuned coaxial circuit. The
antenna signal is coupled to the
first tank by a grounded loop,
which presents a 50-ohm load to the
coaxial cable.

Coupling between the two pre-
selector tanks is through a transi-
tional rectangular aperture with a
3-db bandwidth of 18 me, so as to
provide 40 db of rejection at the
image frequency, which is 90 me
above the signal frequency. The in-
sertion loss of the preselector is
about 0.5 db. Secondary loading is

furnished by the mixer diode
through a grounded loop.
The local oscillator is a sub-

miniature triode operated as a
grounded-plate Colpitts oscillator
with coaxial tuning, operating at
45 mc above the signal frequency.
Local oscillator drive to the crystal
is furnished by a grounded loop
and capacitance-T divider C, C., C.,
which permits adjustment of oscil-
lator injection without affecting
the tuning of the r-f tank. The in-
jection level is controlled by C, and
tuning of all three coaxial circuits
of the tuner is obtained through a
variable loading capacitance at one
end of each line.

I-F Amplifiers
The i-f preamplifier, also in Fig.
4, receives the 45-mc output of the
mixer by a plug-in coaxial fitting.
The first stage of the preamplifier
is a grounded-grid triode having a
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Closeup 'view of camera installation in helicopter shows camera control unit and

power supply at upper right; 60-cps inverter is at lower right

broadly resonant single-tuned in-
put circuit because of the low input
resistance of the grounded-grid
stage. This type of input stage was
selected so the constant loading on
the i-f side of the mixer diode
would minimize the interaction
with the tuning on the r-f side.

To preserve a good noise figure,
the input stage is followed by an
overcoupled double-tuned circuit
and a series amplifier composed of
two 417A tubes. The double-tuned
input network to the series ampli-
fier, L., L, L, and single-tuned
output L, comprise a flat triple
with a response 0.3 db down at 40
and 50 me and a 3-db bandwidth
of approximately 15.5 mec.

Single-tuned circuit L., between
the two sections of the-series am-
plifier is broadly resonant because
of the heavy loading by the
grounded-grid 417A. Neither this
circuit nor the one containing L
has a serious effect on overall pre-
amplifier response.

The preamplifier is followed by
the main i-f amplifier, limiters, and
a wide-band discriminator. All i-f
and limiter stages are inductive pi-
equivalent double-tuned circuits,
transitionally coupled, with an
overall response 0.3 db down at 40
and 50 mc. The response of the
entire receiver is 10 mc between
1-db points and is 25 db down at
adjacent channel centers.

The noise figure of the i-f pre-
amplifier is about 2.6 db and 8.5 to
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10 db for all ten channels of the en-
tire receiver, as measured at the
input connector.

Sync Generator

A block diagram of the airborne
sync generator is shown in Fig. 5.
By eliminating the equalizing
pulses and serrations in the verti-
cal sync pulse, relatively simple cir-
cuitry has been achieved. In all
other respects the syne, blanking,
and drive waveforms are identical
to the standard EIA signals used
for commercial tv broadcasting.

Under these conditions of opera-
tions, sync performance including
interlace has been good. Standard
EIA syne and the simplified sync
signal are illustrated.

Application

This airborne system, including
the simplified sync generator, was
used to supply video from the
camera pickup in the helicopter to
the NBC network for two Wi