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All new @ oscilloscope
~ $435%

DC to 200 KC coverage; automatic triggering,
minimum controls

Sweep speed range 1 psec/cm to 0.5 sec/cm;
x 5 sweep expansion all ranges; vernier

15 calibrated sweeps, 1-2-5 sequence

Avutomatic synchronizing on any intemal or

external voltage; also line voltage
nowis pus
High sensitivity, calibrated vertical amplifier

All power supplies regulated for
maximum stability

New -hp- 120A and -hp- 120AR {rack mount) oscilloscopes. Note space-saving 7" height of 120AR.

These totally new -hp- oscilloscopes are engineered to perform most
oscilloscope measurements more quickly, simply, dependably. Automatic
triggering means no adjustment over entire range. Yet automatic

trigger and base line can be cut out for bright, steady photography trace.

Sweep speeds vary from slow for mechanical or medical work to high for rapid
transients. High sensitivity permits working direct from transducers in many cases.
Vertical and horizontal amplifiers have identical band width for phase measure-
ments. Voltage regulation on all power supplies insures steady, drift-free traces.

These new instruments combine calibrated precision for lab work with
brute ruggedness for the production line; the rack-mounted 120AR
is ideal for fixed installations and test consoles.

Call your -hip- representative for full information and
demonstration, or write direct. Iast delivery!/

HEWLETT-PACKARD COMPANY

4621A PAGE MILL ROAD + PALO ALTO, CALIFORNIA, U.S.A,
4621 CABLE “HEWPACK" * DAVENPORT 5-4451

-hp- provides industry’s newest, most complete oscilloscope line




e!eCtroniCS engineering edition

A McGRAW-HILL PUBLICATION * VOL 31 ¢ NO.3 < JANUARY 17, 1958

H. W. MATEER, Publisher

W. W. MacDONALD, Editor

Managing  Editor, John M.
Carroll.

Feature Editor, John Markus.

Associate Editors: John M. Kinn,
Jr., Frank Leary, Michael F. To-
maino, Howard K. Janis, Sylvester
P. Carter, Haig A. Manoogian,
Roland J. Charest, Donald C.
Hoefler, Witliam P. O'Brien, George
Sideris, Edward Delongh, John F.
Mason, Barry Miller, E. A. Scutari,
William E. Bushor.

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 J.
Filippone, Arlene Schilp, Noreen
Hennessy, Phylis A. Cronin, Bor-
bara Habermann.

JAMES GIRDWOOD, Advertising
Sales Moanager. R. S. Quint, As-
sistant Advertising Sales Manager
and Buyer’s Guide Manager. Fred
Stewart, Promotion Monager.
Frank H. Ward, Business Manager.
George E. Pomeroy, Classified
Manager. Jean Heiges, Research.

New York: Donald H. Miller,
Henry M. Shaw, Martin J. Gallay,
Boston: Wm. S. Hodgkinson. Phil-
adelphia: Jomes T. Houptli. Chi-
cago: Bruce Winner, Walter M.
Luce. Cleveland: Warren H. Gard-
ner. San Francisco: T. H. Carmody,
R. C. Alcorn. Llos Angeles: Carl
W. Dysinger, D. A. McMillan.
Denver: J. Patten. Atlanta: M.
Miller. Dallas: Gordon L. Jones.
London: Herbert Lagler,

ISSUE AT A GLANCE

Crevasse Detector Blazes Glacial Trails.  Sled clectrodes, attached to vchicle,
contact icc-snow surface and sct up electrical ficld. Constant flow of
current is disrupted when vehicle approaches a hidden chasm.  Sce
P03 < yme - vmammis Fom i dir v oimm b PAA e <K b KB F T o e COVER
By H. P. Van Eckhardt

Transistorized Memory Monitors Earth Satellite.  Transistor-opcrated mag-
nctic memory digitally converts telemetered information into directly
usable output datac. gl e, eis fivi e se s lud ane s akd i b ) p 66
By C. S. Warren, W. G. Rumble and W. A. Helbig

Self-Sctting Gate Improves Synchro Link.  Simple circuit improves reliabil-
itv of 2 synchronizing link used in ionospheric pulse experiments. .p 71
Bv E. R. Schmerling

Highlight Equalizer Sharpens Tv Pictures. Equalizing only the highlight
portion of the vidco signal provides better signal-to-noise ratio and
mproved picture definition. . .covi i iiian sen i aiava i p 72
By Michael V. Sullivan

Matching Transistor-Diodes.  Variable resistor connected between collector
and Dbasc of an cmitter-to-basc diodc-transistor circuit matches by alter-
img ChABACHEHISHICS "o aivq o spmm mvie = Hm ¢ rafh B pas e bim K o 800 p 75
By Arthur Gill

B-H Tester Measures Memory Core Parameters.  Single-turn, 60-cps hys-
teresis-loop tester mcasures magnetic paramcters of small toroids used in
territe memory cores and high-speed magnetic amplifiers. ... .. p 76
By T. H. Boun, R. D. Torrey and F. Bemstein

Electronic Switch Doubles as Cathode Follower.  Basic two-way clectronic
switch mav be expanded to multi-way unit or reduced to precision
CathOACHEOHOVER oamiri e o1 5ab sl B a b i s ot b et ool e S PRt A 2 8 p 81
By R. Benjamin

Cathode-Ray Recorder Compares Transients.  Selccted portions of time
basc lincs of 12 display tubes, cach representing a different channel
ATERTELATE ] pi b et ot Lok | R o i o e o L M p 8+
By C. W. Hargens

CONTENTS CONTINUED ON NEXT PAGE



CONTENTS (continued)

Decade Decimal Counter Speeds Printed Readout.  Transfer-storage decimal
counter utilizes a basic circuit that stores one sample while a new onc
18] Deilg tae e R R T vs et hom e KA Lle & 2 W 8 e s p 88
By Roger W. Wolfe

Tropospheric Scatter System Design.  Charts aid estimation of system param-
cter for fm and ssb a-m frequency-division multiplex tropo scatter
SYSHEIIS, L N N ey g meras ar e it i P mas Brir e sl p 9
By L. P. Ych

T and = Network Design.  Smith chart speeds design of T and » matc hing
networks using lumped parameters. ................. L p 94
By H. F. Mathis

BUSINESS BRIEPS Sarfera®e.n oo h e Fo st B o svm i e 2ihn s o p 7
Illectronics Newsletter ........... 7 AEC Costs Rise $400 Million. .. .. 12
Figures of the Week. . ...... .. ... 7  Financial Roundup ... ... .. ... 14
Air Plan Means More Business. ... 8  Network Plans Rural Step-Up. .. .. 14
Washington Outlook . ....... 8 Reveals First Portable TV .. .. 16
Forces” Upkeep $20 \ll” l).nlv .. 12 Meetings Ahead ... L. 16
Military Electronics ............. 12 New Market in Weather?, .. .. .. 16
ELECTRONS AT WORK... .. ....... ... .. ... ... .. .. ..p 96
Number Reader Speeds Paper Cold-Cathode Tube Circuits....p 101
MO R A AE 20 1 S, p 96 By M. 11, Goosev
Trigger and Dclay Generators. ..p 96 New Stcel Magnetizes Easily. .. .p 108
By 1I. L. Armstrong Gold Mlcasures River Flow. ... .p 112
A-C Zcro Locator. ............ p 98

By L. Costrell

PRODUCTION TECHNIQUES ... ... ... ............... ... .. p 116
Ultrasonic Drill ... ... . ...p 116 Molded Printed Wiring Boards. .p 122
By N. K. Marshall Jig Dispenses Laminations. .. ...p 124
DESIGN TRENDS: Decades..p 116 pynels liold Taper-Pins. .. .. .. p 126
Magnesium Dip Brazing. ... .. .. P 118 Adhesive Foam Tape.......... p 127
By William ]. Graves
NEW PRODUCTS ....... ..o, p 128
NEW LITERATURE OF THE WEEK .. ......... ... .. ... ... p 140
PLANTS AND PEOPLE .............. .. ..................... p 144
NEWS OF REPS. ... ........................................ p 152
BEW BOOKS. S8 0 W e et 0 Mo he s Bt et s =l o5 p 153
FHUMBNAIL REVIEWS ... ... . ... p 154
COMMENT ., e it Bagit s gl Loy p 155
INDEX: TO ADVEREISERS. #0. 2o oo o Dl s ik et p 159

electronics

January 17, 1958 Vol. 31, No. 3

Published weekly, with alternating
engineering and business editions, and
with an additional issue in June. by
McGraw-Hill Publishing Company, Inc.,
James H. McGraw (1860-1948) Founder.

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

Longacre-4-3000. Publication Office 99-129
North Broadwav. Albany 1, N. Y. See
panel below for directions regarding sub-
scription on change of address. Donald C.
McGraw, President; Joseph A. Gerardi,
Executive Vice President: L. Keith Good-
rich, Vice President and Treasurer: John
J. Cooke, Secretary; Nelson Bond. Execu-
tive Vice President, Publications Division;
Ralph B. Smith, Vice President and
Editorial Director; Joseph H. Allen. Vice
President and Director of Advertising
Sales; A. R. Venezian, Vice President
and Circulation Coordinator.

Single copies $1.00 for Engineering
Edition and 30¢ for Business Edition
in United States and possessions. and
Canada: $2.00 and $1.00 for all other
foreign countries. Buvers’ Guide $3.00.
Subscription rates-—U'nited States and
possessions, 86.00 a vear; $9.00 for two
years. Canada, 210.00 a year. %16 for
two years. All other countries $20.00 a
year, $30.00 for two vears. Three year
rates accepted on renewals onlv, are
double the one-vear rate. Second cluss
mail privileges authorized at Albany,
N. Y. Printed in US.A. Copyright 1958
by McGraw-Hill Publishing Co.. Tne.—
All Rights Rescrved. Tille recisiered in
U. S. Patent Office. BRANCI OFFICES:
520 North Michigan Avenue, Chicago 11;
68 Post Street, San Francisco 4; McGraw-
Hill House, London E. (.. 4: National
Press Bldg.. Washington, D. C. 1; Archi-
tects Bldg., 17th & Sansom Sts., Phila-
delphia 3; 1111 Henry W. Oliver Bldg.,
Pinshurgh 22; 1510 Hanna Bldg., Cleve-
land 15; 856 Penobscot Bldga.. Detroit 26:
3615 Olive St., St. Louis 8; 350 Park
Square Bldg., Boston 16; 1321 Rhodes
Haverty Bldg.. Atlanta 3; 1125 West
Sixth St., Los Angeles 17; 1710 Broad-
way, Denver 2. ELECTRONICS is in-
dexed regularly in The Engineering
Index,

Subscriptions: Address correspondence te
Subscription Manager, Electronics, 330 W
12nd St.. New York 36. N. Y. Allow one
manth for changes of address, stating eld
as well as new address. Subscriptions are
solicited only from persons engaged in
theory, research, design, production, main.
tenance and use of electronic and industrial
control components, parts and products.
Position and company connection must be
indicated on subscription orders.

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

i

Member ABC and ABP

CIRCLE 1 READERS SERVICE CARD —)



X
INDUCTIVE

+500

2Kc

~400
+300 5Ke
+200

+100

10Kc

20Kc +
POSITIVE RESISTANGE .- P

jm WO
1 INITIAL BAL
- AR

ey F g BRlDﬂ:ﬂ_w‘
wde = -

L4

= NEGATIVE RESISTANCE
R 290 500 400 30 200 100 100 200 300 400 5CO
$00c ~100 :
200 o
) o :
--30 TR
Impedance of Feedback Circuit . .. -400
itlustrates ability of the Z-Y Bridge to 200¢
measure any impedance; quadrature -500
components may be positive or nega-
tive, real or imaginary. CAPAC | TlVE
X

Measures
Any Impedance...

... From O to OO ohms
. . . Positive or Negative
. .. At Any Phase Angle
... Over 20-cps to 20-kc Range

The General Radio Z-Y Bridge measures impedances from short circuit
to open circuit, at small or large phase angle. Quadrature components,
R & X or G & B, are measured directly at calibrated 100¢, 1-kc, and 10-kc
bridge positions. Basic accuracy is 1% over most of this range.

The ability to measure impedances of any magnitude accurately with one
instrument is an extremely valuable asset in many measurement situations.
The Z-Y Bridge can be used for measuring conductivity of liquids in dielec-
tric cells as readily as it can be used for R-L-C component measurements in
the laboratory or production-test department. It will measure open- and
short-circuit transformer parameters . . . impedances of batteries and elec-
trolytic capacitors . . . characteristics of audio-transmission networks . . .
impedance of electro-acoustic transducers . . . Q and resonant frequency
of chokes . . . and impedances of feedback loops, since negative real par-
ameters can be directly measured.

The Bridge also can be used to determine cable-fault locations and
circular-arc plots of liquids or solids having lossy polarizations in the audio-
frequency range. These are but a few of the countless applications for this
unique and versatile device. You name it — this Z-Y Bridge can probably

measure it. CGENERAL RADlO company

275 Massachusetts Avenue, Cambridge 39, Mass., U.S.A,
Broad Avenue at Linden, Ridgelield, N. ). NEW YORK AREA
8055 13th St. Silver Spring, Md. WASHINGTON, D. C.
1182 Los Altos Ave., Los Altos, Calif. SAN FRANCISCO
In CANADA: 99 Floral Parkway, TORONTO 15

1000 N. Seward St. LOS ANGELES 38
1150 York Road, Abington, Pa. PHILADELPHIA
6605 W. North Ave., Oak Park, Ill. CHICAGO

=Ry Xy
T
2 A

Impedance and Admittance Range
R: +21000 ohms G: 21000 pmhos
X: 1000 ohms B: +1000 gmhos

Accuracy
Ror G: 2(1% + (2 chm or 2 umho) )}
Xor B: (1% + (2f, ohm or 2f pmho) )
f f,
f is operating frequency, f, is frequency set-
ting of panel selector switch

Impedances of less than 1002 (aor 100
umhos) canbe measured o1 “‘Initial Balance™
dials with considerably greater accuracy —

R or G: (19 + (0.2 ohm or 0.2 umha) }
XorB: £(1% + (0.2f, ohm or OA2f_pmho))
f f,
Frequency Range — 20 cycles to 20 kc

Maximum Applied Voltage
130 volts, rms on bridge:
less than 32v on unknown

Accessories Recommended
Type 1210-B Unit R-C Oscillator and
Type 1212-A Unit Null Detectar

Accessories Supplied
2 Shielded Cables for generator and detector

Dimensions — 12%" x 13" x 81"
Net Weight — 21Y |bs.
Type 1603 -A Z-Y Bridge

)‘ All G-R Products

are now covered by a

2- Year Warranty

$370



AN IMPORTANT CHANGE
IS INITIATED

TO FULFILL YOUR NEEDS

(A policy statement by H. W. Mateer, Publisher
of electronics)

Many factors are significant in understand-
ing why electronics is further augmenting its
service to provide alternate Engineering and
Business Editions in a weekly publishing cycle.

It is not possible to separate the interests of
Engineering, Production and Management peo-

ple engaged in electronics. This is probably a

unique characteristic of our industry. We have
been saying for years that management is de-
rived from engineering, is part of engineering,
and thus reads the technical material published
by electronics. Conversely, we knew back in
1952 that you, our readers, were becoming
business-information minded.

To fill your need for topical, non-technical,
interpreted business information, a department
was conceived for electronics in February 1952
titted “Industry Report”.

In January 1957 this coverage of business
information was further expanded by publish-
ing two Business Editions each month plus the
regular Engineering Edition, which continued to
contain commercial and marketing information.

Over the past year the usefulness of the
Business Editions has been carefully measured.
The editorial value of readership has been
tested by every means at our disposal: READEX
Reader Interest Scores; McGraw-Hill Reader
Traffic Studies; extensive personal interviews in
the field; special direct mail projects by the
McGraw-Hill Research Department; and the

Editor’s continuing polling of his readers—and
all this accumulated evidence points to a single
conclusion: you need this Business Edition pub-
lished every other week.

This research also established that your re-
quirements now call for an increase in the fre-
quency of receiving technical material.

To aid you in keeping abreast of technical
news as well as non-technical news in a rap-
idly expanding and fast moving industry,
electronics editorial output will be enlarged
by the publication of technical material every
two weeks instead of monthly.

The electronics Buyers’ Guide, published in
mid-June, continues to provide the number one
market place for condensed catalog-type in-
formation on products and services. After sev-
enteen years of continuous publishing, the
Buyers’ Guide enjoys a reputation second to
none as the prime information source for prod-
ucts, materials and services in this market.

electronics has maintained leadership
through 27 years of industry growth, and in
1958 both readers and advertisers will find
added strength in the publication that con-
tinues to reflect community interests throughout
the electronics industry—whether in engineer-
ing, production or management.

Because we, at electronics, want to serve
you best . . . we would appreciate any com-
ments you may have about our new weekly
publishing plan.

RO WMaTei

electronics

is now published weekly

January 17, 1958 — ELECTRONICS engineering edition



a completely
new kind
of regulator!

ACTUALLY THREE REGULATORS IN
ONE—-PLUS MULTIPLE SENSING!

The APR 1010 combines many new regulation and sens-
ing systems in one versatile package. Here's flexibility of
operation never before possible . . . saves space, elimi-
nates instrument duplication, means greater economy in
engineering operations.

e RMS VOLTAGE REGULATION

e AVERAGE REGULATION

e PEAK REGULATION

e FIVE PRINCIPAL SENSING ARRANGEMENTS
1. INTERNAL 2. EXTERNAL 3. REMOTE 4. CONSTANT CURRENT 5. DC

ELECTRICAL CHARACTERISTICS: .
input  95-130 VAC, 10 (50 or 60 cps *=10%)
Output 115 VAC, adj. 110-120V
Regulation #+0.1% against line

accuracy +0.1% against load
(RMS, average,

or peak, switch
selected)
Distortion 3% max.
Lload  0-T1000VA
P.F. range Unity to 0.7 lagging
Recovery time 0.1 sec.

Write for complete technical data.

N 0 PR T AT,

SORENSEN & COMPANY, INC. STAMFORD » CONN,

®

In Europe, contact Sorensen-Ardag, Eichstrasse 29, Zurich, Switzerland, for all products including 50 cycle, 220 volt equipment.
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PICTURE OF PROGRESS
in PNP SILICON transistor performance

SATURATION VOLTAGE IMPROVEMENT

BETA — Je IMPROVEMENT
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N
25 v 1.0 T~
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Collector-Emitter Voltage Emitter Current — mA

Unretouched Oscillograms of Collector Characteristics of Typical 2N327

al, = ImA al, = 1mA al, = 0.2mA al, = 0.1mA v

These ‘“‘pictures'’ are worth a thousand words as evidence of
higher, more constant beta
lower saturation voltage

the result of Raytheon processing advances.

’lﬁ—' OTHER ADVANTAGES
M« the JETEC 30 package

I;ptual | » 0.200” pin circle dia. —ideal for printed
L | circuits
| RAYTHEON NEW HIGH TEMPERATURE SILICON TRANSISTORS « minus 65°C to plus 160°C
[ Reverse Current at—20V* B Coll Noi Collector | Alpha F . — i
moe | colecor | b | Bota | Resitoce | Renmance | Rure | Cobsy | "o o AP K
sA uA chms kilohms | db(max.) puf KC - lowest noise figure
2N327A 0.005 0.005 14 1200 500 30 65 200 « made by the Raytheon Fusion.A"oy
2N328A | 0005 | 0.005 | 25 | 1400 | 500 | 30 | 65 | 300 process which assures extreme relia-
bility (less than one open in 800,000
2N329A 0.005 | 0.005 | 50 1500 500 30 65 400 hours during 20,000,000 hours of life
2N330A 0.005 | 0.005 | 18 1300 500 15 65 250 tests)
*at 25°C

NEHTON, MASS. 55 Chapel St. . Blgelow 4-7500
NEW YORK: 589 Fifth Ave. . PLaza 9-3900
CHiCABO: 9501 Grand Ave., Franklin Park « NAtional 5-6130
LOS ANGELES: 5236 Santa Monica Blvd. « NOrmandy 5-4221

SEMICONDUCTOR DIVISION

Silicon and Germanium Diodes and Transistors « Silicon Rectifiers
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BUSINESS BRIEFS

ELECTRONICS NEWSLETTER

® NEW SUBMARINE priority over aircraft carrier
spclls a big new militarv electronic market: nuclecar
power controls, missile guidance systems and even
underwater television.  It's believed that the Navy’s
Polaris is designed to be launched from below the
ocean’s surface with the aid of an underwater tv
system.

Such a system will probably cousist of a light-
weight underwater camcra cnclosure that could
operate at 1,200 ft depth with lens control. It
would also include a pan-and-tilt mechanism oper-
ated from a control panel inside the submarine.

® Pentagon decision to push development of
atomic plancs also means more spending for elec-
tronics and big problems for our industry to solve.
Design of specific electronic equipment for atomic
plancs has awaited the Defense Departmnent deci-
sion on the type or types of planes to be built
(Erectronics, Dec. 10, 1957 business edition).

Trick is to build components that will withstand
radiation for a usable period, or components whose
values change to a known and compensable degree
under radiation. Transistors, for example, have
sometimes been found to have fluctuating electrical
characteristics after they have been exposed to
nuclear radiation.

Simplest kind of maintenance will probably re-
quire three-dimensional tv, perhaps in color, and
remote-controlled micromanipulation apparatus.

® Miscellancous: Northrup Aircraft got an AT let-
ter of intent last month for production of more than
S70 million worth of Snark SM-62 intercontinental
guided missiles and related equipment.  Previous
Snark contract, last summer, was for $73 million. . .
Mcanwhile, 105 Air Force “missileairmen” have
completed a Northrop instructional program and
are being integrated into SAC’s Snark-cquipped first
intcrcontinental guided missile squadron.

. JULY AUGUST SEPT OCT NOV

ELECTRONICS PRODUCTION
INDEX

RECEIVER PRODUCTION

{Source: EIA} Dec. 20, '57 Dec. 13, °57 Dec. 21, '56
Television sets, totai ........ 96,647 116,296 98,357
Radio sets, total ........... 308,840 373,322 335,011

Auto sets .......... T 97,119 118,284 197,019

STOCK PRICE AVERAGES

(Source: Standard & Poor's Dec. 31, '57 Dec. 24, '57 Jan. 2, '57
Radio-tv & electronics a0 5228 50.16 52.41
Radio broadcasters .......... 51.77 51.22 65.55

Totals for first 10 months

1957 1956 Percent Change
Receiving tube sales .... 388,738,000 390,357,000 —0.4
Transistor production ... 22,386,300 9,403,000 --138.1
Cathode-ray tube salés 8,304,181 9,233,780 —10.1
Telavision set production. 5,251.153 6,050,052 —13.2
Radio set production ... 11,945,534 10,884,760 +9.7

ELECTRONICS engineering edition — January 17, 1958

WEEKLY UNITS

DECEMBER
RECEIVER PRODUCTION

EMPLOYMENT AND PAYROLLS

{Source: Bur. Labor Statistics) Aug. 57 July ‘57 Aug. ‘56

Prod. workers, comm. equip. 409,800-p 393,700-r 392,300
Av, wkly. earnings, comm. $77.81 -p $75.85 -r $75.76
Av. wkly. earnings, radio $75.81 -p $75.24 -r $73.75
Av. wkly. hours, comm. .. 399 -p 39.1 -r 40.3
Av, wkly, hours, radio ... 399 -p 39.6 -r 40.3

TRANSISTOR SALES

(Source: EIA) Oct. '57 Sept. ‘57 Oct. ‘56
Unit sales ............... 3,544,000 3,231,000 1,290,000
Value ... ..., $7,075,000 $6,993,000 $3,930,000

TUBE SALES

(Source: EIA) Oct. ‘57 Sept. ‘57 Oct. ‘56
Receiving tubes, units ... ... 47,075,000 44,382,000 42,921,000
Receiving tubes, value .. .... $38,421,000 $35,545,000 $34,362,000
Picture tubes, units .. ..... 995,629 1,071,662 1,165,740
Picture tubes, value . ... ... $19,495,574 $20,819,036 $21,117,261
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Air Plan Means
More Business

A wmurtiminLioN dollar air trafhe
control svstem which can store,
process and present on demand
complete positional information on
all aircraft in a given area will pro-
vide R&D companics and clec-
tronic cquipment manufacturers
with still another outlet for their
wares in 1958,

Basic systemn design calls for four
clectronic clements: data proces-
sing and display, communications,
navigation, and data acquisition
equipment. Ounly airborne equip-
ment required is a conventional
two-wav radio.

First portion of the svstem put
up for grabs by thc government’s
Airwavs  Modernization  Board,
which is responsible for the pro-
gram, was the data processing and
display clement. This device will
serve as a central computer to re-
ceive mformation from other cle-
ments of the system and automatic-
ally sclect proper departure time,
route, altitude and arrival time for
each aircraft while constantlv up-
dating radar information.

No less than 31 companies and
institutions, cither individuallv or
as combines, submitted proposals
to ANMB on the clement. Early this
month, AMB chairman . R.
Quesada announced that Genceral
Precision Laboratory, subsidiary of
General Precision Equipment Cor-
poration, was selected for the in-
itial  prime contract necgotiation.
Subcontractors associated with GPL
are Link Aviation and Librascope,
also subsidiaries of GPE, and Pas-
ker Instrument.

It is anticipated that the fust
data processing and  display  cle-
ments will be installed at Idlewild,
LaGuardia and Newark airports and
at adjacent nulitary air bases by
January 1959. Other similar geo-
graphic divisions will ultimately be
cstablished with a high-specd digi-
tal transmission system intercon-
necting cach central computing sta-
tion.

The AMB has launched a five-
vear program aimed at providing a
significant  operational  improve-
ment in the safetv and trafhic han-
dling capacitv by January 1963.

8

WASHINGTON OUTLOOK

Tue Justice Drpr’s Anti-Trust division is investigating Pentagon
policy on providing production equipment and facilitics to military
contractors and subs. The purpose: to determine whether the policy
“tends to eliminate competition, create or strengthen monopoly, injure
small business or otherwise promote unduc concentration of cconomic
power.”

For military clectronics suppliers—almost all of whom produce with
some military-owned facilitics—Justice’s new  investigation puts the
spotlight on a controversv which has long troubled Congress, industry
and ofhcials in government.

The anti-trust mmvestigation will concentrate on these problems:

1. The alleged tendency of major prime contractors to sct up new
production facilitics—with government funds—despite existing facilities
which are already available and idle in subcontractors’ private shops.

This is a particular gripe of clectronic supplicrs to somce airframe
producers.

2. The use of government production gear for nondefense work.

There is an overall ban on such usc but the government rules pro-
vide many loopholes. Since the ban went into effect four years ago,
ODM has okaved 103 cases for civilian use of government tools—
including many in clectronics.  And officials worry about the number
of instances where this is done without the government’s knowledge.

The competitive advantage to a producer making electronic parts
or cquipment using government cquipment at a relatively low rental
rate over one who must usc privatcly financed capacity is obvious.

3. The lack of uniformity in tool leasing policies up to now.

Military procurement officers have allowed tool rentals under a wide
range of contracts with different tvpes of provisions of terms, purchase
options, installation charges, maintenance and the like.

Because of these variations in leasing arrangements, it has been
possible for one producer 4o have a competitive advantage over another
—particularly in cases where major contractors have been allowed a
pricc offset oun the end-item rather than a cash rental payment. A
recent Office of Defense Mobilization directive scts up uniform rental
rates—ranging from 1 percent to 23 percent of the equipment’s acquisi-
tion cost, depending on its age—and lcasing rules, which theorctically
should correct the situation. But some officials gramble about foot-
dragging by the nulitary in putting the new rules into effect.

® Justice’s investigation—the trust-busters prefer the term “survey”
—is being made under the provision of the Defense Production
Act of 1950 requiring quarterly reports to Congress on the law’s
possible impact on anti-trust procedures. The Defense Production
Act is the basic law giving the President power to mobilize U.S.
industrial capacitv for defense preparedness. It includes authority
for expansion of production facilities through federal incentives,
priorities and allocations, and the like.

® In Fcbruary, the Attorney General will report his findings to
Congress—plus recommendations, if necessary, on how to elimi-
nate anti-trust implications from the program.
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Lambda power supplies

have varied uses in the

North Carolina Works of the
Western Electric Company.
This representative installation
includes among its components
eight Lambda Com-Pak

power supplies.

Western Electric uses standard

Lambda supplies to power defense system tests

NEw COM-PAK® POWER SUPPLIES SAVE VALUABLE PANEL SPACE
Models through 1.5 amperes
Three voltage ranges: 0-200, 125-325, 325-525 VDC

C-200 series— 200 MA-5%" panel height—from $159.50
C-400 series— 400 MA—5%" panel height—from 244.50
C-800 series— 800 MA—7” panel height—from 315.00
C-1500 series—1500 MA—8%"” panel height—from 550.00

Lambda power supplies provide Western Electric Com-
pany with power for testing components of the United
States continental air defense system.

These are standard Lambda models, supplied from
stock, with front-panel modifications only.

Available for immediate delivery, Lambda power sup-
plies from stock also are being used in major rocket and
missile programs.

Your request will bring the current Lambda catalog by
return mail. It covers the complete new space-saving Com-
Pak series, as well as other rack, bench and portable models,
for all needs through 1.5 amperes.

A LAMBIDA Electronics Corp.

11-11 131 STREET o
INDEPENDENCE 1-8500

COLLEGE POINT 56, NEW YORK

Cable Address: Lambdatron, New York

CIRCLE 4 READER5 SERVICE CARD



You have no
size barrier

with ARNOLD
MOLYBDENUM

PERMALLOY
POWDER CORES

Starting wich the smallest up to the largest, Arnold leads
the way in offering you a full range of Molybdenum
Permalloy Powder cores for greater design flexibility . . .
from 0.500” O.D. t0 5.218" O.D.

As long ago as 1953 Arnold pioneered and developed
for production use the small “Cheerio” core illustrated
above. Today, hundreds of thousands of Arnold ““‘Cheerio”’
cores are filling the requirement for miniaturization in
circuit design in industrial and military applications. And
even smaller sizes are now under development at the
Arnold Engineering Company.

Arnold also is the exclusive producer of the largest 125
Mu core commercially available. A huge 2,000 ton press

For more information write for

Lists complete line of Mo-Permalloy Powder
cores . . . available in 23 sizes from 0.500”” O.D.
to 5.218” O.D. Furnished also with Various types

of temperature stability from Type “A” un- M
stabilized to Type W' stabilized over the tem-

perature range of —65° F to +185° F. "a:‘-“
ADDRESS DEPT, E-81
e
10 CIRCLE 5 READERS SERVICE CARD

z Bosfol.l."49 Wulﬂiam §9., Lexington

4 i gt

is required for its manufacture and insures its uniform
physical and magnetic properties. This big core is also
offered in the other three standard permeabilities of 60,
26 and 14 Mu

Mos: core sizes can be furnished with a controlled
temperature coefficient of inductance in the range of 30° F
to 130° F. Many can be supplied temperature stabilized
over the wide range covered by the MIL-T-27 specification
of -55° C to +85° C . . . another of the special features
only Arnold provides. ® Let us handle all your magnetic
materials requirements from the most extensive line in the
indusrry: Powder cores, tape cores, cast or sintered Alnico
permanent magnets, and special magnetic materials.

WSW 69351

RNOLD |NGINEERING (JOMPANY

Bulletin PC-104B 'I‘i.l_E- A

Mam O_f‘;fice: & Plant: Marengo, lllinois

iepum Pacific Division Plant: 641 East 61st Street, Los Angelas, Calif.

District Sales Offices:
Los Angeles: 3450 Wilshire 8ivd.
New Yorks 350 Fifth Ave. Washington, D.C.: 1001-15th St., N.W.

s & = T bl R |
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The new subminiature Burnell Adjustoroids® utilizing an ingenious pat-
ented method of magnetic biasing cover a wide range of frequencies,
occupy less space and are available at low cost.

New Burnell Adjustoroids possess in addition to all the outstanding
characteristics of non-adjustable toroids:

Precise continuous adjustment of inductance over a 10% range.

No need for external control current.

Hermetic sealing to meet Government MIL E # 15305-A specifications.

if your ddjustowld needs can't be met from our stock catalogue, we'll be

g to acture to you ns.

Length/ Mox L

Dia. Width Hgt. Wt. Useful Freq. Range Max Q in hys

AT0 1% | 77 | 2oz |Tkcto 20ke | 10ke | 3 hys

AT | V3% (13 [1Va' | 7Vaoz| 2kgto10ke | 4ke | 15hys

AT- 24?_23/4 2% g‘@;lﬁ oz | Below 25ke | 2.5ke | 125 hys

AT-4 1"44“ Wa' 40z | 1keto16ke 6 kc_ 15 hys

NENAEN 17 | 20z | 10kcto100ke | 30ke | .75hys

AT-10 1'% |1V 4oz |3kcto50kc | 20ke | .75 hys

AT1T %%, %% | 34" | .83 oz "2 ke to 25 ke 15 ke 5 hys

AT-12 4%, 4/6. | 34" 830z | 15kcto 150 ke | 60 ke Shys

AT15 |13, [178” 4oz | Below 5ke dke | 125hys

AF-51 } l"’“| | 2" 50z | 30 cps to 500 cps 120 cp  cps. | 7000 hys

AF- =52 V% _L 2" 50z | 50¢cpstol ke 250 cps. 710&0 hys

AF-87 ;_‘5 /“ | 'l‘/4“ 1.7 0z | 90 cps to 2ke | 400 <ps | 80 hys

AF-88 11/4” 1.70z | 1.6 ke to 4 ke 800 cps 42 hys

first in toroids, filters and related networks
EASTERN DIVISION “Ut(« PACIFIC DIVISION
10 PELHAM PARKWAY [Q‘ 720 MISSION STREET
PELHAM MANOR, N. Y. —. SOUTH PASADENA, CAL{FORNIA
PELHAM 8-5000 \ 7 RYAN 1-2841
TELETYPE: PELHAM 3633 >y TELETYPE: PASACAL 7578
DEPT. E-1
1958 CIRCLE 6 READERS SERVICE CARD



Forces' Upkeep
$20 Million Daily

Tr1s couNtrY’s armed forces now
spend $20 million daily to maintain
clectronic cquipment.

Disclosure of this figure was a
highlight of the EIA-sponsored
Electronic  Equipment  Maintain-
ability Session held a short while
ago at the University of Southern
California.

Another pomt made by several
speakers: the maintainabihity factor
must be kept constantly in mind so
provisions for mamtcnance can be
mncorporated in the design without
adding greatly to cost or detracting
from performance of the gear.

R. M. Ranftl of [Tughes Aircraft,
speaking on “Designed Maintain-
ability,” suggested locating cquip-
ment in central racks within the air-
frame for casy accessibility; placing
companion picces adjacent to cach
other with all front panels facing
out; standardization and use of
modular construction; clear identi-
fication of all. equipment.

EIA’s Military Equipment Pancl
outlined a 14-point progiam for de-
signers to mmpirove maintainability.
In bricf, they arc:

1. Spell out all environmental
and operational hazards  Dbeforc
choosing comnponents. 2. I'ind out
what conditions cvery component
must withstand. 3. Choose com-
ponents that mcet acepted  per-
formance standards.

4. Choosc parts that mcet all
circuit needs . . . note their limi-
tations, too. 5. Check with the
maker to scc if cach part will work
in its spot. 6. Derate capacitors
and resistors for heat using EIA or
JAN-MIL factors.

7. Compensate for known com-
ponent lLimitations. 8. Build in
safety factors to meet variable con-
ditions. 9. Usc fuscs, meters, cte.,
to protect cquipment in casc of
accident.  10. Place parts to kecp
temperature as low as possible.

11. Make components casily ac-
cessible. 12. Add  blowers  if
nceded to keep heat down. 13. Add
morc <clectrical insulation wherever
needed. 14. Check circuit opcra-
tion with clectron tubes chosen at
random.

12

MILITARY ELECTRONICS

¢ Progress in inertial guidance
svstems is chimimating  the nced
for auxiliary systems detectable by
the enemy in several ballistic and
guided missiles. USAT is dropping
the radio command system from
IRBM Thor and using A. C. Spark
Plug’s purc inertial system.

If Arma’s all-inertial systemn for
the ICBM Titan proves sufficiently
rcliable, it is conceivable that the
radio command system will  be
dropped from Titan.

A.C. Spark Plug is currently
working on all-inertial systems for
both  Navy’s Regulus II  aud
USAI’s Matador.

ICBM Atlas is still operating
with radio command to date.

e While Armyv’s Jupiter waus
making its public appcarance at
Chicago’s Auto Show, Chrysler got
a $30 milhon production contract
for the missile.

Jupiter “C”, not to be confused
with Jupiter, 1s Dasically a Red-

stone modificd to provide longer
range, higher  velocity and  was
made to test Jupiter components.
The “C”, in multistage form, will
launch Army satellite.

e CAA has awarded a $4,691,-
000 contract to Texas Instruments
for airport survcillance radar sys-
tems to be installed at 14 sites.

The systems will have built-in
circular polarization, improved mov-
ing target indicator.

® The roll stabilization and high
capacity automatic stecring svstems
made by Sperry and used on the
USS Compass Island, experimental
launching ship for Polaris, “arc con-
sidered to Dbe production  quality
rather than experimental,”  says
ship’s captain Cdr. James Darc.

“The stecring systems have fast
rudder drive with improved angle
and rate sensing deviees,”  Darc
said. “Time to put rudder from 35
degrees right to 35 degrees left at
20 kuots is 12 scconds.”

AEC Costs Up $400 Million

COST OF AEC OPERATIONS,TOTAL: $ 2 BILLION (FIscAL YEAR 1957)

PRODUCTION OF
NUCLEAR MATERIALS

$ 788 MILLION

SOURCE
MATERIALS

$ 402 MILLION

WEAPONS
DEVELOPMENT
AND MANUFACTURE

$ 337 MILLION

RESEARCH IN CHEMISTRY,

METALLURGY AND

/’PHYSICS
$ 59 MILLION

=

RESEARCH IN
MEDICINE AND
BIOLOGY

$ 33 MILLION

ALL OTHER
T § 73 MILLION

\ FEACTER

DEVELOPMENT
$ 276 MILLION

Materials production, reactors, weapons take bigger shares

It cost $2 BILLION to opcrate the
Atomic Encrgy Commission in fis-
cal year 1957. This is $400 million
higher than fiscal 1956, double
1954 and almost five times the
AEC outlay in fiscal 1950.

While AEC docs not outline

total instrumentation costs in its
unclassificd financial reports, it
probably bought over $12 million
in clectronics.

A previous studv showed AEC
and its contractors spent about 0.6
percent of the total budget on in-
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KIN TEL's true differential DC amplifier...

ISOLATED FLOATING OUTPUT

completely isolates input from output!

AMPLIFY MICROVOLT-LEVEL DATA SIGNALS

New transistorized differential DC amplifiers provide ex-

tremely high common-mode rejection, very low drift, high
output capability, and excellent stability and linearity...

all unaffected by load or gain changes. Ideal for thermo-

couple amplification, they eliminate ground loop problems;;
allow the use of a common transducer power supply; per-
mit longer cable runs; drive grounded, ungrounded or bal-
anced loads, and can be used inverting or non-inverting.
The 114A is the perfect instrumentation amplifier.

[ —
BRIEF SPECIFICATIONS ~ I14A DIFFERENTIAL DC AMPLIFIER

| m 120 db common-mode rejection from DC to 60 cps.
1 a Gain of 10 to 1000 in 5 steps, continuous variation between steps.

® Gain accuracy 1.0% DC 10 cps, 3% to 30 cps,
3 db down at 120 cps.

® DC gain stability and linearity 0.1%.
® <5 uv noise; <5 pv drift at gain of 100 or above.
® Maximum output capability 10V at 10 MA.

® 100 K ochm input, <1 chm cutput Z (min. Icad
res. 20 chms, max. load cap. 1.0 uf).

|
|
!
|
!
|
!
!
|
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|
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Six KIN TEL amplifiers in compact 19” rack mountable module.
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“ Write today for demonstration or literature.

STANDARD WIDEBAND DC AMPLIFIERS can be used single-
ended or for floating input applications. An operational
version permits the user to employ his own feedback net-
works to limit bandwidth, generate transfer functions,
obtain specific gains and perform integrations. Specifica-
tions for the 111 series, Wideband DC Amplifiers include:
<2 pv drift; <5 pv noise. =35 V, =40 MA output. 100 K
ohm input, 1 ohm output Z; 1.0 uf allowable output cable
capacity. 0 to 1000 gain in ten steps, with continuous
1 to 2 times variation of each step. Gain accuracy (freq.
response) +=1.0% DC to 2 KC, <3 db down at 40 KC.

ALL KIN TEL DC AMPLIFIERS feature integral power sup-
plies, convenient plug-in mounting and KIN TEL's proven
chopper feedback amplifier circuitry for unsurpassed
stability, accuracy and reliability. They have accumu-
lated over 500 years of operating time, and in one instal-
lation alone have logged over a million hours of trouble-
free operation. Records like this are the result of strin-
gent quality controls, thorough testing and calibration,
and years of experience in the design and manufacture
of thousands of chopper stabilized DC amplifiers.

FOR GREATER ACCURACY, SIMPLICITY, RELIABILITY, and the
elimination of carrier system balance problems, replace
complex carrier systems with a KIN TEL packaged “plug-
in” DC instrumentation system — complete from input
transducer to output device.

Over 10,000 KIN TEL instruments in use foday!

A Division of Cohu Electronics Inc,

Representatives in all major cities.

5725 Kearny Villa Road, San Diego 11,
California, Phone: BRowning 7-6700.

CIRCLE 7 REAPERS SERVICE CARD 13



struments during 1950-5+. Dollar
value of instruments increased
vearly from $2.4 million to $6 mil-
lion by 1954.

Expenses for nuclear materials
and weapons took most of the
budget again in 1957, But reactors

un Lo AEC RAD EXPENDITURES
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AEC spends more on aircraft reactor

R&D

R&D was stepped up 62 percent,
from $170 miilion in 1956 to $276
willion in 1957.

Biggest reactor outlays were for
devclopment of experimental power
reactors, 557 million, up $11 mil-
lion; naval propulsion, $100 mil-
lion, up $51 million, and aircraft
propulsion, S87 million, up $35
million.

Propulsion rcactors arc¢ con-

CONSTRUCTION OF NUCLEAR PROPULSION REACTORS
30

Sp— = — o S
ARCRAFT T
-~ | REACTORS—
Fi8. 81 52 53 ECET) 56 s

YELR
SOURCE : AEC

Building of aircraft reactors is hardly
off the ground.

sidercd the most fruitful market for
reactor instrumentation. The Navy
1s converting to nuclear ships, con-
tracts for a merchant ship have
been let and the nuclear aircraft
and nussiles programs are gaining
nceded support.

The accompanying charts show
that AEC is spending more on air-
craft reactor R&D than it ever
spent on naval rcactors. The total
of $100 million for naval reactors
includes a charge of $20.5 million
for retirement of the obsolete Sca-
wolf prototype.

Nuclear weapons devclopment,
manufacturing, testing and mainte-
nance costs incrcased from $281
million in 1956 to $337 million in

1957.
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FINANCIAL ROUNDUP

o Securitics and Exchange Com-
mission’s latest quarterly report of
planned capital expenditures shows
slight tncrease in contrast to pat-
tern  of decrcased cexpenditures
shown in mid-year survey.  Annual
expenditures during third quarter
of 1957 were at annual rate of 373
billion, compared with $37 billion
rate for first half of year. Actual
capital outlays for 1957 are ex-
pected to top $37 billion, six per-
cent morc than 1956 total of $35
billion. Pecking into the first quar-
ter of 1958, SEC surveyors sce
plant and cquipment outlays at an-
nual rate of $35% bhillion, only five
percent less than 1957.

o Capital Cities Television Corp.
completes public sale of 52,000
shares of capital stock at $5.75 per
share. Capital operates a radio and
tv broadcasting business in the
Albany-Schenectady-Troy arca of
New York State. Subsidiary, Dur-
ham  Broadcasting  Enterprises,
owns a tvstation in Durham, N. C.
CBS ncws commentator Lowell J.
Thomas is Capital’s largest stock-
holder. Money from stock sale will
be used to retire $220.000 loan and
for corporate purposcs.

o C & C Television of New York
City receives option to buy 873
percent of stock of Skiatron TV,
Inc. and Skiatron International

Corp. from Matthew Fox. Option,

subject to stockholder approval,
places C & C Television in posi-
tion of deciding in next 3% year
if it wants to gain control of Skia-
tron’s subscription tv system.

e Fort Pitt Industries, diversi-
fied midwestern brewer, 1s getting
out of the beer business to put all
of its cfforts into its J. P. Sceburg
Division in Chicago, Ill. TFrced
funds will be used to retire debt,
further expand  electronic  and
guided mussile phascs of Seeburg
business. Sceburg also makes juke
boxes, other electronic gear.

o Sprague  Electric,  North
Adams, Mass., drops prices 25 per-
cent on its solid-clectrolyte tanta-
lum electrolytic capacitors. In pro-
duction just a little over onc and
one-half vears, the new capacitors
have been widely used in transistor-
ized circuits of missiles, computers,
ammunition fuses, radar and air-
craft clectronics.

DIVIDENDS: Packard-Bell, 12i¢
pavable Jan. 25; Avco, 10¢ Teb.
20; Howard W. Sams, 12¢ plu
12¢ extra, both Jan. 25; Daystrom,
30¢ Feb. 14; General Dynamics,
50¢ Feb. 10¢; American Cable &
Radio, 30¢ Jan. 28; Bell & Howell,
24 pereent in stock payable Jan.
27; Oxford Electric, 10¢ in cash
and 10 percent in stock, payable
Jan. 24.

Network Plans Rural Step-up

A-M RraDIO, Currently a bonanza for
rural and small-city broadecastcrs,
may soon get help from f-m radio
in providing higher-fdelity program
material.

Mutual Broadcasting System has
announced plans to use f-m to over-
come fidelity limitatiouns of class-C
tclephione lings, now used to sup-
ply network program material to
many a-m stations.

MBS affiliated f-m stations on
the edge of MBS class-A a-m service
areas will feed progiam material to
smaller a-m stations.

The f-m stations will multiplex
the rebroadcasted signal, which will

then be picked up by special equip-
ment at the a-m stations. The a-m
stations will convert the signal to
a-m and broadcast it over their
regular facilitics.

As a sidclight, this leads MBS to
annouce plans for actual ownership
of broadcast facilitics. The plan,
nmorcover, is seen as a revenue
source for many f-m stations now
relying on sister a-m stations for
operational funds. It's also a new
step other networks may take.
MBS intends to obtain the FCC
maximum of seven f-m licenses.
Application for the first station
has been made.
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Announcing the...
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FAMILY OF i
TONOTRON-* {

|
DISPLAY TUBES |

|

|

MAGNETIC DEFLECTION 5” DIAMETER
Representative applications: plan position indicator information; slow-
scan television. (Complies with Aeronautical Radio, Inc. specitications.)

|
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|
|
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|
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...applied to slow-scan television — ...applied to complex radar systems

ELECTROSTATIC DEFLECTION 5” DIAMETER ELECTROSTATIC DEFLECTION 5” DIAMETER
Representative applications: ““B’' scan radar, oscillography, arma- With two writing guns. Representative applications: muitiple ‘B'’ scan
ment control radar. ___l radar, oscillography, and armament control radar.

| i
; High brightness, multiple halftones, superior storage |
| uniformity, controllable persistence, and compact |
| design are the outstanding characteristics of the |
| Hughes TONOTRON electron tube. All TONOTRON |
| tubes present a complete scale of grey shades for |
| high-fidelity picture reproduction. Hughes offers the !
| only complete line of cathode-ray storage tubes, in- |
I cluding the infinite persistence tubes —TYPOTRON® |
| Type 6577 (character-writing storage tube) and the I
{ MEMOTRON® Type 6498 (oscillograph storage tube). |
| |
| |
| |
| |
| I

Complete technical information —specifications, operating
characteristics, suggested circuitry, etc., will be sent you
on request. Write: HUGHES PRODUCTS, Electron Tubes, Inter-

ELECTROSTATIC DEFLECTION 3” DIAMETER national Airport Station, Los Angeles 45, California.

Representative applications: optical projection systems, miniature

Creating a new world with ELECTRONICS

" HUGHES PRODUCTS |

*Trademark of Hughes Aircraft Company I
@® Registered Trademark l____________________.._____.__|

© 1958, HUGHES AIRCRAFT COMPANY
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Portable Tv Uses
31 Transistors

Cuicaco—A poriasLE 14-in. pic-
turc tube, cordless tv, powered by
two twelve volt nickel-cadniimun re-
chargable batteries, has just been
unveiled here by Motorola, Inc.
The unit has 31 transistors and
utilizes 10 watt power consump-
tion.

Battcry life is 6 hours. A mono-
pole 45 ft antenna is used. Fdward
Tavlor, executive v-p, consumer
products, says “thce unit is not a
laboratory  freak. We can  start
building them right away if the
cconomics make it feasible. We
want to cncourage componcnt
manufacturers to get behind this.”

As vet, it 1s too costly to pro-
duce. Weight of the entire unit
with batteries is 32 Ibs. Unit takes
17 scconds for warmup time. kx-
cessive power in somc portions of
the tv receiver have been climi-
nated by a “scan-magnificr,” a
Motorola invention kept under
\Vl"cl_PS.

Pricc of the unit was not dis-
closed. Taylor said the unit will
plav in a planc, train, cte. Batteries
will withstand 2,000 scparate re-
charges for an cstimated 12,000
lours of life. Estinated cost of
operation of the tv is 4/10 of 1
cent per hour.

A 90 dcegree tube is used. No
printed circuits.  Tavlor  says,
“printed circuits will be a part of
it when we get rolling.”

MEETINGS AHEAD

567 8 91011
12 13 14 15 16 17 18
1920 21 @23 24 25
26 @ 28 29 30 31

JANUARY FEBRUARY MARCH
SMTWTFS SMTWTFS SMTWTFS
12 3 4 1 1

2@ 4 56 7 8
910 11 12 13 14 15
16178 19@ 21 22| |16 17
23 24 25 26 27 28

23456178
910 11 12 13 14 15
1920 21 22
13- 8 25 26 27 28 29

Jan. 20, 27; Feb. 3, 10, 17, 24:
Lecture Serics on Modermn Com-
munications, AIEE, IR, Univ.
of Penn., Philadelphia, Pa. Con-
tact: Mr. S. Sharp, I'ranklin Inst.,
Phila., Pa.

Jan. 22-24: Llectronic Industrics
Assoc. (formerly RETMA) 1958
Conference on Automation, Au-
ditorinm of Arizona State Col-
lege, Tempe (Phoenix) Arizona.

Jan. 27: I'our Comers District of
ASTM. technical  sessions
planned for New Mexico, Ari-
zona, Utalh and Colorado. Cou-
tact: J. L. Abbott, 1902 Rich-
mond N. E., Albuquerque, New
Mexico.

Jan. 27-28: Sixth Scintillation
Counter  Svmposium, IR,
AIEE, AEC, NBS, Ilotcl Shore-
ham, Wash., D. C.

Feb. 3-7: Amcrican Institute of
Elcetrical  Engincers,  Winter
Mecting, Iotel Statler, N.Y.C.

Feb. 7-8: Amecrican Socicty for

Feb. 18: 14th Annual Quality

Feb. 20-21: Conf. of Transistor

Mar. 18-19: Conf. on Extremely

Mar. 24-27: IRIY National Con-

Mar. 24-27: l'ourth International

Quality Control, “Management
By Exception”, Administrative
Application  Division, ASQC,
Second Annual Conf., Iotcl Car-
ter, Cleveland, Ohio.

Control Clinic, Rochester Soci-
cty for Qualitv Control, War
Memorial, Rochester, N. Y.

and Solid State Circuits, PGC'T
AIEE, U. of Penn,, Phila.,, Pa.

High Temperatures, AFCRC,
Air Torce Cambridge Rescarch
Center, L. G. Hanscom I'icld
Bedford, Mass.

vention All Prof. Groups, Wal-
dorf-Astoria llotel and N. Y.
Coliseum, N. Y. C.

Instrument Show, Caxton Hall
Westminster, London, S. W. 1.

New Market In Private W eather Forecasting?

Ar pLEAST TwO clectronics firms
have just redesigned crstwhile mili-
tary cquipment for the growing pri-
vatc weather forccasting market.
This market includes almost any-
onc who might suffer heavy losscs
duc to uncxpected storm violence.
RCA and Bendix lave rede-
signed their airborne weather radar
surveillance  systems  to  fit  the
nceds of ground-based stations for
up-to-the-minute information about
local weather conditions. 'Thie new
ground weather radar systems were
adapted from the RCA AVQ-10
and the Bendix RDR-1 airborne

16

units first designed for the military.

These  developments  were  an-
nounced independently but almost
simultaneously by Arthur L. Mal-
carney, executive viee president of
RCA Dcfensce Electronic Products,
and C. I. Rice, Aviation products
manager of Bendix Aviation’s radio
division.

Pointing to the projected usc of
RCA’s radar on construction proj-
ccts, Malcarney said these opera-
tions are particulyrly vulnerable to
storms Dbecause  of  insufficient
knowledge of unexpected weather
conditions, and that losses could be

reduced and completion schedules
improved by dependence on infor-
mation supplicd by radar,

Other typical applications of pri-
vate weather radar, he said, arc ag-
ricultural arcas, airports, dam sites,
flight test and training activities,
harbor applications and marince sal-
vage, ctc.

The new Bendix systemn, accord-
ing to Rice, utilizes most compo-
nents of the Bendix RDR-1 system
now being used by 18 airlines. Re-
packaging the unit for ground op-
eration was rclatively simple and in-
expensive, he said.
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SPRAGUE 402E
sLMEG ()

L £ 1172w s |

SPRAE4OSE \
Gﬁér\—

THESE FILMISTORS PROVIDE
THE STABILITY YOU WANT
UNDER THE TOUGHEST LOAD
AND HUMIDITY CONDITIONS

WRITE FOR BULLETIN NO.7010

» SPRAGUE

the trademark of reliability

SPRAGUE ELECTRIC COMPANY
35 MARSHALL STREET
NORTH ADAMS, MASSACHUSETTS

7 TRADE MARK REG.

b '%@RAGU@L(;OMPONI’NTS: CAPACITORS - RESISTORS  MAGNETIC COMPONENTS TRANSISTORS
~ INTERFERENCE FILTERS ~  PULSE NETWORKS HIGH TEMPERATURE MAGNET WIRE  PRINTED CIRCUITS
Lﬂ-*_' s . | : . L ‘« ?__%919_ o S STy .
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General Electric announces....

TANTALUM STUD

SILICONE
BUSHING
PLAIN OR
ETCHED
FOIL
PAPER AND
NON-ACID
TANTALUM 3
FOIL ROLL E ELECTROLYTE
I'T
,«": | ‘ ; LIFE TESTS OF TYPICAL 50 VDC KSR UNITS
- 140 '
SILVER- x| Iﬁfr A _} il ‘—T—]__'_ _
§ | | Expected hife ot | 100°C
AR e
¢ L S | '
CASE PR o i o o e
2 gso»—-—,t—‘—] L = it o l—+—le+ 1
R
:_J OL‘ P S —— il |
s R

| v i ~ju_mm
O 200 400 600 80O H000 1200 1400 1608 1BO0 2000 220Q 2400 2500
TIME IN HOURS

After operating at 125°C for 2000 hours, capaci-
tance of a typical KSR unit is reduced only 12%,.

-l
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.. new KSR' Tantalytic™ Capacitors

KING SIZE RECTANGULAR units offer
thousands of microfarads in lighter, smaller cases

Now General Electric offers a completely new Tantalytic
capacitor for use in computers, missiles, radar, and air-
borne electronic equipment—the King Size Rectangular
Capacitor. This unit offers more joules per size, weight,
and cost than any other tantalum capacitor available.

On a volt-microfarad basis, the new KSR’s are 409
lighter, 30% smaller, and 409, less expensive than other
125°C rectangular capacitors. Compared with 125°C
cylindrical designs, KSR’s may be as much as 509%
lighter, 309, smaller, and 15% lower in cost.

Like other Generdl Electric Tantalytic capacitors, the
KSR units offer “bulk capacitance,” i.e., high volt-
microfarads in an extremely small case. Now, one King
Size Rectangular capacitor can often be used where
several lower rated units were needed before. As a result
of this bulk capacitance, costly connections are reduced
and extra mounting brackets are eliminated.

1 Trade-mark of General Electric Co.

In addition to the great size and weight advantages,
the KSR capacitors offer these outstanding features:

o High reliability from —55°C to +125°C.

e Polar or non-polar construction; plain or etched foil.
® Long operating life at 125°C; extra long life ot 85°C.
e Excellent shock and vibration characteristics,

e Non-acid electrolyte for long shelf life,

e Dual temperature and voltage ratings.

KSR Tantalytic capacitors are now available in three
case sizes: 1.375 inches, 2 inches, and 2.5 inches in height.
All three have the same base size: 1.316 inches by .75
inch. For more information on these new capacitors or
for assistance with your capacitor applications, contact
your General Electric Apparatus Sales Office. Or write
to General Electric Co., Section 449-1, Schenectady, N.Y.

% Registered trade-mark of General Electric Co,

Progress [s Ovr Most Important Prodvct

GENERAL

ACTUAL

SIZE
TYPICAL RATING:

KSR 1000 uf at 30 vdc
(polar, etched)

CAPACITORS

ELECTRONICS engineering edition — January 17, 1958

ELECTRIC

| TYPICAL RATING:

700 uf at 30 vdc
(polar, etched)

TYPICAL RATING:
350 uf at 30 vdc
(polar, etched)

CIRCLE 11 READERS SERVICE CARD
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To help you...

4 NEW
CBS
TECHNICAL
AIDS

Here are four new CBS technical publi-
cations on tubes and semiconductors.
Each is especially designed to make life
easier for electronic technicians and en-
gineers:

Techniclan's Handbook...

compact, comprehensive ready-reference

data by and for the electronic service
technician. Only $1.50 net.

Engineer's Handbook...

complete EIA data and two-color curves
by and for engineers — and technicians
who want all the facts. Only $7.50 net.
Transistor Course...

fast, fascinating home-study course —
teaches basic fundamentals of transistors

through use. Available from CBS Tube
distributors.

Tube Tips...

monthly inside information on tubes and
semiconductors — especially for service
technicians. From CBS Tube distribu-
tors only.

You’ll want all four of these CBS tech-
nical aids. See them . . . examine them
... get them at your CBS Tube distrib-
utor’s . . . today!

ELECTRON TUBES

®
SEMICONDUCTORS

CBS-HYTRON, Danvers, Mass.
A Division of
Columbia Broadcasting System, Inc.

For the best in entertainment -tune to CBS

20 CIRCLE 12 READERS SERVICE CARD January 17, 1958 — ELECTRONICS engineering edition



Barden Precision SR3SSX8 bearings as used in a synchro transmitter/receiver.

BARDEN functional testing assures precision performance

The SmoothRator, an electronic
performance tester, was developed
by Barden to check vibration as a
measure of overall functional quality.
A standard quality control instru-
ment at Barden, the SmoothRator
is also used by many leading com-
panent and systems manufacturers.

Precision-built synchros require small, uni-
form air gaps and consistently low torque to
provide accurate response to a generated
signal.

Barden Precision low torque bearings assure
the required air gap by close contrel of radial
play and concentricity. The SR35SX8 has an
extra large O.D. which eliminates the need
for end caps, increasing air gap accuracy and
reducing synchro complexity and cost.

From research and design, through quality
controlled production, functional testing and
application engineering each Barden Precision
bearing is planned for performance. Barden
Precision means not conly dimensional ac-

e BARDE,

curacy but performance to match the de-
mands of the application.

Barden Precision bearings must pass rigid
functional tests on the SmoothRator, the
Torkintegrator and other Barden-developed
or standard test devices. This functional test-
ing is your assurance of consistent precision
performance.

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

CORPORATION

45 East Franklin Street, Danbury, Connecticut
Western office: 3850 Wilshire Boulevard, Los Angeles 5, California

SPECIFY BARDEN PRECISION BALL BEARINGS FOR: INSTRUMENTS o AIRCRAFT ACCESSORIES = COMPUTERS AND RECORDERS o MACHINE TOOL AND TEXTILE SPINDLES ¢ OTHER PRECISION APPLICATIONS

CIRCLE 13 READERS SERVICE CARD




PROBLEM:

Servicing the "heart” of a low, desk-mounted chassis

SOLUTION:

Specificati
: ion of Grant ti i
chassis over for"On-togfltlng slides to pivot

servicing.

]

—— 3

gl

The Soroban Engineering Company

recently completed a repackaging

progran of their Perforated Tape

Sequencer for pigital control of
This sequencer

is a Vv

Automatic Di

mounted
within t on Grant three-
section ¢ilt slides. These provide
quick accessibility to every part
of the chassis. some of the
equipment requiring servicing and
adjustment is mounted underneath the
chassis and Grant slides are used
to tilt the unit, bringing the
bottom-mounted equipment into the
view of the operator for
gasier servicing.

grant No. 363-P2Y Slides
recommended for
loads up to 200 1lbs. pair

Courtesy Soroban Engineering, Inc.

03 High street, West Nyack, New YoTrk
944 Long Beach Avenue, Los AngelesS,

California

—

___-______._______.______ . -
Write for complete technical data on the
jde range of Grant slides.

:
’///— e e e

22
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In our 50 years of manufacturing disper-
sions of colloidal graphite, we've seen the unique
anti-friction properties of this basic material make
lubricating problems disappear as if by “black
magic”. As an additive to lubricating oils and greases,
as a parting agent in many kinds of casting and as a
dry-film lubricant in diverse fields of metal working
... in application after application . . . it has proved
literally more valuable than gold.

Dr. Edward Goodrich Acheson’s invention of col-
loidal graphite over 50 years ago has been followed
by a constantly expanding program of fundamental
research and product development. Today, with
over 50 different dispersions already in use, three
laboratory groups at Acheson are pressing toward
perfection of whole new families of dispersions and
their applications.

Offices in:
Boston ¢ Chlcago o
New York s

Cleveland o
Philadelphia e

ELECTRONICS engineering edition — January 17, 1958

Dayton
Pittsburgh

The custom dispersing of solids requires specialized
facilities and production techniques. Why not take
advantage of Acheson’s 50 years of leadership in
this field?

You will be interested in the number of different dis-
persed solids, in addition to graphite, that are being
used successfully today in industry. Our Products
List gives you, in quick-reading chart form, a résumé
of Acheson ‘dag’® brand dispersions and their
typical applications. Send for your copy. Address
Department E-18.

Lolloids Company
PORT HURON, MICHIGAN
A division of Acheson Industries, Inc.
Also Acheson Industries (Europe) Ltd. and affiliates, London, England

¢ Detroit e Los Angeles o

Rochester o St.lLouis

Milwaukee
Toronto

CIRCLE 15 READERS SERVICE CARD
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INTERNATIONAL RESISTANCE COMPANY
401 North Broad Street, Philadelphia 8, Pennsylvania
In Canada: International Resistance Company, Ltd., Toronto, Licensee

CIRCLE 16 READERS SERVICE CARD January 17, 1958 — ELECTRONICS engineering edition



THERMOELEMENT

‘ /’““/‘9@%

mmm

replacement; nor wiring a new one in. A spare element,

or one immediately available for the individual instru-

ment, can be instantly plugged in. Replacement units are

furnished with correction curves to maintain the guaran-

teed high accuracy with original scale calibration. This is

just one of several exclusive design features which make

: Model 622 more convenient, more flexible in use. And

coupled with its proved high accuracy and stability, it

remains the outstanding favorite for all high frequency

problems.. Available as thermo milliammeters and thermo

i voltmeters; and thermo ammeters, (external thermoele-

ment type). Also as d-c voltmeters, millivoltmeters, milli-

ammeters, microammeters, electrolysis volt-millivoltme-

ters, and as high accuracy rectifier type a-c instruments.

Write for bulletin A20. Weston Electrical Instrument
Corp., Newark 12, N.J.

thﬁg___ / No need returning the Model 622 for thermoelement

MilLiAampPERe
. AC ann D o =
1 g =
i

MODEL 622

THERMO ¥
INSTRUMENTS

ELECTRONICS engineering edition — Janucry 17, 1958 CIRCLE 17 READERS SERVICE CARD 25
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STYLE Al

o 197 o]
MAX.

Now! A West Coast Office
For Immediate Servic

125 £.005

062 REF.
f |
\—,oee +.005 DIA. |

2 MTG. HOLES

BY THE NEW POWRMITE®

Filtors new and greatly advanced micro-miniature relay.

Filtors, the leading specialists in the development and manufacture of sub-miniature
relays is proud to announce the addition of the new Powrmite micro-miniature relay to its
existing line of traditionally outstanding relays.

In every field of achievement there is always one leader. In relays with highest available
reliability the leader is Filtors, Incorporated. All of the experience and know how gained in
attaining its position of leadership have gone into making Filtors new Powrmite micro-
miniature relay truly reliable—again the leader in a field of many.

MICRO-MINIATURE SPECIFICATIONS

AMBIENT TEMPERATURE RANGE.......oiiiniinniines —65°C. TO +125°C.

DIELECTRIC STRENGTH .............. _.1000 VOLTS. (750 VOLTS BETWEEN OPEN CONTACTS).
INSULATION RESISTANCE ...10,000 MEGOHMS MINIMUM AT 25°C.

CONTACT ARRANGEMENT ..o 2C (2 POLE DOUBLE THROW).

CONTACT RATING ..o e 2 AMPS RESISTIVE AT 28 VOLTS DC OR DRY CIRCUITS.

SHOCK ... ....50 Gs 11 MILLISECONDS.

VIBRATION ............, = s AL A PO 10 — 55 CPS AT .06 AMPLITUDE.
55 — 2000 CPS AT 20 G.

PICK-UP TIME ..ot snsecseissssissnsns 7 MILLISECONDS MAXIMUM AT NOMINAL COIL.
VOLTAGE, 25°C. TEMPERATURE.

RELEASE TIME .o ....7 MILLISECONDS MAXIMUM.

NOMINAL COIL VOLTAGE . ....26.5 VOLTS DC.

COIL RESISTANCE ..o ....550 OHMS =10% AT 25°C.

ALTITUDE ..ttt ossms sitamevebise oo svassadstasamsmsipmeygsginss siasss emass - 70,000 FEET.

DUTY .. cmqpsmenes smngeeisiasssssspons-soansosmsnssotumsssiiat bbb n s cham ot CONTINUOUS.

PICKP st horbbims. o oo s ac e b H st e e RELAY SHALL PICK-UP WHEN COIL VOLTAGE IS

18 VOLTS DC OR LESS OVER THE AMBIENT
TEMPERATURE RANGE.

Leading manufacturers of hermetically sealed micro and sub-miniature relays.
S, 0 R PN

Main office and plant: Port Washington, N. Y., POrt Washington 7-8220
West coast office: 13273 Ventura Blvd., Studio City, Cal., STanley 3-2770

ELECTRONICS engineering edition — January 17, 1958 CIRCLE 18 READERS SERVICE CARD 27



I'T"S NEW!

...a Silicon Rectifier
which SCREWS and PLUGS in too!
for powering your Radio / Television / and Electronic Devices

Write for further information on

. < x - 1 TN G T £ Rectifier
Replacement Kits, Power Rectifiers for Al ])I() DEVI C I“‘S INC. Division

620 EAST DYER ROAD . SANTA ANA +« CALIFORNIA

Military and Commercial uses. -

INQUIRE DEPT. E-1/17

28 CIRCLE 19 READERS SERVICE CARD January 17, 1958 — ELECTRONICS engineering edition



oy NIXIE

~ HAVE THESE EXCLUSIVE FEATURES

SMALLEST VOLUME LIGHTEST WEIGHT MAXIMUM TEMPERATURE SHOCK
FOR NUMBER SIZE AND VIBRATION SPECS

w"””””'///////z//////// )
W_W/f% //,/////// %% . .

M

LOWEST COST

SOME TYPICAL NIXIE®
APPLICATIONS

i Y

Burroughs Corporation
B

ELECTRONIZC T UBE DI VISI ON




CONTACT STRIPS FOR
SERIES 5300

Supplied in
disposable
plastic strips

when everything else

is equal ...

... but you (as a manufacturer, design or development
engineer) are not as much interested in what may be “equal”
as what may be “superior.” Hence, we respectfully call your
attention to Elco components for the reliability-factor

which is causing their selection when everything

else may possibly be equal.

Shown on this page are but four of our products finding

their way into electronic and electrical end-products . . . after
precise, exacting and unprejudiced tests in laboratory,
application and performance. Many, many other Elco sockets,
shields and connectors—including the world-famous Varicon
“Connector—have become the “reliability” prototypes for

a vast and varied fist of subminiature and printed

circuit applications by industry and government.

Why don‘t you write us—on your Company letterhead,
please—specifying the types of components in which you
are interested. We will be pleased to send Catalogs and/or
Bulletins by return mail—thereby employing one of our
nation’s earliest and unequalled “reliability” prototypes—
Uncle Sam’s good, grey couriers.

Maximum number of

minimum space. Available taper-
tab, wire wrap and P. C. staked
contacts; 17, 23. 29, 35 41 contact

unifs, Bulletin 106,

SUBMINIATURE
PRINTED CIRCUIT

CONNECTORS

FROM SERIES 5300
BOARD-TO-BOARD
P. C. CONNECTORS

5301 shown. For others in series,
specs and data, request Bulletin 108.

makes the difference

SERIES 8000
SUBMINIATURE
VARICON

CONNECTORS

48-double-tier with honeycomb in-
sulator shown. Other single and
double tier models, 8 to 80 contact
in Bulletin 107.

SERIES 3300
COMBINATION
TRANSISTOR
SOCKETS

Standord and
stand-off types
available; with
flat saddie or
mounting rings.
Bulletin 105-A.

IF IT'S NEW...IF IT'S NEWS

...IT'S FROM

SERIES 7000

VARICON

contacts in

CIRCLE 21 READERS SERVICE CARD
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“M” STREET BELOW ERIE, PHILADELPHIA 24, PA., CUmberland 9-5500
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Although this tip has been
constantly resurfaced, it
is now at the end of its
useful life, having made
only 7,500 soldered joints
using 8 standard tin/lead

This tip has been used for
making 1,000 soldered
joints, using a standard
tin/tead alloy.

This tip has been used for
making more than 10,000
soldered joints with Ersin
Multicore SAVBIT ALLOY.
Note that it shows virty
ally no wear!

alloy.

OMPARATIVE tests made on assembly lines of

large and small electronics plants have proven
that startling production efficiencies and econo-
mies are realized when the wear and erosion of
copper soldering iron tips is curbed. These tests
have been made with solders having pure tin/lead
alloys, and the new Ersin Multicore copper-
loaded SAVBIT ALLOY. As shown in the unre-
touched photographs above, the use of SAVBIT
reduced tip wear by 90%! Equally as important
... a higher standard of soldering quality is as-
sured since the copper tip remains in excellent
condition for a much longer period of time.

A SPECIAL ALLOY
AVAILABLE ONLY IN

ERSIN

295
{m ‘ !
! Before Soldering i During Soldering ! After Soldering
In soldering with | Tin/Lead Solder Coppet Tip | Molten Tin/Lead/Copper Copper Tip 1~ Tin/Lead/Copper Joint Copper Tip
staighttinflead | [T ] L = !
alloys ... | Solder contacted by copper tip... | oabsorbs tip metal to saturation... | and wears out tip rapidly!
Whereas. .. I Tin/Lead/Copper Solder Copper Tip : Molten Tin/Lead/Copper Copper Tip | Tin/Lead/Copper Joint Copper Tip
q a —_— —————— 1 —
In soldering withnew y  [_| i (] % : 1
|

SAVBIT ALLOY... : Copper=saturated SAVBIT solder.,. : cannot horrow copper from the iron... which receives hardly any wear.

THIS EXPLAINS HOW SAV

A

BIT ALLOY STOPS THE WEARING OUT OF COPPER TIPS

i

e

Multicore’s SAVBIT ALLOY development is en-
tirely new and, different —and it is patented. As
shown in the illustration above, SAVBIT ALLOY
contains its own copper and therefore will not
take the copper of the soldering iron tip into the
molten solution during soldering. This absorption
of copper when any standard alloy is used, is a
basic reason for the wearing out of expensive cop-
per tips, and the constant refinishing which adds
to maintenance costs on the assembly line.

Like all Multicore Solders, SAVBIT contains five
cores of non-corrosive Ersin Flux, providing thin-
ner wall construction, which results in more rapid
wetting of metals and increases the speed of the
soldering operation. Of greater tensile and shear
strength, the electrical conductivity of SAVBIT,
like all Multicore alloys, is excellent.

SAVBIT is one of a number of alloys
developed for the Industry by Multicore.
In addition to SAVBIT, Ersin Multicore, the
world’s finest cored solder, is also available
in all the standard tin/lead alloys and
diameters, in 1 Ib. cartons and 7 Ib. reels.
Multicore contains 5 cores of exclusive,
high speed, non-corrosive Ersin Flux. This
great solder, so widely imitated, has never
been equalled for speed of operation,
effective prevention of rejects and, in the
long run, lowest cost for superior results.

Available in 14,
16 and 18 gauge.

SAVBIT ALLOY has been
impressively proven on the
assembly line. We urge you to
write for full information.

MULTICORE SALES CORPORATION
PORT WASHINGTON, N. Y.

Inquiries regarding other territories:
Chorles W. Pointon Lid. Mullicore Solders Lid.
6 Alcino Ave., Toronto, Canodo Hemel Hempstead, Herts., Englond

CIRCLE 22 READERS SERVICE CARD
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new D-B broad band
precision cavity
wavemeters

—solve 3 measuring problems

Fewer Instruments Needed. Each

DE MORNAY-BONARDI instrument covers an
unusually wide segment of the total range,

and measures the entire frequency band within
that range. Only eleven sizes serve from 2.6 KMC
to 90 KMC. You save capital outlay on the number
of sizes needed.

Extremely High Accuracy. These ar¢

high Q units, built with such precision that they
may be used as secondary standards to calibrate
all other laboratory cavities. Micrometer readings
are plotted on a multi-page, high resolution
calibration chart for maximum accuracy.
DEMORNAY-BONARDI units are temperature
compensated, and unaffected by changes in
humidity or atmospheric pressure.

Sustained Accuracy. Sturdy, sealed
construction, use of ball bearings, and inert gas
pressurization assure permanence of calibration . ..
Q values maintained for many years without
service. Write for complete data.

SPECIFICATIONS

Temperature Range —30°C. to +470°C.
Correction Factor Temperature correction over range
in the order of 10-6 f/deg.C.
Temperature
Compensation Bi-metallic mechanism
Constant Dielectric Nitrogen — not affected by environment

Hermetic Waveguide

Seal
Tuning Plunger Sea!

Spurious Mode
Suppression

High Resolution
Micrometer

Metal — glass —~ mica window
Bellows type

Thry use of Microllon absorbing
material

Resolves plunger travel into
0.0001"".

REACTION* TYPE CAVITY WAVEMETERS

Calibrated Calibration
Freq. Band Accuracy
KMC Min + MC

60-90 40
50-75 30
33-50 10
26.5-40 6
18-26.5 3
12.4.18 1.5
8.2.12.4 0.75
7.05-10 0.60
5.85-8.2 0.35
3.95-5.85 0.15
2.6-3.95 I 0.075

*Note: Absorption and Transmission types also in stock

Cat. No.
DBA-715-1
DBB-715-1
DBC-715-1
DBD-715-1
DBE-715-1
DBF-715-1
DBG-715-1
DBH-715-1
DBJ-715-1
DBK-715-1
DBL-715-1

30-day deliveries on all sizes!

[DERORNA{C3 LY BONARD

DEMORNAY-BONARD! ¢« 780 SOUTH ARROYO PARKWAY, PASADENA., CALIFORNIA

CIRCLE 23 READERS SERVICE CARD
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in the eiimination

of high frequency radiation \n

o

(DBS) (500 REFERENCE)

INSERTION LOSS

ALLEN-BRADLEY

CASCADED CERAMI
AN N FEED-THRU FILTERS

| =y AT 125°C (PATENT PENDING)
| \\Q/ / 4 e
GO /TJT )

A U

4 5
S / | NOW . .. out of the Allen-Bradlev re-
o search laboratories comes a completely
/ 1 . . A . R
- new and far more elfective line ol high
50 f FC I
f | \

frequency filter elements . .

. especially
designed to eliminate radiation from low
/ K4 / (NO 500N) power cireuits operating in the Irequency
/ range lrom 50 mes to 5000 mies.
/' / ’ Jr — Emploving an entirely different con-
40— 7 | cept, these new filter elements have a
/ | / phenomenal filtering eflicicney . . . that
<</; \ / actually {ncreases tremendounsly with
\ B oL [requency, as illustrated in the graph
| 0. / y 4 at left.
N
Ay S - . .
7 _ — ZiEr “’— I'hese filter elements display none
30 I ,' 1 of the detrimental internal resonance
/ 1 characteristics of standard tubular
\ o’ capacitors . . . and cascading elements
@ permit an increase in effective capacity
4 -’flf /4 \ ! far bevond that praectical even with
20— - % - / \ diseoidal design.
’ R 4 , / “ Filters are available in voltage ratings
‘(/ / l' \ up to 500 v. DC at temperatures up to
@\§ ’ | 125°C. Max. RF current is (.25 amp.
i \? : ;/ and max. DC or low frequency current
e & N 18 5 amp.
10 H——* & oRDINARY 180 amp- : :
gf / TUBULAR leehnical information available
/\/ \\ FD_THRS(E’%P ] ';!", TYPE SMFO  upon request.
Bl 2= HJ (FULL SIZE)
U ——"’_‘*2"_4—_:{*%*_8
e
0 % 4 6 8 1000
100

i
ALLEN-BRADLEY
ELECTRONIC COMPONENTS

FREQUENCY (Mcps)—™

1.58-E
Allen-Bradley Co., 222 W. Greenfield Ave., Milwaukee 4, Wis. * In Canada—Allen-Bradley Canada Ltd., Galt, Ont.
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Among electronic cngineers, Allen-Bradley hot molded
resistors have won a reputation for unequalled uniformity.
That’s why they are the “industry standard” wherever com-
ponent uniformity . . . electrical and mechanical . . . is espe-
ciaily eritical. Through continuous sampling and testing,
consistent quality—Allen-Bradley quality—is maintained.
Conservative ratings and stable properties assure reliable
performance at all times. A-B resistors are free from
catastrophic failure. When you buy Allen-Bradley quality
components—fixed and variable composition resistors,
ceramic capacitors, and ferrite parts, you assure yourself of
fewer “‘rejections’” on final test. These Allen-Bradley
components are not always the lowest priced, but—they are
always the best! Write for technical information, today.

ALLEN-BRADLEY

ELECTRONIC COMPONENTS

...IN SHAPE...

N\

B

N

Type TR
1/10 watt

Type CB

N

Composition Resistors—

INCREDIBLY

(3

“a

Ya watt

Allen-Bradley Hot Molded

... IN ELECTRICAL
L CHARACTERISTICS

58
. X v,
% @ &

N
Type HB
Type GB 2 watt
Type EB % 1 watt

V2 watt

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

In Canada—
Allen-Bradley Canada Ltd.
Galt, Ont.

N

#

7
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This cold cathode trigger tube

sets

hew
standards
of
stability

000000000200 0000000000CE000MS
980000000000 00000000000000080 0

Self-
2803U Maximum Cathode Current General extinguish-
and Trigger Stability operation ing circuit
Peak Current 50 100 200 mA
Average Current 8.0 25 0.8 mA
Maximum Averaging Time 15 15 0.5 secs.
Maximum Variation of Trigger
Ignition Voltage per 1,000 hrs. +2 +2 +2 Yo
Typical Variation of Trigger
gnition Voltage per 10,000 hrs. «<--2 * <2 %

*Over long periods a systematic drift of 0—5% per 1,000 hrs.
may be expected.

Supplies available from:
in the U.S.A.
International Electronics

With a stability higher than that of previous types, close tolerance
characteristics, and a very long life, the Z803U is finding wide application
in industry. For example, it is possible with this tube, to construct for
Dept. E-1,81, Spring Street, N.Y. 12, 430 g1t time, simple cold cathode timers which have an accuracy as
New York, U.S.A. .

high as 2%.

Other recommended features of the Z803U include a priming dis-
charge of about 10zA, ensuring consistent operation in both daylight
and darkness; a wide plate voltage working range that enables the tube
to operate efficiently despite large supply voltage variations; and
instantaneous operation without prior warm-up.

Corporation,

in Canada

Rogers Majestic Electronics Limited,
Dept. IA, 1{1-19 Brentcliffe Road,
Toronto 17,

Ontario, Canada.

2803U Design Notes
Write today to either o
the distributing com-
panies for your copy of
these useful design
notes. The notes include
operating advice as well
as details of recommend-
ed circuitry.

ELECTRONIC TUBES

@ used throughout the world

MULLARD OVERSEAS LTD., MULLARD HOUSE, TORRINGTON PLACE, LONDON, ENGLANO

~—CIRCLE 25 READERS SERVICE CARD

Mullard is the Trade Mark of Mullard Limited and is registered in most of the principal countries of the world.
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PHYSICAL ISOLATION OF INPUT AND OUTPUT CIRCUITS of the Sola
Constant Voltage Transformer is indicated in the core-and-coil

|
F |
£ |
i

|

assembly shown above. At pencil-point is one of two magnetic shunts
which separate the input from the output sections of the windings.

YOU GET VOLTAGE REGULATION AND MORE FROM A SOLA:

Isolation of Input and Output Circuits
in Sola Constant Voltage Transformers
Generally Eliminates Need for Static Shields

A fixed level of input voltage to today’s complex
electrical and electronic equipment is virtually essential
for adequate performance. The Sola Constant Voltage
Transformer, a static-magnetic stabilizer, combines auto-
matic, instantaneous voltage regulation with other desir-
able electrical functions.

One of these functions is both electrical and physical
isolation of the input circuit from the output circuit.
In general, this isolation is sufficiently effective to elimi-

SOLA Sxaxclit:

nate the need for additional line filtering. Static shields,
often required with regulators having a common con-
nection between input and output circuits, are rarely
necessary.

Sola Constant Voltage Transformers are available in
stock models, or in custom designs to meet the exact
requirements of many load devices or service conditions.
Your Sola representative will be happy to provide you
with information on your particular application.

Write for Bulletin.. 7A-CV170D
SOLA ELECTRIC CO.
4633 W. 16th Street
Chicago 50, lllinois

CONSTANT VOLTAGE TRANSFORMERS © LIGHTING TRANSFORMERS ¢ CONSTANT VOLTAGE DC POWER SUPPLIES

SOLA ELECTRIC CO., 4633 West 16th Street, Chicage 50, IHinois, Blshop 2-1414 e BRANCH OFFICES: Boston, Mass.; Cleveland, Ohio; Kansds City,

Mo.; Los Angeles, Calif.; New York, N. Y.; Philadelphia, Pa.; San Francisca, Calif.; Wallingford, Conn, ® Representatives in Other Principal Cities
Sola Electric (Canada) Ltd., Toronto 17, Ontario: 102 Laird Drive, Mayfair 4554

34 CIRCLE 27 READERS SERVICE CARD
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THESE ARE THE REASONS WHY

Exclusive self-stabilized woofer cone structure
and dual spider_construction ensure lifetime
centering of moving system, for all extreme
excursions.

o
University-controlled processing of imported
] | cone pulps results in consistz ily imiform, dis-

tortion-free response.

o
Exclusive, massive flux-conzourad 6 pound
Gold Dot Alnico 5 magnet provices efficient
/ 0 power drive for deepest low fr2quzncies, free

of transient distortion.

5 Extra-long voice coil ensures purty of maxi-
mum low frequency energy coaversion during
periods of extreme cone excu~sion.

Exclusive University-formulated ‘ong palymer

, lattice permeates rim suspens or for effective
i acousto-mechanical rim damp ng.
e

True through-axial constru: :sion permits bal-
anced tweeter, mid-range and wocfer acoustic

.WAY integration without design compremise.
' Exclusive hypersonic tweeter incorporating ra-
s dial phasing equalizer automatically balances
u n I FFAX' . all high frequencies for smmooth, realistic
b, : _ i -‘.'; Exclusrve ‘irecmrocatm,g-flcre hom now has
B\ wave front equahzer,for m!ire ‘upiform wide-

1 ' e Langle treble éoyerage. }

' .fép_rqd uction.

T

gty ]
Vi SE T'

o & | TETs apdakesmroscctdd by U. S. N LG bt
f\ﬂb\“i Patef joa, 216415%9; 2,690,237, W gt
%‘ ‘J"- - 27518 "‘#"’”’e'“_"“ﬁe”d’”g Exclusive multi-sectional Difflssicone provides
L - controlled diffraction forfinezr mid-range re-

sponse and dispersion.

Continuously variable dual :oatrod network in-
tegrates and blends mid-range and twe=zter for
concert realism regardless cf roon acoustics.

Response: 25 cps to inaudibility; Power capacity: 50 watts, integrated program; Total
magnet wt.: 614 Ibs. Alnico 5; Impedance: 8-16 ohms; Depth: 12”; User net: $156.00.
UNIVERSITY LOUDSPEAKERS, INC., €0 SO. KENSICO AVENUE, WHITE PLAINS, N. Y

| LISTEN \ University ssumate bollor K oder
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“George is great . . .

If ever a compliment could cut
the ground out from under a man
— you just read it. Just make
sure your management never
says it about you.

Once upon a time, business
moved at a slower pace, and peo-

ple and things were sort of tidily
pigeonholed. So many companies
were wedded to a single product,
a modest plant, simple process-
ing, comfortable competition,
family ownership and one-man
rule.

Once upon a time, you could
be a specialist in a particular
part of a particular business, live
within narrow walls, and every-
thing was just dandy. No longer!
Today, job isolation is stagna-

36

tion. Companies, products, indus-
tries, have cross-bred like crazy.

Anybody’s business
body’s business. Being “an ex-
pert” is always essential in
depth, lacks much in breadth.
Look ahead, read ahead, get
ahead. Open up this magazine,
and start reading as you never

is every-

have before. In the past, your
eye instinctively has spotted the
pages concerned with you and
your job, and you’ve read this
material and used it. Now, take
the next big step. Read the stor-
ies involving other job functions,

right where he is!”

other men’s brand of problems
in your field. Get on speaking ac-
quaintance with all the phases
and facets of your business —
what one McGraw-Hill publisher
so aptly calls “Cross-Communi-
cation.”

You see — you, yourself, are
really two men . . . one well-
versed in your specialty . . . the
other, well-informed on “the big
picture”. And this same one Mc-
Graw-Hill publication is edited
to satisfy both of you. How well?
Read on, and be pleasantly and
profitably surprised.

McGRAW-HILL SPECIALIZED PUBLICATIONS

The most interesting reading for the man

most interested in moving ahead

January 17, 1958 — ELECTRONICS engineering edition
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tHMenco

1. LONGER LIFE
2. POTENT POWER
3. SMALLER SIZE

ENCD zes-npiva

CAPACITORS

All these points make El'mEHEU Dt -fHicas
DM15, DM20, and DM30 the finest obtainable.

(Jon:g bo) n. A ’. 2
band, dischargin \thered
k)dlsztin . from cro??br;%v.& o
pee, Quni)n. Rope" e i g
g _!9n eron (lon’zhi ron) n, One o« P

f the lef

your specifications

rvoirs, El Monac Durca" for long-

-Mica Capaci.

4. EXCELLENT STABILITY
— SILVERED MICA
5. PEAK PERFORMANCE

Extra-rough phenolic casings prolong life, increcse stability over wide temperature range.

Recent comparison tests of El-Menco
DM15, DM20 and DM30 Dur-Mica
Capacitors showed them to be longer-
lived, more fatigue resistant than any
others. Under stepped up conditions of
115 times rated voltage at 125° C am-
bient temperature, each in turn
achieved above standard ratings of un-
diminished performance well past
16,000 hours, or, under normal condi-
tions, a projected working lifetime of
from 15 to 20 years!

Simple ‘hairpin’ design facilitates

e molded mica

¢ tubular paper

ELECTRONICS engineering edition — January 17, 1958

e ceramic

use in tight spots in television, radio,
computers, miniature printed circuits,
guided missiles, hearing aids and count-
less civilian and military applications,
with little or no replacement and main-
tenance cost. All environmental and
electrical requirements of RETMA
and MIL C-5 specs have been met. !
Test E}-Menco Dur-Mica Capacitors |

for yourself with our help. Our | r
engineering staff is at your service / . "1 7
upon request. i ~~T:;_.‘.,‘: / ;

write for Free samples and cotalog ’ é“"% " j
on your firms letterhead, - Q\xw

THE ELECTRO MOTIVE MFG. €O., INC.

Manufacturers of El-Menco Capacitors

WILLIMANTIC

CONNECTICUT
¢ mica trimmer o dipped paper

e silvered mica films e ceramic discs

Arco Electronics, Inc., 64 White St., New York 13, N. Y.
Exclusive Supplier To Jobbers ond Distributors in the U.S, and Concda
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Noise Figure Measurement
10-3,000 mc

KAY Microwave Mega-Nodes

Calibrated random noise sources in the microwave range,
used Lo measure noise figure. and receiver gain and
calibrate standard signal sources in radar and other
microwave systems. Available in following waveguide
sizes to cover range of 1,120-26,500 mec.

tRG-69/0 RG-50/U
RG-69/U RG-5

tRG-104/U

tRG-112/U
RG-48/U
RG-49/U

Available with fluorescent or argon gas tubes. Noise
output fluorescent tubes, 15.8 db *+0.25 db; argon tubes,
15.28 dh =0.1 db*,

Universal Power Supply tor hoth fluorescent and argon
guas tubes in all waveguide sizes: $100.

f Noise output of argon gas tubes independent of operat-
ing temperature.
1 Fluorescent only § Argon only

t $167 per guide when 3 or more are ordered with $100
power supply

KAY
KAY
/M (474 -/\7(}6[6’ Sr. Mega-Node
175-A

® Absolutely no modulation on noise output
® Built-in stability

Noise Figure Range: 0-19
db; Frequency Range: 50-
900 mc. Qutput Tmpedance:
Balanced, 300 ohms; Price:

® Longer life on noise diode $325.00, f.0.b, factory.
® Ease of operation due to front panel design KAY

® All power supplies regulated /l/tt,’ ” Nﬂdb’

A calibrated random noise source providing an output from y

10-3,000 mc, the Mega-Node Sr. may be used to measure 403-A

noise figure and receiver gain and for the indirect calibra- N ;

3 3 P Noise Figure Range: 0-19
tion of standard signal sources. P e E T | E

R me. Qutput Impedance: Un-

At the lower end of the frequency, range noise figure may balanced, 50 ohms into type
be obtained directly from the meter. For greater accuracy N connector: Price: §325.00,

3 g 3 q 3 5 f.0.b. factor
at higher frequencies, corrections for diode transit time AT,

and termination mismatch are available from charts su-
plied with each instrument.

KAY Mega-Node 240-A
SPEC'F'CAT'ONS Calibrated random noise source reading direct in db, for

measurement of noise figure, receiver gain and for in-
direct calibration of standard signal sources. Frequency

Frequency Range: 10 mc to 3,000 me. Range: 5 to 220 me. Output Impedances: Unol)a:l;%nceGGOF

a o . i 50, 75, 150, 300, Infinity; balanced—100, 150, 0, a

Output Impedance: 50 ohms unbalanced into Type N Con- Infinity. Noise Figure Range: 0-16 db at 50 ohms: 0-23.8
nector, db at 300 ohms, Price: $325.00, f.o.b. factory.

Noise Figure Range: 0 to 20 db.
Filament Voltage Supply: From regulated supply.

Meter Calibration: Logarithmic in db noise figure; linear in
D.C.M.A.

Fuse Protection: One Type 3AG, 2 amps.
Tubes: 1 Eclipse Pioneer TT1 Diode.

Power Supply Source: 117 Volts + 10% 60 cps a.c. Avail-
able for 50 cps on special order.

Power Consumption: 200 Watts.
Price: $790.00, f.o.b. factory.

~¥

Write for Kay Catalog 1
v KAY Kada-Node
KAY ELECTRIC COMPANY E o R B el ot oAt e laatoe S Al o i

: Complete with power supplies. Frequency Range: 5 to
Maple Avenue Pine Brook, N. J. 26,500 me. Noise Figure Range: Up to 23.8 db. in lower

part of spectrum. Prices on refuest.
Dept. E-1 CAldwell 6-4000
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“"We use them by the bucketful”’ . . . these are the
words of Remington Rand engineers at the Univac
Division of Sperry Rand Corporation. They refer to
the General Transistor products used in Univac® File-
Computers. Three prime portions of the system are
completely transistorized . . . the adapters for the 80-
column and 90-column punching units and the General
Storage for the Model O File-Computer . . . with GT

transistors.

The gigantic computing problems fed into the elec-
tronic brains of these data processing systems depend
upon the undeviating consistency and reliability of

GENERAL
TRANSISTOR

binds-in unerring
reliability

and high speed
in

file=computers

each component used in the system. At General
Transistor, computer reliability goes hand-
in-hand with transistor quality. This

philosophy dictates development and
production procedures . . . experienced
engineers, trained technicians, selective
materials, exclusive methods of quality
control . . . are typical of the caliber of quality
inherent in GT transistors.

This is just one more example of why General
Transistor is the fastest growing name
in transistors,

For immediate delivery from stock, contact your nearest author-
ized General Transistor Distributor or General Tronsistor Dis-
tributing Corp., 95-27 Sutphin Blvd., Jomaica 35, New York
For export: General Transistor International Corp., 91-27 138th
Place, Jamaica 35, New York
In Canada: Desser E-E Ltd., 441 St. Francis Xavier,
Montreal 1, Quebac

GENERAI.o TRANSISTOR

91-27 138TH PLACE, JAMAICA 35, NEW YORK

ELECTRONICS engineering edition — January 17, 1958
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THE OFFNER TYPE 190

d-c Amplifier with
zero drift and 1/100th percent
gain stability

For amplification of thermocouple, strain gage, and
similar low level signals the Type 190 Data Amplifier
provides a combination of features available in no
other amplifier:

Y% Infinite rejection of common-mode d-¢
signals

Y% One microvolt input resolution
Y% Gain stability of 0.01%

Y% Rapid step input response

% Linearity of 0.05%

The true differential response of the Type 190 provides
increased accuracy and simplified installation for data
reduction, control, and similar applications. With in-
finite rejection of common d-c signals, and a rejection
ratio at 60 cps of the order of a half million, errors due
to ground currents are completely eliminated, and
pickup problems greatly diminished.

The Type 190 is designed for fixed-gain operation from
low impedance sources, into high impedance load.
Gain may be sct at values ranging from 160 to 1200.
Amplifier characteristics are unchanged at ambients
from —67°F to 4+170°F.

: . n:n bq-ﬂﬁl:m . w‘ Ay Iv"‘..m v‘-‘a"-h AMI':" [ . z?l lMI'lﬂl&.m il ”:Wl"m&-.m"
1 -
=
@ o LML) 2{e oje ®
2 | ® [oRa] ®le & e ® b o
Q.
WFrHEn TLECTAOWE | offnen *:&mc L3 ofhwu w‘ 3 v ("-_K“.:‘.G L] e ’:\&:U\K_l g

Four Type 190 Amplifiers mounted in BM 190 modular
rack unit with Type 390 power supply.

Price of Type 190 Amplifier.............. $325
Type 390 Power Supply, for up to
four Type 190 Amplifiers......... $250

Type BM190 Rack Unit for four Type
190 Amplifiers and Type 390 Power
Supply............... 86080 0lo hE $140

Ask for bulletin No. 572 giving full technical information

w 4

OFFNER DYNOGRAPH Direct-Writing Oscillograph

Zero-drift d-c recorder with microvolt sensitivity.
One amplifier type covers all requirements.
Models for one to 19 channels.

Rectilinear or curvilinear recording.

Ask for bulletin No. L-861

OFFNER ELECTRONICS INC.

5324 N. Kedzie Avenue, Chicago 25, U.S.A.

40 CIRCLE 32 READERS SERVICE CARD
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DES[GNERS

URE DESIGN

36- p§ge

~HUDSON
/ CATALOG

.,

The Hudson Catalog is your complete guide to standard cases
and- covers, specification metal stampings and sub-assembly
work. Available from stock are thousands of standard precision-
made cases and.covers offering an economical solution to your
closure requirements. Ample stocks and mass production meth-
ads assure prompt delivery. From simple closures to multi-cpera-
-ion, intricate sub-assemblies, Hudson produces your components
to your most exacting specifications.

for Precision Drawn Closures

Quality Metal Stampings
\ }\ L) All Types of Spot Weiding
S \\ Silver Soldering, Brazing
Sheet Metal Work

Sub-assemblies

Parts Fabricated of
Steel. Brass, Aluminum,
Copper, MU Metal

«\""“
Py et
. .
Yo

f?V ;HuDsoN

TOOL & DIECO * INC
28 MALVERN ST, NEWARK 5, N, 1.

tal Stampings for Electricaf Electronic and Nucleonic Industries

ELECTRONICS enaineering edition — January 17, 1958 CIRCLE 33 READERS SERVICE CARD



Arithmetic and
control unit

Magnetic drum
storage unit ¢4

T
T

Input-output unit

Nt ——————

Clock generator and
power supply unit

The Importance of
DIGITAL TECHNIQUES

Digital techniques constitute one of the important devel-
opments which have made possible the recent advances in
computers and related equipment for computation, data
processing, and industrial and military electronic control.

Digital computers for scientific computation range from
small specialized units costing a few thousand dollars, to
large general-purpose computers costing over a million
dollars. One of these large computers is a part of the Ramo-
Wooldridge Computing Center, and a second such unit is
being installed early this year.

Electronic data processing for business and industry is
rapidly growing based on earlier developments in electronic
computers. Data processors have much in common with
computers, including the utilization of digital techniques. A
closely related field is that of industrial process control. To
meet the needs in this field, Ramo-Wooldridge has recently
put on the market the RW-300 Digital Control Computer.

The use of digital techniques in military control systems
is an accomplished fact. Modern interceptor aircraft, for
example, use digital fire control systems. A number of Ramo-

Wooldridge scientists and engineers have pioneered in this
field, and the photograph above shows the RW-30 Airborne
Digital Computer.

The RW-30 is an example of what can be accomplished
through the application of digital techniques in conjunction
with modern semiconductor components. It performs com-
plete mathematical operations, including multiplications, at
the rate of 4000 per second (as fast as large scientific com-
puters). Yet it occupies only 4.19 cubic feet, weighs 203
pounds and uses 400 watts power. It is packaged in four
separate units to facilitate installation in aircraft. The mag-
netic drum memory has a capacity of 2607 21-bit words.

The versatility inherent in digital techniques makes it pos-
sible for the RW-30 to handle such varied military aircraft
problems as navigation, armament control and bombing, and
combinations of these problems, without changes in the
RW-30 itself.

The RW-30 also serves to illustrate the balanced integra-
tion of systems analysis and product engineering which is a
principal objective at Ramo-Wooldridge. Similar programs
are in progress on other airborne and electronic control sys-
rems, communication and navigation systems, and electronic
instrumentation and test equipment. Engineers and scientists
are invited to explore openings in these fields at Ramo-

Vooldridge.

The Ramo-Wooldridge Corporation

8730 ARBOR VITAE STREET ¢ LOS ANGELES 435, CALIFORNIA
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4
GENERAL INSTRUMENT ##
SEMICONDUCTORS iék

important news for AIR FORCE contractors...

741/70/1///1 7/7C

silicon rectifiers
designed to meet the NEW

*
PIGTAIL TYPES

IN338 (s
N340 5w
IN547 (USAF)

* Do not confuse
these USAF types
with commercial
types having the
same numbers.

UTOMATIC

MANUFACTURING

AF specification MIL-E-1

/1089

AVAILABLE FOR IMMEDIATE DELIVERY
IN LARGE SCALE PRODUCTION QUANTITIES

General Instrument’s semiconductor manufacturing skill assures contractors
fast delivery of these special new pigtail type silicon rectifiers now covered
by this Air Force specification. AUTOMATIC's outstanding group of USAF
type silicon rectifiers meets and often exceeds the rigorous MIL-E-1/1089
(USAF) specification — And expanded facilities permit us to deliver them
in quantity at prices that reflect volume production.

AUTOMATIC MANUFACTURING DivisioN also offers the industry’s most
complete line of silicon rectifiers for an extensive range of applications
including types for magnetic amplifiers, power supplies, D.C. blocking and
germanium replacement, as well as types for general purpose use.

Would you like a set of our engineering data sheets? Please write us today!

Maximum Values for AUTOMATIC Military Type Silicon Rectifiers
meeting MIL-E-1/1089 (USAF) Specification
DC Output DC Output X
Peak Current  Current Maximum MIL-E-1
Reverse @ 25°C. @ 150°C.  Reverse Technicat
Voltage  Ambient Ambient Current* Spec. Sheet
Type No. (vDC) (MA) (MA) (MA) Mounting No.
1N538 (USAF) 200 750 250 0.350 Pigtail 10892
1N540 (USAF) 400 750 250 0.350 Pigtail 1089b
1NS547 (USAF) 600 750 250 0.350 Pigtail 1089c

* Averaged over 1 cycle for inductive or resistive load with
rectifier operating at full rated current at 150° C. ambients.

AUTOMATIC MANUFACTURING
DIVISION OF GENERAL INSTRUMENT CORPORATION
65 GOUVERNEUR ST., NEWARK 4, N. J.

MASS PRODUCERS OF
ELECTRONIC COMPONENTS




How to make
a Magnetic Core
that’s really
SMALL?

use AL

Write for

your copy
“*MAGNETIC MATERIALS"

This 32-page book contains valu-
able data on all Allegheny Ludlum
magnetic materials, silicon steels
and special electrical alloys. Illus-
trated in full color, includes essen-
tial information on properties,
characteristics, applications, etc.
Your copy gladly sent free on
request.

ADDRESS DEPT. E-1

44 CIRCLE 36 READERS SERVICE CARD
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When the conditions of service
make it imperative for you to hold
the size and weight of magnetic
cores at an absolute minimum, that’s
the place to use Permendur. With
it you can push the flux density up
to 20 kilogausses, and practically
eliminate weight as a consideration.

Along with its suitability for cores
wherever the premium is laid on
compactness, Permendur is just the
thing for sonar magnetostriction
applications, too. We maintain
proper annealing facilities for this

STEELMAKERS to the Electrical Industry

Allegheny Ludlum

alloy. Write for technical data on it,
and let our engineers help you to
cash in on its possibilities.

In addition to Permendur, we
offer a range of high-permeability
alloys, oriented silicon steels and
other electrical alloys that is un-
matched in its completeness. Our
services also include the most
modern facilities for lamination
fabrication and heat treatment.

Let us supply your requirements.
Allegheny Ludlum Steel Corporation,
Oliver Building, Pittsburgh 22, Pa.

®

STeris o THE
Eecrponic AGE

WSW 6119
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Fast, convenient, dependable

precision wave analyzers

frequency-

Sierra 121 A Wave Analyzer

SPECIFICATIONS — SIERRA VOLTMETERS

Model :;:‘:f:‘kyt ; Selectivity ; Accuracy .
own 3db | Down 45db  [Frequency Measuring
101C 20-500 =+ 550 ¢ps | 2900 cps Note A =+ 3 db
1038¢ 3- 40 -+ 400 cps |+ 3000 cps = 0.5 ke =+ 3 db
104A 5-150 =+ 300 ¢cps |~ 1500 ¢cps |-+ 1 ke + 3 db
1088 15-500 £ 550 cps |+ 2900 cps | 3 kS R
114A 100-800 -+ 550 ¢ps |+ 2900 cps Note A =+ 3 db

All Sierra Carrier Frequency Voltmeters feature built-in calibration oscillators and circuits for level calibration,
have aural monitoring jacks, and {except 103B) are furnished with Sierra Model 149A Precision Spiral Scale Dials.

t Contains carrier re-insertion oscillater for monitoring suppressed carrier systems. Furnished with planetary drive

dial. Note A. Ranges from & 2 KC at low end of dial to + 3 KC at upper end.

to 256 KC region. Note C. =+ 1 db for -+~ 30 db to — 40 db attenuator steps on 135 ohm balanced measurements.
Note D. All models may be converted for 135 and 400 ohm balanced line measurements by convenient plug-in

bridging transformer, Model 130D.

Line Bridging Transformer
Model 130D Dual Impedance Line
Bridging Transformer converts VIVM
and wave analyzer inputs from single-
ended to balanced operation. Covers 3
ke to 500 ke, bridges both 135 and 600
ohm balanced lines.

Siérra

3885 Bohannon Drive

ELECTRONICS engineering edition — January 17, 1958

selective voltmeters

Sierra now offers exactly the instruments you need for
wave analysis, wire carrier and microwave subcarrier ap-
.plications.

Sierra 121 A Wave Analyzer is a highly selective, double
superheterodyne receiver covering frequencies from 15 KC
to 500 KC and providing wave analysis data directly in
voltage and dbm at, 600 ohms. The instrument offers the
selectivity required for use with new single sideband car-
rier systems.

Sierra 1584 Wave Analyzer is similar but covers frequen-
cies from 500 KC to 10 MC.

Both analyzers have high selectivity, accuracy of =+ 2 db,
spurious responsc at least 50 db down, and a signal-meas-
urement range of 77.5 uv to 97.5 volts. The instruments
are supplied in cabinet mountings which are readily adapt-
able to relay rack mounting.

Direct Reading in dbm

8al d  Unbal d
Note D 600 ohms
Note D 600 ohmg
Note D 600 ohms
135 ohms
Note D 600 ohms
Sierra 101C Carrier Frequency Voltmeter
Note D 600 ohms

Note B. &= 1 KC in the 48 KC

+42 dbm.

For carrier system and other field or labora-
tory work between 3 ke and 800 ke, Sierra
offers 5 accurate, stable, tuned vacuum tube
voltmeters. All are direct reading in voltage
and dbm at 600 ohms from —80 dbm to

Impedance Meter, Line Fault Analyzer

Sierva 166 Impedance Meter (at left)
measures impedance on high noise cir-
cuits, 30 kc to 300 kc; measures on “hot™
lines through coupling capacitor.
Sierra 124 Line Fanlt Analyzer pin-
points shorts, opens or grounds on open
wire lines. Direct reading, range 15 to
200 miles, accuracy 14 mile.

Data subject to change without notice,

Sierra Electronic Corporation

A Subsidiary of Philco Corporation

DAvenport 6-2060

Menlo Park, California, U.S.A,

Sales Representatives in Major Cities
4004 Canada: Atlas Radio Corporation, Ltd., Toronto, Montreal, Vancouver, Winnipeg
Export: Frazar & Hansen, lid., San Francisco, New York, Los Angeles
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Solve core problems quickly, economically with

FERRITE COMPONENTS
by GENERAL CERAMICS

HUNDREDS OF STANDARD PARTS
plllS CUSTOM DESIGNING TO SPECIFICATIONS

STANDARD THREADED STANDARD
ANTENNA RODS TUNING CORES El CORES

CUP AND TELEVISION RECORDING
TOROID CORES COMPONENTS HEADS

Performance proven magnetic ferrites available

_ for every electronic application

Computer and
Automation Systems General Ceramics ferrites for television, radio and instrumentation offer designers

Designers! and engineers a wide range of economical standard components. All are appli-
Ferramic memories cation tested for highest efficiency electrically and mechanically. The fact that
g;;’:c]ste i e adrz;’gor} leading electronic manufacturers specify Ferramics is duc to the program of con-
computers and automa- tinuing research and equipment modernization by which General Ceramics keeps
tion. Magnetic memories pace with the industry’s nceds as to quality and costs! Bulletins are available;
Zz?ul;ﬁeylzcrfgasri?izgﬁﬁfy’ write to General Ceramics Corporation, Keasbey, New Jersey, Dept. E.

with light weight, com-
pact size. Write for

kit GENERAL CERAMICS

Industrial Ceramics for Industrial Progress... Since 1906

Manufacturers of FERRAMIC CORES, MAGNETIC MEMORY CORES, MEMORY PLANES, MICROWAVE FER-
RITES, SOLDERSEAL TERMINALS, HIGH TEMPERATURE SEALS, STEATITE, ALUMINA & CHEMICA! STONEWARE
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Specialists in special purpose tubes

VOLTAGE REGULATOR AND
REFERENCE TUBES--Gas
filed tubes designed to
specific voltafes for reg-
ulating small eurrents,
Also used to make avail-
able stable reference
voltages for high current
supplies. Sizes from sub-
miniatures to hantams,
including many reliable,
ruggedized types.

THYRATRONS —An  ex-
tensive ling of thyra-
trons for use as grid
control rectifiers, relays
and noise generators.
Inverse voltage ranges
from 100 to 5,300 volts.
Sizes from gubminia-
tures to ST 16 bulbs.
Filamentary as well as
hot and cdd cathode
types are available.

fars

TWIN POWER TRIODES
—The mast complete
line of highcurrent twin
power triodes devel.
o) especially for reg-
ulated pawer supply
usage. Current and
power ranges up to 800
milliamperes and 60
watts respectively. In-
cluded are rugged types
inbothlowand medium
mu construction.

RECTIFIERS—Both vac-
uum and gas filled tubes
with peak inverse volt-
age ratings from 200 to
15,000 volts. Included
are tubes with special
features such as fast
warm-up, cold cath-
odes, clipperservicerat-
ings and rugged con-
struction.

TELEPHONE TYPES — A
highly speciatized line
of vacuum and gas filled
types in both the 300
and 400 series.

Chatham research and development
has produced many new tube types
that have become industry standards.
If you have a special purpose tube
problem, Chatham experience can
help you find the solution.

HYDROGEN THYRATRONS
—Used primarily as
switching tubes in line
the radar modulatora,
these tubes permit ac-
curate control of high
energy pulses. Sizes
from miniatures to the
VC 1257. Peak pulse
L)gwer ranges from 10

ilowatts to 33 mega-
watts,

CHATHAM ELECTRONICS bivision ot TUNG-SOL ELECTRIC INC.

General Office and Plant: Livingston, New Jersey
SALES OFFICES: CHICAGO, IDALLAS, LIVINGSTON, LOS ANGELES

ELECTRONICS engineering edition — January 17, 1958
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ESSEX ENGINEERED
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WIRE =r« CABLE

Motor Industry
Avutomotive
Appliances

Communications

Electronic

Radio & Television
Qil Burner

Neon Sign

e ldborcztory-developed to meet the unique
requz'rements of your spécz’fz’c applicatz'on/

The Essex “Extra Test®” approach to the development of quality wire
products has gained the confidence of engineers in every industry
where electrical wire products are a factor! The full line of lead,
appliance, automotive and refrigeration wires . .. plus submersible
pump cable and 200° C. Sil-X®insulations are outstanding examples
of the versatility of “Essex Engineering.” Thorough engineering,
from conductor to covering, has made available a wire of type and

size with vital properties that assure you outstanding performance.

Unusual wire or cable specifications need not trouble
today’s engineer. By investigating the complete line of
SX Wires and Cables, most wiring requirements can be
quickly met by one or more of the Essex “Standards”;
thus hastening delivery, affecting far greater economies,
and guaranteeing an Essex Engineered “Industry
Proven” product.

other outstanding

*ESSEX ENGINEERED
production proven products

G

GENERAL PURPOSE RELAYS

A.C. or D.C. General Purpose Multipole re-
lays. For circuit switching of electrical inter-
locking remote control devices. Features
special cross-bar contacts for low-voltage,
low current circuits or button type contacts for
power switching circuits. Request Bulletin
No. 1060.
R-B-M “Control” Division
Logansport, Indiana

COILED CORDS

Coiled Cords auvtomatically synchronize with
moving components that are electrically
powered. There are no looping, tangling
cords in the way ... because Coiled Cords
extend and retract as needed. Complete line
of cord sets and power supply cords. Write
for new literature.

Cords Limited Division
DeKalb, itlinois

REFRIGERATION WIRES s ®

The complete line of "Essex Engineered” in

ternal, lighting circuit, heaoter and lead wire

... plus flexible conduit, power supply cords

and thermostat cobles, are approved by
UL and CSA.

Wire and Cable Division

Fort Wayne, Indiana

— 9%

wike P80DUCTE

WIRE - CABLE DIVISION

ESSEX WIRE CORPORATION
FORT WAYNE 6, INDIANA

48 CIRCLE 40 READERS SERVICE CARD
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CALIBRATED
MICROWAVE

Absolute measurements of field intensity are possible with the ol B —1 ™ Y i EmiVe VR B ¥
Model FiM field intensity receiver system. An incoming signal,

received by the calibrated antenna, is matched against the

signal of an internal calibration signal source to determine RECE IVE R
absolute power. The instrument is completely shielded to pre-

vent stray signal pickup.

SYSTEM

absolute measurements—
radiation, interference and leakage
1000 to 10,000 mc

Over the frequency range 1000 to 10,000 mc, interference

radiated from any electronic equipment can be determined and The new Palarad Model FIM is the only instrument approved
g;gz;?:adﬁg:‘s’f'eet the requirements of commercial or militars Class A MIL SPEC. MIL--006181C for performing radiation leakage
_Direct indication by peak reading measurements in the range 1,000 to 10,000 mc. It is a complete

slide-back V.T.V.M. and by quasi-peak meter function. system including a monitor unit, 4 interchangeable tuning units
—Average indication of unmodulated carrier; covering the range 1,000 to 10,000 mc, a separate power supply,

average or peak indication of modulated carrier. a series of antennas to match the frequency range of each tun:

ing unit and one broadband omnidirectional antenna. The monitor
unit provides meter, video, audio and recorder outputs.The power
supply provides regulation of plate and filament voltages.

(Lo W\ 7.1} /IN ACTION o

The Model FIM receiver system can be used to determine radio
interference voltages operating on external power conductors,
or other external system connections, by connecting the mori-
tor unit to a line stabilization network. Both broadband and
CW interference signal levels may be measured as described
in “Radiated Interference Measurements” (above).

Because of the sensitivity of the FIM receiver system, trans-
mitter and receiver antennas can be separated by distances
great enough to avoid phase errors. Minor lobes can be care-
fully investigated. The automatic frequency control allows the
use of a relatively unstable signal source. Preselection elim-
inates errors that may be caused by the presence of harmonics PGWER UNIT—FIM-P

MODEL FiIM SYSTEM
BASIC MONITOR UNIT—FIM-B

of the signal or spurious signals. TUNING UNITS (interchangeable)

YFIM-L e, 1,000 to 2,240 me
FIMS e 2,140 to 4,340 mC
*FIM-M L e 4,200 10 7,740 mC
PEIM-X . 1,360 to 10,000 me

U.S. PATENT NO. 2,774,243

Contact Polarad or your nearest Polarad representalive for complete defails.

POLARAD ELECTRONICS

CORPORATION
43-20 34th Street, Long Island City 1, N. Y.

REPRESENTATIVES: Abington, Albany, Atlanta, Baltimore, Boeing
Field, Chicago, Cleveland, Dayton, Denver, Detroit, Englewood,
Fort Worth, Kansas City, Los Angeles, Orlando, Portiand, Roch-
ester, St. Louis, Stamford, Sunnyvale, Syracuse, Washington, D.C.
Westbury, Westwood, Wichita, Winston-Salem, Canada: Arnprior,
Ontario. Resident Representatives in Principal Foreign Cities

The Mode! FIM receiver system will measure carrier levels from
10 micro-microwatts to 2 watts. A multi-position coaxial step
attenuator is provided to switch ranges quickly, and the effec-
tive noise bandwidth is constant for the full r-f range of the
instrument. UNI-DIAL single knob tuning permits quick fre-
quency scanning.



ULTRA-BROADBAND
MICROWAVE
SIGNAL
GENERATOR

MSG-34

Replaces 2 or more present day
signal generators normally required
to cover C and X bands

The new Polarad MSG-34 outperforms all existing signal generators both in
frequency coverage and ease of operation. In all respects, it is the most efficient
and economical mstrument to generate frequencies between 4,200 and 11,000
mc at a high power level.

By means of a unique design utilizing Polarad’s exclusive UNI-DIAL control,
Ultra-Broadband Frequency Coverage has been achieved in one completely
integrated unit. Attenuator index is automatically set throughout the entire band
after calibration, thus avoiding possible error when making accurate measure-
ments rapidly. Frequency is read directly from a 4 foot linear dial that is easy
to read.

Some unusual features:

Calibrated output: 1 milliwatt
Internal puise modulations

.2 to 10 u sec. pulse width

10 to 10.000 prf

2 to 2.000 u sec. delay
Pulse rise and decay time 0.1 u sec.
Attenuator index independent of power set
Long life non-contacting choke in oscillator

Provision for external modulation, sine wave, pulse or
multiple pulse.

POLARAD

»
e R
OVen geiastt

SPECIFICATIONS:

Frequency Range:
4,200 mc to 11,000 mc

Freguency Accuracy: = 1%

Power Output:
1 miltiwatt (0 dbm)
calibrated

Attenuater Qutput Range:
0 dbm to—127 dbm,
0.223 volts to 0.1

microvolt,
(directly calibrated).

Attenuater Qutput
Accuracy: = 2 db from
0 to — 127 dbm

Output Impedance:
50 ohms nominal.

Output VSWR: 2:1 maximum

internal Pulse Modulation:

Width: 0.2 to 10 micro-
seconds.

Repetitien Rate: 10 to
10,000 pps

Delay: 2 to 2,000 micro-
seconds.

Sync: internal, external-
pulse or sine wave,

Rise Time: 0.1 microsecond
as measured between
10% and 90% of maxi-
mum amplitude of the
initial rise.

Decay Time: 0.1 micro-
second as measured be-
tween 10% and 90% of
maximum amplitude of
the final decay.

Internal Square Wave:
Rate: 10 to 10,000 pps.
Symmetry: = 5%

Sync: Internal

Internal FM:

Type: Linear sawtooth.

Frequency Deviation:
5 mc minimum.

Rate: 10 to 10,000 cps.

Synchrenizatien: Internal
or external, puise or
sine wave.

External Pulse Medulation:

Pelarity: Positive or
negative.

Rate: 10 to 10,000 pps.

Pulse Width: 0.2 to 100
microseconds.

Amplitude: 10 to 40 volits
peak.

Output Synchrenization
Pulses:
Polarity: Positive, delayed
and undelayed
Rate: 10 to 10,000 pps.
Amplitude: 15 volts peak
minimum.
Rise Time: Less than 0.25
microsecond.

External Sync:
Type of Input: Positive,
negative, or sine wave.
Amplitude: Pulse: 5 to 50
volts peak;
Sine wave: 5 to 40 volts
rms.

POLARAD ELECTRONICS CORPORATION

43-20 34th Street, Long Island City 1, N. Y.

REPRESENTATIVES: Abington, Albany, Atlanta, Baltimore, Boeing Field, Chicago, Cleveland, Dayton, Denver, Detroit, Englewood, Fort Worth, Kansas City, Los Angeles,
Portland, Rochester, St. Louis, Stamford, Sunnyvale, Syracuse, Washington, D. C., Westbury, Westwood, Wichita, Winston-Salem, Canada: Arnprior, Ontario. Resident
Representatives in Principal Foreign Cities.
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You can rely on BUSS FUSES
to operate as intended.

Here’s why — With BUSS fuses,
dependable electrical protection isn’t
left to chance. BUSS fuses are tested in
a sensitive electronic device. Any fuse
not correctly calibrated, properly con-
structed and right in all physical di-
mensions is automatically rejected.

The result,—BUSS fuses provide
maximum protection against damage
due to electrical faults. And just as
important, they. eliminate useless shut-
downs caused by faulty fuses blowing
needlessly.

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

~—CIRCLE 42 READERS SERVICE CARD

With a complete line of fuses avail-
able, it is just good business to stand-
ardize on BUSS. The “‘trouble-free”
operation of BUSS fuses helps to assure
that your product will operate as in-
tended . . . thus, BUSS fuses help to
maintain the reputation of your prod-
uct for quality and service.

If you have an unusual or difficult
protection problem, let the BUSS fuse
engineers work with you and save you
engineering time. If possible, they will
suggest a fuse already available in local

CIRCLE 43 READERS SERVICE CARD

wholesalers’ stocks, so that your device
can be easily serviced.

For more information on BUSS and
Fusetron small dimension fuses and
Fuseholders. .. Write for Bulletin SFB,
Bussman Mfg. Division, McGraw-
Edison Co., University at Jefferscn,
St. Louis 7, Mo.

Mokers of o tompiete
line of fuses for hame,
form, commerg¢ial,

TRUSTWORTHY NAMES IN electronic, automolive
ELECTRICAL PROTECTION ond industrial  wse.
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family of high-quality

for dependable performance

Typical group of UNION High-Quality Miniature
Relays. Special manufacturing techriques ar2
usad to provide quality relays in darge guantities.
Ultrasonic and jet abrasive cleaning previde clean
material. Unique baking and evacustion proc-
esses guard against gassing in_the relay.




Miniature Relays is designed

in guided missile environments

Do You NEED A RELAY to operate with unusual reliability under severe
conditions of temperature, shock, and vibration? Or one that functions on
extremely low “dry-circuitry” loads? For AC or DC circuits? Or special
applications? You can find almost any miniature relay you need in the
UNION line.

UNION Miniature Relays were originally developed for use in airborne
and guided missile electronic equipment and meet or exceed the require-
ments of MIL-R-25018, MIL-R-6106C and MIL-R-5757C. Their reliability
and small size have led to their use in many industrial applications such as
traffic control systems, computers, resistance welders and other electronic
equipment.

Look over the many types of UNION Miniature Relays available, as
shown here, and write for our Bulletin 1012 containing complete information.

Outstanding Features

1. Superior Contacts Standard HI-LO
contacts permit high loads and low
loads to be handled at the same time
in one relay. Dry-circuit contacts are
available when utmost reliability is
desired for low-level, dry-circuit loads.
2. Coil Resistances Available in stand-
ard case from .9 to 8750 ohms and in
long case from 1.6 to 13,600 ohms.
3. Temperature Rating Class “A”
—55°C to +85°C; Class “B” —65°C
to 4+125°C.

4, AC or DC Models Nominal operat-
ing voltages from 1.5 to 160 volts DC;
115 volts, 60 to 400 C.P.S., AC. AC

relays incorporate built-in rectifiers
and have same reliability as DC
relays.

5. Types and Mountings All relays
available in 6PDT or 4PDT models,
plug-in ar solder-lug connections, and
all the usual mountings.

6. Special Relays Slow-acting relays
for applications requiring a differen-
tial between operate time of various
relays; Plate-circuit relays which op-
erate on less than 8 milliamperes;
Double-coil relays with each coil en-
abling operation of the relay . . . avail-
able on special order.

\Q UNION SWITCH & SIGNAL
e

DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY mwossssmesms

PITTSBURGH 18, PENNSYLVANIA

%
>
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TAPER PIN TERMINAL BLOCKS ;

SERIES 145-58
DUAL ROW

for computer
applications

MACHINE TAPERED FOR PRECISION
.+ MOLDED IN FOR RUGGEDNESS

Here is an improved terminal block design with permanently mo'ded-in
and precision reamed taper pin receptacles for maximum durability.
These receptacles maintain secure electrical and physical contact
with AMP Series “53" solderless taper pin. The body is molded of
high impact, glass reinforced Alkyd 446 (MIL-P-14E, Type MAI60).
Other molding materials on request. Taper receptacles are brass, gold
plated over silver for low contact resistance.

SERIES 145.58
SINGLE ROW

Continental Connector can supply all types of taper pin blocks and
connectors for conventional wiring and printed circuitry in any combi-
nation of feed-through shorting or non-shorting terminals. Our engi-
neering department is prepared to cooperate in solving your connector

SERIES 145-60 application problems. Write today for technical information.

FOR PRINTED

CIRCUITRY F_
® < I 1
?".‘ 1l
i
SERIES 145-48 I
TRIPLE STACKED i
§-
.
i
"
A r§ DUAL TERMINAL 600-65-2 PLUG
: SOCKET 600-65-1 DIP SOLDERED TO |
o 3 PC BOARD . . . MATES
& ~ ¥ : WITH 600-65-1 SOCKET
IE DUAL TERMINAL CONNECTOR FOR SOLDERLESS &
WIRING 15 contact . . . series 600-65
) i
| Developed primarily for COMPUTER APPLICATIONS requiring dual L
8 solderless wiring leads for each single contact. The right angle
] plug is dip soldered to the printed circuit board and mated
i with the dual terminal socket. Socket terminals are precision
SERIES MB WITH machine tapered for AMP "'53" solderless wiring. Contact rat- g
SOLDER CUPS FOR ing 20 millivolt drop maximum at 7.5 amps. Connector rating !
CONVENTIONAL WIRING =9 500 volts RMS.
&g&i; ] u;‘ -s;‘?r'}'g:!» i '_’» “‘& . ¥ 9‘ e e 1

Manufactured by Continenta! Connector Corporation, Woodside 77, N. Y.

B - R TR T e - e
: | Exclusive Sales Agent {

eIeCtronlc I DeJUR-Amsco Corporation |

' 45-01 Northern Boulevard I

»mf components | Long Island City 1, N. Y.

L A _A_A A _4AJlN il v s 8 ]
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SPERRY 2K SERIES KLYSTRONS COVER

Continuous frequency range
from 2660 to 10,300 mc

In wide use in the laboratory and on the production line

2K41

QFERAIING Wi ' b | 2K42 OPERATING SPECIFICATIONS
SPECIFICATIONS

: o ~ FREQUENCY 3,300 to 4,200 mc”
FREQUENCY 2,660 to 3,310 mc BEAM VOLTAGE 300t0 1,250 v
BEAM VOLTAGE 30010 1,250 v : BEAM CURRENT 6 to 50 ma
BEAM CURRENT 15 to 60 ma 3 HEATER VOLTAGE 6.3v
HEATER VOLTAGE 6.3v : E 3 OUTPUT POWER 30 to 1,450 mw
OUTPUT POWER 0.02t02.75w _— ELECTRONIC TUNING

ELECTRONIC TUNING BANDWIDTH
BANDWIDTH 5t017 me ¢

15 to 30 mc

2K43 OPERATING SPECIFICATIONS ‘ | 2K44 OPERATING SPECIFICATIONS M-~

FREQUENCY 4,200 to 5,700 me - N ‘ FREQUENCY 5700t07,500mc < =
BEAM VOLTAGE 500 to 1,250 v L & BEAM VOLTAGE 500 to 1,250 v \
BEAM CURRENT 12 to 50 ma a BEAM CURRENT 14 to 54 ma

HEATER VOLTAGE ~ 6.3v 1 , HEATER VOLTAGE  6.3v

OUTPUT POWER 0.25t01.25w OUTPUT POWER 50 to 1,025 mw

ELECTRONIC TUNING - ELECTRONIC TUNING
BANDWIDTH 25 to 50 mc ‘ BANDWIDTH 10 to 70.mc

2K39 OPERATING SPECIFICATIONS i 2K25 OPERATING SPECIFICATIONS

FREQUENCY 7,50€C to 10,300 mc - | FREQUENCY 8,500 to 9,660 mc
BEAM VOLTAGE © 50010 1,250 v BEAM VOLTAGE 300v

BEAM CURRENT 12 to 35 ma - BEAM CURRENT 32 ma

HEATER VOLTAGE 6.3v S 0 | 1o HEATER VOLTAGE 6.3v

OUTPUT POWER 025t0 1w | ; QUTPUT POWER 3t0 20 mw

ELECTRONIC TUNING ELECTRONIC TUNING
BANDWIDTH 20 to 40 mc BANDWIDTH 25to 115 me

Sperry is currently producing, for immediate delivery, a wide

ELECTRONIC TUBE DIVISION

range of Series 2K Reflex Oscillator Klystron Tubes.
Especially suited for use in laboratory test equipment, as
signa? genefators and bench oscillators, the 2K tubez are also s ! 5”0’00’[ 00”’1’,
used in production line testing and in radar equipment. Design B Great Neck, New York

features include integral cavity and tuner, convenient modula-
tion, simple single-screw tuning and extra-rugged construction
for long service life. BROOKLYN - CLEVELAND - NEW ORLEANS - LOS ANGELES
v Write or phone the nearest Sperry district office for more SAN FRANCISCO - SEATTLE - IN CANADA: SPERRY GYROSCOPE
details on these and other Sperry Klystrons. COMPANY OF CANADA, LTD., MONTREAL, QUEBEC.

DIVISION OF SPERRY RAND CORPORATION
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ESSEX has all the

et

ENAMEL...Class A105° C

An oleo-resinous enamel, used primarily in ignition coils, re-
lays, small transformers, radio and electronic coils and
similar applications.

FORMVAR...Class A105°C

A film composed of polyvinyl formal resins with good elec-
trical and chemical qualities and exceptional adhesion,
flexibility, toughness and abrasion resistance properties.

Class A 105° C BONDEX

A Formvar insulation with a “bonding™ film added. All the
desirable Formvar characteristics are retained plus the “self-
bonding” of the coil wound wires.

NYLON...Class A 105° C

Comparable with Formvar, this polyamide insulation features
self-fluxing properties; has an extremely smooth finish, and
good electrical, chemical, and physical properties.

FORMVAR-NYLON Combi-
nations ... Class A 105°C
NYFORM®

A Nylon film applied over a Formvar insulation gives these
wires outstanding physical properties and is well svited to
applications where pre-heating before dipping and baking
is not practical.

SOLDERABLE FILMS...
Class A 105° C SODEREX

These smooth red insulations with a modified isocyanate or

Whatever your winding requirements, for prompt
delivery of the exact wire and insulation . . . look to
Essex! Essex "Extra Test” Magnet Wire is available
in metal, fiber container (MAGNA-PAK)®, commercial
reel or spool putups.

Frea TEST °

MAGNET WIRE TYPES!

polyurethane base have outstanding physical, chemical and
electrical chorocteristics plus self-fluxing properties which
permit hot solder connections without prior stripping.

ENAMEL...Class B 130° C
(Isonel) THERMALEX

Constructed with a polyester, this insulation has a very long
thermal age life and compares with Formvar in physical,
chemical and electrical characteristics.

SILICONE...Class H 180° C

This insulation, constructed with a silicone base material and
accommodating extreme temperature requirements, is modi-
fied with other materials, insuring its physical, chemical and
electrical properties,

HERMETIC FILMS...Class B
125° C ACRYLEX

Based on acrylic resins, these insulations are excellent for
hermetic applications. Their non-crazing, high cut-through,
long heot age life and excellent solvent resistance indicate
a bright future for hermetic applications.

TEXTILE INSULATIONS...
Class A, Class B, Class H

Cotton, paper, fiber glass, nylon, silk or combinations of
them, are opplied over bare or film insulated magnet wires
for various physical, chemical and electrical requirements.

ROUND, SQUARE, REC-
TANGULAR

All types of the above wire, both bare, film insulated, and
textile covered are available from Essex.

WRITE TODAY...
for new "Directory of

Magnet Wire Types and
Trade Names."

ESSEX,MAGNET WIRE

DIVISION ESSEX WIRE CORPORATION, Fort Wayne 6, Indiana

MANUFACTURING PLANTS — Birmingham, Alabama; Anaheim, California;
Fort Wayne, Indiana; Detroit, Michigan; Hillsdale, Michigan.

SALES OFFICES AND WAREHOUSES*

Dayton, Ohio Hartford, Conn.
Detroit, Michigan Indianapolis, Ind.
Fort Wayne, Indiana Kansas City, Mo.
Fort Worth, Texas *Los Angeles, Calif.

*Birmingham, Ala.

*Chicago, lllinois
Cleveland, Ohio
Dallas, Texas

*Saint Louis, Mo.

*San Francisco, Calif.
Upper Darby
(Philadelphia), Pa.

Wires, Incorporated

Milwaukee, Wisc.
*Newark, N. J.
*Portland, Oregon

Rochester, New York

Distributed nationally to the repair and maintenance industry through Insulation and
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NOW AVAILABLE FROM
0.1 M.F.D. to 10 M.F.D.

Check these outstanding features:
e Accuracy in the order of

0.1% or better!
e long Time stability
in the order of 0.03%!
I.R.—@ 25° C-10'2 OHMS
Dielectric Absorption—.015%
Dissipation Factor—.0002
Temp. Coeff. (—20° to 140° F))
100 P.P.M. per °C
Excellent for Computer
Integration, Test Equipment or
Secondary Standards.

America’s electronic leaders
specify Southern Electronics’
polystyrene copacitors for their
most exacting requirements.
Goodyear Aircraft, Beckman
Instruments, Reeves Instrument
Corp., Electronic Associates, Inc.,
Convair, M.I.T., Calif. Inst. of Tech.,
and many others. Make sure
you're getting the finest—
always specify S.E.C.!

Wire, write or phone for
complete catalog today!

ELECTRONICS engineering edition — January 17, 1958

ADJUSTABLE

precision
polystyrene
capacitors

« o« WITH PERFECY
HERMETIC SEAL YO
INSURE EXTREMELY

Reg. U. S. Pat. Office LOW LEAKAGE!

REG. U.S. PAT, OFFICE

) B v
{}49 SOUTHERN ELECTRONICS
- . %me/wwaﬁcm,

150 West Cypress Ave., Burbank, California
New District Office: 1186 Broadway, New York City

’ Ll Phone: ORegon 9-2770

CIRCLE 49 READERS SERVICE CARD
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Foremost in the application of Electronics

=

‘IN AVIATION over 30 air
Forces rely on Marconi radio,
radar or navigational aids. For over
three years Marconi’s have been in
quantity production with Doppler
navigators for British and Common-
wealth Governments.

. IN TELECOMMUNICATIONS

 The Post and Telegraph Authorities

i of some 80 countries use Marconi
telecommunications equipment.

AT SEA Marine communication
and radar equipment for navies /A .
and merchant fleets. Marconi .

navigation beacons are to be found
on all the main shipping routes
of the world.

IN BROADCASTING
AND TELEVISION

The Broadcasting Authorities
of 75%, of the countries of
the world are using Marconi
sound broadcasting or tele-
vision equipment.

IN VALVES AND CRYSTALS
Valves of all powers and types, mag-
netrons, klystrons, stabilovolts, travel-
ling wave tubes and television camera
tubes. Crystals for all requirements
up to the highest grade unit employed
in frequency measuring.

IN RADAR The armed Services
of Great 8ritain and many other
countries rely on Marconi’s radar
for defence, surveillance, naviga-
tion and airport control.

MARCONI

on land, at sea and in the air

The inquiries of radio and electronic engineers who wish to keep themselves
posted about the latest Marconi equipment and activities are most welcome. Write to:

J- 5. V. WALTON, MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED, 23-25 Beaver Street, New York City 4

MARCONI’S WIRELESS TELEGRAPH COMPANY, LIMITED, CHELMSFORD, ESSEX, ENGLAND
LG 24
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LOGICAL
BUILDING BLOCKS

A New Dimension in Systems Design

Avco’s transistorized packaged circuits let the designer move
directly from paper design to finished equipment--with no inter-
mediate electronic development stage.

This basic new approach permits new freedom for the designer,
cuts the time and effort needed to construct highly specialized
digital systems, opens new possibilities for ccmputer design and
application. '

EIGHT COMPATIBLE PLUG-IN UNITS, NOW AVAILAELE, PROVIDE THE BASIS
FOR PRODUCING ANY CONCEIVABLE LOGICAL SYSTEM:

o Bistable Trigaer Element e And Gate Package
o Gated Amplifier Eleament ® Or Gate Package
o Complementer Amplifier Element o Emitter Follower Package

e Monostable Element e And-Or Gate Package

These building blocks are designed to operate well within the performance
limits of their transistors, to insure long life and trouble free operation, and
to meet military environmental requirements.

Avco Research and Advanced Development Division
Prototype Development Department
20 South Union Street

Lawrence, Mass.

Hesearch & Advanced Development



General Eleetrie Semiconductor News

Silicon Unijunction Transistor

SPECIFICATIONS OF THE SIX
SILICON UNIJUNCTION TYPES

Components removed

Circuit function from basic circuit
Absolute maximum ratings (25°C) Aol (e D, R2, RS, R6
RMS power dissipation— Pulse amplifier D, R4, R6
stabilized 350 mw Multivibrotor R2, R4
RMS emitter current 50 ma One-shot multivibrotor R4
i Flip-flop C, D, R4, R5, Ré
PE?k Sl Zacme Sawtooth generator D, R2, R4, RS, R6
Emitter reverse voltage 60 volts Triangalor wove generotor 2, R3, R4
Operating temperature range —65°C to 150°C Pulse rate modulator (1) D, R1, R2, R4, RS, R6
Pulse rate modulator {2) R2, R4, R5, R6
Major electrical characteristics (nominal) Time delay circuit D, R2, RS, Ré6
o Sensitive current detector D, R1, R2, R4, RS, Ré
ljerbase °§° e 5 & 9 3T Temperature indicotor D, R2, R4, RS, R6
i, SRS e Peak voltage detector D, R1, R2, RS, R6
temp. 56 7.5 56 75 56 75 kQ

Intrinsic
standoff ratio.

Modulated
interbase current

.56 .56 .62 .68 . BASIC UNIJUNCTION TRANSISTOR CIRCUI

12 12 12 12,

Emitter reverse
current

(Ty==25°C) .07 .07 .07 .07 .07 .07 pua
{T/==150°C) 28 28 28 28 28 28 {a

Unijunction transistor takes advantage of
negative resistance to spark circuit savings

The new unijunction transistor has the useful property of negative resis-
PEAX POINT tance. Briefly, the current rises with the voltage input as usual, but only
up to a certain peak, past which ihe current keeps on increasing though
the voltage starts going down. This principle gives the unijunction two
stable states—one “off” and the other “on”——so that it can be used to take
the place of two conventional transistors (minus much other circuitry) in
many switching and oscillator applications. A few of these applications
making use of the unijunction’s high peak current capabilities combined
with high temperature rating and stability are shown above.

@«
<

°
2

VALLEY POINT

EMITTER TO BASE | vOLTACE
<

30me

To put the unijunction to work for you, you’ll want all the specs, plus
application data with sample circuits. Please write for information. As you’ll
see, the unijunction is actually a new type of semiconductor, the first since
the conventional transistor itself to reach commercial success.

G-E High-=-voltage Silicon Triodes

20Ma
EMITTER CURRENT

CUT-OFF  NEGATIVE RESISTANCE SATURATING REGION
REGICH REGION

General Electric can now supply your needs for popular, industry-accepted high-
voltage silicon transistors—types 2N332, 2N333 and 2N335. Every unit is aged at
200°C for more than 500 hours, and tukes a drop test considered more rugged than
the standard military 500 G shock test. That’s why you can depend on ratings and
performance characteristics shown. Rated at 45 volts (collector to base), these tran-
sistors are designed for amplifier use, both audio and RF, and general purpose
switching. Among its many features are low output capacity, high cutoff frequencv
and low leakage. Full specs are available from your Semiconductor Sales repre-
sentative or from the factory.

SPECIFICATIONS, Types 2N332, 2N333, 2N335

Absolute maximum ratings

Storage temperature 200°C

o ting t t —55° O
Photo shows top view of G-E silicon high-voltage e SSRClIoll 758G
transistor, with cap removed. 1. Gold emitter g;lilrer::onro?gal::s:oagl,:ge ?sv:r'lts
ribbon. 2. Aluminum base-lead ribbon. 3. Gold- °
silicon alloy. 4. Collector tab. 5. Base region. g::v':f'm cutent 25 ma
6. NPN diffused meltback silicon bar. Canti- Collector dissipation (25°C) 150 mw
lever design for shock resistance. Silicon bar is Collector dissipatien (100°C) 100 mw

Collector dissipation {150°C) 50 mw

alloyed firmly to tab; ribbons are flexible to
minimize constraints.
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Transistor Reliability

enhanced by spotless factory, stringent controls

The production section of G.E’s Buffalo semiconductor plant resembles a
medical research laboratory. Production workers are dressed in white; white
walls and ceilings predominate. The entire plant is air conditioned and slightly
pressurized so any dust will flow out instead of in when doors are opened.
Water is super-purified and tested electronically, for chemical testing is not
accurate enough. Alcohol used to dry transistors has to be so pure that a
single drop of water in a barrel of it would ruin it.

These are just three of the manufacturing techniques that have their pay-off
in reliability. They are supported by special quality control techniques using
over $500,000 worth of test equipment, to help assure G-E transistors do not
fail or permanently change parameters.

Military specifications call for dozens of rugged tests. But commercial and
industrial transistors undergo most of them also, plus a few of their own.
Here are some examples: Shock test: a transistor is mounted on a heavy metal
block and dropped as much as 4 feet to a metal base. 20,000 G centrifuge
test: transistors are spun about 36,000 rpm in various positions, then checked
both mechanically and electrically. 15 minute temperature cycling test:
transistors are frozen at —65°C and then immediately placed in an oven set
at maximum temperature (up to 250°C). Vibration test: transistors are -attled

A section of the test area in G.E.s Buffalo transistor . 3 " . . 3 1
olant. In the foreground is a humidity control box in at 40 to 100 cps for 96 hours. Salt spray test: corrosion and hermetic sealing

which transistors are inspected prior to encapsulation.

G=-E Silicon Stud-mounted Rectifiers

I you’re looking for t i -
’ el ) 9H0 gre_a er current a.t hlgher LU RATINGS AND SPECIFICATIONS
peratures, with no sacrifice of chassis space . . . 0 9

properties are tested for periods ranging up to 12 days.

NN
NI
INTYY
IN11I8

this is just one of several advantages offered in G-E 60 cps, resistive or

inductive = =4
silicon low-current stud-moun recti . h Peak inverse voltage 100 200 300 400 v
rent stud-mounted rectifiers. Other | fory e 70 140 210 280 v

features include: ® Ratings up to 170°C ambient g%ngu‘:;:frée DCV 100 200 300 400 v
® Low forward drop ® Forward current up to Dc(lg?‘;’:”Ccose Temp.) 600 600 600 600 ma .
1.5 Amperes ® Low leakuge at high temperatures (85°C Case Temp.) 1.5 1.5 1.5 1.5 amps
Full load forward voltage
e Operating reliability assured under all condi- fg«aggull-cyc'e ove ot 65 32 w5l 65

tians ® May be moun irec 1 ink 1 teakage current {Full-cycle
y be mounted directly to heat sink using a : .

ave at 150°C ¥
a i , i- Mox. ting freq. 100 100 100 100 k ‘
a tapped hole or a nut and lockwasher, or electri ox. operating freq L U R 0 ORI s e sl

Iy 1 lated witl ti ki hich i lied CalOaD CEORIEE USa: 165 65 65 65°C mi ALLOWABLE TORQUE O STUD
cal msulated with mounting it which 1s su 1e . — - — min. _—
v & pp Storoge temp. 175 175 175 175°C max.

with each unit. —65 —65 —65 —65°Cmin.

Need a few semiconductors in a hurry?

w, 18 Check your local G-E distributor

For fast delivery of transistors and rectifiers, see your local G-E distributor first.
Just check and see, for yourself, if his service facilities and prices don’t work
out to your great advantage.

Florida engineers, for example, can call on Thurow Distributors. Thurow re-
" cently put in the most complete line of semiconductors available {(G.E. of course)
to better serve the greatly expanding electronic and aircraft industries throughout
¥/  Florida. Shown at left are Thurow and General Electric executives looking at part
4 | of their initial shipment of G-E semiconductors.

S
-

Quick-reference transistor manuval—This famous SEMIYCOOUh'l{D(l;J.CETOR \Eﬂlill'l?e 'glad_?o give Jou f_u.fu_nherhi‘nforn‘ila?ti)or;l cu:\d specifications on General
. . . . ectr ransi r r t rs.

veilatie immpee i3 ha 13 s enlatgad SHDUETOR | acinc tronesiore cnd cpsivrt anyal b laing v oler dega)con) ol

second edition. Gives you all the facts—basic REPRESENTATIVE  eral Electric Company, Electronics Park, Syracuse, New York.

semiconductor theory, parameter symbols, speci-

fications of G-E transistor types, circuit dia-

grams, applications, registered types of all

manufacturers, and other data frequently
needed. 112 pages. Available at your local G E N E R A L E LE c T R I c
G-E Tube distributor, or enclose 50 cents (no

stamps, please).
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SLIP RINGS AND BRUSHES

by Iron Fireman

THREE TIMES
ACTUAL SIZE

More than just a product

Iron Fireman skill in developing slip rings and brushes for special
applicaticns is well illustrated in the Ampex Videotape Recorder.
Ampex required a slip ring of exceptionally high standards and with
unusual characteristics. Iron Fireman perfected a design to meet
this specific need.

If you have a precision slip ring application Iron Fireman can
be of service to you, too. Write to the address below for detailed
information.

IRON FIREMA% DIVISION

2838 S.E. NINTH AVENUE, PORTLAND 2, OREGON

CIRCLE 54. READERS SERVICE CARD CIRCLE 55 READERS SERVICE CARD —»




Here's the answer to prototype paris

and short run production...

MU METAL
BRASS
INCONEL
ALUMINUM

DEEP DRAWING, HYDROFORMING, COPPER
SPINNING, STAMPING, PIERCING, CARBON STEEL
ASSEMBLING, SPOT WELDING, STAINLESS STEEL
ANNEALING, TOOL MAKING, ETC. NICKEL
S LEAD
. PEWTER
ZINC
MAGNESIUM
MOLYBDENUM
TITANIUM

SILVER
SPECIAL ALLOYS

KAUPP SAVES TIME
REDUCES COSTS —

PRECISION METAL
FORMING

A - ' a
? S
&) Qs ¥ Complete Service
For AIRCRAFT... AUTOMOTIVE ... from Design to Delivery!
Consult KAUPP for accurate metal
- ‘& components in production quantities,
7" ‘A £ } 3 ? short runs or prototype pieces.
{ ‘ : Precision metal-working machines
“ , ' combined with a quarter century of
ELECTRONICS . .. ELECTRICAL . .. experience assures high speed metal

forming to closest tolerances. KAUPP

engineers will be happy to discuss

your requirements and make

(\ / . recommendations on the economical
) production of your precision metal _

R - parts or sub-assemblies. New o

catalogs and bulletins available now. & \
Requsst your copies, today!

LIGHTING.., TELEVISION . ..

£ ? Metal Craftsmen
i /A since 1924

c.B. KAUPP & SONS

NEWARK WAY, MAPLEWOOD, N.J.—Tel. SOuth Orange 3-2490 C



Mallory “Tan-Sol”"

OW available from stock —the new Mallory
“Tan-Sol” type TAS ... a solid electrolyte
tantalum capacitor for use wherever miniaturized
designs call for high quality and extreme reliability.

The electrolyte used in Mallory ““Tan-Sol” capaci-
tors is a solid semi-conducting material that is not
subject to corrosion. The design enables the use
of these capacitors in severe environmental operating
conditions including those specified for military
applications. Shelf life is indefinite.

This new series adds to the complete Mallory line of
tantalum capacitors which includes subminiature
types TNT and STNT, and the XT and XTM
types for 175°C operation. Mallory “Tan-Sol” type

Solid Electrolyte ' Wi
Tantalum Capacitors

-.... L
T vy

. v
i 5 5

TAS capacitors have exceptionally stable capacity
and dissipation factor over the range from —80 to
+85°C —are particularly good at the low tem-
perature end.

Mechanical construction features include axial leads
with hermetic glass-to-metal end seals. Tinned
nickel lead wires are 1ls-inch long .020 wire, and
are completely free of external welds.

Standard capacity values, in EIA ratings, are avail-
able for shipment from stock. Prototypes of special
designs can be shipped in less than three weeks.
Write for complete technical information on the
Mallory ““Tan-Sol” type TAS —solid electrolyte
tantalum capacitors.

e Mk Expect more...get more from
Serving Industry with These Products B
Electromechanical — Resistors * Switches ¢ Tuning Devices * Vibrators P.R.MALLORY & CO_In
Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries
Metallurgical — Contacts * Special Metals * Welding Materials

Parts distributors in all major cities stock Mallory
standard components for your convenience.

62 CIRCLE 56 READERS SERVICE CARD
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FIG. 1—Sketch shows the electrical field set up by sled electrodes
in contact with glacier surface. A three dimensional pattern
flows through the ice. Crevasse is detected by electrodes

Crevasse detector has made it possible to explore many hun-
dreds of miles of ice and snow in the Arctic and Antarctic and has
never failed to detect a crevasse (see cover)

Crevasse Detector
Blazes Glacial Trails

UMMARY

electrical field in ice pack and pick up constant readings when ice is solid

Sled Electrodes, in contact with ice-snow surface, set up an

Jand safe for travel. As tractor approaches a crevasse, bridged with snow, the
flow of electrical current is disrupted and an alarm warns operator of hidden

chasm. Transistorized system uses the crevasse walls to simulate capacitor

, 2
B_V H. P. Van ECI\HARDT Project IEngineer, Pathfinding Section, Mine Detection Branch,
Research and Development Laboratories, U. S. Army Corps of Engineers, Fort Belvoir, Virginia

REVASSES, hidden pitfalls often servation proved effective only with extra thick snow roofs missed
C wide and deep enough to under highly favorable weather by the wide system, and distin-
swallow men and equipment, have conditions and hand-probing was guishes between large crevasses and

haunted Avrctic explorers for many
years. Bridged over slightly with
snow, these chasms in the ice are
particularly dangerous, in summer
Arctic white outs and snow storms.

Detecting Methods
Until recent years, the only meth-
ods used for detecting crevasses
were aerial photography and hand-
probing with long rods. Aerial ob-

extremely tirving, tedious and slow.

A research program resulted in
the development of electronic tech-
niques employing  surface-elec-
trodes for the effective detection
of crevasses.

TL=2 detector employs a double-
syste n of electrodes. A wide sys-
tem ' letects crevasses in a path
aroutd and in front of a vehicle.
A long system detects crevasses

ELECTRONICS engineering edition — January 17, 1958

narrow cracks.

System Details

Each system consists of four
large dish-pan-shaped sled elec-
trodes in contact with the ice-snow
surface. The wide-system electrodes
are pushed in front of the vehicle
in a fan-wise arrangement on
wooden booms. Two pans act as
current electrodes which set up an
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Recorder chassis and alarm box at right.
The irequency selector swiich provides

for reception on four different bands,
corresponding to those of the transmitter,
plus one for the 60-cps vibrator supply
used in an emergency

electrical field in the surrounding
ice pack. The remaining two sig-
nal electrodes pick up readings from
this electrical field. When the ice
is solid and safe for travel, the
signal is comparatively constant.
As the vehicle approaches a cre-
vasse, the flow of the electrical
field is disrupted and an alarm sig-
nals danger.

The long system operates simul-
taneously with the wide, but on a
separate frequency. Its electrodes
are arranged differently. One elec-
trode is pushed ahead by the vehicle,
which also acts as an electrode, and
the other two are towed behind at
20-ft intervals.

Alarm

As the vehicle travels over the
glacial surfaces the detector reports
its findings by a two-channel re-
corder, mounted in the vehicle. An
alarm box containing a pair of spe-

cial relay meters, a red light and a
buzzer warns the driver of cre-
vasses. Audio warning is also avail-
able through earphones. A light
and a buzzer signify component
failure in the detector.

Electrode Pattern

The sled electrodes are in contact
with the glacier surface. As seen
in Fig. 1, a source of alternating
current, I, is connected between two
current electrodes I, and I. and a
three-dimensional pattern of cur-
rent flows through the ice. Since
ice is a nonconductor, this is dis-
placement current, like that flowing
through the dielectric of a capacitor
connected to an a-c source.

A potential-difference measuring
device is connected between the sig-
nal electrodes e, and e.. Any marked
distortion of current pattern by an
obstruction, such as a crevasse near
the electrodes, will cause a change
in the voltage reading, e.

Ice Coupling

The electrodes are large enough
to provide good coupling to the ice.
Since the assembly moves over the
surface to determine safe trails, the
electrodes’ effectiveness in contact
with snow and ice is bound to vary.
The resulting variations in the elec-
trode-voltage drops should not be
allowed to affect either the input
current or the output voltage read-
ing appreciably.

Spacings and arrangement of the
electrodes determine the ice-sam-
pling depth. In general, the small-

est practical spacing between any
pair of the four electrodes should
exceed the depth of the thickest
snow bridge anticipated. Also, the
spacing should be several times the
dimensions of the electrodes them-
selves so that the variations in snow
contact will not appreciably alter
the effective electrode spacings.

Symmetrical electrode patterns
are avoided as they place the elec-
trodes on a common equipotential
in the current field and would fail
to indicate crevasses oriented par-
allel to that equipotential plane.
The most suitable arrangement
found is shown in Fig. 2.

A block diagram of the crevasse
detector is shown in Fig. 3. The
system is operated from a 24-v
system that can be readily changed
for use entirely from the 12-v ve-
hicle storage battery.

Transmitter

The main transmitter consists
of a bridge-T oscillator and a
power amplifier. These two assem-
blies are bolted within the trans-
mitter chassis which is provided
with three front-panel controls.

The oscillator, Fig. 4A incorpo-
rates heavy degenerative feedback
in which a small incandescent lamp
is used as a nonlinear compensating
resistance. The oscillator provides
constant output frequency and volt-
age for any supply between 12 and
32 volts at temperatures as low as
—20 F. Oscillation frequency is
governed by capacitors C, in Fig.
4A. Various values of these ca-

0 20

1 1

IN FEET

L3

1
SCALE

H-v POWER
TRANSFORMER

ISOLATION
TRANSFORMER

H-V POWER

POWER

24-V BATTERIES

BATTERY

TRANSFORMER]

POWER

| ELECTRODES CONVERTER 80X ELECTRODES

| SIGNAL
SIGNAL 12-V BATTERY

e iV VBN TER ELECTRODES
TO WEASEL MATCHING

RECORDER ]‘ﬁ TRANSFORMER
SIGNAL ISOLAT 0N

MATCHING HAd l_"l BOX 1"’"‘| RES TRANSFORVER

TRANSFORMER
LONG SYSTEM WIDE SYSTEM

FIG. 3—Block diagram of crevasse detector showing the double-elactrode system that
distinguishes between large crevasses and narrow cracks The detector operates from
a 24-v source that can be converted to operation from the 12-v vehicle storage battery

FIG. 2—Electrode arrangement found to
produce the best detection resulis
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o ~2ovfhf'25 1200 24V
L 24V AN
100K 10K 00 =y 100K 2Ni07
0sC
2NI07 =i T1355 Pl
Q 500K
47K 00
CRITICAL AT
20°F
5005
300
10 K
f
C ( 25 2N 107 T1355 +24V
47K 180 t c
400 cps|O.1 | MEG
500 40¢cps| 1.0 1€ VWAA—
i 25  ADWST FOR DIFFERENCES K=X 1000
(A)  BRIDGE-T OSCILLATOR K=X 1,000 (B) POWER AMPLIFIER

FIG. 4—The main transmitter consists of two distinct parts, a bridge-T oscillater (A) and a power amplifier (B)

pacitors provide frequencies of 100,
150, 230 and 350 cps. These fre-
quencies are adjusted by the 500-
ohm trimmer control which varies
a shunt resistance in the tuning
circuit. The oscillator fine-fre-
quency trimmer is adjusted slowly
since there is a frequency-change
lag in the nonlinear feedback sta-
bilizing system.

Avudio Output

Oscillator a-f output is fed to the
power amplifier shown in Fig. 4B,
consisting of a phase-inverter and
two push-pull stages. The input
amplifier and phase-inverter employ
two 2N107 transistors, coupled
through transformer T, to the in-
termediate stage employing two
T1 355 pnp transistors which are
operating class AB. These, in turn,
apply driving power to the low-
resistance interstage transformer
T., manufactured to order.

which drives the final power stage,
employs a pair of P11 transistors
operating Class B. Types XH-25
or XH-10 may be substituted for
these transistors which are no
longer manufactured.

Receivers

The receiver input signal, Fig. 5,
from the electrodes and isolating
or matching transformers is at-
tenuated to a suitable level at a
constant impecdance of 1,000 ohms
by the T-pad and passed to the pre-
amplifier. The supply voltage of
the 2N107 preamplifier is stabilized
at 5.8 volts by a reversed TI 620
silicon diode shunt, operating at
the Zener point. Signal voltage then
passes through a band-pass L-C
filter employing a 10-henry induc-
tor, is further amplified and ap-
plied to the driver circuit employing
two 2N185 transistors in push-pull.

The signal is applied to the final

The interstage transformer, output amplifier which uses a 355
“ 0K o [330K¥ 2 2 meo AGC
L 6 L 7y VERICLE
0K Gei
SELECT FOR
DESIRED BAND| ONIB 355 SIGNAL
IK T-PAD RASS 3
- 2N 107 ADJUST
220
100
2N185
220K +i2v
VEHICLE
AMP
INOI N
1——"‘60 CALIBRATION
oyl + SIGNAL
IR RECORDER INPUT SIGNAL
ol - K= X 1,000
) = [*~~PART OF JUNCTION ASSY

FIG. 5—Receiver of thz crevasse detector showing the driver circuit for one recorder
channel along with checkinag and adjusting circuitry
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transistor operating class A and to
one of the large voltage step-up
driver transformers mounted on a
separate chassis. The signal power
is rectified in push-pull and applied
to the recorder pen motor and to
the relay-meter. The frequency-
selector switch shown in Fig. 5
provides for reception on four dif-
ferent bands corresponding to those
of the transmitter plus one for the
60-cps emergency vibrator supply.

Test Results

In tests covering a 200-mile un-
explored trail in Greenland, the
unit never failed to detect a cre-
vasse. The U.S. Navy has also en-
joyed complete success with the use
of the detector in its Antarctic
operations.

Exhaustive tests have shown
that: operating frequencies of 200
cps or lower give the largest
crevasse indications relative to
background fluctuations. The back-
ground signal fluctuations are some-
times so complex that crevasse
anomalies may be disguised. How-
ever, proper electrode spacings and
visible recording of the signal over
the distance travelled assist in dis-
tinguishing the crevasse anomalies.

In addition to crevasses, buried
buildings, other large objects are
readily detected. Small portable
outfits towed by a man are fairly
successful, providing adequate elec-
trode spacings are used.

The crevasse detector works best
at low temperatures when near sur-
face melt moisture is absent. How-
ever, frictional electric noise gen-
erated by motion of the potential
electrodes is bad at low tempera-
tures.
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MEMORY ADDRESS REGISTER INFORMATION REGISTER

FIG. 1—Block diagram of linearizer memory shows basic relationships between one magnetic-core memory plane and transistorized in-
put and output circuits. Each of the other 24 planes have identical arrangements to provide a total capacity of 6,400 volts. Driving and

sense circuits are completely transistorized

Transistorized Memory

UMMARY —— Telemetered data from U.S. earth satellite will be decoded

by transistor-operated magnetic-core memory. Circuits required to numeri-

cally translate input information and present modified output information

use alloy-junction transistors as current drivers, gated-pulse amplifiers. volt-

age amplifiers, high-speed switches and flip-flops. Memory storage capacity is
6,400 bits arranged as 256 characters of 25 bits each

By C. S. WARREN, W. G. RUMBLE and W. A. HELBIG

Defense Electronic Products, Radio Corporation of America, Camden, New Jersey

NE OF THE FIRST transistor-op-
O erated magneticcore memo-
ries used in the field for the U.S.
earth satellite program Vanguard
uses a unit, known as a linearizer
memory. This memory is essenti-
ally a data converter which oper-

66

ates on input information accord-
ing to a predetermined numerical
transformation and presents it in
modified form as an output. Input
data is used to address the memory
and the desired output data is
stored In corresponding memory

locations. Provision is also made
for monitoring the outcoming data
with an automatic plotter or simi-
lar device.

Data telemetered from the earth
satellite to a receiving unit may be
coded In any desired manner since
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FPaper tape reader preloads linearizer memory with calibration
Coded input signals telemetered from the earth
satellite are digitally converted oy the calibrated memory

information.

Memory plane assembly, shown with cover removed, has thermo-
static control to provide stabilized temperature for ferrite cores.
Transistorized circuits facilitate high-speed random access

Monitors Earth Satellite

the linearizer memory can be pre-
calibrated to decode the signals.
For example, if the information re-
ceived originated from a tempera-
ture sensing instrument in the

puters.

satellite, the linearizer memory can
convert the coded telemetered data
into a directly usable output which
is fed into other types of com-
The entire data from a

CLOCK PULSE

TRIGGER PULSE

READ

REWRITE

INHIBIT
STROBE

101 2 3 4 5 6 71

TIME IN MICROSECONDS

8 9 10 |

FIG. 2—Timing diagram shews sequence of pulses controlling memory cycle
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satellite can be recorded on mag-
netic tape and read into the linear-
izer at a later time.

Storage Capacity

The memory system, shown in
the block diagram in Fig. 1 uses
25 memory planes, each having 256
memory cores, which provide a
6,400-bit storage capacity. Each
memory matrix is square and has
16 cores along each axis. Since the
X-axis planes are connected in
series as are the Y-axis planes, an
excitation voltage applied to one X
winding and one Y winding selects
25 cores which are identically
placed in each of the memory
planes. Information stored, there-
fore, is arranged into 256 char-
acters of 25 bits each. Each plane
has inhibit and sense windings.

At the start of the memory cyecle,
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FIG. 4—Simplified basic transistor switch
used in access driver circuits

location to be inter-
rogated is set into an address
register by the 0.5-usec trigger
pulse shown on the timing dia-
gram in Fig. 2. The address reg-
ister consists of eight fiip-flops;
four address the X axis and four
address the Y axis.

Outputs from the two groups of
transistor switch pairs feed the
access windings along the X and
Y coordinates of the memory ma-
trices. Current drivers associaced
with each group c¢f switcnes sup-
ply the current pulses which excite
the memory. KEach driver consists
of two pulse amplifiers; one for
read polarity and one for rewrite
polarity. These circuits control am-
plitude and rise time of the driving
pulses.

the memory

Read Pulse

When the address flip-flop and
decoder settle out, a read pulse of
the proper polarity to drive the
selected memory core to the ZERro
state is applied. A voltage then ap-
pears on the sensing wire output if
on ONE was previously stored.
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Following the read pulse, a re-
write pulse is applied, driving the
selected core to the ONE state. To
allow writing of a ONE, each of the
25 planes is provided with an in-
hibit winding and driver. These
apply a half excitation-current
pulse having the same polarity as
the read pulse to all the cores in a
plane when ZERO is to be stored or
regenerated.

Regeneration

Regeneration circuits consist of
two parts: the sensing amplifier
with its associated output gate and
the digit-plane driver with its as-
sociated input gate. Sense windings
seri’e;s-link the cores in each plane
and connect to amplifiers which
rectify and amplify all signals
above a predetermined threshold
value. The sense amplifier output
sets an information register flip-
flop. The information output is ob-
tained from the sense output gate
3 psec after the start of the cycle.

During interrogation of the mem-
ory, the sense amplifier output is
gated into the information register
by the digit-plane drive. When
new information is to be stored
the sensing output gate is blocked
and information from the com-
puter is supplied to the register.

Memory Plane

Memory plane construction and
winding arrangements are shown
in Fig. 3. Equal numbers of cores
along any one access line are linked
in opposite senses to cancel a large
percentage of noise resulting from

half-excited cores in the memory.

Three characteristics were con-
sidered in selecting the memory
core: switching time, drive current
and noise voltage. Since the
switching time of the core is in-
versely related to the current and
voltage drive requirements, it was
considered desirable to select a
memory core having a long switch-
ing time which is consistent with
reasonable access time.

To allow the core itself to partici-
pate in the switching required for
its selection, the hysteresis loop
generated by the drive current must
be square. Although good rectangu-
larity improves the signal-to-noise
ratio, noise voltage is reflected
back to the drivers when the in-
duced voltage peaks. This is caused
by half excitation of the memory
cores and appears as reverse bias
across the transistor driver.

Memory cores selected for appli-
cation in this memory have an out-
side diameter of 0.08 in. and a full
excitation drive current of 500 ma.
With a 0.5 usec rise time for the
driving current pulse, the core re-
quires 2 psec (measured from the
10 percent point of the drive
pulse) to reverse its state of nrag-
netization. The maximum voltage
readout for half excitation is 10
mv; the voltage output for full ex-
citation of a core storing a ONE is
approximately 100 mv.

Temperature Effects

Since the ferrite cores are the
most temperature sensitive ele-
ments in the memory, stabilization

K =X 1,000 DECODER

—6v. F- F-Fa WRITE _ T
é PULSE
SWITCH
12K e
Q
2.2 10
CTPX3i8 CTPX3i8 CTPX318 CTPX3I8
-20\/ _
2N94A 2N140 MEMORY
2N140 ACCESS
? LINE
—20v |

FIG. 5—Decoder and switch circuits.

In circuit used with linearizer memory. switches Q,

and Q. each are made up of two parallel connected transistors

January 17, 1958 — ELECTRONICS engineering edition



of operating temperatures is re-
gired to assure that the signal and
disturb or noise outputs of the
memory do not vary. Present
memories maintain an adequate
signal-to-noise ratio over a limited
temperature range of 10C. The
range can be extended by the fol-
lowing methods: selecting im-
proved ferrite material; providing
automatic temperature compensa-
tion in sensing circuits; providing
automatic temperature compensa-
tion in drive circuits: or maintain-
ing the memory core matrices at the
maximum  required operational
temperature.

Only the last method was found
both feasible and presently attain-
able. Using this technique, the
memory core matrices are main-
tained at 45 C =5 C. Stable opera-
tion was accomplished by enclosing
each core in an insulated box and
thermostatically  controlling the
temperature.

Access Drivers and Switch

A fast, efficient switch capable
of handling large current pulses is
required between the single source
input and the appropriate line of
the memory matrix. Transistors
are ideally suited for this because
their low saturation impedance
permits relatively large currents to
pass with low power dissipation.
Since current gain and speed are
also desirable, the transistor must
not be operated too far into satura-
tion. Operation at the knee of the
grounded-base collector character-
istic curve assures low storage and
low dissipation at full current gain.

A circuit which operates at this
point without the use of an addi-
tional collector voltage supply is
shown in Fig. 4. If a low-value re-
sistor is used for R, the transistor
will present a low input imped-
ance.® In the switching circuit de-
scribed here, base resistor R, is re-
placed with an emitter-follower
which provides extra current gain
and low base resistance.

Drive Pulses

The 250-ma read and rewrite
current pulses that drive the
memory cores are generated by a

SENSE WINDING

—— TO F-FI
+1.5V

560

FIG. 6—Sense amplifier. Reverse bias on base of transistor amplifier Q, prevents false

triggering

constant-current pulse driver and
directed into the proper access line
by the voltage-selected transistor
switch. Figure 5 shows the switch
circuit for a single line of the
matrix. Two switch transistors are
used for each memory access line
through the plane; one for the read
pulse and the other for the rewrite
pulse.

Recovery Time

Since the switeh transistors are
operated in saturation, a symmetri-
cal emitter follower is required to
insure fast recovery between
memory  cycles. During each
memory cycle, emitter circuits of
all read and rewrite transistors are
pulsed from the read constant-cur-
rent drive. By transformer-coupling
the current pulses to the memory
plane with T, only one access wire
is required for both the read and
rewrite pulses.

To prevent additional reverse
voltages from appearing across the
emitter-base diode of the switch
transistor, the output pulse trans-
former is specially designed to give
low leakage inductance. By using
a toroidal core made from high-
permeability ferrite wound with
trifilar windings having a one-to-
one turns ratio the low leakage in-
ductance is obtained.

Decoder

The decoder consists of a 64-
diode matrix having 16 outputs,
each of which feeds one transistor

ELECTRONICS engineering edition — January 17, 1958

amplifier. The circuit for one de-
coder output is shown in Fig. 5.
Each decoder output feeds the
base of an emitter follower associ-
ated with the address switch.
Input current requirements of
the decoder are low enough that
amplifiers are not required between
the address register and the decod-
ing matrix. Decoding is accom-
plished in less than 1.5 usec after
the arrival of the information
pulse at the address register.

Sensing Amplifier

The sensing amplifier shown in
Fig. 6 contains a blocking-oscil-
lator type transistor amplifier
which is triggered by the output
from a diode bridge network. Since
the memory sensing wire exhibits
a low output impedance, sufficient
amplification of the readout signal
input is obtained by transformer
coupling.

To assure that readout voltages
of both polarities are sensed, the

signal is rectified by the diode
bridge network. Because semi-
conductor rectifiers respond non-

linearly to voltage signals, small
signals are greatly attenuated re-
lative to large signals. This factor
increases the s/n ratio at the recti-
fier output to about twenty to one.

Complete elimination of spurious
signals and the standardization of
all readout signals from the
memory is accomplished with
transistor amplifier Q,. All signals
below a specified level are pre-
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FIG. 7—Digit.plane driver.

Sensing amplifier output is gated through information

register during interrogation but is blocked out during storage of new information.
Double emitter follower reduces input requirements of circuit that drives inhibit winding

vented from triggering the ampli-
fier by a small adjustable reverse
bias applied to the emitter-base of
Q, by potentiometer R, A signal
of at least 12 mv above the con-
trolled threshold level is required
to obtain a full output from the
sense amplifier. Since the noise
impulses appearing on the sense
wires are relatively few, a minimum
s/n ratio of ten to one is obtained,
therefore, the problem of false
triggering is eliminated.

Digit Plane Driver

The digit plane driver shown in
Fig. 7 contains a high-current
pulse amplifier capable of supplying
half excitation-current pulses to all
of the cores within a given plane.
Voltage and current drive require-
ments are dictated by the size of
the memory matrix.

A conventional grounded-emitter
amplifier with the memory load in
the collector circuit makes up the
output stage of the amplifier. The
transistor is operated in saturation;
therefore, the collector-current am-
plitude is a function only of the
collector voltage and the 100-ohm
variable resistance.

When a high-frequency tran-
sistor is used, the rise time of the
current pulse is controlled by the
time constant L/R of the collector
circuit. In this instance, L repre-
sents the inductance of the memory
matrix plus a small added induct-
ance. To reduce the input require-
ments, an emitter follower drives
the output stage.
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Gate requirements for the in-
hibit function are provided by a
gated pulse amplifier. The gating
function of the circuit is accom-
plished in the base-emitter diode
of the transistor. When the control
level from the information register
flip-flop is at ground, the emitter
diode remains reverse biased under
the maximum excursion of the
positive 3-v input pulse. However,
when the control level is at a nega-
tive six volts, the pulse forward
biases the emitter-buse diode and
an output pulse results. Thus the
inhibit pulse is gated through only
if there is no readout from the
sense wire.

A power gain of approximately
ten is obtained from this circuit
using currently available pnp tran-
sistors. The inhibit-pulse gate can
be designed to handle pulses having
a 5-usec duration.

Logic Circuits

Ilip-flops throughout the mem-
ory use a complementary sym-
metry circuit with two pnp and two
npn transistors.’ At any one time,
one pnp and one mpn are conduct-
ing in saturation while the other
two are held in the cutoff region.
Address register flip-flops are con-
servatively designed to supply a
maximum current of 10 ma with a
voltage drop of 6 v.

Because of their many applica-
tions and variations, both pnp and
npn transistor gated pulse-ampli-
fier circuits are used in the logic
associated with the memory.® A

basic circuit of this type is part of
the inhibit gate shown in Fig. 7.

Future Memories

Transistor operated memories
are an answer to the need for high-
speed random-access storage in
cases where power requirements,
gize and weight must be minim-
ized. Application of transistor cir-
cuits is not limited to the size and
type of memory described here.
With the exception of the sensing
amplifier and decoder, these cir-
cuits could be extended to a 64 by
64 memory plane without much
change.

In extrapolating the above cir-
cuits as building blocks for larger
memories, three problems have
arisen. First, increased voltage is
required for driving and switching
circuits. Second, better discrimina-
tion in the sensing amplifier is
necessary to overcome the decreas-
ing signal-to-noise ratio. Third,
larger address decoders are needed
to retain speed of operation and
output current requirements.

Solutions

The first problem results from
larger inductive loads presented by
larger memory planes. Its solution
is a function of the availability of
transistors with high inverse volt-
age breakdown characteristics.

Since the s/n ratio of the read-
out from a 64 by 64 plane is low,
the sensing amplifier must incor-
porate an additional stage of am-
plification. A strobe gate would
be required at first output to dis-
criminate between the read-out sig-
nal and the noise generated from
half-excited cores.

A 64-output decoder using 80
transistors and 180 diodes is now
being tested. It is expected that
decoding will be accomplished in
less than 1 wsec with a maximum
output current of 10 ma with this
unit.
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UMMARY

Simple circuit, used in ionospheric pulse experiments, picks

out pulses transmitted at a fixed repetition frequency in the presence of ran-

dom noise and improves reliability of synchronizing link by factor of 50

By E. R. SCHMERLING

Ionosphere Research Laboratory, The Pennsylvania State University. University Park

N ionospheric pulse experiments,
Ia synchronizing link triggers
time-bases at a receiving site about
five miles from the main transmit-
ter. The main transmitter emits
150 usec pulses at 75 ke with a prf
of 12 pps. Receivers record these
pulses, together with pulses re-
turned from the ionosphere. A 27-
me transmitter, emitting 20 usec
pulses, in advance of the main
transmitter pulse, provides syn-
chronization that is relatively free
from atmospherics.

However, frequent false trigger-
ing due to man-made interference,
occurs during the 1/12 sec interval
between pulses. The simple self-
gating circuit described reduces
this interference by a factor of 50.

The circuit is shown in Fig. 1.
Input before and after amplitude
selection is monitored at test
points A and B. A monostable
screen-coupled Phantastron V. is
triggered at the anode via diode

ELECTRONICS engineering edition — January 17,

V... After triggering, the circuit is
reset just before the expected ar-
rival of the next pulse. For max-
imum efficiency, cathode follower
V.. speeds up fly-back by provid-
ing a low impedance recharging
path for C,.. With the values se-
lected for R. and C,, sweep time is
adjusted to 1/12 sec by R..

Flyback

The screen pulse is differentiated
by C, and R, where the negative
pulse corresponds to the commence-
ment of fly-back, and the positive
pulse to the start of the sweep.
Pulses are applied to the grid of
Vs, biased to cut-off by R, The
positive pulse produces a negative
output and the negative pulse is
ineffective. The outgoing negative
pulse, coincident with the leading
edge of the incoming pulse, is used
to trigger recording equipment.

The amplitude of the incoming
pulse is adjusted for triggering at

1958

Penn,

R,, in this instance to 12 v. The
anode waveform is then checked
at point C. The top pedestal is ad-
justed at R, and is made as nar-
row as possible, consistent with
stability. Pedestal width, repre-
senting the sensitive interval dur-
ing which triggering is possible,
can be made as small as 1/50 of
the pulse interval, reducing the
possibility of triggering from ran-
dom pulses by the same fraction.
Output pulse is monitored at D and
R, adjusted for a negative pulse.
Amplitude of the output pulse is
200 v, with a 1 usec width.

The research program leading to
this development was sponsored by
the Geophysics Research Director-
ate of the Air Force Cambridge
Research Center, ARDC, under Con-
tract AF19(604)-1304.
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Highlight Equalizer

UMMARY —— Equalization of only the gray-to-white highlight region in

the video signal provides better signal-to-noise ratio and improved definition

over conventional aperture equalizers covering the full brightness range.

Since most image-orthicon noise is in the lowlight region, the improvement

stems from a division of the signal into two parts with only the relatively quiet

highlight portion equalized for better tonal reproduction

By MICHAEL V. SULLIVAN

PRESENT APERTURE equalization
of television signals has the
severe limitation that high-fre-
quency noise is increased with high-
frequency picture signal informa-
tion.

Noise Limitations

The amount that the high-fre-
quency fine detail can be increased
is therefore limited by the unde-
sired noise. The highlight aperture
equalizer provides more equalization
without increasing the noise in the
same proportion. This feature is

obtained by dividing the video sig-
nal into two parts with respect to
amplitude and equalizing the por-
tion that is relatively free of noise.
The circuit has been successfully
tested in both monochrome and
color television.

Distortion Compensation

Aperture equalization is a well
known television technique. It is
required to compensate for the dis-
tortion introduced by the finite size
of the scanning aperture.

The cross-sectional area of the

IR 0

FIG. 1—Test pattern covering 0.5 to 5 mc

W@ & o QoI BE,

4 }

pa

FIG. 2—Common waveform from scan of Fig. 1
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scanning beam suppresses the sig-
nal amplitude at high frequencies.
As a result, the fine definition in
reproduced images is impaired. The
loss in resolution contributed by
the beam cross section can be com-
pared to the loss obtained when
attempting to copy a fine drawing
with a blunt pencil. It also occurs
in kinescopes during picture repro-
duction, for here too the beam has
a finite size.

High-Frequency Losses

The loss at high frequencies is
clearly illustrated by Figs. 1 and 2.
Figure 1 is a black and white pat-
tern comprising six groups of ver-
tical lines representing video fre-
quencies of 0.5, 1, 2, 3, 4 and 5
me.

Figure 2 shows the video signal
waveform, at line rate, obtained
when this pattern is scanned by a
good-quality filying-spot scanner and
shows that upper frequencies are
down in amplitude. Aperture dis-
tortion is free of phase shift, how-
ever, provided the scanning beam
iIs symmetrical with respect to
cross-sectional area.

Conventional Equalization

To equalize for aperture distor-
tion an amplitude boost to the high
frequencies of the video signal is
required. Linear phase (constant
delay) at all frequencies must be
preserved to prevent phase distor-
tion. This compensation restores
the high frequencies to their proper
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Sharpens Tv Pictures

T

Test pattern reproduction using transversalfilter aperture equalizer

amplitude to reproduce a high-def-
inition image on the picture tube.

Of a number of equalizer designs,
one popular circuit that has con-
siderable flexibility of adjustment
is the transversal type of filter,
in which video voltages are tapped
at various points along a delay line.
The tapped voltages are properly
summed together to form the equal-
izer.

Flat Frequency Response

An inherent characteristic of
this filter is that it is free of phase
shift. Two front panel controls are
usually available to determine how
the voltages at tapped points are
weighted and they can be set to
give a flat response or a rise with
frequency.

Although the present aperture-
equalizing circuits increase the
sharpness of television pictures,
the disadvantage is that the high-
frequency noise present in the video
signal is also increased.

It is quite often necessary
in practice to effect a compromise
whereby the fine picture detail is
improved to a point where further
equalization will introduce more
than a tolerable amount of noise.

Minimizing Noise
The highlight aperture equal-

izer to be described operates with-
out excessive increase of noise. As

e

its name implies, it equalizes the
picture highlight portion only, that
is, the gray-to-white region. This
is effective when the video signal
is generated by a camera that uses
an image orthicon, for such a sig-
nal has most of the noise concen-
trated in the lowlight levels.

Beam Discharge

The electron beam of an image
orthicon camera tube discharges
the target and it is the return
beam to the multiplier that conveys
the video information. This return
beam is minimum at scene high-
lights and maximum at lowlights.
The noise in the output of an image
orthicon 1is proportional to the
square root of the return beam
current. Thus the noise is greatest
in the lowlights where the return
beam is maximum.

The human eye is most sensitive

r (o 1
L DIFF LAPERTURE || SUMMING |00

AMP EQUALIZER [T amp  [OUT
¥ —
r e -
V'?NEO[ AMP L WHITE s DELAY
b= CLAMP

FIG. 3 Functions of highlight equalizer
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Improved test pattern definition achieved by highlight equalizer

to fine detail in the highlights and
less sensitive to details in the sha-
dows.

Therefore by aperture equalizing
just the highlights of the video
signal the sharpness of the picture
is increased where the eve is most
sensitive and the noise increase
resulting from equalization is far
below that obtained when the en-
tire signal is equalized.

Equalizer Functions

A block diagram of the high-
light equalizing circuit is shown in
Fig. 3. The complete video signal
is amplified and applied to two dif-
ferent stages, a white clipper and
a difference amplifier. Horizontal
drive is also applied to the clamp
portion of the circuit. The video
signal is clamped at the white
clipper where the highlights are
clipped from the signal. From the
clipper stage the signal is applied
to the difference amplifier and also
to the delay block.

Highlight Extraction

The inputs to the difference am-
plifier are the full video signal and
the clipped signal. The clipped sig-
nal is subtracted from the full sig-
nal and the remainder is the same
portion of the highlights which
was cut off in the clipper stage.

From the difference amplifier the
highlight portion is applied to the
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FIG. 4—Overall schematic of experimental equalizer. Conventional video chains can easily be modified to incorporate this circuitry

equalizing circuit. This circuit
boosts the high-frequency compo-
nents present in the highlight
portion of the signal. Since the aper-
ture equalizer is the transversal-
filter type, the highlight portion of
the signal is delayed approximately
0.2 usec. An equal amount of delay
must be introduced in the path of
the unequalized lowlight portion of
the signal.

Combined Signals

The signals from both paths are
applied to a summing amplifier
where they are combined to form
the full video output signal. The
clipping level is adjustable. With
nothing clipped from the signal
there is complete cancellation in
the difference amplifier and noth-
ing is equalized.

On the other hand note that
if the entire signal is clipped, there
is no subtraction in the difference
amplifier and the entire signal is
equalized. Thus the clipping level
determines what portion of the sig-
nal highlights is to be equalized.

The difference amplifier portion
of the circuit comprises V, and V.,
of Fig. 4. The subtraction takes
place in the double-triode section.
The full video signal is applied to
the lower control grid and the same
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signal with the whites clipped off
is applied to the upper control grid.
The difference, which is the scene
whites or highlights, is applied to
the next stage.

Subtraction

The double-triode stage can be
analyzed briefly by considering
both of the cathode resistors to be
shorted. The plate of the lower sec-
tion works into the cathode of the
upper section which presents an
impedance equal to 1/G,.. Thus the
gain of the lower section is ap-
proximately unity.

In operation the upper section
can be thought of as a cathode
follower also having a gain of ap-
proximately unity. Subtraction
takes place when the signal of the
lower section goes through a polar-
ity reversal while the signal of the
cathode-follower section does not.

Summing

With the resistors in the circuit
the potentiometer is adjusted to
equalize the gains which are less
than unity. The 6CL6 stage drives
the standard aperture equalizer
having 75 ohms input impedance.
For the summing amplifier the
same circuit as that shown for the
difference amplifier is used, except

that the polarities of the two in-
puts are arranged to provide sum-
mation rather than subtraction.

System Performance

The highlight aperture equalizer
was laboratory tested using a black-
and-white image-orthicon chain
and performed as expected. The
fine detail was enhanced in the
highlights without an objection-
able increase of noise. When the
clipping control was adjusted to
equalize the entire signal with the
same equalizing setting the noise
became objectionable.

The highlight unit has also been
used with an NTSC color system
by placing it in the Y path of a
color encoder.

When placed in this position the
luminance portion of the signal is
aperture equalized and it sharpens
the picture without an objection-
able amount of noise characteristic
of a standard equalizer.

Noticeable improvements in pic-
ture resolution can be obtained by
equalizing only the top 10 to 15
percent of the hightlights, but
initial experience with the circuit
indicates that most desirable re-
sults are obtained when the top
25 to 50 percent of the signal is
equalized.
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FIG. 1- Forward and reverse resistances of transistor-diode are plotted as functions of

variable resistor R, (A). Varying R. rotates characteristics about origin (B)

Matching Transistor-Diodes

UMMARY - Emitter-to-base circuit of transistor has characteristics com-

parable to ordinary diode. Variable resistor connected between collector

and base alters characteristics to achieve matching

By ARTHUR GHLL Research Division, Raytheon Manufacturing Company, Waltham, Massachusetts

MISMATCH between a pair of
diodes in a modulator or de-
modulator sets a lower limit to
sensitivity and linearity.
Difficulties normally encountered
with ordinary diodes are overcome
by employing emitter diodes of
transistors. Matching is accom-
plished by varying a resistor con-
nected between the collector and
base of the transistor. Since active
elements are not involved, most re-
jected transistors can serve as
transistorized diodes.

Control

The diode in the emitter-base
circuit of a transistor has charac-
teristics comparable to those of an
ordinary diode of similar size and
material. Forward and reverse re-
sistances of a trunsistorized diode
are lower when the collector is
shorted to the base than when the
collector is open circuited.

Experimental investigations with
2N131 a-f germanium transistors
showed that a certain amount of
control can be exercised over the
diode characteristics with a vari-
able resistor R. connected between
the collector and the base,

Varying R, between zero and in-
finity increases the forward resist-
ance 7, by a factor of 2.6 and the
reverse resistance 7. by a factor of
1.5.

Resistance Change

Most of the change in r, occurs
when R, is varied between 50 and
500 ohms and most of the change
in 7, occurs when R, is varied be-
tween 1 to, 50,000 ohms. Conse-
quently, adjusting », leaves 7, vir-
tually intact and vice versa. Vary-
ing R, rotates the entire diode
characteristics about the origin of
the V-1 field.

A graph of r,, at I = 5ama and r,
at V — —6 v as functions of R, for
a 2N131 transistor is shown in
Fig. 1A. The volt-ampere charac-
teristics of a similar transistor-
ized diode with R. equal to zero
and infinity are shown above in
Fig¢. 1B.

Performance

The circut used to evaluate the
matching conditions between tran-
sistorized diodes is shown in Fig.
2. Since the 10,000-ohm resistors
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were precision components, the
null voltage V., taken as a
measure of the mismatch between
the two diodes. Source voltage and
impedance were chosen for a peak
forward current of about 5 ma
through the diodes and a peak
reverse voltage of about 12 v
across them.

was

Components

A pair of 2N131 transistors, @,
and Q., were found to have the fol-
lowing characteristics: 40 < 7, <
110 ohms, 1.6 < 7, < 2.2 meg-
ohms, 44 < 7, < 120 ohms and
18 < 7. < 3 megohms. Match-
ing by adjusting r,, and r,. was ac-
complished by using 50,000-ohm and
500-ohm potentiometers for R, and
R.. respectively.

With R, = R %, V,was 1.1
v p-p. With R, = R, 0, V, was
1 v p-p. With R,, = 10,000 ohms and
R,. = 300 ohms, the minimum null
voltage of 0.1 v p-p was obtained.
Balance condition was thus im-
proved by a factor of ten.

Where the initial mismatch in
characteristics is more pronounced,
the improvement using this match-
ing method is greater.
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UMMARY —— Test instrument measures hysteresis properties of small

magnetic toroids used in coincident-current memories and high-speed mag-

netic amplifiers. Flux, drive current, remanent flux to maximum flux ratio,

squareness ratio and ratio of coercive force to maximum magnetizing force

are read directly from window potentiometers as B-H loop is presented on

crt. Performance of single-turn, 60-cps hysteresis loop equipment is accurate

to within one percent on measurements of the B-H coordinates of any point

on the loop of samples with a saturation flux linkage of one maxwell-turn

By T. H. BONN, R. D. TORREY Remington Rand Univac, Division of Sperry Rand Corp., Philadelphia, Pa.

and F. BERNSTEIN

Iischer and Porter Co., Hatboro, Pa.

B-H Tester Measures

RODUCTION of small, high-speed
magnetic amplifiers and ferrite
memory cores for use in digital
computers required the develop-
ment of a suitable instrument for
measuring magnetic parameters of
small toroids. Standard methods
do not provide accurate and sensi-
tive measurement of cores with a
flux of about one maxwell. The bal-
listic galvanometer and Cioffi flux-
meter lack required sensitivity.
Conventional crt techniques also do
not provide sufficiently accurate
and sensitive core measurement.
The single-turn, 60-cycle hystere-
sis loop tester described here is
about 200 times more sensitive
than previously described flux-
meters. Measurements with the
tester can be performed with an
accuracy within one percent on
magnetic parameters of a core
whose saturation flux is one max-
well. Since the tester is a single-
turn device and no multiturn wind-
ings are necessary, operation is
rapid and simple.
The entire tester is contained in
a 6-ft relay type rack. Main ele-
ments of the tester are within easy
reach of the operator. Rack also
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contains the oscilloscope,
supplies, battery charger
standardizing meters.

All parameters are measured by
a null or coincidence method,
using a crt as the indicator. Meas-
urements are independent of scope
linearity. The instrument provides
a coordinate display of flux as a
function of magnetizing force.
From 10-turn, three-window linear
potentiometers, direct readings
may be taken of flux, drive current,
the ratio of remanent flux to maxi-
mum flux B,/B,, squareness ratio,
and the ratio of coercive force to
maximum magnetizing force H./
H,. Squareness ratio is important
in evaluating rectangular-loop
memory-core performance. Quan-
tities B,/B,. and H,./H, are impor-
tant for evaluating rectangular-
loop cores in both memory and
magnetic amplifier applications.
The tester can be easily adapted to
measure directly other points on
the hysteresis loop.

power
and

Block Diagram

Block diagram of the hysteresis
loop tester is shown in Fig. 1. A
60-cps drive current I(t) is pro-

duced by an adjustable current
source. This magnetizes the core
which generates a core flux, ¢(¢).
The flux links the pickup winding
of the core to produce a voltage de-
pendent on the time rate-of-change
of flux. The signal is then inte-
grated to produce an output volt-
age directly proportional to ¢(¢t)
and is presented on the Y-axis of
the oscilloscope.

Output of the integrator may
be sampled and measured with the

o I T
v Sa JIG INTEGRATOR
J L

r FLUX
| STANDARD

CATHODE RAY
OSCILLOSCOPE

X v
X RELAY —Q:‘_‘ Y RELAY
NET | NET

FIG. 1—-Block diagram of hysteresis loop
tester. Flux standard is conventional
mutual inductor of 1.198 uH used to gener-
ate artifical ideal loop. Drive circuits
magnetize core in test jig. Core generates
flux that links pickup winding of core to
produce a voltage which is integrated
and presented on Y-axis of scope. The
X-axis signal produced is proportional to
drive current for proper display
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Test jig is used for mounting unwound

magnetic core. Jig consists of coaxial
single-turn drive wire and pickup tube

Operator performs measurements on fer-
rite memory core used in digital com-
puters. Hysteresis loop of core is dis-
played on scope. Tester consists of long
time-constant transformer, integrator, vari-
ous measuring circuits and a jig which is
at right on table platform

Memory Core Parameters

scope as the indicator. The X-axis
signal voltage is proportional to the
drive current and, hence, to mag-
netizing force. X-axis signals may
be modified or switched synchro-
nously with the Y-axis signals to
provide the display desired. The
oscilloscope serves also as an indi-
cator for X-axis measurements.

Drive and Pickup Circuits

Drive and pickup circuits are
shown in Fig. 2. Drive current is
determined by a variable 60-cps
voltage source E in conjunction
with a bank of five resistors whose
values are known to within one
percent.

The test jig which consists of a
coaxial single-turn drive wire and
pickup tube called core rod, holds
the core to be tested. The front
cover plate has been removed. The
bottom part of the jig has contact
tabs that are glued in each of four
vertical slots under the core rod.
Connections are made from these
tabs to a pickup transformer,
located beneath the jig. Insulated
spring fingers, mounted on the
hinged top of the jig, press on the
core rod to ensure good contact be-

tween the tabs and the various sec-
tions of the core rod. Two phenolic
blocks on the core rod are for posi-
tioning.

The pickup tube is divided into
two insulated sections so that an
air flux cancellation loop, having
the same area and position with
respect to the drive wire as the
pickup loop, can be used. The can-
cellation loop rejects any signal in
the -pickup loop because of drive
current in the absence of the core.
This permits the insertion of the
core to produce an output as a re-
sult of core flux only. Tube and
contact tabs are gold-plated to
minimize contact resistance.

The entire jig, including contact
tabs, pickup loop and air flux can-
cellation loop, is extremely rigid.
A narrow slot automatically posi-
tions the core rod in a repeatable
manner whenever the jig is closed.
Careful measures to ensure rigid-
ity are necessary to maintain con-
stant air flux compensation and to
keep contact resistance to the core
rod at a low value.

Made of a supermalloy core with
a 15-turn primary and a 15,000-
turn secondary, the transformer
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has a voltage gain of 1,000 and
must pass a wide frequency spec-
trum. Analysis shows that for an
H, = 5H, the upper 3 db point re-
quired for a one percent error in
H. is 20 kc. The lower 3 db point
for production of B,/B, to an ac-
curacy of one-quarter percent is
less than one eps. A long time-con-
stant primary is necessary to en-
sure undistorted 60-cps compo-
nents. The time constant is limited
because primary resistance must
be at least 100 times the contact re-
sistance variation of the jig to
avoid significant errors as a result
of changes in contact resistance.

Since the transformer has a
small time constant, 0.08 second,
the overall system must be com-
pensated with a bass-boost circuit.
Compensation requires that the
hysteresis loop of an ideal material
be reproduced with fidelity. This
hysteresis-loop tester reproduces
an ideal B-H loop, one which has a
B./B, of unity, to within one
quarter of one percent.

Another transformer design con-
sideration is that the equivalent
primary impedance be sufficiently
large to avoid loading the core be-
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TEST JIG-., PICKUP  pICKUP
Yo TT71-LOOP  TRANSFORMER
COAXIAL I mema=a X
BRIVE : .
¢ | WRE: 7
~ INTEGRATOR
L MUTUAL
INDUCTANCE
CALIBRATOR

“CANCELLATION LOOP
'COAXIAL PICKUP TUBE

g

ARROWHEADS INDICATE CONTACTS TO
PICKUP TUBE AND COAXIAL DRIVE WIRE

FIG. 2—Schematic of drive and pickup
circuits. Voltage source E consists of
variac and 6-v, 20-a filament transformer
enabling precise control over drive cur-
rent during test

ing tested. Loading impedance is
the open-cireuit primary induct-
ance in parallel with the reflected
value of the integrating resistor.
The transformer, in conjunction
with an integrating resistor of 4.7
megohms, permits better than one
percent vreproduction of coercive
force as small as 0.1 oersted and a
mean diameter as small as 0.1 inch.
Cores may be driven with a maxi-
mum magnetizing force five times
the coercive force and still main-
tain one-percent accuracy in H..
For larger cores, a transformer
with a higher primary inductance
and a lower turns ratio is required.

Integrator and Buffer

Integrator circuitry and buffer
amplifiers are shown in Fig. 3.
Overall system compensator located
in the buffer amplifier chassis is
also shown. The integrator con-
sists of a 6CL6 starved-pentode
Miller feedback amplifier, d-c
coupled to a 12AX7 cathode fol-
lower. This follower supplies low-
impedance coupling to the signal
grid of the 6CL6 for the integrat-
ing-feedback capacitor. The 12AX7
is also coupled to the 6CL6 screen
to improve stability. Forward gain
of the integrating amplifier is 600.
Both the integrator and buffer use
battery supplies for hum-free op-
eration.

The integrator must be capable
of producing a square wave from
an impulse whose repetition rate
is 60 cps, such as the output of a
rectangular-loop core under high
drive conditions. Response of the
integrator to a unit impulse is ¢"¢
One percent droop over a period of
8.3 milliseconds (one-half of a 60-
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INTEGRATOR
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FIG. 3—Schematic of integrator and bufter amplifier. Integrator generates output voltage
directly proportional to ¢(t) for eventual display on crt

cps period) requires an R-C time
constant of 0.83 second. A time-con-
stant of about 1.25 seconds is used
in this tester to compensate for
tube aging.

Flicker-effect noise is a major
limitation of the sensitivity of the
amplifiers. At low frequencies, it
may greatly exceed shot noise.
This is because flicker-effect power
for each cycle varies inversely with
frequency while shot-noise power
is invariant. Furthermore, because
of its gain characteristic at low
frequencies, a 60-cps integrator en-
hances flicker-effect noise. For
example, with an integrator time-
constant of 0.83 second, the gain at
0.6 cps is about 70 times the gain
at 60 cps.

Other disturbances considered
are microphonics and normal tube
noises such as shot noise and in-
duced grid noise. Shock mounting
of the integrator minimizes micro-
phonics. Low-frequency compo-
nents of the other tube noises are

trivial compared to flicker effect.
High frequency components are in-
tegrated and cause no disturbance.

Maximum Magnetizing Force

Main core parameters to be
determined are the maximum mag-
netizing force H,, coercive force
H., maximum flux density B,,, vari-
ous ratios such as remanent flux
density to maximum flux density
B,/B, and squareness ratio.

To determine H,,, peak drive cur-
rent of the core being tested must
be known. This is found by meas-
uring the voltage across the accu-
rately known, current-limiting drive
resistors. The quantity H, is re-
lated to the current by the physical
dimensions of the core and may
be determined with a nomograph.

The crt display during this meas-
urement is a simultaneous presen-
tation of part of a hysteresis loop
and a vertical line. Displacement
of the vertical line from the X-axis
is determined by a variable d-c

PART OF
HYSTERESIS LOOP
VISIBLE DURING DISPLAY—~

D-C MEASURING
VOLTAGE

—

Y INPUT FROM INTEGRATOR Y QUTPUT TO
SCOPE

3.9 MEG O.l

MILLISEC
RELAY

= MICROPO-
TENTIOMETER

INSE

= MILUSEC IN9I

RELAY

X OUTPUT TO SCOPE

K=X1,000

FIG. 4—Example of hysteresis loop being
measured for drive current as gznerated
by two synchronized relays

FIG. 5—H calibrator circuit provides ac-
curate reading of instantaneous value of
H occurring at any point on loop
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voltage. This voltage is taken from
the adjustable arm of a direct,
window-reading potentiometer.

The scope presentation may be ex-
panded several times to determine
precisely the coincidence of the
loop tip and the vertical line. A typ-
ical example of a hysteresis loop
being measured for drive current
is shown in Fig. 4. This display
is generated with two synchronized
relays. The X-axis oscilloscope in-
put is chopped between the signal
normally present with a hysteresis
loop display, the 60-cps voltage
across the current-limiting drive
resistors, and the d-¢c measuring
voltage.

Switching

The Y-axis input is chopped be-
tween the input normally present
with a hysteresis loop display and
a circuit used to produce the ver-
tical line. The circuit producing
the vertical line or Y-axis is a
neon-bulb sawtooth oscillator oper-
ating at a frequency of approxi-
mately 3 ke. See Fig. 5, H cali-
brator. Relay timing permits the
neon-bulb oscillator and the d-c
calibrating voltage to be presented
simultaneously. The relays display
the hysteresis loop in such a way
that approximately half of the loop
is shown, usually the right half,
together with a vertical line. The
H calibrator measures the value of
H of the intersection of vertical line
and the hysteresis loop. The Y de-
flection of vertical line is obtained
from precision d-c sources. The cir-
cuit is adjusted so that the micropo-

B
= _ - H
H Ao

o

NORMAL LOOP  IDEAL LOOP
NONREFLECTED
COMPOSITE
PATTERN
3
| REFLECTED COMPOSITE
H PATTERN

FIG. 6—Illustration of technique used in
flux measurement. To obtain maximum
flux, size of artificial loop is adjusted
until the tips of retlected composite pat-
tern are on same horizontal line

tentiometer always has 10 v d-c
across it.

Quantity B,, is evaluated by the
formula B, = ¢,/A. Cross-sec-
tional area A of the core being
tested can be measured directly.
The technique for measuring max-
imum flux is to subtract an a-cu-
rately known artificial, ideal hys-
teresis loop from the loop under
test. The artificial ideal loop is
generated by driving an accurately
known mutual inductor (flux stand-
ard) located in the primary side

posite pattern about its vertical axis
making tips coincident.

Square-Wave Source

Square-wave current is gener-
ated by a relay chopper in series
with a storage battery and current-
limiting potentiometers. A precise
monitoring resistor in series with
the mutual inductor establishes a
voltage directly proportional to the
square-wave current peak value.

After the loop tips have been
made coincident, the chopper relay

—
R$
1 x-axis
£0rEhs T SIGNAL
= RS %
3
iy ﬁba__

SQUARENESS RATIO MEASUREMENT

X-AXIS
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60 CPS
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FIG. 7—Networks for measuring sguarcness ratio, B,/B,. and H./H,.

of the pickup transformer, with a
square-wave current as shown in
Fig. 2. This introduces a voltage
impulse into the primary of the
pickup transformer which is equiv-
alent to the output of an ideal rec-
tangular-loop core. The mutual in-
ductor output is 180 degrees out
of phase with respect to the out-
put of the core and, therefore, sub-
tracts from it.

The inductor consists of a phe-
nolic toroid with a multiturn pri-
mary and a single-turn secondary,
electrostatically shielded. The sin-
gle-turn secondary is in series with
the primary of the pickup trans-
former. The phenolic mutual in-
ductor and pickup transformer are
potted together in a mu-metal
shield can.

Technique used in flux measure-
ment is illustrated in Fig. 6. To
measure maximum fiux, the square
wave current amplitude, hence the
size of the artificial loop, is ad-
justed until the tips of the compo-
site scope pattern are on the same
horizontal line. This is most ac-
curately done by refiecting the com-
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is kept closed. A second relay com-
pares the d-c voltage across the
monitoring resistor with an accu-
rately-known voltage read directly
from a window-reading potentiom-
eter previously adjusted to a full
scale value of, for example, 10 max-
wells. The crt is used to determine
the equality of the d-c¢ voltages. By
referring to the fundamental rela-
tionship for the air-core mutual
inductor the window-reading linear
potentiometer is adjusted for direct
reading. This relationship is rep-
resented by
Ml = 2N([) X 10°¢

where M is the value of mutual
inductance; I is the peak value of
square-wave current; ¢ is the value
of flux of core under test; and N
is the number of pickup turns.

Considering this relationship for
a single-turn device, the basic meas-
urement is

Flux = MI 10%/2

Making the oscilloscope pattern tips
coincident requires cancelling peak-
to-peak flux and gives rise to the
factor of 2. To set the full-scale
reading of the ¢, potentiometer,
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FIG. 8—Illustration of definition of square-
ness ratio as found by tester
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FIG. 9—Displays for measurement of ratio
of coercive force to maximum magnetizing
force and ratio of remanent flux to maxi-
mum flux as produced by tester

an accurately known d-c¢ correspond-
ing to, for example, 10 maxwells,
is passed through the precisely
known monitoring resistor. Then
the full-scale voltage of the window-
reading potentiometer is adjusted
until it is exactly equal to the volt-
age of the monitoring resistor.

Ratio Measurements

Ratio measurements useful in
evaluating magnetic materials are
B./B,, H./H,, and squareness ra-
tio. Circuits used in these meas-
urements are illustrated in Fig. 7.

In general, the Y-axis oscilloscope
input in all the displays is obtained
by sampling either the full or an
adjustable portion of the integra-
tor signal with a relay. The X-axis
input is either the full amplitude
or an adjustable part of a full-
wave rectified 60-cps sine wave
which is in phase with the drive
current. The 60-cps sine wave is not
varied as the drive is varied.

The principle can be shown by
explaining the determination of
squareness ratio. Squareness ratio
is useful in evaluating signal-to-
noise performance of cores in
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digital-computer coincident-current
memory applications. Its definition
is illustrated in Fig. 8A. Symme-
try of the B-H loop permits a
knowledge of a =B,, and a =B,
to determine the squareness ratio.

The quality H,. is one-half of
H,. The — H side of the hysteresis
loop is reflected about the vertical
axis and the H attenuated by one-
half. This is accomplished by sub-
stituting the waveform shown for
the normal sinusoidal X-axis sig-
nal. The output of one of the two
diode rectifiers is attenuated by
one-half with a resistor divider.
This locates the — B,, tip at =05
H,, hence along the same vertical
reference line as —B,,, in Fig. 8B.

While the X-axis input is being
presented, a relay in series with
Y-axis input switches alternately
between the full-amplitude inte-
grated signal and a specific part of
it. The integrated signal is im-
pressed across a linear window-
reading potentiometer.

The Y-axis relay chops between
the top of the potentiometer and
the adjustable arm. Timing of the
relay permits the full rectified X-
axis signal and the full-amplitude
Y-axis signal to be presented to-
gether. The half-amplitude recti-
fied X-axis signal and the adjust-
able reflected Y-axis signal are
formed with the coordinates dur-
ing the mext half cycle. Then, the
reflected — B,, is adjusted with the
potentiometer until it is coincident
with the hysteresis loop in Fig. 8C.

Oscilloscope gain can be in-
creased by a large factor for closer
inspection of the coincidence. Di-
rect reading from the window dial

125 — 75
=
L /// L.
st B —-25{
50 - 0

FIG. 10—Hysteresis loop of a single ferrite
memory core used in computers

of the potentiometer gives a quick
and precise determination of
squatreness ratio.

An optimum squareness ratio is
the largest possible with a given

core. The independent variable is
the exciting current. MaXximum
squareness ratio can be readily

determined by observing the coin-
cidence on the scope while slowly
varying the drive current Variac
and readjusting the squareness
ratio potentiometer until the high-
est reading is obtained.

Determining B./B,, and H./H,

Displays for B,/B, and H./H,
evaluations are shown in Fig. 9.
Determination of B,/B, is similar
to the technique for finding square-
ness ratio, except that the adjust-
able — B, tip is arranged to occur
exactly at the point of zero mag-
netizing force. The X-axis voltage
is obtained by inserting a negative
current at the resistor divider
junction and adjusting its value to
position the — B, tip correctly.
This adjustment is independent of
the peak drive since the X-axis
voltage is fixed, although the drive
is variable.

The H./H, ratio differs from the
squareness ratio in that the Y-axis
signal relay chops between the full
integrated signal and zero signal.
This chopping forms a horizontal
line which lies on the H-axis of the
hysteresis loop. The X-axis display
is changed so the output of one of
the diodes can be adjusted with a
linear window-reading potentiom-
eter. This potentiometer is ad-
justed until the horizontal line is
coincident with the side of the loop.
The dial shows H,/H,, directly.

A hysteresis loop display for a
single core is shown in Fig. 10.

The authors thank W. J. Bartik,
D. N. Lipkin and R. W. Spencer
for their contributions to this
article, also the MIT Project
Lincoln, which made the authors
aware of the technique for deter-
mining squareness ratio.

BIBLIOGRAPHY

P. P. Cioffi, A Recording Fiuxmeter of
High Accuraey and Sensitivity, Rev Sci
Inst, 21, p 624 July 1950.

E. C. Crittenden, Jr.,, A.
R. 1. Strough, Magnetization Hysteresis
Loop Trace for Long Specimens of Ex-
tremely Small Cross Section, Kev Sci Inst,
22, p 872 Dec. 1951.

R. I. Berge and C. A. Guderjahn, Re-
cording Fluxmeter, ELECTRONICS, p 147
July 1954,

A, Hudimacg,

January 17, 1958 — ELECTRONICS engineering edition



Zero-balance is set at front panel

Rack-mounted unit contains two 4-way electronic selector switches

Electronic Switch Doubles
as Cathode Follower

UMMARY —— Basic two-way electronic switch may be expanded to multi-

way unit by adding input selector circuits, or may be used as a precision

cathode follower by eliminating the selector. Circuit has near-infinite input

impedance and near-zero output impedance. Comparator compensation per-

mits accuracy of 0.1 percent over =100 volts

B_v R. BENJAI\IIN Senior Principal Scientific Officer, Royal Naval Scientitic Service,
Admiralty Signal and Radar Establishment, Portsmouth, Hauts, lkngland

ANY ELECTRONIC SYSTEMS re-
M quire a device to sample two
or more voltage sources and present
the instantaneous values of the in-
put functions to other units in the
system. The sources being sampled
may consist of steady voltages,
pulse trains or complex waveforms.
The simpler electronic switches
such as the conventional diode type,
are not sufficiently accurate for
many purposes, while the additional
requirements of high input im-
pedance and low output impedance
frequently arise.

The switch described here is de-
signed to reproduce input voltages
of =100 v with an accuracy of
0.1 percent. The inputs to be
sampled are selected by appropriate
switching pulses. The input im-

pedance of the switch is virtually
infinite while the output impedance
is extremely low. By omitting the
selector portions of the circuit the
unit can be used as a precision
cathode follower.

Basic Switch

The general form of a switch
for sampling two voltage sources is
shown in Fig. 1. Comparator cir-
cuit C, compares one of the input
voltages with the output. Any dif-
ference between these voltages
causes a change in the output of the
comparator and this error is fed
to amplifier A, bringing the output
signal into alignment with the in-
put. Similarly C, compares the sec-
ond input voltage with the output.
At any particular instant only one
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of the comparators is operative,
their conduction determined by the
switching pulses S, and S.. Any
number of sources may be sampled
by this means if more comparators
and suitably-timed switching pulses
are provided.

In an ideal comparator circuit
the output voltage should depend
only on the difference between the
two input voltages and be inde-
pendent of the actual levels. This
condition can be achieved by the
arrangement shown in Fig. 2, in
which identical comparator tubes
are supplied from a constant-cur-
rent source.

If equal voltages are applied to
the two grids the constant current
will divide equally between the
tubes and the output of each will
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FIG. 1—Basic 2-way switch with feedback
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FIG. 2—Identical comparator tubes with
constant-current source keep output re-
sponsive only to input difference

remain constant. Any difference
between the voltages applied to the
grids, however, will cause a change
in the output. If the tubes are not
identical the constant current di-
vides unequally between them and
the division of current will vary as
the level of the equal input voltages
changes.

This produces false error volt-
ages at the plates even though the
grids are driven by identical sig-
nals. Consequently errors will occur
in the output of the circuit of Fig. 3
where the comparator is connected
to a high-gain feedback amplifier to
cause the output to follow a given
input. The division of current be-
tween the tubes when the grid volt-
ages are identical can be adjusted
for any input level by resistor R..

Tubes do not normally remain
balanced over the whole dynamic
range of input voltages, however,
and a further source of error in
this sample system results from the
fact that amplifier A has a finite
gain. Hence some voltage difference
must occur in order that the out-
put may follow the input even ap-
proximately. Refinements to the
basic circuit are therefore necessary
to mitigate these defects.
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If the simple comparator of Fig.
8 is balanced at one particular
value of cathode current and input
voltage, this condition will remain
undisturbed as long as the cathode
current and plate voltage remain
constant. As the cathodes are al-
ready supplied from a constant-
current source, it only remains to
provide a source of constant po-
tential for the two plates. This can
be achieved in principle by the
circuit shown in Fig. 4 where the
cathode followers V,, and V., pro-
vide the plates of V,, and V,, with
a voltage which always exceeds FE,
(and at balance E,) by the constant
voltage-difference FE,, represented
here by a battery. With this ar-
rangement only the small imper-
fections in the operation of the
constant-current and constant-volt-
age circuits can influence V, and R,
can be used to correct any initial
asymmentry of the circuit.

An additional advantage of this
arrangement is that, since the plate
potential of the comparator tube
remains constant, the maximum
possible gain of 0.5 g,,R; is provided
for differences between the volt-
ages applied to its grids; the factor
0.5 arises because the voltage dif-
ference between the two grids
is shared equally by the tubes.

In a practical system there still
remain errors due to the finite gain
of the amplifier which follows the
comparator, since some change of
voltage at the input to the ampli-
fier must occur in order that its
output follow any changes in the
input to the complete unit. For an
ideal unity-gain comparator fol-
lowed by an amplifier of gain A, an
error voltage F,/A must exist at
the input to the amplifier. If the
amplifier gain is known this error
voltage may be artificially produced
by reducing the output voltage by
a potentiometer chain in the ratio
(A — 1) /A before applying it to the
comparator. In this way E, can re-
main equal to E, while the com-
parator produces a control voltage
of E,/A.

Residual errors due to differ-
ences between the gain of particular
amplifier and the gain for which
the correction was designed will
still remain if a fixed correction
circuit is used, but if unusually
high accuracy is required for a

short period the correction circuit
can be adjusted to suit the gain
existing at the time of use. Al-
ternatively negative feedback
with n the amplifier may be used
to stibilize its gain.

Practical Two-Way Switch

The circuit of a two-way sam-
pling switch employing two compen-
sated comparators is shown in Fig.
5. The currents of comparator tubes
V, and V, are maintained constant
by V., and V,; while V, is the com-
pensating tube which maintains
constant plate voltage on these
tubes. The 47,000-ohm resistor R,
is shared by V,, and V,,, which are
controlled by switching pulses,
allowing only one of the constant-
current tubes to conduct and only
one of the comparators to function
at any particular time.

To avoid discontinuities in the
output voltage of the system the
switching pulses should be arranged
so that when one comparator is
switched off the other becomes op-
erative. The output of the compen-
sating tube V, is applied to a dif-
ferential amplifier V, to reduce the
effects of supply-voltage variation
and stray pickup, and this is coupled
to the output cathode follower V..

Any loss of either gain or dy-
namic range associated with the
d-c coupling circuit between V, and

OUTPUT

CONSTANT-
CURRENT
SOURCE

INPUT

FIG. 3—Feedback added to comparator
pair of Fig. 2

CONSTANT=
CURRENT
» SOURCE

FIG. 4—Constant comparator potential
is maintained by cathode followers
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FIG. 5—Circuit of 2-way electronic sampling switch. Two compens ated compazators are shown, any number of positions may be added.
Used as multi-way switch, circuit needs three extra tubes for every two additional switch positions

V. is avoided by a constant volt-
age-difference coupling comprising
R, and R, and constant-current tube
V.. Since the current in the cou-
pling resistors is kept constant by
V. the potential at their junction
will exceed the grid voltage of V;
and hence the output voltage by a
fixed amount. This potential is
thus suitable for supplying the
grids of tube V..

The output cathode-follower
stage V. was designed for a particu-
lar application in which it was de-

sired to feed a number of long
cables via the series resistors
shown. This stage therefore had

to be capable of supplying the
charging current required by the
cables when the output voltage
changed from its maximum nega-
tive value to its maximum positive
value or conversely. The unit will
maintain a voltage accurate to =0.1
percent at the ends of the remain-
ing cables even when two of them
are short-circuited.

If an extremely low output im-
pedance is desired connection can
be made directly to the cathode of
V., the impedance at this point be-

ing about 0.1 ohm. Extremely high
input impedance is another feature
of the circuit due to the potentials
of both plate and cathode of the
input comparator tube following
changes in the grid potential. Thus
in the absence of external leakage
resistance and stray capacitance the
input impedance would be infinite.

Switching arrangements for bal-
ancing the comparators are not
shown, but provision is necessary
for switching off each comparator
in turn and grounding the input of
the alternate one. The circuit then
operates as a cathode follower and
the output wvoltage at the cathode
of V, can be set to zero by the
potentiometer in the cathode circuit
of the active comparator.

Practical Applications

The unit shown can be enlarged
to allow for additional input sources
merely by adding sub-units similar
to that enclosed by the dashed lines
of Fig. 5. Conversely, by deleting
the portion of the circuit within
the dashed lines, the unit can be
reduced to a precision cathode fol-
lower. In this case the switching
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pulse coupling capacitor C, can also
be omitted and CR, replaced by a
simple leak resistor.

As a cathode follower the circuit
is valuable in the detection, trans-
fer or measurement of voltages
whenever the output device must
not load the source. Typical appli-
cations arise in scientific instru-
ments and analog computers.

As a multi-way switch the cir-
cuit requires three extra tubes for
every two additional switch posi-
tions. However an n-way electronic
switch can be used in conjunction
with n electromechanical stepping
switches of x ways each, to give a
total of nx discrete selections. Each
electromechanical switch  would
then receive a stepping impulse as
soon as it has been sampled by the
electronic switch. It must then com-
plete its step during the time taken
by the electronic switch in sampling
the outputs of the remaining
(n — 1) stepping switches.

The author thanks H. S. Tomlin,
who was responsible for the associ-
ated experimental work and the
Admiralty for permission to pub-
lish.
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Cathode-Ray Recorder

UMMARY —— Selected portions of time base lines of different channels

can be related and examined. Sweep speed is recorded. Closely-grouped

cathode-ray tubes for each of 12 channels are photographed on 4 by 5 in. film.

Projector, located in reading desk. enlarges film negative images to twice crt

display size and presents four crt images simultaneously

By C. W. HARGENS senior Staf ngineer, The Franklin Institute,

Laboratories for Research and Development, Philadelphia, Pa.

TN RECORDING electrical phenom-
I ena simultaneously it is fre-
quently desirable to show their
relationship on different time bases
or to select a portion of a time base
and exclude the rest. This require-
ment led to the development of an

electronic recorder system which
permits the important portion of
the trace to be selected and ex-
amined critically.

Twelve closely-grouped cathode-
ray tubes, one for each channel of
the system, are photographed by a

Cathode-ray tube controls for each of 12 channels. Telephone-program dial is at right
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4 by 5-in still camera.

To study the records, a projector
is used to enlarge the film negative
to twice the size of the crt image.
A reading desk which incorporates
the projector permits close examina-
tion of four crt images simul-

FIG. 1—Four signals are observed on
common time-base records (A) and in
closeup records

o O

BASELINE CALIBRATION

SIGNAL

COMPOSITE

FIG. 2—Components of final film image
are a base trace. a dotted calibration
line and the signal transient
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T AT

Compares Transients

taneously. Time bases of all chan-
nels can be related to each other.
Other pertinent data are also re-
corded on the film automatically by
auxiliary coding.

Timing

System timing is provided by an
initiator pulse produced by the in-
strument for triggering the phe-
nomenon or device under study. At
various times thereafter signals
arrive at the channel inputs to be
recorded. Since each channel has
its own ecrt display with an indi-
vidual sweep circuit, any arrival
time may be accommodated.

In a typical signal sequence,
shown in Fig. 1, the signals vary in
duration as well as occurrence time.
Considerable variety in sweep speed
and delay is required. For example,
signal A might have a duration and
a delay of approximately 1/4 milli-
sec. On the other hand, signal D
appears best using a 2-millisec
sweep and a delay of 4 millisec.

Calibration

In addition to the signal, other
traces are provided on the cathode-
ray tubes. A solid baseline trace
appears followed by a displaced
trace composed of dashes. Since the
displacement between traces pro-
vides the signal amplitude calibra-
tion and the dashes are of accurate
time duration, this presentation
provides calibration in both the X
and the Y directions. Following
these two calibrating traces, the
signal transient is presented on a
third sweep. The three steps are
shown in Fig. 2 together with the
composite image which appears on
the exposed film.

Along the periphery of the com-
posite presentation a series of il-
luminated dots appears. These indi-
cations register on the fllm and are
permanent records of the sweep
delay and attenuator settings of a
particular channel,

Sweep-Speed Record

made for five
three at-

Provision was
sweep delays and for
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FIG. 3—System diagram for 12 cathode-ray tubes shows sweep generators and amplifiers

for only a single cha