—

ELECTRONIC
INDUSTRIES

YON3 4S=00 010vy SNITI100

il
L2 VMOt SOidvY 4va3o
SN 3 S 3AY Y3L1N0S L26z
Olm CienI 7N o

e ————mm




TOTAL CAPABILITY IN
PRECISION RESISTANCE

RS Wirewounds...

22,000,000+

-

¥ \ pROVE
99.991%
RELIABILITY

UNIT TEST HOURS

Unmatched performance in a standard
precision power wirewound resistor

You get a reliability bonus at no extra cost with Dale’s
RS Precision Power Resistor. Of all the wircwounds outside
the specially-conditioned “Hi-Rel” category (where Dale’s
ARS Resistor is tops) the RS has been conclusively proven
to be the most reliable. In tests, patterned after Dale’s
famous Minuteman High Reliability Development Pro-
gram, the RS has passed the 22,000,000 hour mark at a
99.991% reliability level (60% confidence level, 100% rated
power, 25° C ambient, 1% AR failure point). The RS Wire-
wound is just one example of Dale's fotal capability in
precision resistance —a capability which includes giving
you both performance and delivery which exactly match
your requirements.

SPECIALS-ASK US
Dale has built over 400 special modifications of the RS

Resistor. One of them may be the answer to your problem.
if it isn’t, we’ll build one that is.

RS SPECIFICATIONS

B Applicable Mil. Spec: MIL-R-26C & MIL-R-23379 (A new Spec,
designed especially for precision resistors)

W Wattage Sizes: Y4, %, 1, 2, 25,3,5,7,10

B Tolerances: 0.05%, 0.1%, 0.25%, 1%, 3%

B Operating Temperature Range: -55°C to 350°C

B Resistance Range: .1 ohm to 240k ohms

B Load Life Stability: 1% max. AR after 1000 hours at full rated power

B Moisture Resistance: .5% max.AR after MIL-R-26C moisture test for
insulated resistance

B Dielectric Strength: 500 volts, RS-%a through RS-1B; 1000 volts RS-2
through RS-10

B Thermal Shock: .5% max.AR after MIL-R-26C thermal shack test

B Insulation Resistance: 100 megohms minimum

B Temperature Coefficient: 20 p.p.m. (high values); 30 p.p m. (intermediate
values); 50 p.p.m. (low values). Specific T.C. chart available on request.

RS RELIABILITY STUDY AVAILABLE. Write for a copy as well as for Dale’s expanded Catalog “A".

DALE ELECTRONICS, INC. . ..

DALE

1304 28th Avenue, Columbus, Nebraska

S—— A subsidiary of THE LIONEL CORPORATION “+u..u
Also Made and Sold by Dale Electronics Canada, Ltd., Toronto, Ontario, Canada

Circle 98 on Inquiry Cord



w«

™ EDITORIAL

What's New in Power Supplies!

Two YEARS AGO THIS MONTH, ELECTRONIC INDUS-
TRIES pres ated a special “State-of-the-Art” report
on Power Supplies. We believe you will find the new
reports in this issue of timely interest.

The difficulties we reported then—of non-uniform
and non-standard definitions, terminology and speci-
fications—largely remain. For instance, “load regu-
lations” are still specified differently by various man-
ufacturers. The same applies to ripple, noise factor
and transient response. And, as a result, supplies are
being purchased that subsequently prove unsatisfac-
tory in spite of glowing specifications by the manu-
facturers.

The specifications are factual enough—but can be
misleading! They point up the virtues, and play
down the limitations.

What little progress has been made toward stand-
ardization has been largely through the efforts of
the National Electrical Manufacturers Association
(NEMA). In the latest move, NEMA has put to-
gether a “skeleton” set of proposed standard defini-
tions and circulated them to power supply manufac-
turers for comment. A few manufacturers are
cooperating, but response from the others is not
encouraging. Most want to “go it alone.” No one
wants to tip his hand to competitors. As a result,
more large companies are developing in-house capa-
bilities for power supply design and production.

One large systems company has a firm policy : “Tf
we can buy the needed supplies and they meet the
program specifications, we buy them. If we can’t
get the type of power supply specified we will make
them, after a decision to do so has been made by our
‘make or buy’ committee.”

Present power supply designs are almost entirely
solid state. The rapid development of high power
transistors, diodes and silicon controlled rectifiers
(NEMA has standardized on the term “Thyristor™),
and related devices, has enlarged the solid state power
supply applications considerably. There has been a
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trend toward high voltage laboratory supplies and
toward plug-in modular supplies for computer appli-
cations. With the large scale use of transistorized
equipment and its portability features, battery power
has taken on new dimensions. Longer life batteries
are the result, and further developments in life, per-
formance and size can he expected.

Since there are few standard specifications for
power supplies, the engineer who needs a supply must
know exactly what he needs and spell out his require-
ment to the vendor in minute detail. To help in this
regard. we are listing on page 54 the various factors
most important for him to consider. \We suggest
vou save this for future reference as a check list
when 2 power supply is needed for a specific job.

It was pointed out by one manufacturer that “En-
gineers don't know what they really need.” \We have
suspected this, too. and submit that a thorough analy-
sis and understanding of the need hefore contacting
power supply vendors will materially assist in getting
the proper supply at the right price. Iigh price
usually results from over-specifving. Don’t ask for
more regulation than you need. Don'’t ask for a range
of line voltages or frequencies greater than will be
experienced. Do ask for everything you really need—
no more.

Special Priority Request
This is the name of our new reader service facility
which begins in this issue. It is a service for those
who are in immediate need of additional information
on products advertised or mentioned editorially in
ELEcTRONIC INDUSTRIES.

If you refer to the product literature cards on
pages 103 and 105 you will note the special area at
the bottom of each card that has heen set aside for
this service. Write out the desired reader service
numbers in the boxes provided and mail the card.
We will send your request to the manufacturers in-
volved immediately for priority handling.




Reasons Why SPRAGUE is a

Major Resistor Supplier

-~

FILMISTOR®
PRECISION FILM RESISTORS

—— e

metal-film, molded case

Distinct limited temperature coefficients
and low tolerances to meet exacting appli-
cation requirements. Rugged end cap
construction for long-term stability and reli-
ability. Superior resistance to humidity and
mechanical damage. Surpass MIL-R-10509E
requirements. Send for Bulletin 7025B.

deposited-carbon, molded case

Approach precision wirewounds in reliability
and stability, yet are smaller in size and
have lower self-inductance. Low, controiled
temperature coefficient. Dense molded case
provides outstanding humidity protection.
Send for Bulletin 7000A.

vl
T et

deposited-carbon, conformal coated

Full rated load operation at 70 C with no
wattage derating. Assured uprated loads at
lower operating temperatures. 1deal for cir-
cuitry where small size, humidity resistance,

ACRASIL® PRE(ISION/POWER\
WIREWOUND
RESISTORS

silicone-encapsulated
Combine the best features of
both precision and power wire-
wound types. Resistance toler-
ances to +0.05%. Unusually
tough encapsulation protects
against shock, vibration, mois-
‘ ture, fungus. Meet MIL-R-26C
requirements. Smaller than con-

\ ventional wirewounds, yet
greater in stability. Send for
Butletin 7450.

J

Circle 62 on Inquiry Card

BLUE JACKET”
VITREOUS ENAMEL
POWER WIREWOUND RESISTORS

All-welded end cap construction with
special vitreous coating for long-term
dependability. Axial-lead style for con-
ventional wiring or on printed boards. Tab
terminals for higher wattage applications.
Meet MIL-R-26C requirements. Send for

and close tolerance (+19%) are required.
bend for Bulletin 7005A. J
Circle 61 on Inquiry Card

KOOLOHM" CERAMIC-SHELL
POWER WIREWOUND RESISTORS

Exclusive ceramic-insulated resistance wire permits “short-
proof”’ multilayer windings for higher resistance values.
Standard and non-inductive designs. Non-porous ceramic
shell for moisture protection and electrical insulation. ‘Axial-
lead, axial-tab, and radial-tab styles. Send for Bulletins
73008, 7305, 7310.

Circle 64 on Inquiry Carc

GLASS-JACKETED
POWER WIREWOUND RESISTORS

Ferrule terminals soldered to metallized ends of glass gasing.
for true hermetic seal. Virtuaily failure-proof, even in ex-
tremely corrosive industrial and salt atmosphere. Standard

Bulletins 74008, 7410D, 7411A.

Circle 63 on Inquiry Card

(" sTAcKOHM® )

POWER WIREWOUND
RESISTORS

Flat silhouette permits
stacking of resistor banks
in close quarters. Atlumi-
mum thru-bar simplifies
mounting and conducts
heat from resistance ele-
ment. Vitreous enamel
protective coating. Meet
MIL-R-26C performance

and non-inductive windings. External meter-multiplier types
also available. Send for Bulletins 7350, 7420, 7421. J

Circle 65 on Inquiry Card

requirements. Send for
Qulletin 7430. J

Circle 66 on Inquiry Card

For complete technical data, write for
engineering bulletins on the resistors
in which you are interested to: Tech-
nical Literature Service, Sprague
Electric Company, 233 Marshall
Street, North Adams, Massachusetts.

SPRAGUE

THE MARK OF RELIABILITY

#SR-166:63 R1

2
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SILICONTROL

OPEN-CARD
SCR

- GATE DRIVES

1

e Meet triggering requirements for com-
pletely balanced SCR firing in 3-phase
applications.
e Particularly useful in control of d-c
motors, 3-phase a-c motors, high-slip
or solid rotor 3-phase induction motors,
polyphase rectifier circuits, and similar
applications
e Gate firing characteristics are bal-
anced to within 5° over full 180° excur-
| sion in all pulse patterns.
e Each gate signal output is a constant
amplitude pulse which provides a fuil
range of control at all phase angles
without SCR damage.
e During anode negative periods, gate
signal is suppressed to prevent thermal
runaway.
I Pulse amplitude is 3.5 volts minimum
into a 32 ohm load—never exceeds 10
volts at 10% avpove rated line voltage.
e Components terminal-mounted on
fiberglass cards, assembled in tiers for
easy installation in minimum space.

For complete technical data,
write for Engineering Bulletin 85520
to the Technical Literature Service,
Sprague Electric Co., 233 Marshall St.,
North Adams, Mass. 01248

45V-4130R2

L

THE MARK OF RELIABILITY

Sprague’ and ‘(@' are registered trademarks of the Sprague Electric Co
Circle 68 on Inquiry Card
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The STATE-OF-THE-ART* Magazine
for Electronic Engineers

EDITORIAL: What's New In Power Supplies! . ............. . ... ... .. .. 1

STATE-OF-THE-ART FEATURES:

Modern Power Supply Design for Computers ... .......... ... D. R. Hoch 38
Unusual Power Supply Applications . ... ............... ... . P. Birman 47
DESIGN/DEVELOPMENT:

Choosing Photoconductive Cells . . .. ...... ... ... ... ... J. W. Trautwein 72
Designing and Analyzing Voltage Regulators . .. ... .. .. V. R. Cunningham 78
A High Voltage Equivalent of the Zener Diode ........... ... D. 0. Ward 81

PROFESSIONAL GUIDELINES:

Meeting the Challenge of Leveling Defense Markets . ... ... . .. S. Feldman 108
Charting Reliability for Maximum Effectiveness . ...... ... .. H. M. Gordy 59
20th Anniversary of The National Electronics Conference ....... ... ... . 94
1964 NEREM . . . Electronics—Sentry and Servant . ... .. ... ... ... ... . 95
WHAT's NEW
Low-cost Microelectronics ... ... ... 67 Long Distance Xerography ... .. .... 70
TV Filing System . ..... ... ... .... 67 AC-DC SCR Packages ............. 77
AC Voltage Regulator . ... . ... ... . . 70 Highly Stable Power Supply .. ... ... 80
DEPARTMENTS COVER
il To illustrate the many-sided problem of spec-
Highlights . ... ... ... ... ... ... . ... . ....... 5 ifying power supplies, our cover designer
Radarscope .................... ... . ... ....... 10 built this unusual polyhedron. The symbols
Coming Events 16 on the faces cover the traditional components
Lo T e that go into power supply construction. For
Washington Trends . ... .................. .. .... 20 n;o:;:z infomfmation on thig field, see the ‘‘State-
— . of-the-art” features on Supplies beginning on
Marketing: Fact & Figure I.!oundup ................ 22 pages 38 and 47, and the articles on VR's
Snapshots of the Electronic Industry . ... ... .. . ... 26 on pages 78 and 81.
Letters . ... ... ... .. .. ... 32
CircuitWise . ... ... ... .. ... ... ... ... ........ 54 *STATE-OF-THE-ART: up-to-the-moment ca-
New Tech Data ........ ... ............... .. 85 pability in each area of electronic technology
Editor's Notebook ........................ ... .. 101

Employment News ... ....... ... ... . ... .. .. .. 107 mﬂ
New Products . .............................. . 117 y
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All from Sprague!

Make the right move... specify Sprague
SOLID TANTALUM CAPACITORS!

Metal-Encased ~ Metal-Encased

Hermetically-Sealed

TANTALEX®
TANTALEX® CAPACITORS
CAPACITORS to MIL-C-26655A

(non-polarized) (insulated case)

/TYPE 350D

p STYLE CSR12
Metal-Encased

~ Metal-Encased

Metal-Encased

Hermetically-Sealed Hermetically-Sealed TANTALEX®
TANTALEX" HYREL® ST CAPACITORS
CAPACITORS CAPACITORS to MIL-C-39003

(for ‘cordwood’ modules) (polarized) (uninsulated case)

"TYPE 166D
Metal-Tube

TYPE 180D
Metal-Encased

Hermetically-Sealed Axiul-Leog
TANTALEX" RED-TOP
Feed-Thru TANTALEX"®
CAPACITORS CAPACITORS

(non-polarized)

7N
// TYPE 168D TYPE 160D
Metal-Tube TYPE 154D Film-Jacketed
Single-ended Molded-Case 'Am: ?CL el;
RED-TOP* Bullet-nose® TAxl:Jc;'Alet;(G’
TANTALEX® TANTALEX® CAPACITORS
CAPACITORS CAPACITORS (Hearing Aid Type)

(non-polarized)

Number 1 in Solid Tantalum Capacitors Across the Board!

Pioneer in the development of tan- your dependable source of supply!
talum capacitors, Sprague has the For additional information, write
fargest and most compiete research Technical Literature Service, Sprague
and production facilities in the cap- Electric Company, 233 Marshall St.,
*Trademark acitor industry. That’s why Sprague, North Adams, Mass., indicating the
with its unmatched experience, is types in which you are interested.

SPRAGUE COMPONENTS

®
CAPACITORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS s p n n G u E
TRANSISTORS INTERFERENCE FILTERS PACKAGED COMPONENT ASSEMBLIES

RESISTORS PULSE-FORMING NETWORKS BOBBIN and TAPE WOUND MAGNETIC CORES

INTEGRATED CIRCUITS TOROIDAL INDUCTORS SILICON RECTIFIER GATE CONTROLS THE MARK OF RELIABILITY
THIN-FILM MICROCIRCUITS ELECTRIC WAVE FILTERS FUNCTIONAL DIGITAL CIRCUITS

45C 185-63 R1 *Sprague’ and ' (@)’ are registered trademarks of the Sprague Electric Co.
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MODERN POWER SUPPLY DESIGN FOR COMPUTERS 38

Until recently, a power supply for a micro-miniaturized circuit or computer might
have cost twice as much as the circuits it supplied. It might have been five times
as large and several times the weight. Designers of modern power supplies can
avoid these situations.

UNUSUAL POWER SUPPLY APPLICATIONS 47

Power supplies have become very sophisticated in the past few years, performing
many unusual tasks. Their applications are limited only by the designer’s ingenuity.
Here are some unique uses for power supplies with details on how they do it.
Information is also given on what to specify for power supplies.

CHOOSING PHOTOCONDUCTIVE CELLS 72

A discussion of photoconductor characteristics offering a general working knowl-
edge of photoconductive cell capabilities and limitations to help the designer
intelligently choose the right cell.

DESIGNING AND ANALYZING VOLTAGE REGULATORS 78

Here is a simple method, regardless of circuit complexity, for analyzing, by sections,
series-type transistorized voltage regulators. Quick evaluation of different types of
circuits is stressed to find the best one to use.

1964 FALL ENGINEERING SHOWS-NEC/NEREM 94

Keeping abreast with the latest technological developments is the general theme
of this year’s National Engineering Conference and Northeast Electronics Research
and Engineering Meeting. This is pretty well reflected in the refresher seminars
being held, and the increase in tutorial papers. It is also interesting to note the
emphasis being placed on bio-medical and nuclear electronics at the NEC.

MEETING THE CHALLENGE OF LEVELING DEFENSE MARKETS 108

As the government trims back its defense budget, contracts become fewer and
smaller. The trend among electronic firms is to expand operations in the industrial
and consumer markets. Firms choose various ways to overcome diminishing de-
fense markets, but they are united in direction.

ELECTRONIC INDUSTRIES + October 1964
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HBWQ A free guide book to the profit

potential available in Florida’s electronics industry.

Write for your free copy today! Full, factual and
detailed information about your future as a Florida
industrialist. A partial list of subjects covered:
the fantastic ‘‘Space-Age Market’’; the solid growth of the
industry in Florida; the markets for electronic components...
instrumentation ... and general manufacturing; the welcome
climate that offers a tax structure so favorable, you’ll
want to investigate; the unlimited R&D facilities available
to you; the ease of recruitment of engineers and technicians,
and the solid growth environment Florida offers you.

But write today! Investigate Florida—the growth state!
Discover what a Florida plant can mean to you and your
company's profit picture! Write today for your free copy
of “OPPORTUNITIES IN ELECTRONICS.”

\r

lorida

r——————_——_———_——_————-

Mr. Wendell Jarrard
Chairman NAME
Florida Development
Commission, Dept. 4435A FIRM NAME
Tallahassee, Florida 32304
Please send me free copy of ADDRESS

“OPPORTUNITIES

IN ELECTRONICS" cITY STATE P

Circle | on Inquiry Card

ELECTRONIC INDUSTRIES -

ELECTRONIC
INDUSTRIES

SHELBY A. McMILLION,
Publisher

BERNARD F. OSBAHR,
Editor

CREIGHTON M. MARCOTT
Executive Editor

JOHN E. HICKEY, Jr.
Managing Editor

SMEDLEY B. RUTH
SIDNEY FELDMAN
Associate Editors

JOHN J. HUNTER
ROBERT ). BRAMLETT
Assistant Editors

DR. ALBERT F. MURRAY
Consulting Editor

ELMER KETTERER, Art Director
ANNE AXE, Editorial Assistant

ANN LAVENDER, Research Assistant
MAE MOYER, Reader Service

IDA GOOD, Editorial Secy.

EDITORS-AT-LARGE

Eastern Region

ELMER T. EBERSOL,

100 East 42nd St.

New York 17, N. Y.

(Area Code 212) OXford 7-3400

Western Region

I. PHILIP GEDDES,

198 S. Alvaredo St.

Los Angeles 57, Calif.

(Area Code 213) DUnkirk 7-1271

Defense/Space

CHARLES R. WILHIDE,
Pentagon News Room
The Pentagon
Washington, D. C.

WASHINGTON NEWS BUREAU

1093 National Press Bldg.
(Area Code 202) 393-3474
TWX—202 965-0675

GEORGE BAKER, Mgr.
NEIL R. REGEIMBAL

BUSINESS DEPARTMENT
ELMER DALTON

Advertising Promotion

& Circulation Manager

EDWARD G. SHAUD, Jr.

Merketing Manager

ARA H. ELOIAN
Production Manager

See Advertisers Index on page 145 for
Regional Sales Meneg

Chilton Company—G. C. BUZBY, President.
Executive Vice Presidents: R. E. McKenna,
G. T. Hook. Vice Presidents: P. M. Fahren-
dorf, L. V. Rowlands, M. E. Cox, E. B.
Terhune, Jr.. R. W. ... ). .
Treasurer: Stanley Appleby. Secretary: J. A.
Montgomery. Other Directors: C. A. S.
Heinle, G. E. Cameron, T. C. Campbell,
H. W Bm:la“, W. A. Phair; Assistant
Treasurer: J. Miades; Assistant Secretary:
I. C. Holloway.

JOHN H. KOFRON
Chilton Research Director

ELECTRONIC INDUSTRIES, October, 1964.
Vol. 23, No. 10. A monthly publication
of Chilton Company, Executive Editoriel &
Advertising offices et Chestnut & 56th Sts.,
Phila., Pa. 19139. (Ares Code 215) SHer-
wood 8-2000. Controlled circulation postage
paid at Philadelphia, Pa. 81 a copy; Refer-
ence Issue (June), $5.00 a copy. Sub.
scription rates U. S. and U. S. Posses-
sions: 1 yr. $10.00; 2 yrs. $18.00. Canada
1 year, $12.00; 2 . $20.00. All other
countries 1 yr. $18.00; 2 yrs. $30.00.
Copyright 1964 by Chilton Company. Title
Reg. U. S. Pat. Off. Reoroduction or re-
printing prohibited except by written au-
thorization.

October 1964



Two reliable techniques
for finding faults on cables

TRADITIONAL

(7
(@)

Step 1. Dispatch a field engineer to closest cable
termination beyond the fault site.

Step 2. Field engineer attaches a pair of test leads
to the tie point, completing a Wheatstone bridge
circuit to the central station.

Step 3. Fault on cable changes resistance on one
side of the bridge; an operator at the central station
adjusts resistance on opposite side of circuit to bal-
ance the bridge.

. en the galvanometer reaches the zero
Step 4. When the gal t hes th
point, the operator reads amount of resistance in
ohms required to balance the bridge.

Step 5. Turning from meter to map file, he con-
sults a table to find the gauge of cable section under
test.

Step 6. Operator calculates resistance of that
gauge cable in ohms-per-feet.

Step 1. Resistivity of cable in ohms-per-feet is
divided into ohms resistance required to balance
bridge circuit.

Step 8. Dividend equals distance in feet from tie
point back to cable fault (without compensating for
changes in ambient temperature and humidity
which can affect performance of the bridge circuit).

For further information on this widely used technique of
fault-finding, collar any power engineer who has had exten-
sive experience on a test board.

MODERN

=

Step 1. Assign an operator to scan up to 30 miles
of cable through a Sierra 370A Cable Fault Locator.

Step 2. See opens, shorts, or impedance variations
the instant they occur; read distance to fault di-
rectly in feet from the pip on the scope.

For further information on this time and labor-saving tech-
nique of pinpointing cable faults, get in touch with Sierra
Electronic Division of Philco. Ask for data on the Model
370A Cable Fault Locator. While you’re at it, you might
call in your nearest Sierra sales representative for a fault-
finding demonstration.

SIERRA ELECTRONIC DIV.

PHILCO

o— p=
A SUBSIDIARY OF A/f}/‘fyfé}far gcw;/zawz 2

Sierra Electronic Division/3879 Bohannon Drive/Menlo Park 2, California
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*S-SERIES

/

T ALL WELDED
CONSTRUCTION

WMR SERIES

* WKJ-SERIES

The WMR Series represents
a unique combination of
advanced design technol-
ogy and miniaturization.
It is svitable for upgrading
existing equipment, and
particularly recommended
for dependable centralized
switching in new systems,

I ACTUAL SIZEJ

*WJS-SERIES

Compact ............ 1”7 dia. X 1”” high
Welded Construction .. No solder flux

Reliable ............. Bifurcated, gold plated contacts
Versatile ............ Low level to 3 amperes, to 6PDT
Rugged s .. e 30G, 2000 CPS vibration; 100G Shock
Stable covsimusvavses Low friction, ball bearing armature

Interchangeable ...... Conforms to MIL-R-5757/1 and /7

SEND FOR WMR CATALOG SHEET

* ALL WELDED
SERIES

ALLIED CONTROL COMPANY, INC.

2 EAST END AVENUE, NEW YORK, N.Y. 10021 AL-284

8 Circle 3 on Inquiry Card ELECTRONIC INDUSTRIES + October 1964
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Clear readout at 100’ in normal light.

Sylvania’s alpha-numeric indicator tubes
may offer the perfect answers for your dis-
play device problem. The new SY-1303 is a
cold cathode, gas-filled indicator tube with
a single anode and 15 metallic cathodes. In
addition to displaying letters A-Z and nu-
merals 0-9, another feature is the cathode
at the base of the viewing area which lights
to form a caret . The caret can represent
a special symbol, e.g. an eighth of a point
on a stock quotation board, or an on-time
signal at an airport.

J J

ot I Fjl 1
FROM SYLVANIA

INDICATOR
= TUBES

clear red-orange characters » unobstruc-
ted single-plane viewing = 214" character
height ® 150° viewing angle m easy DC
operation m low-cost transistor drive
= [ow power consumption s jong operating
life with lasting brightness.

/

11 '“7' e

With its 170-volt DC cperation, the displayed
characters are controlled by changing seg-
ment potential by 50 volts, an operation that
can be easily done with transistors. A binary
(hold) circuit can be provided by combining
switching stages with a second transistor.
Your Sylvania sales engineer can give you
more complete information on display de-
vices. Call him today, or write directly to
Electronic Components Group, Sylvania
Electric Products Inc., Box 87, Buffalo,
New York 14209.
Z\ Tubes shown actual size.

SYLVANILA

SUBSIDIARY OF
GENERALTELEPHONE & ELECTRONICS GEE
NEW CAPABILITIES IN: ELECTRONIC TUBES * SEMICONDUCTORS * MICROWAVE DLVICES * SPECIAL COMPONENTS * DISPLAY DEVICES
Circle_4_on_Inquiry Card




ELECTRONIC

RADARSCORE

Analyzing current developments and trends
affecting the State-of-the-Art of technol-
ogies throughout the electronic industries

MINIATURIZED LASER GYRO

Small version of Sperry Rand laser gyroscope is set up for testing
at firm’s Electro - Optics laboratories. The unit is less than a foot
square, weighs under 30 Ibs. It is one-fourth of weight, stronger and
more stable than earlier models. Gyros will aid in tracking Saturn
boosters. Unit uses 3 eight-inch helium-neon tubes on 1.15 microns.

VELOCITY SENSING is being done by a new
technique at GPL Division, General Precision, Inc,
using a CW laser beam and a special optical receiver.
The system has potential for industrial process control
as well as self-contained navigation systems for air,
space and land vehicles. Called Optical Diffraction
Velocimeter, measurement depends on variations of
laser light diffraction patterns scattered back from sur-
faces. System may be useful for extremely precise
motion-sensing and measurement over extended sur-
faces for both distance and velocity.

FIBER MEASUREMENT at high accuracy has
been attained by optical-electronic system developed by
Paton Hawksley Electronics Ltd., Bristol, England.
Device measures fine fibers of 0.001 in. dia. to 1%
accuracy. Optical scan magnifies fiber 100 times onto
revolving mirror. Image is focused through slit in
front of photo-multiplier tube. Mirror causes light-
dark-light-dark dc levels. Center light level is caused
by lens effect of fiber with higher light intensity in cen-
ter of image. Plus and minus pulses are processed and
used to open and close gate of millisecond timer.

10

MPD GENERATOR, developed by Martin Co.,
has produced output of 1.57w. Device is low-tempera-
ture (1,300°F), closed-cycle magnetoplasmadynamic
(MPD) generator that produces electricity by shooting
ionized gas through magnetic field. Martin engineers
believe MPD principle could lead to more reliable and
economical electricity producing method.

ONE-WATT OUTPUTS have been measured for
a helium-ncon laser at 63284 at Bell Labs. This is re-
portedly the highest continuous power obtained so far
for gas lasers, and a tenfold increase in output power
over previous systems. Dr. E. I. Gordon, head of Bell’s
Optical Device Department, said contributing factors
are extremely low-loss mirror (by Bell) and the 5.5-
meter length of the discharge tube. Input power is 500w
dc. The laser’s efficiency is 2/10ths of 1%.

BULLET’S SOUND when entering water may be
the key to an auxiliary navigational and signaling sys-
tem, according to C. B. Leslie, of the Naval Ordnance
Laboratory, Silver Spring, Md. Oscillations and col-
lapse of air bubble made by a bullet generate the sound.
Variations in shape and caliber may produce different
sounds. System would be useful for planes flying in
fog over the sea. A plane or a surface ship could also
use bullet sounds to signal a submarine.

PERMANENT MAGNET MATERIAL, devel-
oped by Indiana General Corp., achieves energy product
of up to 9.5 million and coercive force of at least 1,400
oersteds. Called Alnico IX, it provides minimum size
and weight, maximum level of energy, and extreme
resistance to demagnetization. Typical uses: Straight
field focus devices, PPM TWT stacks, high perform-
ance holding, repulsion and torque transmitting devices.

ECONOMICAL “LIGHT PIPES” must be devel-
oped before lasers can be used for world-wide commu-
nications, according to Westinghouse engineers. Earth
communications will demand advances in multiplexing
for full bandwidth use, and practical and economical
“light pipes” will have to be developed to provide an
all-weather capability over long earth distances.

ELECTRONIC CIRCUITRY that can operate for
long periods in strong nuclear radiation have been
tested successfully at General Electric for the Air
Force. Two miniature tape recorder amplifiers using a
new type of ceramic vacuum tube were the first pieces
of vacuum tube circuitry known to function continu-
ously, amplifying a signal below 100xc, while bom-
barded with pulsed gamma-neutron doses of nuclear
radiation. There was minor interruption of the signal
below 100kc, reports engineer H. L. Olesen.
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MULTIPLIER PHOTOTUBE with four simulta-
neous outputs for tracking devices developed by ITT
Industrial Labs. Separate signals put out by new
quadrant-type detection device will depend on location
of input image within one of four quadrants of the
photocathode area. Unique feature: No dead areas
where input signal might momentarily be lost. Tube
can deflect into any of four multipliers.

ANALOG-TO-DIGITAL converters have achieved
record performances in two separate test programs.
Three units, size 18, in one test have passed 18 million
revolutions and are still performing noise-free and
counting perfectly, report engineers at Norden Division
of United Aircraft Corp. Five units, also size 18, under
test at Norden, had accrued 8.3 million turns when re-
moved from life testing for shock, vibration test.

IMPURITY IONS with random distribution in
semiconductor crystals can be measured directly with a
recently developed technique. Researchers examined
random spatial distribution of impurity atoms near a
semiconductor p-n junction by causing the space charge
region to sweep through the distribution under a re-
verse bias potential AD 423 372 ($1.50) OTS, US.
Department of Commerce, Washington 25, D. C.

DEEP-SEA SOUND PROFILING SYSTEM

Don Willig, underwater engineer for ACF Industries’ electronics
division, displays principal components of ACF deep-sea sound vel-
ocity profiling system. In addition to sound velocity-depth sensor,
held by Willig, system includes data processing and display con-
sole, transmission cable and winch. The Navy is on the list for one.

CAUTION

TELEVISION X-RAY WATCHDOG

Tiny diodes the size of rice grains are enlarged 30 times for X-ray
television inspection at Astronautics division of General Dynamics.
Don Gonzalez examines parts using searchray X-ray-television equip-
ment developed by Philips Electronic Instruments, High-resolution
X-ray sensitive TV camera and lead-lined exposure room are included.

DRIVE-AMPLIFIER, stable and transistorized,
with low distortion and noise levels, developed by S. E.
Laboratories Ltd., Feltham, Middlesex, England, for
driving hf galvanometers from low power sources such
as telemetering amplifiers, audio oscillators, and play-
back discriminators. It can be used to check switching
surges in electrical systems and motor starting circuits.
It amplifies hf signals without raising noise level.

SINGLE X-RAY TUBE for motion pictures has
been developed by Field Emission Corp. Economical
new system can be used to study flow of metal in cast-
ing, burning of solid rocket propellants, human heart
valve action, and other events in short distance mo-
tion. Rapidly repeated X-ray pulse for ‘‘stop motion”
exposures of 30 to 100nsec on moving film is basis for
radiograph sequence. Portable system uses cold cathode
field emission X-ray tube and a choice of pulsers from
100 to 600kv depending on desired penetration.

HIGHEST PEAK POWER per pulse for high-
repetition rate laser demonstrated at Raytheon’s Laser
Advanced Development Center jointly with Baird-
Atomic, Inc. Ruby laser Q-switched synchronously
with Electro-Optic Light Modulator (Pockels Cell)
produced 100megw peak power in pulse widths of
10nsec. at rates greater than one pulse per second. With-
out Q-switching, device puts out average 50w up to 10
pulses per second. It uses 18-kw xenon flash lamp.
Ruby, elliptical cavity, and lamp are water-cooled.

(More RADARSCOPE on Page 13)
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RF CONNECTORS

Another furst from DAGE

A PERFECT, WEATHERPROOF
CONNECTION in 30 SECONDS

ASSEMBLY IS THIS SIMPLE:

1 Take one clean square cut through
" cable insulation, braid and dielec-
tric, exposing ¥%” of conductor.

Slip nut onto cable.

2 Insert conductor into tapered, self-
* clamping sleeve and contact sub-
assembly; force edge of sleeve be-
tween dielectric and braid until
insulation rides well onto taper.
Solder conductor to contact at
solder hole. See detail.

A B c 0D E F

' ,g)—"x,(;ﬁ 4
!,r

A = Insulation D = Self-Clamping Sleeve
B — Braid E Conductor
C = Dielectric F — Contact

el R

3 Fit contact sub-assembly into con-
" nector body; screw nut into body,
binding insulation and braid tightly

against tapered sleeve . . . thus
forming a strong, weatherproof
connection.

All iltustrations entarged for clarity

DAGE SBUARE

CuT
RF CONNECTORS

{Only 3 Parts . . . No Special Tools Required)

Again DAGE solves a major problem for equipment
builders! New DAGE Square-Cut RF Connectors re-
duce assembly time by as much as 50%-75% . . .
produce weathertight seals with a pull test of 50 |b.!

No need to comb, flair or taper the braid . . . just
one clean square cut prepares the cable, then all
you do is push, solder and tighten. As simple at that!

Now available for popular cable sizes in choice of
silver, gold or NT-34 (Non-Tarnish) finishes.

Call your DAGE representative or write direct to
the factory for specifications and prices. Also cus-
tom made to your specs.

Call or write for literature and prices on the complete line of

DAGE COAXIAL CABLE CONNECTORS
and PRECISION HERMETIC SEALS

Engineering service and custom designs for special problems

TEL. 317/736-6736

ELECTRIC COMPANY, INC.

Hurricane Road - Franklin, Indiana

 FIRST in Ideas + FIRST in Quality  FIRST in Service
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NEW PLANAR PROCESS, called Planar II, is
disclosed by Fairchild Semiconductor. New process
development represents final control of the surface effects
in semiconductor devices, according to company officials.
With the process, a single chip measures less than one-
fiftieth of a square inch. The new process permits
greater packing density for components on a single chip.
Fairchild announced that several new lines of products
will spring from the new Planar II process.

U. S. SCIENCE LIBRARIANS are set to tour
Soviet libraries and information centers this spring to
find out how Soviet librarians, if at all, are solving
worldwide problems of scientific information lag. U. S.
tour is to be financed by a National Science Founda-
tion grant. Awarded to the Special Libraries Associa-
tion, the grant will contribute to the current U. S.--
USSR agreement on scientific and cultural exchanges.
To complete the exchange, a group of Soviet science
librarians, financed by the Soviet Union, will visit U. S.
libraries later in the year.

PULSED VOLTAGE SOURCE integral circuit
capable of unprecedented switching speed and power
has been developed at Norden Division of United Air-
craft Corp., Device accepts a low-level logic pulse signal,
typically from the collector of a NOR gate or buffer,
and provides at output a 2-volt pulse, into a 50 ohm
load, shunted with 62pfd. Unit may have great appli-
cation in computers where fast switching time, small
size and reliability are essential.

SOUND ECHOES IN SOLID have been observed
by Sperry Rand scientists. Pulses of sound energy in-
jected into crystal at room temperature produced usual
waveform plus an unusual trailing wave. This was
identified as “second sound”—a heat wave that com-
bines sound and heat properties. It is a collection of
random sound waves moving slower than normal sound.
Phenomenon may offer new way to carry energy
through solids, and eventually mean simpler radar,
sonar, and computer systems.

COLOR FROM MONOCHROME in TV is a re-
cent disclosure at GPL Division of General Precision,
Inc’s Aerospace Group. The method uses a standard
black and white TV camera to give multi-color pic-
tures. Instead of viewing things as black or white,
GPL’s DataColor system “sees” objects as different
shades of grey. A color discriminator assigns a choice
of 6 colors to the greys. The system may have many
uses in defense command and control, aerospace mis-
sion control, medical electronics, and in industrial uses.

ELECTRONIC INDUSTRIES -« October 1964

SATELLITE-STEERING JET
Operating in vacuum chamber at Westinghouse Research Labs., this
specially designed arc plasma jet may stabilize and control atti-
tude of long-lived earth satellites. Jet is easily turned on and
off, the arc is stable, and has low-voltage operation. Helium is used
for the jet. Engineer H. C. Ludwig, jet developer, observes operation.

PULSE CODE MODULATION may soon enable
soldiers to relay telephone calls across battlefields in
computer language instead of by vocal sounds. Now
being produced by Raytheon Co. for the U.S. Army
Electronics Command, the PCM equipment is designed
for use with present Army radio relay equipment. PCM
systems will also be used with future radio gear now
being developed. According to Raytheon officials, PCM
is destined to become the standard multichannel trans-
mission equipment for Army communications. The
PCM equipment will permit as many as 96 voice mes-
sages simultaneously on cable or radio channels. Trans-
mission will be up to 240 miles using repeaters.
(More RADARSCOPE on Page 14)
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Tried tuning forks to solve frequency g
or optical control problems?

Latest advances from BULOVA —
the leader—can help you!

AMERICAN TIME PRODUCTS,
now a part of Bulova Electronics,

has pioneered just about every |
major advance in the use of tun- nght Chﬂpper' 5!
ing forks in the last 20 years.

o

AMERICAN TIME PRODUCTS Dark Ch opperl H
4

|

—ATP for short—leads the indus- il }

try with the most complete and ! &

advanced group of units to meet k ? Wantto manipulate a beam ofllght" &
|

Or invisible ions? Chances are you'll | |
your frequency needs. For exam- do it better—or only-—wityh an -',

ple, only ATP gives you: | AMERICAN TIME PRODUCTS Optical ||
e Fork units up to 25 ke. | [:hoprer Using the balanced, vibrat- 1)
e Complete fork oscillators in { Ing times of a tuning fork, the ATP

g . chopper offers these advantages: !
sizes as small as .35 cu. in. or o N@ lubrication needed 8 | ]

lfgrﬂ;t ccailzsi) 0:% il mt“ high | ® Minimum space requirements |
B ey e LB ° Extremelylughtwelght—:iounces L

® Operating temperature range max [
from—65°C to 125°C-higher, | o Minimum power requiremnts- |
if necessary. as low as 300 MW J }
e Tuning forks that chop, scan, ® Operating temperature range of (_[
=}

1

|

f

TpT—

modulate and otherwise ma- —85°C to 125°C

nipulate light or energy ° R:lference signal voltage avail- i
beams — including torsional | i :lo’:/earing yarts {
forks. ,
oForks that withstand vibra- | ooy loay, Mere are some of the
tion and shock better because o Star trackers + Spectrefifotom
of unique construction. eters « Horizon.sensors
e Tiny iso-elastic Accutron | o Film deposition control « Indus-
forks. W\ trial process control F
¢ Both magnetic or dynamic @ Colorimeter » Densitometer //
drives. CaIL'o;‘ w‘;;te"us ;o dlscusstyofur
o All this, with stabilities as b f.eedse make " yoto fit
high as .001%. 8
This is what BULOVA does! Want ¥ ! -
to see how tuning forks can solve t \"
your problems? Just drop us a (1 ]
line—or better, call us—and out- l ! &
line your needs. Address: Dept. \- > j
EI-11. T

[Bureva ELECTRONICS DIVISION

WATCH COMPANY, INC. 81-20 WOOOSIOE AVE., WODOSIOE 77, N.Y., 212 NE 9-5700

RADARSCOPE

CONTINUOUS SOLID-STATE
optical maser operating at room
temperature developed from rare
earth aluminum garnets at Bell
Labs. Device needs only fraction of
pumping power previously required,
and can he pumped with tungsten
lamp with rated life of thousands of
hours. Using lamp with 360w in-
put, Bell engineers observed room-
temperature continuous operation at
1.06mu in neodymium-doped yttri-
um aluminum garnet crystal. Re-
ported as major step in putting solid-
state masers on equal footing with
gas optical masers in area of con-
tinuous operation and output.

TUNNEL DIODES of the self-
stabilized or substructed variety are
not practical in trying to overcome
difficulties of extending power ca-
pabilities of diodes at microwave
frequencies, says the Air Force. Pro-
posed use of skin-effect to provide
hf coupling of a built-in stabilizing
impedance is not possible. More
promising alternative still using tun-
nel diodes is their use in conjunc-
tion with multi-terminal Hall isola-
tors. Thin-source liquid epitaxy
should be developed independent of
tunnel diodes. AD 602 255 ($2.00),
OTS, U.S. Department of Com-
merce, Washington 25, D. C.

MHD GENERATOR prototype
produces 11 million watts output
for brief periods at Avco-Everett
Research Laboratory. New magne-
tohydrodynamic generator is ex-
pected to reach output of 35 million
watts when fully developed. Called
“Mark V,” device has self-excited
magnet. The generator has gross
output of 11.2 million watts. Of
these, 8.4 million watts are used to
maintain the magnet. Mark V burns
oxygen and fuel to create 5,000°F
plasma gas. This travels 2,700mph
and it exhausts from burner into a
channel, interacts with magnetic
field, and generates current. De-
vice is designed to produce great
power cheaply from seconds to
hours.
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SILICONE NEWS from Dow Corning

Preserve high Q with silicone laminates

In printed circuit boards, in terminal boards
and strips, antenna connectors . .. where-
ever Dow Corning® silicone resin laminates
are used in electronic packaging, they assure
greater performance and reliability by main-
taining high Q in the unit.

Because of their continued low dissipation
factor across a wide temperature range and
across a broad band of frequencies silicone
laminates assure circuit performance as
designed. These laminates maintain relia-
bility despite moisture, aging, vibration or
rapidly changing ambients. They are espe-
cially reliable in transmitting equipment
because of their exceptional retention of
electrical properties at high voltage and
high temperature.

Silicone resin laminates are easily machine-
able .. .can be sanded, drilled, punched or
molded into complex shapes. They easily
withstand soldering heat, too.

N

These connector inserts of Silastic® brand
fluorosilicone rubber were designed to meet
MIL-C-26500, the toughest performance
specification for any connector in use
today. Fluorosilicone rubber has proved
to be a highly sophisticated solution to
interconnecting problems posed by extreme
aerospace environments.

Other electronic parts such as O-rings,
gaskets and vibration dampers that must
withstand demanding environments, even
immersion in volatile liquids, can now be
molded from high strength, fuel resistant
fluorosilicone rubber.

With tear strength to 175 ppi and tensile
strength to 1200 psi, Silastic fluorosilicone
rubber retains good rubbery characteris-
tics and solvent resistance over a tempera-
ture range of —90 to 350 F. It also offers
the basic properties of silicone rubber in-
cluding resistance to sunlight and ozone
as well as to thermal and mechanical shock.

We'll be pleased to forward full informa-
tion on these and other materials that aid

N G reliability and performance. Just write
a i | Dept. F310. Fabricating Materials Depart-

ment, Dow Corning, Midland, Michigan.

CIRCLE READER SERVICE CARD NO. 26

Dow Corning
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'at NO ADVANCE IN PRICE

Acme Electric magnetically regulated power supplies were designed for
industrial control and systems applications where high reliability of per-
formance is of prime importance.

Simplicity of design, employing a minimum of components, avoids the
possibility of failure present in more complex circuits. Components are
conservatively rated for continuous duty at full output under conditions
of industrial use.

All solid state components for stability and reliability. Convection cooled—
no fan or other moving parts. May be paralleled in operation for multi-
plying current capacity. Fast response to line and load changes.
Regulation: Line: =1% for =13% line voltage change. Load: *+2% for
any load change between )5 load and full load. Ripple: 1% RMS manxi-
mum. Operating temperature range: 0°C. to 50°C.

PARTIAL LISTING OF STOCK MODELS AVAILABLE
SINGLE PHASE, 100-130 VOLTS; INPUT, 60 OR 50 CYCLES

CATALOG D.C. OUTPUT CATALOG D.C. OUTPUT
NUMBER Volts [ Amps | Wans NUMBER | Volts | Amps | Wors
PS-47509 10 4 40 PS-47638 28 8 224
PS-47508 15 2 30 PS-47712 28 25 700
PS-41422 24 2 48 PS-41424 48 4 192
PS-41423 24 6 144 PS-47519 48 10 480
PS-47125 24 15 360 PS-47718 100 4 400
PS-47173 24 25 600 PS-41425 125 2 250
PS-1-47127 24 50 1200 PS-47457 125 6 750
PS-1-47461 24 75 1800 PS-41426 150 2 300
PS-1-47200 24 100 2400 PS-41427 200 1 200
PS-47202 26 4 104 PS-41428 250 1 250

SAA3808-3119

REGULATED POWER SUPPLIES ::

Engineers and Builders of... starc rower rectiFiERs |

8910 WATER STREET, CUBA, NEW YORK iy VOLTAGE STABILIZERS
Canadian Representative: Polygon Services, Ltd. : VOLTAGE REGULATORS :
50 Northline Rd., Toronto 16, Ont.

OCTOBER

Oct. 11-14: 1964 Fall URSI-IEEE Meet-
ing; Univ. of Ill., Urban, Il

Oct. 11-15: 126th Mtg. Electrochemical
Soc.; Sheraton Park Hotel, Washing-
ton, D.C.

Oct. 12-13: 2nd Annual Energy Conver-
sion & Storage Conf.,, Oklahoma
State Univ.; Oklahoma State Univ.,
Stillwater, Okla.

Oct. 12-14: Conf. on Electrical Insula-
tion, NAS, NRC; Union Carbide Corp.,
Cleveland, Ohio.

Oct. 12-15: 19th Annual Int’l Instru-
ment-Automation Conf. & Exh., ISA;
New York Coliseum, New York, N.Y.

Oct. 14-16: 1964 Sonics & Ultrasonics
Symp., PTG-SU IEEE; Miramar Hotel,
Santa Monica, Calif.

Oct. 15-16: Systems Science Conf.,
SC-TC, Univ. of Pa.; Univ. of Pa.,
Phila., Pa.

Oct. 15-17: Symp. on Aerospace Fron-
tiers in New Mexico, ASME; Univ. of
New Mexico, Albuquerque, N.M.

Oct. 19-21: Nat'l Electronics Conf.,
IEEE, et al; McCormick PIl., Chicago,
1.

Oct. 19-23: Metals/Materials Exp. &
Congress, ASM; Convention Ctr. and
Bellevue-Stratford Hotel, Phila., Pa.

Oct. 27-29: Fall Joint Computer Conf.,
AFIPS (IEEE-ACM); Civic Ctr., San
Francisco, Calif.

",'-,..'i-;.‘:'. AT A gy Y 5_,';\-,,.‘->...;;.\‘.,

'64-'65 HIGHLIGHTS

Nat'l Electronics Conf., Oct. 19-21,
IEEE, et al; McCormick Place, Chica-
go, Il

NEREM, Northeast Research & Eng.
Mtg., Nov. 4-6, IEEE; Boston, Mass.

IEEE Int’l Conv., Mar. 22-25; Coliseum,
New York Hilton, New York, N.Y.

WESCON, Western Electronic Show &
Conv., Aug. 24-27, IEEE, WEMA; Cow
Palace. San Francisco. Calif.

Oct. 28-30: 11th Nuclear Science
Symp.-Instrum. in Space & Labora-
tory, G-NS IEEE; Sheraton Hotel,
Phila., Pa. & General Electric Valley
Forge Tech. Ctr., Valley Forge, Pa.

Oct. 29-31: 10th Annual Electron De-
vices Mtg., IEEE; Sheraton-Park Hotel
Washington, D.C,

NOVEMBER

Nov. 3-5: Fall Data Processing Conf. &
Business Exp., DPMA; Hilton Hotel,
San Francisco, Calif.

Nov. 4-6: Northeast Elec. Res. & Eng.
Mtg. (NEREM), IEEE; Commonwealth
Armory & Somerset Hotel, Boston,
Mass.

Nov. 16-18: 15th Annual Machine Tools
Ind. Conf., MTI-TC; Statler Hilton
Hotel, Hartford, Conn,
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SOME COMMON SENSE
GBSERVATIONS
ON READABILITY
OF READOUTS

WHAT GOOD IS A
READOUT THAT'S SEEN
BUT NOT READ?

That may seem like an odd question,
vet daily we’re finding examples of
readouts that provide far less than the
best in readability. Yet, what’s a read-
out for, if not readability of the highest
order? The whole purpose of readouts
is translation of electrically transmitted
information into easy-to-read messages.

This cut-away of a typical IEE read-
out will give you some idea how the
device operates to provide optimum
readability :

First, the presentation is single plane:
only the message that’s “on” is visible.
What’s even more important, the mes-
sage is projected from a film. Hence, an
IEE readout can display anything that
can he put on film, including numbers,
letters, words, even colors and svmbols.
Thanks to this display versatility, vou
can order your IEE readouts with a
character style that has been proved by
human factors engineers as being most
legible to the average reader. A section
from our sample type sheet gives an
example of a commonly used typestyle.
Since these readouts can display any-
thing that’s photographically repro-
ducible, any type style may be used.
This enables us to meet every military
and human engineering specification
known.

Compare these big, bold characters
with the segmented characters used for
most electro-luminescent and incandes-
cent bar segment readouts. These read-
outs contain a matrix made up of a
number of segments with selected ones
lighted to make up the display. As a
sample, the next sentence is composed

ELECTRONIC INDUSTRIES -

October 1964

of these characters, photographically
reproduced here without any change:

SPEET ANG ACCLURALY OF REAJING
JROPS FECALISE ALL OF
THEGE CHARALCTERS ARE SIMILAR

There’s another serious prohlem with
this tvpe of readout. Suppose that the
reading calls for a figure & . If a spe-
cific segment fails, the indication will
show & . Or, if a different segment
fails, the figure & could show up as
§ —project this situation to a digital
altimeter in an aircraft. Then hope that
the difference between say a reading of
9,000 feet and an actual 8,000 doesn’t
involve contact with a mountain peak!
We can only conclude that a readout
should be seen but not mis-read.

THE BC RATIO FOR
READABILITY

B is for Brightness, C is for Contrast —
the two work together to give you a
crisp, highly legible message. One won’t
do without the other, and in proper
ratio at that. Consider the gas ioniza-
tion readout with its glowing filaments:
you get plenty of brightness but where
is the contrast? But let’s take them one
at a time:

BRIGHTNESS

This is a reasonable facsimile of how
character brightness affects readability
despite a constant strong background
contrast. IEE readouts offer up to 90
foot lamberts of brightness. But bright-
ness can’t be the sole basis for measur-
ing readability...

CONTRAST

Here we've kept the character bright-
ness constant but varied the background
until we achieve proper contrast at far
right. It’s quite obvious—brightness
without contrast doesn't do much for
readability. IEE readouts provide the
proper ratio of brightness and contrast
for visual crispness and unmistakable
clarity at wide angles, long viewing dis-
tances, even under adverse high ambient
light conditions. In short, IEE readouts
are the most readable readouts made.
That’s part of the reason we're so
partial to them.

©1964 1EE

PULSE CODE RECEIVER BY
VAREC, INC.
Subsidiary of Microdot Inc.
VISUAL TRANSLATION
BY IEE

The Varec/Dynel Pulse Code Receiver
decodes and displays liquid level, pres-
sure, flow rate, and temperature data
gathered from remote locations by their
high speed telemetering system. Giants
of the chemical, petroleum, and food
processing industries have installed this
system for continuous control over
things that bear some watching. To
make sure that the watching is highly
watchable, Varec engineers specified
the most readable readouts made. We
made the readouts.

THIS IEE READOUT
DECODES, DISPLAYS,
REMEMBERS

Light Source 1

Character Plate
= Spring

Armatures
(Spring Return)

Signal Input (Bit} Coils
Non-selected Character Plates
Checkback Switches

=Set Pulse

Selected Character Plate  Selector Blades LD

IEE Bina-View® is a binary input,
self-decoding readout with a complete
alpha-numeric capability. Decoding is
entirely self-contained; no external
translators, relaysordiodes are required.

Its 41-message capacity permits addi-
tional display of colors, symbols, words.
Floating decimal points are available
from a separate lamp circuit.

Bina-View also provides automatic
memory and retains the last message
displayed after signal and set-pulse
power have been removed. As an
optional feature, Bina-View may also
include auxiliary contact closures that
can be used for check-back to verify
input signals and to transmit input sig-
nals back into source equipment.

INDUSTRIAL ELECTRONIC
E N G I N E E R s, I N c- Representativesin Principal Cities

7720 lemona Ave., Van MNuys, Calif. Phone: {213) 787.0311. TWX: {213} 781-8115
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st on the Moon!

REEVES-HOFFMAN COLD-WELDED CRYSTAL UNITS

A leak rate reliability more than 100,000
times better than the requirement of MiL-
Spec 3098 is provided by Reeves-Hoffman
cold-welded crystal holders. The minia-
turized crystal-controlled dual filter shown
above contains two crystals in cold-welded
holders,

18

Citcle 9 on Inquiry Card

When NASA’s Ranger VIl blasted off, cold-
welded crystal units supplied by Reeves-
Hoffman went with it, These units, which are
now spread across the moonscape, func-
tioned perfectly in Ranger VII's central con-
troller and sequencer. They were selected by
engineers at the Jet Propulsion Laboratory
because they provided the needed reliability
in the smallest possible package. It is be-
cause of this reliability and miniaturization
that cold-welded units are not only on the
moon, but also in use in submarine cables
and in many other applications where main-

tenance is impossible or extremely difficult.

Reeves-Hoffman's new cold-welding process
eliminates solder, and altendant flux and
heat, removes undesirable damping and cor-
rosion, solves problems of thermal isolation.
The results: substantial increases in the
reliability and stability of crystal units, os-
cillators and filters; further opportunity for
miniaturization; faster delivery; lower cost.

For space, undersea or ‘‘down-to-earth”
applications, get complete information on
Reeves-Hoffman cold-welded units.

DIVISION OF DC A

400 WEST NORTH STREET, CARLISLE, PENNSYLVANIA

ELECTRONIC INDUSTRIES
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one-eyet
Jack
of all
tests

MODEL 2936
SSB ANALYSIS TEST SET
10 cps to 40 mc

From the transmitter exciter to the receiver audic output,
this compact package of test capability provides
every test facility required for complete evaluation, test, and

alignment of an SSB communications system.

It takes just four of Polarad’s new universal modules to do the
job: the Model 2000 Display Unit, the Model 2436 Analysis
Module, the Model 1102 2-tone RF Synthesizer, and the

Model 1101 2-tone Audio Generator. Buy all four...buy only two...
or three. .. tailor the test system to your requirements, and expand
it later when and if necessary. Each module is independent—

and independently useful.

Hard to believe that all this versatility can be yours for only
$5700—far less if you need less? Let us prove it. Write for Catalog P11
and be convinced. Better yet—call your local Polarad Field
Engineer, and arrange for a demonstration; but be forewarned:

once you see this instrument, you will find it hard to resist.

ELECTRONIC INDUSTRIES « October 1964

= Modular Economy—From 2 to
4 modules implement SSB testing;
many other applications, too!

m Unique Pure-RF Method —Ex-
clusive Polarad continuously-tuned
2-tone pure-RF signal synthesizer
ensures test validity.

m 2-Tone Audio Too!—Continu-
ally tuned from 0-10 KC, independ-
ently attenuated, true calibrated
2-tone AF signal.

m Automatic Optimum Resolution
— Plus manual continuous disper-
sion from 7 cps to 30 KC.

m Widest Level Range/Resolution
— Cascaded precision step attenu-
ators on RF, AF, and IF interfaces
provide over 200 db range of sensi-
tivities and level resolutions.

POLARAD POLARAD ELECTRONIC INSTRUMENTS

LY Division of Polarad Electronics Corporation ® World Leader in Microwave Instrumentation
34-02 Queens Blvd,, Long Island City, New York 11101
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MORE SPACE CONTRACTS—NASA has agreed
on 29 contracts with industry for studies of advanced
manned spaceflights to follow a U. S. moon landing.
Other contracts are in works to determine what pro-
grams are most urgent after lunar set down. Some 17
of these are concerned with launch vehicles.

NEW DEFENSE CONTACT — DOD has started
a Business-Labor division under Assistant Secretary
Arthur Sylvester. It’s supposed to increase informa-
tion flow in both directions and provide better partici-
pation by other DOD divisions. First order of business
is a new, single, all-inclusive publication.

FCC RESTRICTS CB — Unauthorized chatter by
some 700,000 licensed users of citizens’ band radios
must stop, FCC warns, or it will switch off the service.
CB was permitted only for necessary contact between
people with no technical knowledge; it was not meant
for hobbyists or unlicensed hams. Businessmen, boaters,
campers, garages, and others can go on using CB when
needed. Chatter between kids, housewives, etc., must
cease as of November 1, or else!

REPORT INTERPRETATION NIGH — Look
for government-funded programs soon at cross-nation
centers to explain to businessmen—especially in elec-
tronics—the industrial implications of myriad govern-
ment reports, Example—U. S. Government Research
Reports issued twice a month. They are chock full of
data and information that could have great commercial
use and application—with a little interpretation.

“FLEET READINESS' DATA SYSTEM

Network of RCA computers and mass memory units will link key in-
dustrial naval air stations, assuring fleet readiness for aircraft and
missiles. Viewing dispersal map of system are: Rear Adm. Frank L.
Pinney, Jr., (right), Capt. James A. Laurich, (left) both of the Bureau
of Naval Weapons. Center is Arnold K. Weber, head of RCA EDP.

WASHINGTON TRENDS

NASA WILL DROP COST-PLUS — Following
DOD footsteps, NASA will reduce number of cost-plus
contracts. Top NASA officials are attending seminars
on the incentive aspect in Washington and at 13 NASA
field centers. Agenda : profit motivation, work definition,
and incentive structure—to emphasize advantages.

SEMICONDUCTOR STUDY DUE—Department
of Commerce may have the long-delayed compendium
of semiconductors ready by year’s end. The listing has
been in process for many months. It has suffered con-
tinual sethacks for more “urgent” projects.

NEW RELIABILITY GOALS — Government is
planning still higher goals for reliability and quality in
electronic products. Dr. George E. Muller, head of
NASA manned space flight program, freely praises
electronic engineers and manufacturers for quality work
on Apollo (manned moon shot), but warns that future
space dealings will and must exact higher goals.

GI SATELLITES LOOM—The Pentagon wants
its own system of communications satellites. Contracts
will be let soon, and a satellite network should be oper-
ating by early 1966. Cost: about $200 million.

BIGGER NASA BUDGETS? — Ranger VII’s
Moon victory gave space agencies confidence to put
the bite on Congress for even more than the current
$5.3 billion next year. Scuttlebutt had been about taking
hefty cuts. Then came Ranger VII. Budget men now
know that future space hits could be used to pry loose
more funds from a grateful Congress.

COMSAT BIDS FOR STATIONS — Commercial
Communications Satellite Corp. (COMSAT) wants
to block competition from other common carriers, and
is asking FCC for exclusive rights to own and operate
initial U.S. ground stations. Once, COMSAT had
noted that other firms might want to own stations, at
a cost of $17 million to $20 million. AT&T has shown
interest in owning all or part of one or more stations.
COMSAT has asked for a fast decision.

WIDER TV TOLERANCES — Electronic Indus-
tries Association hopes to soften FCC proposal to
severely reduce tolerances for radiated power of VHF
aural transmitters. EIA wants tolerances from no less
than 20% to no more than 30% of peak radiated power.
FCC had proposed 10-20%. Even the EIA proposal
would be a sharp change from original 50-70 ratio, or
the recently adopted 10-70. FCC proposed 10-20%
after manufacturers opposed wide range 10-70.
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SELECTED FOR THE
MINUTEMAN PROJECT

More than 6 million ,‘Elﬂlencu Dipped Mica
Capacitors have been used in the Minuteman
ground support and control equipment.

After 64,000,000 ACTUN}. TEST
unit-hours at 85°C with ﬁs% of
the rated DC voltage applled no
failures of any type oc?qurqd.

The accumuloted 64 x 108 test unit-hours without'any failures can
be used to calculate many different failure r‘ates depending
upon the confidence level desired. However, we shall explore the
meaning of the results at a 90% confidence Ie$‘el

Assuming no acceleration factor for either tempercture ‘or volt-
age, we have verified a failure rate of less thian 0.0049%, per
1000 hours. (Actually, there is a tempercature ," ect and it has
been found that, with the DC voltage stress refaining constant,
the life decreases approximately 50% for every 10°C rise in
temperature. There is also a voltage effect such that, with the
temperature stress remaining constant, the life is inversely pro-
portional to the 8th power of the applied DC veitage:)

Assuming no temperature acceleration factor and assuming the -
voltage acceleration exponent is such as to yield an acceleration

factor as low as 100, we have nevertheless verified a failure rate

of less thon 0.00004% per 1000 hours.

Assuming no temperature acceleration factor and assuming the

voltage ccceleration factor is on the order of 250 (test results D I PPE D M IGA

are available to confirm this) we have accumulated sufficient

unit-hours to verify a failure rate of less than 0.000015% cA PA c l T 0 R s

per 1000 hours!

All above failure rates are calculated at a 909% confidence level! .I. Y P E M 2 D M

Write for a complete reliability study on your company letterhead.

+« ELECTRO MOTIVE MFG. CO., iec.

W - | WILLIMANTIC, CONNECTICUT

El m Dipped Mica « Molded Mica » Silvered Mica Films » Mica Trimmers & Padders

Mylar-Paper Dipped « Paper Dipped « Mylar Dipped * Tubular Paper

ARCO ELECTRONICS, INC., Community Drive, West Coast Manufacturers Contacl:
7“ Great Neck, L. I., New York COLLINS & HYDE CO., 1020 Corporation Way
eﬂﬁw{ m FErclusive Supplier lo Jobbers and Distribulors Palo Alto, California
in the U. 8. and Canada 5380 Whittier Boulevard, Los Angeles, California
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CROWDED DEFENSE MARKET IS
CONTRACTOR WOE, SAYS NORTH

Dr. Harper Q. North, president of
the Electronic Industries Association,
summed up the state of defense pro-
curement. He said that increased com-
petition, rather than reduced defense
spending, causes ‘‘probably the great-
est impact on the individual contrac-
tor.”

More companies are competing for
fewer doliars, added Dr. North, who is
vice president for R&D at Thompson
Ramo Wooldridge, Inc.

Thomas L. Shubert, manager of
market planning, Goodyear Aerospace,
said that the defense procurement
market will continue far into the future,
but we must be ready ‘‘to ride a very
rough competitive sea.”

He reported that military construc-
tion has already been cut to near
minimum. Operation and mainten-
ance, however, will rise with newer
and more costly weapons inventory,
even with some military bases closing.

CRT'S, RECEIVING TUBES SHOW
FIRST GAIN SINCE MARCH

Factory sales of TV picture tubes
and receiving tubes showed monthly
gains for the first time since March,
reports the Electronic Industries Asso-
ciation. The increase in receiving tubes
fell far short of closing the 19.6 mil-
lion-unit gap between 1964 and 1963
sales.

Sales of TV CRTs in June brought
$11,822,997 for 673,283 units, com-
pared to $13,462,906 for 707,541
units in June 1963. January-June pic-
ture tube sales tallied 4,460,774 units
valued at $82,538,954, against 4,469,
122 units worth $83,607,723 during
the same six-month stretch in 1963.

Receiving tube sales totaled 28,673,-
000 units this June, compared to
34,506,000 units in June 1963. Cum-
ulative figures for January—June 1964
totaled 177,070,000 units, against
197,741,000 units for 1963.

ELECTRONIC

INDUSTRIES

MIARKETING

COMPONENTS UP IN '63, DROP IN 1ST QUARTER '64

Dollar volume for factory shipments
of electronic components from U. S.
firms was about $4 million for 1963,
up about 2.69% over 1962, while ship-
ments for the first quarter of 1964
took a slight drop of 19% below the
fourth quarter of 1963. First quarter
shipments, however, remained un-
changed from first quarter 1963.

From a recent report by the U. S.
Department of Commerce, Business
and Defense Services Administration,
figures show that a substantial gain of
nearly 9% in the value of 1963 non-
defense shipments was offset by a
drop of nearly 8%, in sales of defense
components.

Largest increases in sales from 1962
to 1963 were in complex components
(83%); quartz crystals (189%,); and
TV picture tubes (15%). Semiconduc-
tor dollar sales rose about 49, and
connectors about 3.6%. Receiving
tubes decreased in dollar volume by
11.49,, while power and special pur-
pose tubes fell by 7.49%. Other out-
standing decreases in dollars were
transformers (89%); resistors (5.7%);
capacitors (4.8%); and relays (2.89%).

Average unit value of semiconductor
diode and rectifier shipments fell from
about $0.46 in 1962 to $0.33 in 1963,

TEL AVIV FAIR SPARKS
SALES OF U.S. PRODUCTS

Total cash sales and orders for U.S.
electronic goods at Electronics USA
during the three-week Tel Aviv Inter-
national Trade Fair 1964 reached
$231,722, according to Edward S. Sim-
mons, exhibit manager.

Additional business in the amount
of $832,000 is expected to be con-
cluded during the few months immedi-
ately following the fair as a result of
the exhibit bringing the total to
$1,063,722. More than 526,000 vis-
itors were clocked at the U.S. exhibit
during the fair.

FIRST RUN AIRBORNE MOVIE HOUSE FOR PASSENGERS
Barbara Williams, Continental Airlines stewardess, demonstrates how an Ampex Corp. portable
Videotape Playback system will bring first run movies to passengers. The new service, called
Golden Marquee Theater Entertainment, will include high fidelity stereo semi-classical and
popular music for passengers on selected non - stop Golden Los Angeles - to - Chicago jets.

while transistors dropped from $1.18
to $1.03. Power and special purpose
tubes fell off from $35.37 to $31.19
in unit value.

In the first quarter of 1964 TV pic-
ture tubes were up nearly 249, from
the previous quarter, mostly because
of increased proportion of color tubes.

Other components showing small
percentage gains in sales from the
previous quarter (4th quarter, 1963)
were transformers, capacitors, quartz
crystals, semiconductor diodes and
rectifiers, and relays. Substantial
drops from last quarter 1963 were re-
ported for connectors (13%); com-
plex components (129%); transistors
(7%); power and special purpose
tubes (5%); and receiving tubes (2%).

Defense shipments declined nearly
109% from previous quarter, while non-
defense shipments gained 49%.

MEASURE INSTRUMENT SALES
RISE 7% IN FIRST QUARTER

Shipments of electrical measuring
instruments by U. S. industry totalled
$47 million in the first quarter of
1964, a 79, increase above $44 mil-
lion for first three months of 1963,
according to U. S. Department of
Commerce.

Total shipments in 1963 amounted
to $128 million, 6% below the peak
of $194 million set in 1962. The 1963
volume was 3.8 million units, with
military procurement accounting for
149, of the unit volume and 249, of
shipment value, reports Business and
Defense Services Administration.

MONOCHROME, COLOR SALES
CONTINUE ON UPWARD TREND

Monochrome television distributor
sales showed an increase in June, re-
ports Electronic Industries Association.
There were 613,124 sets sold in June,
compared to 396,528 sold in May.

In the first half of 1964, some
3,443,073 monochrome sets were dis-
tributed, against 2,956,808 during the
same 1963 period. Total monochrome
and color output for June 1964 was
835,5610. The to-date total was 4,-
492,801. In June's total production,
711,785 sets were monochrome, com-
pared to May's 487,148. January-June
total for monochrome sets produced
was 3,893,456; the figure for last year
is 3,459,921. In June 1963, 665,004
monochromes were sold.

Year-to-date totals for all-channel
production were 1,741,157 sets in
1964, and 433,339 sets in 1963. Color
TV sets produced in June 1964 were
123,725 units. Total color output for
January to June, 1964, is 599,345 sets.



“Inside Story’’/ of a Break-Through . ..

NOTE: CONTACT, PLATING,
CONDUCTOR FUSED INTO ONE
MASS IN WELD AREA

200" COPPER

£ T CONDUCTOR
"'v-—-..‘4_ CONTACT

PLATING

APPROX. THICKNESS
(INCLUDES INSULATION)

T

017"
CONTACT TAI
(PHOSPHOR BRONZE

1

<4— CONTACT
PLATING

CROSS-SECTIONAL VIEW: 50 TIME MAGNIFICATION; ONE OF 2 WELDS PER CONTACT,
ELCO SERIES 8129 VARICON* CONNECTOR

The ELCO TERMIWELD" Technique!

Welds flexible flat cable conductors to contact terminations
without “‘stripping’’ cable insulation. And does it in tandem
or right-angle positions. With greater economy, density,
rigidity, flexibility, low inductance, high heat dissipation,
increased current carrying capacity, and durability. Allows
greater selection freedom in conductor and contact thick-
nesses and materials. Needs no skilled labor. Sssst! And
there’s your weld. Wrap a piece of pressure-sensitive, thermo-
setting tape around the work and it’s done! Better. Faster.
More reliable. No wonder it won First Prize at Nep /Con in
June. No wonder you
will want to get the
complete facts as soon
as you possibly can by

writing, wiring, phon- ™
ing or TWXing today! ] /ﬁj
. "CORPORATION

Or Visit Us At /—/ L__f7
BOOTH 725, NEC

Main Plant and Offices: Willow Grove, Pa. 19090; 215-659-7000; TWX 510.665.5573. ELCO
*TRADE-MARK Pacific: West Los Angeles, Cal. 9C064. ELCO Midwest: Chicago, lllinois, 60645. Joint Ven-
{PAT. PENDING tures and Licensees Throughout the World.
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1" HIGH '
SOLID STATE COUNTERS | =

o

Anadex offers the smallest, most economical, rack-mounted solid-state counters available today. Over 35 standard models with
more than fifteen special options provide you with the widest possible range of applications and uses. Outstanding features include
low power dissipation, high sensitivity, long-life in-line display, and lightweight rugged construction. Write today for new six-page
catalog listing complete detailed specifications.
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COUNTER-TIMERS

Anadex offers two standard counter-
timers designed for general purpose
counting, timing, and frequency meas-
urement. The CF-200R Series offers
frequency, period and multiple period,
and time interval measurement. For
applications requiring a universal coun-
ter-timer, the CF-250R Series features
complete flexibility in frequency period,
time interval and ratio measurement.
Priced from $895.00.

FREQUENCY COUNTERS

The Anadex Frequency Counter Model
CF-203R is designed for frequency
measurements in the O to 120KC range
and features 10 mv sensitivity. Typical
applications include use with turbine
flowmeters, tachometers, oscitlators,
and other frequency generating de-
vices. Time bases of 0.1 and 1 second
are standard, with ten seconds avail-
able as an option. Priced from $625.00.

PRESET COUNTERS

Anadex Preset Counters are designed
to perform control functions such as
high-low alarm systems, time control,
quantity control, etc., as well as limit
detection and process control. Models
available include single preset with or
without display and dual preset with or
without display. Priced from $460.00.

BI-DIRECTIONAL
COUNTERS

Designed for applications such as posi-
tion indication, flow-blending, speed
synchronization, etc., the Anadex Bi-
Directional Counter Model CF-400R
accepts add-subtract information from
two different sources, from the same
source on separate lines, or from quad-
rature signals. It is available with 4, 5,
or 6 wide-angle Nixie displays plus
polarity sign. Input frequency range is
0-30KC. Maximum reversal rate is
10KC. Priced from $850.00.

VARIABLE TIME
BASE COUNTERS

Anadex Variable Time Base Counters
translate frequency data into engineer-
ing units and present a visual display
such as gallons per minute, revolutions
per minute, pounds per hour, etc.
10 mv RMS input sensitivity allows use
with low voltage output transducers
without intermediate amplifiers. Time
base is selectable from 0.0001 to
9.9999 seconds for the Model CF-201R
and from .0001 to 99.99 seconds for
the Model CF-202R. Frequency range
is 0-120KC. Priced from $995.00.

TOTALIZERS

Anadex builds a line of solid state
totalizers designated as the DC-200R
Series. Any number of decades from
3 to 6 may be specified. The front panel
is 134 high and contains input ter-
minal, sensitivity control, reset push
button, manual gate switch, and power
on-off controls. Priced from $395.00.

7833 HASKELL AVENUE - VAN NUYS, CALIFORNIA . PHONE: 213-873-6620 TWX: 213-781-6811
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WORLD’S LARGEST SELLING
AND WORLD'S NEWEST

Hand Size v-o-m's

0000000000000 0000

P {"’ 1

|3 ;
4 AADE IN U.S.A

LRIPLETT ELEC. ||p | ‘Etf' SLUFFTON, O

Hi 21 . .

B
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MODEL 310°C
...m?.m SHIELOED

! \ DE IN U.S.A.
1\ RIPLETT ELEC. il L L UFFTON, ©
_INSTR. co. \y

HAND SIZE AND LIGHTWEIGHT, but with the features of full- 310-C PLUS FEATURES
size V-0-M's. 1. Fully enclosed lever range switch
2. 15,000 Ohms per volt AC
(20,000 O/V DC same as 310)
20,000 OHMS PER VOLT DC; 5,000 AC (310)—15,000 AC (310-C). 3. Reversing switch for DC measure-
ments

EXCLUSIVE SINGLE SELECTOR SWITCH speeds circuit and
range settings. The first miniature V-O-M’s with this exclusive MODELS 100 AND 100-C

feature for quick, fool-proof selection of all ranges. Comprehensive test sets. Model 100

includes: Model 310 V-O-M, Model 10
SELF-SHIELDED Bar-Ring instrument; permits checking in strong magnetic fields. Clamp-on Ammeter Adapter; Model
FITTING INTERCHANGEABLE test prod tip into top of tester makes it the common 101 Line Separator; Model 379 Leather

: . : _ Case; Model 311 leads. ($67.10 Value
probe, thereby freeing one hand. UNBREAKABLE plastic meter window. BANANA Separate Unit Purchase Price.),

TYPE JACKS—positive connection and long life. MODEL 100—U.S.A. User Net. .$64.50

Model 310—$37.50 Model 310-C—$44.50 Model 369 Leather Case—$3.20 e MODEL 100-C—
Same as above, but

ALL PRICES ARE SUGGESTED U.S.A. USER NET, SUBJECT TO CHANGE . with Model 310-C.

THE TRIPLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OHI0

FIELD ENGINEERS ¢« ELECTRICAL, RADIO, TV, AND APPLIANCE SERVICEMEN * ELECTRICAL
CONTRACTORS ¢« FACTORY MAINTENANCE MEN ¢ ELECTRONIC TECHNICIANS + HOME OWNERS. HOBBYISTS




SPACECRAFT ANTENNA

ELECTRONIC
SNAPSHOTS...

The Changing
STATE-OF-THE-ART
In the electronic industries

Research model of a spacecraft antenna developed by Goodyear Aerospace Corp. (Akron,
Ohio) is made of wire mesh as thin as human hair and paper-thin metal supports. It was
built for Jet Propulsion Laboratory, prime contractor for NASA interplanetary space probes.

ATLAS “SWITCHBOARD”’
Diane Dows, assembler at the Astronautics
Div. of General Dynamics Corp., checks con-
nections on the electrical distribution kit
for the A. F. Atlas SLV - 3. Kit is a cen-
tral distribution point for electrical power.

SIMULATION CHAMBER

GROUND SUPPORT EQUIPMENT

New ground support equipment for Ryan Aeronautical Company’s 124E Firebee jet tar-
gets is shown being checked out in firm’s San Diego, Cal., plant by engineers William
Riley and Earl Neff prior to delivery to U. S. Army’s White Sands Missile Range, N. M.
The new checkout console is wsed for functional tests of all systems in Army Firebees
after they have been flown, recavered by parachute and restored for further missions.

MICROWAVE ANTENNA

Space Simulation Chamber at Associated Testing Laboratories, Antenna developed by PRD Electranics, Inc.,
Inc., Wayne, N. ., simulates altitudes equivalent to 1,500,000 Brooklyn, N. Y., increases transmitting range
ft. or 1x 10 Torr. Thermal shroud temperatures of —300"F of portable TV systems. Entire unit includes
to +500°F are obtainable. Chamber is 3 by 5 feet in diameter. the camera, transmitter, antenna and battery.

—cac i ] ,‘ A
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ELECTRONIC ‘“‘EYE” background) was equipped with six TV cameras which took more
Marilyn Miano examines electronic “‘eye” similar to ones used in than 3000 pictures of the moon. Ruggedized, high resolution camera
TV cameras of NASA’s Ranger spacecraft. Ranger (scale model in tube was designed by engineers of the RCA plant at Lancaster, Pa.
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Cut costs — save valuahle
space with these

SUB-MINIATURE
1.0\, and UB
AIR VARIABLES

Printed Circuit
Mounting

Precision machined for high reliability—exceptional mechanical stabhility!

¢ HIGH “Q" ~ GREATER THAN 1500 AT 1 MC! e HIGH TORQUE-TO-MASS RATIO — 2%2 TO 10 INCH OUNCES!
® LOW TEMPERATURE COEFFICIENT - PLUS 26 =+ 20 PPM/° C!

Cut costs—improve performance—save valuable
space with these sub-miniature air variable capacitors!
Type “U” requires less than 0.2 square inch for chassis
or panel mounting — Types “UA” and “UB” require
less than 0.23! No special tools required for installation
— slotted rotor shaft accommodates large screwdriver.
Rotors and stators precision machined from one piece
of solid brass — provide outstanding mechanical sta-
bility. Units offer high “Q” (greater than 1500 at 1 mc.),
high torque-to-mass ratio, and low temperature coeffi-
cient — provide absolute freedom from moisture en-

trapment found in trimmer capacitors of the enclosed
or solid dielectric type.

All metal parts are silver-plated — ceramic is
steatite Grade L-4 or better. Exceptionally uniform
delta C and voltage characteristics . . . voltage break-
down ratings available to 1300 volts DC. Single Section
types available in three fast, easy mounting styles: “Loc-
Tab”, Printed Circuit and Two-Hole — Differential and
Butterfly types available only in Printed Circuit mount-
ing styles. Tuner (coil-capacitor) assemblies available
in production quantities to your specifications.

DETAILED COMPONENTS CATALOG AVAILABLE — Write for your free copy today on company letterhead.

28 Circle 15 on Inquiry Card

E.F. JOHNSON COMPANY

3003 TENTH AVENUE S. W, . WASECA, MINNESOTA

CAPACITORS ¢ TUBE SOCKETS ¢ CONNECTORS ¢ PILOT LIGHTS
INSULATORS ¢ KNOBS AND DIALS ¢ INDUCTORS » HARDWARE

‘ TYPE “M” AND *S” MINIATURE CAPACITORS — Slightly larger

than the “U” and “UA” Types, still excellent for use in compact
equipment. Soldered plate construction, heavily anchored stator
supports., DC-200 treated steatite insulators., Plates are nickel-
plated brass. Available in Single Section, Butterfly, and Differen-
tial types with straight, locking and screwdriver shafts. **S" also
available in Dual type.

ELECTRONIC INDUSTRIES + October 1964
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Where ®
Vibration

IS serious business

the GR Vibration Meter
. is on the job

SCALE
SELECTOR
- TER 3EADZ
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Photo courtesy of Robertshaw. Controls Company bt ;o A
- CAL -

Q o SET BCALE seLzevons
Increased vibration in machinery often means a mechanical mal- u,:‘;’;",.’;"'ﬁ""""
o T, For

. =~ . . OFF

function. The Roberishaw Vibraswitch® acts as a ‘“policeman’ that senses ,_ﬁo ¢
g g g . § | . " L] e VIBRATION Mg TER )
excessive vibration and either sounds an alarm or automatically shuts down i ___ o tm \@
- . - “*MLQAN HaNT
the machine before scrious damage can occur. o . ° o i
- |

Robertshaw uses the GR Vibration Meter both to determine existing vibration ) © - ! .

levels accurately and to find the optimum mounting position for their Vibra-
switches in critical installations. The Meter’s unique Flip-Tilt cabinet/carrying
case and complete portability make it a convenient tool for these “on-location”
measurenents.

The GR Type 1553-A is the conmiplete vibration meter. It measures all important
vibration parameters (the only meter of its kind to do so) including displacement,
- velocity, acceleration. and jerk (the third derivative of displacement). It offers the
choice of peak-to-pcak, peak, or average mecasurements and displays readings

directly m. the units of lhe pa IT MEASURES I Range Ctrue peak-to- | ¢
%  rameter being measured. It is rug- | peak indication)
Jerk [ 30 300.000in./sec? 220 cps

ged, battery operated. and com- Acceleration | 0.3 30C,000in./sec? | 2 2000 ¢ps
pletely self-contained in its handy Velocity 0:03-39,000in. /sec’ -{~c2#000.cps
: o N Displacement | { S00002 30in. | 20 2000 cps
carrving case; output is available 0.003 300in. | 2-2000 cps

dri d ATl Peak and | Type 1553-A Vibration Meter,

to drive recorders, analyzcers, average indications | calibrated in English units; also available is 1553-AK

alsa provided calibrated in Metric units . . . $740 (in U.S.A.)

oscilloscopes, and stroboscopes.

*With Type 1560-P52 pickup supplied, measurements for either model.
possible to 20 ke with other accelerometers.

IN CANADA: Toronto 247-2171, Mantreal (Mt. Royal) 737-36/3 G E N E R A l' R A D I O C O M PA N Y

IN EUROPE" Zurich, Switzerland — London, England WEST CONCORD, MASSACHUSETTS

NEW YORK, N. Y., 964-2722 CHICAGO PHILADELPHIA, 424-7419 WASHINGTON, D.C. SYRACUSE OALLAS SAN FRANCISCO LOS ANGELES ~ ORLANDO, FLA.  CLEVELAND
(Ridgefield, N. J.) 943-3140  (Oak Park) 848-9400 (Abington) 887-8486 (Rockville, Md.)346-1600  454-9323 FL 7-4031 (Los Altos) 948-8233 469-6201 425-4671 886-0150



Armco Steels / for electronic and electrical apparatus

Armco Thin Electrical Steels

Armco Grade Thickness Ma(’éow:;"h Surface Insulation

TRAN-COR® T
(Nonoriented)

CARLITE®

° 3 n
5, 7 mils 13% or no insulation

ORIENTED T
(Oriented)

: <4 mils-12%"
1 to 6 mils S 4 mils-13%” CARLITE

ORIENTED TS

(Super-oriented) 4 mils 13%" CARLITE

Armco Thin Electrical Steels...

Your best buy for 400 cps and higher frequency equipment

Why? Because the full range and unsurpassed quality In addition, as reports from users confirm, Armco Thin
of Armco Thin Electrical Steels give you the best oppor- Electrical Steels have the best overall magnetic quality
tunity to design and produce components with maximum you can obtain.
performance at least cost. To help you make full use of their advantages, a 58-
These special Armco Steels, produced in nonoriented, page design manual containing design curves is avail-
oriented and super-oriented grades as well as a wide able at no cost. Write us for complete information on
range of thicknesses, offer the selectivity necessary for Armco Thin Electrical Steels and your copy of the
most efficient design. You can choose a grade and gage manual. Armco Steel Corporation, Steel Division, Dept.
that precisely and economically meets your requirements. A-3784, P. 0. Box 600, Middletown, Ohio 45042.
L\ S
ARMCO sTEEL "“\/°
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PNP STLICON POWER INDUSTRIAL TRANSISTORS

A new series of low cost PNP silicon power transistors in the TO-5 package from
Silicon Transistor, STC5648 through STC5652, have been added to our low cost
industrial silicon power transistor line.

The new series consists of five basic types with D.C. power capability of 8.75 watts
@ Tc = 25° C. BVceo ratings from 40 to 100 volts. Maximum collector current from
1.0 to 3 amps. Maximum VCE (sat) from 1.0 to 0.75 ohms @ Ic = 200 ma and 1.0 amps
respectively.

Designed as direct replacements for PNP germanium transistors, these PNP silicon
power transistors may be used as complementary drivers to the popular industrial
NPN silicon power transistor series 2N3232 through 2N3240.

For complete specifications and information on reducing your silicon power transistor
cost in industrial applications, contact: ‘

GO [RANSIESTORE HORIORIATIION

CARLE PLACE, L. I, NEW YORK 516-Ploneer 2-4100

DISTRICT LONG BEACH 2, CALIF., 217 ELM AVE. (213) 437-2788. TWX 213-549-1972.
OFFICES: - DAYTON 19, DHIO, 49 PARK AVE. (513) 298-9913. TWX 513-944-0372 HUNTSVILLE, ALA., POST OFFICE BOX 1467. (205) 881-4793
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INSTANT

INSTANT®
DEVELOPING

new Beattie-Coleman Oscillotrons
using the new Polaroid® Land

FILM PACK

The added convenience of the new
Polaroid Land Film Pack is now available
with the new Beattie-Ccleman Mark Il or
K-5 Oscillotron, or as a retrofit. Com-
bines these many advantages:

e Fast film-pack loading. No threading.

e Easier remova, of film. No door to
open. Pulls out smoothly through slot.

e Picture develops in 10 seconds; out-
side camera. Easier stripping of print.

e Film lies flat in focal plane for maxi-
mum accuracy of registration.

o Compact. 1% Ibs, lighter.

e Variable ratio — 1:0.5 — 1:1.

e 13 multiple exposures on one frame.
e Vertical or horizontal format.

e Non-reversed, direct view of CRT.

e Data recording optional.

o Immediate delivery.

“‘Polaroid'"® by Polaroid Corporation

— | BEATTIE-
—— |COLEMAN,
INC.

OSCILLOTRON'

'SCOPE CAMERAS

1046 N, Olive St., Anaheim, California
Phone (714) 774-4503
Circle 19 on Inquiry Card
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LETTERS

to the Editor

About Tunnel Diodes . ..

Editor, ELECTRONIC INDUSTRIES:

In your June issue, Dr. Delbert Van
Winkle gives three reasons why it is
unclear to him to what extent tunnel
diodes will come into extensive usage.
I do not think that any of these are
valid reasons for not using tunnel
diodes.

(1) “There is no isolation between
input and output circuits.” The devel-
opment of the 5 port circulator has
solved this problem. Adequate isola-
tion is available for bandwidths up to
an octave.

(2) “Small parameter shifts can
cause a large change in the device
operating point.” Computer analysis
vi typical amplifier designs at this
laboratory show that variations of
10% in diode parameters are easily
compensated by simple tuning adjust-
ments, This has been corroborated by
experimental evidence. Diode manu-
facturers can now hold such toler-
ances.

(3) “The tunnel diode . . . must
operate into low impedance external
circuitry.” This was true in the early
days of the tunnel diode. Now, how-
ever, the diodes have more convenient
parameters. Tunnel diode amplifier
circuits use transmission lines with
characteristic impedance in the neigh-
borhood of 50 ohms.

I hope you will not allow system
designers to gain the impression from
your magazine that tunnel diodes are
not practical devices. Stable amplifiers
and oscillators are now available from
several excellent sources.

Jack H. Lepoff
Sylvania Electronic Systems
P.O. Box 205
West Mountain View, Calif,

You Forgot Us

Editor, ELECTRONIC INDUSTRIES:
How could you leave us out of your
“Profile of Arizona Electronics”?
As manufacturers of the most com-
plete lines of GYROSYN® compasses,
autopilots, flight instruments, and ra-
dio altimeters, we are world famous.
Last year we did 38 million dollars
worth of business and paid our 1,600
employees some 10 million dollars in

ELECTRONIC INDUSTRIES -

wages. In addition, we spent another
6 million locally for goods and ser-
vices.

No discussion of Arizona Electron-
ics could be complete or accurate with-
out a reference to our ultra-modern,
160,000 sq. ft. research and manufac-
turing facility.

How could you overlook such a dy-
namic and important member of the
Arizona electronic community ?

John Kosek,

Public Information Coordinator
Sperry Phoenix Company
P.O. Box 2529

Phoenix, Arizona

Ed. Note: We apologize for the oversight
though the material was not staff-written.

Engineer Registration

Editor, ELECTRONIC INDUSTRIES:

A while ago I read an article in
your magazine explaining to engineers
how they might become registered
and the advantages of registration.
There is one problem which confronts
many engineers, however, and hinders
them in achieving this goal. That is,
how to prepare for the examination.
Many engineers who would like to be-
come registered have become so rusty
throughout the years of specialization,
management, sales, or just trying to
make a living, that they are afraid to
sit for the examination. These men
need help in reviewing. They need a
refresher course, and the best place to
obtain such a course is from a uni-
versity.

To be truly effective, such refresher
courses must be available to all engi-
neers, regardless of location, and must
be programmed so that each engineer
can fit the course into his own individ-
ual schedule. There is one possible
solution to these difficulties, and one
university has gone a long way toward
it,

The University of California,
through its Correspondence Division,
has made available a correspondence
course on Engineering Fundamentals.
This course reviews the undergraduate
curriculum, with emphasis on engi-
neering principles and their applica-
tion. It has satisfied the need for a
refresher course for many engineers.

Engineers who are interested can
get more information from the Cor-
respondence Div., University of Cali-
fornia, Berkeley 4, Calif.

Lloyd M. Polentz, P.E.
14317 Trumball St.
Whittier, Calif,
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Allen-Bradley hot molding gives
precise, stable control in severe environments

ALLEN-BRADLEY TYPE RC

ADJUSTABLE FIXED RESISTOR \

Shown Approx. three times actual size

TYPE RH

B You can be certain of **Quality”” in performance when vou use
Allen-Bradley hot molded, adjustable resistors. Their solid re-
sistance and collector tracks—made by A-B's exclusive hot
molding process —provide such smooth contro! that it approaches
infinite resolution. The discrete steps from turn to turn of wire-
wound units, as well as transients during operation are elimi-
nated. Settings remain fixed under severe shock and vibration.
You'll find Type R controls ideal for use at high frequencies—
where conventional wire-wound controls are entirely unsatis-
factory—they have low distributed capacity and are relatively
noninductive. The molded enclosure of the Type R unit is both
dustproof and watertight, permitting encapsulation.

Allen-Bradley Type R resistors are suitable for use from
—55°C to +125°C and are rated !4 watt at 70°C, 300 volts
max. RMS. Available in total resistance values from 100 ohms
to 2.5 megohins with tolerances of 4109, or +209;. For more
complete details on the Type R control, please send for Tech-
nical Bulletin B5205: Allen-Bradley Co., 222 West Greenfield
Avenue, Milwaukee, Wisconsin 53204.

In Canada: Allen-Bradley Canada Ltd., Galt, Ontario.

TYPE RS

NEW TvpPe N HOT MOLDED PERFORMANCE
FOR LESS CRITICAL ENVIRONMENTS

Here's an addition to the Allen-Bradley line of quality adjust-
able fixed resistors. It features the same solid hot molded
resistance and collector tracks . . . the same stepless adjust-
ment . . . stability . . . and high frequency characteristics.

The molded enclosure is splashproof and dust-tight, and
using proper measures, it can be encapsulated. The adjust-
ing screw has a handy new cross slot. It accepts conven-
tional flat blade or Phi lips type screwdriver which eliminates
screwdriver dropout during adjustment.

The new Type N control is rated 1/3 watt at 50°C, 300
volts max., and derates to zero power at 100°C. Availablein
total resistance values from 100 ohms to 2.5 megohms.
Please write for complete specifications.

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS




TYPE F CONTROL
Shown 3 Times
Actual Size

Actual
Size

Afar printed circuit boards |
new Allen-Bradley Type F variable resistors
with pin type terminals

you get these “performance extras’’

1 Exclusive A-B hot molded
reliability and long life

Quiet operation

Stepless resolution and ideal tapers
Temperature range -55°C to 120°C
Voltage rating 350 volts DC or RMS

Resistances from 100 ohms max
to 5.0 megohms max

Rated 0.25 watt at 70°C

ALLEN-BRADLEY HOT MOLDED VARIABLE RESISTORS i ThC new T)vp(\ F‘ C()n“.ol — lll\C the [‘alnolls 'ryppll an(l
Tvpe G control —has a solid hot molded resistance
clement. Thus. it provides all the same measure of de-
pendability, long life, and superior performance that
you obtain wiih Type J and Type G variable resistors.
You enjoy the same smooth control at all times—with

Type J Type JJ Type JJJ no abrupt changes in resistance during adjustinent. The

SO LI gy (gl SIS SEUT S GG T 4 Type F controi is also extremely quiet initially, and it

continues (o become more quiet with use. Type F con-

trols are available with total resistance values from 100

ohms maximum to 5 megohms maximum.

Type J conirols are rated 2.25 watts

For more complete information on the full Iine of A-B
quality clectronic components, please write for Publica-
tion 6024: Allen-Bradley Co., 222 West Greenfield

ype G Type T - A§cnue, Milwaukee, Wisconsin 53204.. In Canada:
el 0.9 e Rated 0.5 watt Allen-Bradley Canada Ltd.. Galt, Ontario.

'T—'T“Y

QUALITY ELECTRONIC COMPONENTS
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ELECTRONIC ELECTRONIC
INDUSTRIES INDUSTRIES

what makes
ELECTRONIGC INDUSTRIES

M) different?

ELECTRONIC INDUSTRIES is the only magazine that keeps you abreast of the State-of-the-Art
in every area of electronic technology. Most significant new developments have been reported
first in the pages of E.I.

Whatever your job responsibility may be: management, design, research & development or
manufacturing—you’'ll find E.I. brings the most timely and useful information for your work.

For additional copies of this valuable Reference Chart

write to:
ELECTRONIC SPECIALTY CO.
Advertising Department
4561 Colorado Blvd.
Los Angeles, Calif. 90039

or Circle No. 21 on Inquiry Card
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1
SOCKETS
LIKE A
TUBE!

M)

This new relay concept saves you time, stocking and money

AE’s new Series EIN relay, that plugs in like a tube. has
taken the field by storm—and no wonder:

It’s the first telephone quality relay having all the conven-
jiences of octal-type plug mounting, with savings of $1.93
or more per relay!

The special sockets are available separately from AE
stock. You can order the number you need for a complete
production run, and buy the relays and plastic covers “off
the shelf” to meet delivery schedules. There’s no need to
maintain large relay inventories.

The EIN’s modern, low silhouette design improves the

appearance of your product and cuts space requirements up
to 20%.

EIN relays are available in various spring combinations to
meet most design requirements. Sockets are available for
taper tab, solder, or printed circuit board terminations.

In initial cost and versatility, the EIN can solve many of
your design, production and inventory problems.

For full information, write the Director, Control Equipment
Sales, Automat:c Electric, Northlake, lllinois.

AUTOMATIC ELECTRIC

Subsidiary of

GENERAL TELEPHONE & ELECTRONICS @
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Versatility in carbon film resistors?

Why not? After all, aren’t your requirements
getting versatile, too?

This is why we go versatile all the way!
We engineer the product to meet require-
ments which are getting to be more and
more refined. Then we exercise quality
control throughout the manutacturing proc-
ess to assure that sound engineering
evolves into the best possible and most
versatile carbon film resistor available
anywhere.

You'll find that wherever your requirements
lie—high voltage, high frequency, high re-
sistance or voltage division applications,
there are matching specifications in an
RPC carbon film resistor.

As for reliability . . . that’s another RPC plus
feature which, in one case, has been docu-
mented over a three year period of use in a
leading missile program. Here, as with

many equipment manufacturers, RPC is
designated as sole or preferred source.
Check this set of values and see how they
stack up against your design needs:

Resistance

Values 20 ohms to 1x10'4 ohms
Power Ratings 1/4 watt to 100 watts
Voltage Rating Upto 125 KV
Terminations Axial wire, radial lug,

or ferrule caps

Sizes Over 100, to fit any need
Tolerances Down to +2%

In our carbon film resistor line we offer a
complete and extensive variety of sizes,
types of termination and electrical ratings
and because of this, we advise consultation
prior to ordering. Write today for complete
details.

Resistance Products L'n.

914 S. 13th Street, Harrisburg, Pennsylvania 17104. ® Phone 717-236-5081

MANUFACTURERS OF QUALITY RESISTORS: PRECISION WI/RE-WOUND, CARBON FILM e RESISTANCE NETWORKS

ELECTRONIC INDUSTRIES « October 1964

Citcle 23 on Inquiry Card

37




Modern Power Supply Design for Computers

j this articie telis how.

PowER supPPLY DESIGNS in the modern day computer
involve consideration of factors of utmost importance
to meet the challenges of modern technology in the
business world. This article gives emphasis to major
considerations in the design of today’s power sup-
plies with special attention on the IBM System 360
power supplies.

* k%

The work that is being done in the circuit area,
the devices, the methods and the materials available
to make circuits faster, smaller, lighter and more
economical is astronomical. This type of effort is
needed with equal diligence in power supply develop-
ment to keep pace with computer circuit technology.

With this thought in mind, let us delve into some
design considerations required of modern power sup-
plies and specifically discuss the power supply de-
signs used in the IBM System/360, a modern com-
puter system.

Design Considerations

During the design of any computer power supply
we must consider the technical parameters of ripple
frequency, temperature, line and load variations and

Fig. 1: SCR inverter power circuit.

A short time ago a power supply for a micro-miniaturized circuit

or computer might have cost twice the price of the circuits it supplied.
It might have been five times as large and several times the weight.
Designers of modern power supplies can avoid these situations,

By DANIEI. R. HOCH, Development Engineer, Data Systems Division, IBM Corporation, Kingston, N. Y.

the like. In addition, there are four other Dbroad
areas towards which our attention should be focused.
These items are requisites in the design of any com-
puter power supply, and rank in importance as noted :

(1) Reliability—This item must rank first, for an
unreliable power supply jeopardizes operation of the
cntire system. Reliability must be built into every
power supply design in the form of quality devices
and design safety factors. Redundancy is tolerable
only when economically feasible.

(2) Economics — To be attractive to the business
world the modern computer and consequently its
power supply must be economical in the sense that
it most efficiently performs its required functions for
the fewest dollars. This poses a burden on the de-
signer, particularly after having mentioned the pre-
vious important factor of reliability. The design
thus requires intensive analysis to remove extraneous
redundancy and achieve circuit optimization. In ad-
dition, the proper use of standardization in circuits,
packages and frames is essential to drive quantity up
and hence, costs down.

(3) Volume — What is the value of a square inch

SCR GATE VOLTAGES
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L] Fig. 3: Typical h-f/dc modules.

of space? A debatable question, but a rather obvious
one when one considers the bulk of a power supply
module compared to a circuit module. To achieve
volume reduction we might ask what it will cost in
economics and reliability, but remembering that these
are previous goals—the challenge becomes more bind-
ing. The major aids to the power supply designer
are the proper selection of devices and design ap-
proaches.

(4) Servicing — As mentioned under reliabliity, we
cannot afford to have the power supply inoperative;
if necessary, we mwst insure that this is minimal.
To achieve this goal, servicing methods must be fast
and efficient. The power system must indicate imme-
diately to the field engineer where to look and must
lend itself to easy repair and/or replacement.

It can be seen that the power supply design is no
easy task, particularly when it is realized that no
mention of technical problems has been made.

To sum up, we are in quest of power supplies for
today’s computers that are reliable, yet low in cost,
are packaged optimally to achieve small volume, yet
are easily serviced and must meet all technical re-
quirements.

Fig. 2: Simplified series regulator circuit.
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It is realized that this is not an ideal world, but we
can at least strive to achieve our goals. Let us now
discuss these results in the power systems used in
the IBM System/360.

System /360 Power Supplies

Before considering the basic tenets which have
been established, we should first review some of the
philosophies of System/360 and the needs that were
imposed by the system on the power supply. One of
the basic concepts of the system was to make it such
that it covers a wide range of uses for many cus-
tomers and yet provides for a single customer’s in-
dividual computer growth as his business grows. To
achieve this end, a degree of standardization includ-
ing components, speed, and programming was need-
ed. To be compatible with this thinking, the power
supply was given three ground rules:

(1) A minimum number of power supply modules
covering the range of needs from the smallest to the
largest CPU (Central Processing Unit) would be
developed. These modules would be identical in all
physical respects except where component size varied
to meet electrical ratings.

(2) A common driving source capable of handling
the largest possible power consumption for a given
CPU was required so that growth would not entail
additional driving sources.

(3) A concept of miniaturization and modern tech-
nology by virtue of SLT (Solid Logic Technology)
circuit modules was embraced in the system and in
essence dictated a similar power supply course.

High Frequency Approach

Application is for CPU Power (See Figs. 3 and
4). After a review of several approaches, the conclu-
sion was reached that a reduction in magnetic compo-
nent size would be the major item in reducing the size
of the power system. Hence, a 2.5kc high fre-
quency (h-f) approach was used.

In simplified form the supply consists of a con-
verter-inverter section which converts from either

(Continued on following page)
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COMPUTER POWER SUPPLY (Continued)
e |

50* or 60 cycles line voltage (208/220 or 230v.) to
dc voltage and then inverts the dc through the action
of an oscillator controlled SCR (Silicon Controlled
Rectifier) chopper circuit which generates 2.5 xc at
a high distribution voltage :** On the using end this
high voltage, high frequency is re-converted by
means of magnetic amplifier modules to provide the
needed dc output voltage as specified in the SLT cir-
cuit criteria.

While ac to dc conversion is achieved by normal
3-phase rectification-filtering methods with minor
modifications, the inverter circuit is more complex,
see Fig. 1. Once voltage is present on either SCR
and a gate potential is achieved, the SCR will con-
duct. Like a thyratron, it will remain in the conduct-
ing state until its current becomes small or it is
reverse biased. The turn-off circuitry then becomes
complex. Let us define SCR’s 1 and 2 as the Main
or Load SCR’s and 3 and 4 as the Commutate
SCR’s. The action is as follows: Assume that SCR’s
1 and 4 are initially conducting in their normal mode
of operation, capacitor C will charge to a voltage 2E
at which time SCR4 will turn off since no further
current-flow through it will exist. SCR 1 will con-
tinue conducting since it is also carrying load cur-
rent. At the proper time, as determined by the
oscillator, SCR 3 will be gated on and discharge
capacitor C through the diode across SCR 1 thus
reverse biasing the SCR to shut it off. During this
interval the discharge current of capacitor C will
also flow through the load thus maintaining the
proper output until SCR 2 conducts to carry the load.

l_? .
8 Fig 4: High fre-

quency 10 kva con-
verter/inverter,

After SCR 1 has been shut off, SCR 2 will be gated
on, capacitor C will charge and the process will re-
peat as noted above.

Magnetic Amplifier Module

Basic operation of the bridge magnetic amplifier
can be best understood by a reference to Fig. 6. Con-
sider the magnetic core windings Wgl and Wg2 as
switches, and the circuit initially at a half cycle when
Point A is positive with respect to B, (Vy, being the
h-f input from the converter-inverter). Wgl re-
mains “open” for a portion of the half cycle then
“closes” (driven into saturation) delivering power
to the L-C filter and load, Ry, through D1 and D4.
At the beginning of the next half cycle, Wgl “opens,”
Wa2 “closes” at some time during the half cycle,
delivering power to the output circuit through D2
and D3. This is called the gating cycle. In steady
state operation the portion of the half cycle that
Wel and Wg2 are in saturation is such that:

Ton
T/2

X Vi = V,, where Ty, = Time Wgl or W2 is in

saturation and 7'/2 = Time of half cycle

The average (or dc) value of the voltage applied to
the L-C filter is the output voltage. DWring the
period when both Wgl and Wg2 are unsaturated
(reset cycle) the output load current flow is main-
tained through D2 and D4. Regulation of the output
voltage is accomplished by sensing V', comparing it
to a reference I/, and using the difference (error,
V,— V.= E) to control the “ontime” of each core.
The L-C filter provides the desired ripple reduction,
and the output capacitance also provides energy stor-
age for transient load variations. The windings
which carry the power and control the re-set are
called the gating, W, and control, W,, windings, re-
spectively. In addition a bias winding Wi, is placed
* One of the automatic ground rules in the design of any power
system in IBM is the consideration of the World Trade market.

#* For the IBM System/360, a 2.5kw and a 10kw converter/inverter
are available.

Fig. 5: MPS-Typical ac/dc modules.
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Fig. 6: Bridge magnetic amplifier.

in every core. This winding, as the name implies,
biases the core in every re-set cycle. In particular
the bias point chosen in the modules is such that if
no power were applied to the control winding the
cores would not reach saturation during the gating
cycle. Thus no power would be delivered to the load.
Desirability of such a biased point shows up in the
consideration of fault protection.

While much of the finer points and features of the
design have Dbeen eleminated for brevity, this in
essence, basically describes the technical aspects of
the h-f system.

Now let us determine the adherence to the design
considerations.

Reliability

Reliability in this system was achieved by the
proper selection and specification of each individual
component within the system. In addition, major
emphasis was placed on provision for safety factor
in the timing circuitry and in the achievement of the
regulation requirements.

Economics

This system: offers one of the most potentially pos-
sible cost reduced power supplies yet evolved. This
statement is made in view of the fact that vendors
are continuing to improve semiconductor components
and manufacturing processes to a point where cost
reduction in these devices is obtainable at far greater
strides than heretofore possible. The same can be
said of the magnetic amplifier section where semi-
automatic methods are used to their maximum to
reduce manufacturing costs.

Volume

In a large unit (CPU) the h-f system is predomi-
nant in reducing volume since many modules, pre-
viously needing large 60 cycle magnetic components,
now use small 2.5xc replacements.

Servicing

In the h-f system one large package for the con-
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Fig. 7: Statistically Rated Ferroresonant Regulated Supplies.

verter /inverter, which has access areas for test points
and the removal of complex electronic circuitry on
cards, has been established. The h-f to dc modules
are simtlarly modularly packaged for quick replace-
ment in the field. Thus, the modular concept is
used throughout the h-f system to satisfy the need
for proper field servicing.

Medium Power Standard

Application is for I/O power (See Fig. 5).

In the System/360 there are many input/cutpnut
(I/0) devices which use the medium speed 30nsec.
SLT circuitry. The h-f system technically could
provide this need. But, it was designed to handle
units whose power is lkw or above, since it is in
this range that the system vields its major ad-
vantages. Tor the lower powered I/O equipment,
then, a series regulator approach called Medium
Power Standard (MPS) was developed.

The basic concept used was to design a modular
system which could be adaptable to any I/O equip-
ment and be expandable to handle any other special
cireuitry in different voltage ratings. The key ad-
vantage to the approach is that each module stands
alone, that is, it has its own ac input voltage for
115, 208 or 230v. Thus, it is, not dependent upon
other machine needs and makes for a flexible sys-
tem. It has its identical 50 cycle counterpart in the
same physical size with basically the same circuitry
other ihan the magnetic components. Space in the
00 cycle design was reserved to accommodate the
larger 50 cycle units so that interchangeability with
IBM World Trade System/360 machines could be
achieved.

Circuit operation can best be described by refer-
ence to I'ig. 2. The input voltage is transformed to
the proper low ac voltage as needed by the circuit.
This voltage is rectified and filtered using normal
methods to produce a “raw” dc voltage which is
applied to one or more series transistors (connected

(Continued on following page)
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COMPUTER POWER SUPPLY (Concluded)
C

in parallel as current needs increase). Assume a
constant current through the series transistors. As
the output voltage tends to increase (for a decrease
in load) it is compared to a fixed reference voltage
(zener reference) in a differential amplifier. This
error signal is further amplified and applied to the
base of the series transistor. The drive of the series
transistor is then reduced, causing a greater series
drop and hence, reducing the output voltage back to
its specified value. A similar analysis may he made
by considering the effect of input changes. From
this simplified description, it can be seen that any
change either in output or input voltage is readily
compensated for by the action of the transistor cir-
cuit. The circuit also serves as an effective ripple
filter, providing temperature compensation and other
advantageous features for use in this application.
In essence, this brief description describes the
Medium Power Standard system. Again let us now
review its compliance to the Application Considera-
tions.

Reliability

Reliability of a series regulator system has heen
tested time and again in IBM equipment. It has
been proven in the past that series regulated devices
are one of the most reliable precision power sup-
plies used in the business today. This is due in
large part to the safety factors and worse case de-
sign philosophy used as well as to the reliability of
solid state and brute force devices used in this type
system.

Economics

In this range of power and for this particular regu-
lation requirement cost studies have shown that the
series regulator approach is the most economical
power approach since its design has been optimized
through vast usage.

Volume

While the individual volume of each power sup-
ply module is much larger than an equal h-f power
supply module, the total volume per I/O machine
will be reduced in view of the fact that the con-
verter/inverter section will not he needed for small
systems.

Servicing

As described previously in the discussion of the
h-f system, the same basic modular concepts have
been used throughout the MPS system.

Stat Ferro Approach

Application is for I/O power (See Fig. 7). The
so-called “slow speed” 700nsec. 1/O equipment is
basically used in the document handling machines
such as card readers, card punches and printers.
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Regulation requirements for this circuit family is
*+9% considering worse case circuit variation to
end of life. For all of the various conditions of line
and load, temperature, ripple and frequency, ferro-
resonant supplies are considered to have a regula-
tion, worse case, of =7%. It can be seen that such
a supply theoretically just meets the worse case needs
if one were to consider a normal voltage distribu-
tion of =2%, (static and dynamic).

It has been proven through the use of various
statistical methods that the occurrence of all worse
case considerations to produce the theoretical £7%
regulation is virtually impossible, whereas regula-
tion of =5% is more typical. On this basis a suf-
ficient safety factor allows usage of the Stat (statis-
tical) Ferro approach.

This type supply hasically is designed to overcome
the disadvantage of poor line regulation normally
associated with an unregulated or transformer-input
supply. In normal operation a worse case, £10%,
line input variation can be expected to regulate the
ac secondary voltage of the ferro to within =2%.
This is hest explained by consideration of basic
“ferro” action: When low voltage is applied to the
primary, the resultant flux generated induces a
voltage in the secondary about equal to the turns
ratio as in normal transformers. But, when the
input voltage increases, a point is reached where the
inductive reactance of the secondary winding ap-
proaches the value of the capacitive reactance of the
capacitor. At this point the circuit hecomes resonant
and the secondary voltage “jumps” to a stable value
higher than the turns ratio. This is referred to as
the “jump” phenomena. The secondary is now
saturated and any further increase or decrease in
the input voltage within the design limits of the
unit will not appreciably affect the value of the out-
put voltage. In reality a magnetic shunt path pro-
vides the actual transfer of energy from primary to
secondary; thus any change in input line results in
a larger or smaller transfer of energy from the pri-
mary to the secondary as the condition warrants.
As load changes, the primary and secondary volt-
ages will shift out of phase. The shunt will again
be called upon to “make-up” the energy difference
and hence the output voltage will tend to essentially
remain constant. Once again let us note our ad-
herence to the design considerations.

Reliability

Without question this type supply is one of the
most reliable supplies in use, mainly because it con-
tains very few components and has been engineered
over the years with reliable results.

Cost

In view of its simplicity, and in view of manu-
facturing methods used over the vears, the cost of
this system is without question one of the most
economical in use today for the regulation needed
in this power range.
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Volume

Again, due to the simplicity of the system and
the fact that convection cooling is allowable, the
volume for a given need as we find in this circuit
family is certainly at a minimum,

Servicing

As with all the other systems previously de-
scribed, the same modular concept is used. In ad-
dition, the supply lends itself to an open construction
which simplifies the servicing problem by providing
access to the unit such that repair time is minimal.

Comments

It can be seen from the discussions on power in
the System/360 that many different power methods
are needed to satisfy the same basic design con-
siderations. The other key point is that these stand-
ardized approaches are not limited to use in this
system but rather are designed to meet given ranges
of power and regulation needs. While these power
systems satisfy the bulk of the requirements in the
System/360, other special supplies were also de-
signed to satisfy unique needs such as high voltage,
precision, and low current uses. Each of these de-
signs were similarly obliged to follow the design
considerations which have been mentioned.

A Look to the Future

Major design considerations as expressed earlier
in the article are certain to appear in the future with
increased emphasis. The day of the integrated power
supply and logic circuit appears inevitable. We can
hope to see the power supply residing on a circuit
board, card, or module as the case may present
itself. Circuits are going to be faster, volume is
going to be smaller. A cry to the component indus-
try for higher power, miniaturized, low cost de-
vices, must go out along with stepped-up develop-
ment effort and attention by computer manufacturers
to the powering problem. The sophistication and
technological advances of our power scientists and
engineers will be of utmost importance to the com-
puter industry.

It is true that fuel cells and thermionic devices
may afford us some relief in this area; but, their
cost must be drastically reduced and they must be
technically refined to be of practical value in com-
mercial computer equipment.

We are sure to see increased emphasis in the power
supply field in the next decade to keep pace with
the parent computer,
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PROVEN RELIABILITY-

SOLID-STATE POWER INV .

over 260,000 logged operational iom—%

voltage-requlated, frequency-controlled,
for missile, telemeter, ground support,

13508 all-silicon units available now—

Interelectronics all-silicon thyratron-like gat-
ing elements and cubic-grain toroidal magnetic
components convert DC to any desired number
of AC or DC outputs from 1 to 10,000 watts,

Ultra-reliable in operation (over 260,000
logged hours), no moving parts, unharmed by
shorting OII'PIH or reversing input polarity.
ngh conversion efficiency (to 92%, including

regulation by Interelectronics pa'en'ed
reﬁex high-efficiency magnetic amplifier cir-

cvitry,)

Light weight (to 6 watis/oz.), compact (to
8 watts/cv. in.), Jow ripple (to 0,01 mv, p-p),
excellent voltage regulation (1o 0.1%), precise
frequency control {to 0,2% with Interelectronics
extreme environment magnetostrictive stand-
ards or to 0.0001% with fork or piezoelectric
standards.)

Complies with MIL specs. for shock (100G
11 misc.), acceleration (100G 15 min.), vibra-
tion (100G 5 to 5,000 cps.), temperature (to
150 degrees C), RF noise (1-26600).

AC single and polyphase units supply sine
waveform output (to 2% harmonics), will
deliver up to ten times rated line current into
a short circuit or actuate MIL type magnetic
circuit breakers or fuses, will start gyros and
motors with starting current surges up to ten

<
_-// ‘ times normal operating line current.
Now in use in major missiles, powering
tel ter tr itters, radar beacons, elec-

tronic equipment. Single and polyphase units
now power airborne and marine missile gyros,
synchros, servos, magnetic amplifiers.

Interelectronics—first and most experienced
in the solid-state power supply field produces
its own all-silicon solid-state gam\g elemoms,
all high flux d
high temperature ultra-reliable film :upcmors
and p ts, has plete facilities and
know how—has designed and delivered more
working KVA than any other firm!

For complete engineering data, write Inter-
electronics today, or call 914 ELmwood 8-
8000 in New York.

INTERELECTRONICS CORP.

600 U. S. Route 303, Congers, N. Y.

Circle 24 on Inquiry Card
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Think you're
saving money
with
aluminum
electrolytic
capacitors?
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1.ElectricalParameters. Upto10times low-
er ESR than equivalent aluminum electrolytics
from —55C° to +85C?°...superior A.C. ripple
current characteristics ... low D.C. leakage.

Here are
5 reasons
why they'll
never match
low-cost
KEMET
“C"” Series
Solid Tantalums.

2.Life. KEMET “C” Series are truly solid state
... contain no wet electrolyte.. . eliminate risk
of premature deterioration on shelforincircuit.

3.Packaging. Up to 88% smaller than equiv-
alent aluminum electrolytics.

4.Temperature Characteristics. Outstand-
ing capacitance stability over wide tempera-
ture range...available in 20%, 10%, 5% tol-
erances...less than 10% capacitance shift
from —55C° to +85C°.

5. New Low Cost. Fire retardant, transfer.
molded epoxy cases, made with automated
production techniques, make KEMET“C” Series
capacitors competitively priced with alumi-
num electrolytics.

UNION

CARBIDE

Available in capacitance range from
.10 to 330 ufd in 6 to 75 volts.

ELECTRONICS

For additional information, contact your
nearby KEMET Distributor or write to:
Kemet Department, Union Carbide
Corporation, 11901 Madison Avenue,
Cleveland 1, Ohio.

“Kemet" is a registered trade mark of Union Carbide Corporation,

ELECTRONIC INDUSTRIES ¢ October 1964 Circle 27 on Inquiry Card 45



4 Made to the best of

MIL-R-10509E ents

OHMITE
SERIES

60

METAL FILM
PRECISION RESISTORS

AVAILABLE ONLY IN 0125 PPM/°C, CHAR. E

TYPICALTEST DATA FOR SERIES 66 RESISTORS

MIL  [Series 66 | Y-Wall (RN6OE) |,/ 3 b4- N70E) (661E- 1-Watt (RN7SE) (661E-1
L Ll W ol (LE-%) Y4 -Watt (RN65E) (661E-%4) Y;-Watt (RN70E) (661E-15) att ¢ ) ( )
TESTS REQ. | (Avg.of | 309 499K 402 348K 1 402 237K 365 237K 2

. 1
CHAR."E" [ all tests) | ohms Ohms | Ohms Ohms Meg Ohms Ohms Meg Ohms Ohms Meg

o _80to | -51to | —05t0 | +0.3to | —0.1to | +03to | +1.6to |-7.9to | —7.0t0 | —10to | —06to
Te"‘"~°°°“-; ~55°C | 0425 | 793 | Tjo7 | 125 | —120 | +58 | -87 | +106 | —li0o5 | -I36 | —250 | -190 | -20.0

9 o +148to | +105t0 | +2L.1to | +13.0to [ +15.1to [ +18.2to [ +14.0t0 |4+66t0o | +7.0t0 | +6.0t0 | +15.3t0
PPM/C [ +115°C | 0225 | 1119 |7 pgp | "4237 | 4209 | 4250 | +2a0 | +230 | +200 | +245 | +i50 | +210 | +243
Load Life % AR

05 0.107 —0.017 to [—0.002 to [+0.014 to [+0.051 to |40.049 to [4+0.009 to [+0.147 to | Oto  [(+0.057 to (+0.025 to |+0.004 to
__After 1000 Hrs. @ 125°C 0. 3 +0.250 | +0.407 | +0.404 | —0.149 +0.069 | +0.360 | +0.387 (+0.129 | +0.117 | +0.172 +0.115
Short Time

0.25 0.019 0to 0to Oto Oto —0.003 to |+0.004to | Oto Oto [-0.08to | Oto 0to
Overload % AR £ 2 ~0.104 | —0.043 | —0.005 | —0.003 | +0.010 | +0.069 | ~0.077 —0.010 | —0.151 | —0.009 +0.009

Moisture 05 0.058 +0.035 to | +0.039 to [ +0.024 to| +0.011 to | +0.009 to | ~0.030 to| +0.008 to| Oto [+0.021 to |+0.012 to | + 0.039to|
£0. ) 40432 | +0.222 | +0.034 [ +0017 | +0.039 | -0.065 | +0.029 |-0.050 | +0.032 (+0.337 +0.084

Resistancg %_AR

QE: 440 Units Total Tested; 40 Total for Each Resistance Value; 10 Each Test.

Ohmite’s new Series 66 metal film resistors give a signifi-
cant edge, an extra margin of reliability, wherever you
need very low T.C. resistors of this type. And the “why”
of this added value is understandable. Series 66 resistors
are founded on Ohmite’s 10 years of research and pro-
duction experience in evaporated metal films plus 30
years of concentration on quality resistance products.

There is a difference in metal film resistors. Test these
and see for yourself.

The resistance element is a film of special non-noble
alloy vacuum-evaporated on to a ceramic core of excep-
tional surface finish. The film terminates on gold terminal
bands fired to the core ends. Gold-plated end-caps are

Write for Bulletin 110

pressed over the core ends and leads are butt-welded to
the caps. The assembly is covered with a special pro-
tective resin and completed with a molded coating. Film,
core, caps, and coating are matched to provide a stable,
moisture-resistant component.

Present sizes are 15 watt (309 ohms to 499 K ohms),
Y4 and 15 watt (402 ohms to 1 meg), and 1 watt (365
ohms to 2 meg). Tolerances are 1, 0.5, 0.25, and 0.19%,.
Temperature coefficient, 0+25 ppm/°C over the operat-
ing range of —55°C to 4175°C.

Standard leads are nickel, solder-dip coated for solder-
ing; furnished bare for welding, or gold-plated on order.

OHMITE

MANUFACTURING COMPANY

3662 Howard Street, Skokie, lllinois 60076
Phone (312) ORchard 5-2600

RHEOSTATS « POWER RESISTORS « PRECISION RESISTORS « VARIABLE TRANSFORMERS « TANTALUM CAPACITORS«TAP SWITCHESsRELAYS«R.F.CHOKES « SEMICONDUCTOR DIODES
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Unusual Power Supply Applications

ELECTRONIC
INDUSTRIES

STATE- OF-THE- ART

__FEATURE _

REGULATED POWER SUPPLIES are feedback controlled
devices designed to control the electrical parameters
of voltage or current. In some power supplies the
regulation control loop can be extended to include
a variety of physical elements. When this is done,
the power supply can he made to regulate position,
speed, color, temperature, pressure, chemical activity
or the like.

Assuming the necessary transducers and sensors,
a servo control mechanism can easily he constructed
for any of the above. A bridge-controlled program-
mable power supply is the heart of the system. It
is used to drive a transducer and
is, in turn, programmed by the
difference—or error—which re-
sults from a comparison of the

sensor's output with a reference.
* * *

REFERENCE
RESISTOR

Since bridge-controlled power
supplies are readily voltage-pro-
grammed, it is usually convenient
to convert the sensor’s output to
a voltage to carry out the com-
parison.

AMPLIFIER

REFERENCE
SOURCE Eo

(ZENER DIODE)
Voltage Gain

To demonstrate the process of
servo regulation, it is necessary
to show how a bridge-controlled
regulated power supply is capa-
ble of dc voltage gain. Consider the simple drawing
shown in Fig. 1. In this circuit, the output volt-
age of the supply F, is compared to a reference
source E, through the ratio of resistors Rvc (the
"voltage control”) and Ry, (the *“reference resist-
or’).

Assuming that the gain of the amplifier A" is
very large, the equation for this circuit is E,/R,=
E,/R. which can be re-written £, = (R../Rp) E,.
Eg is commonly the 6.2 v. drop across a precision
zener diode built into the power supply. Since E, can
he made almost any value from zero to thousands
of volts, (depending upon the design of the power
section), the term R,./R; can be considered the

ELECTRONIC INDUSTRIES + October 1964

COMPARISON

Fig. 1: Simplified power supply comparison
bridge schematic. Note: This and all other
drawings in this article are drawn for all-
transistor power supplies. Hybrid units would
require that the polarities be reversed

Power supplies have become very sophisticated in the past few years,
performing many unusual tasks. Their applications are limited

only by the designer’s ingenuity.

Here are some unique uses for power supplies

with details on how they do it.

Information is also given on what to specify for power supplies.

“gain’’ of the bridge.

In effect, the reference potential Ej is amplified to
any desired E,. Should an external source he sub-
stituted for £, it would also be amplified hy the ratio
Ri./Ry. and will appear at the output. If external
resistors are substituted for R,. andRy, it is possible
to treat the hridge controlled programmable dc power
supply as a high power, high gain, dc amplifier.
Using operational notation, R,. hecomes R/, the feed-
back resistor, and R, becomes the R, the input
resistor. £, hecomes E input, see Fig. 2A. Fig. 2B
is another way of representing this circuit.

The triangle symbol is taken to
include all of the remaining power

supply elements, the raw power
R,. VOLTAGE
CONTROL

sources, pass elements and com-
parison amplifier. The operational
gain G is the ratio R;/R,, and for

many power supplies can be ad-

+
X raw oc justed as high as 1000 or more.
PASS - Thus, the bridge regulated pro-
ELEMENT
; grammable power supply can he
= used effectively with external op-
/ou*rPu*r =S8 IHE TRV D
- erational circuits.

Referring to Fig. 2C and using
operational notation, with a refer-
ence (or command) input E. and
a feedhack sensor voltage E; the
amplifier equation hecomes E,=(E.—E;)(R,/R:).
If the operational gain R,/R, is made sufficiently
large, the difference E.—F; becomes qnite small, and
is designated ¢, the error.

Describing Control Circuits

To illustrate this unconventional view of the dc
power supply, several relatively simple control cir-
cuits will be described. Like all such mechanisms the

By PAUL BIRMAN

Applications Engineer
Kepco, Inc.

131-38 Sanford Ave.
Flushing, N. Y. 11352
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POWER SUPPLIES (Continued)

& Re
o AN\ AN\ _I_ )
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Fig. 2(a): Power supply bridge drawn for external R¢ and R..

R, Re
——AMN ——AW -
-E o + Eg
INPUT VOLTAGE OUTPUT
VOLTAGE

(b)

SYMBOL INCLUDES

RAW DC, PASS ELEMENT

AND COMPARISON AMPLIFIER
0

o

Fig. 2(b): Internal structure of bridge, pass elements, raw dc
supplies and comparison amplifier absorbed into single symbol.

R¢
- € = (E.~E})
R
AAA 0, ) Es
L ~FOWER

SUPPLY anoiliset
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(e} £, Issusonl---..'
+

Fig. 2(C): Power supply used in a feedback controlled system.

-€= [Ec-E,J .
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BELT OR
GEAR
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E
COMMAND
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| |

| | co

1”1 1 PowER suppLY I
+

Fig. 3: Speed control using 2 power supplies and tachometer.

* A REPRINT of ANY ARTICLE in this
issue is available from ELECTRONIC IN-
DUSTRIES Reader Service Department.
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actual execution in practical form requires attention
to the finer points of control system engineering.
Questions such as transient behavior, stability and
the like will not be treated here. The literature on
control systems engineering is fully applicable.

Speed Control

Motor speed control is a common engineering
problem. Often dc motors are used with an adjust-
able dc power supply to obtain a range of speed
control. Unfortunately such an open loop control cir-
cuit does not correct for variations in shaft loading
or other factors which can tend to upset the speed.
To detect such speed changes, an appropriate sensor
is required. A permanent magnet tachometer-gener-
ator makes a convenient speed sensor. Its dc output
is in a form that can readily be used for feedback
purposes.

A speed control mechanism is shown in Fig. 3.
It consists of an appropriately rated, programmable,
dc power supply connected to run a dc motor. This
power supply is depicted in operational notation. The
dotted “feedback” line represents belt or gear coup-
ling between the load shaft and the tachometer whose
output I} is proportional to the motor shaft speed. A
second, small, dc power supply, E,, is connected
series-opposing the tachometer output, so that their
difference serves as the input to the main motor-drive
supply. This signal E,—E,=¢, is amplified through
R;/R; to drive the motor. For a large gain, R;/R,,
output disturbances are greatly diminished by the
feedback E;. If R;/R; is large, € is small, and E, will
about equal E, As E, is varied (by changing the
setting of the command power supply E, follows.
Should E, be increased, the error, ¢, increases, which
ups the motor drive by (R;/R;)e. This, in turn,
speeds the tachometer increasing E;. The error dif-
ferential € is thus diminished, regulating the motor
drive and thus its output speed. Any tendency for
the shaft speed to change, including the effect of load
variations, will be corrected by this control circuit.

Regulating Light Intensity

Another common control problem is the regulation
of light intensity. The problem often involves fila-
ment, xenon or arc lamps. The uniform illumination
of a monochronometer is a typical objective. There
are several sensors whose output can be used. Photo
multiplier tubes and photo voltaic or photo resistive
semiconductors are among the most commonly used
for feedback control.

Photo voltaic silicon photocells are perhaps the
most convenient sensor. Their output, usually re-
quires some voltage amplification before it can be
summed differentially with the reference or command
potential, E,. A small dc power supply connected
operationally for program-by-voltage serves conven-
iently to amplify the feeble photocell output. Since
this amplifier/power supply is in the feedback loop,
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Fig. 4: Illumination control using photo-voltaic sensor and
power supply as voltage amplifier G., loop gain is G,G..

Fig. 5: lllumination
programmed power

control using photo-resistive sensor with
supply as resistance-to-voltage translator.

its gain contributes to the loop gain and thus miproves
the light intensity regulation. Fig. 4 depicts an illu-
mination servo using a photo voltaic feedback sciisor.

Photo resistive cells might also be used to sense
the light intensity. Such a cell generates a variable
terminal resistance as a function of the incident illu-
mination.  This introduces a translation problem,
resistance to voltage, for which programmable power
supplies are well suited. .\ power supply is resistance-
controlled by connecting the external resistance—or
photo resistive cell in place of the voltage control 2.
(or R, in the operational notation). The built-in
reference voltage and resistor 2, and R, combine {o
pass a “bridge current” through the progranming
resistance /,=Ep/R,. This power supply is said to
be controlled at an ohms per volt ratio equal to the
reciprocal of the bridge current. Thus for 7,=1 ma,
the control ratio is 1000Q/v. For

t
SHADED ENCLOSURE
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i éQ*' } ve l
- A
N e

RESISTANCE PROGRAMMED
POWER SUPPLY, OHMS PER VOLT RATIO
= R RR

ve =

€, £

sistors. \With fans to circulate the air, resistive radia-
tors can be driven by a feedback controlled power
supply to produce very precise temperature control.
A thermistor, or a group of thermistors, within an
msulated thermal chamber, are used to form the tem-
perature feedback sensor. Again as with the photo
resistive sensors, a siall power supply can be re-
sistance programmnied by the thermistor. The feed-
back voltage /2, would he the sensitivity of the
thermistor in ohms per °C divided by the olun per
volt ratio of the translating power supply.

A three-power supply arrangement as shown in
Iiig. 6 provides excellent temperature control. Sup-
ply 1 1s the heating supply whose output drives the

Fig. 6: Temperature control using thermistor sensors. Feedback
connections are reversed because thermistors are neg. temp. coef.

. COMMAND
every 1000 olims change in the POWER SUPPLY -
hoto resistance, the controlled TEMPERATURE t
1 : B, WS GOl CONTROL
supply vields 1 v. change in out- SUPPLY#'3 3 JEJLEsie s . 2= S RSN S -
' ; [THERMALLY INSULATED CHAMBER
put, which voltage can he used as R, \ ; |
described previously, to form a NVN——| 6 - ! |
. S : [ THERMISTOR
compartson null with a conveni- =4 4_»__' 1 suppLy #1 | e o |
; , s 3 8s HEATING S-S
ent. L, command reference. [2, is =", SUPPLY | _;_ |
adjustable and also serves as an l ] e i l
: . FAN
mtensity control. Such a svstem LR ' RADIATOR
is sketched in Fig. 5. L 2 B Vil o
| Eq SUPPLY #2
Temperature Control R REISTANCE - VOLTAGE
_ R | TRANSLATOR

Temperature control is another l

interesting dc power supply use. s T

Here, the output of an appro-
priate programmable supply can
be used to generate heat directly
as the dissipation in suitable rve-

ELECTRONIC INDUSTRIES -

THERMISTOR RESISTANCE
DECREASES WITH RISING
TEMPERATURE
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POWER SUPPLIES (Continued)
e e

resistor radiators within the insulated chamber. Sup-
plies 2 and 3 are connected in series opposing to form
the voltage differential input to Supply 1. Supply 2
is resistively programmed by thermistors spotted
around the interior of the temperature control cham-
ber and produces E;. Supply 3 provides the com-
mand reference E, which serves as the adjustable
temperature control. With a forward gain in Power
Supply 1 between 150-200, temperature control to
better than 0.1°C can be achieved for very long
periods.

Chemical Analysis

Another, related, power supply application involves
the field of chemical analysis. Many electro-chemical
electrolytic processes are designed to proceed at a rate
governed by the voltage appearing at an immersed
reference electrode, often calomel. This may be done
so as to control which of two possible electrode re-
actions will occur. Such a process is known as a
controlled potential electrolysis and the apparatus de-
signed for the purpose are potentiostats. A potentio-
stat is easily made using a dc power supply in a
simple feedback circuit. As shown in Fig. 7, a pro-
granmmable power supply is employed to pass current
through an electrolyte. The voltage appearing be-
tween the “reference” electrode and the working
electrode is compared to the output of a command
supply, E,. Their difference serves to control the
output of the main electrolysis supply.

An interesting feature of this control arrangement,
and one that is essential to the concept of potentiostat,
is that the main electrolysis power supply does not

Fig. 7: Potentiostat used for controlled potential electrolysis.

COMMAND SUPPLY
.44 (REFERENCE)
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P
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VOLTAGE DROP, I X Ry,

+

AW DC
ECEMENT /
/ £, OUTPUT

VOLTAGE

\ _ INPUT VOLTAGE SUBSTITUTED
o~ IN PLACE OF THE 1R, DROP

+

+
X
\RAW pc ot

(b} PASS /
ELEMENY g~ OUTPUT VOLTAGE
o EQUALS INPUT

OUTPUT
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J ELECTRODE |
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Fig. 8: Using the operational notation of a simple triangle
representing the raw dc supply, the pass element, and the
comparison amplifier, the “half bridge” becomes a voltage
follower, impedance transformer. Fig. 8(d) is a potentiostat.

ELECTRO-
LYTE

draw any current from the reference electrode. Any
current into or out of this electrode would, of course,
upset the accuracy of the experiment. The connection
that permits this is called a “half-bridge.” How it
works can be seen from TFig. 8. Recall, that in the
more conventional full bridge or the operational con-
nection, a control bridge current, I,, flows. As shown,
I, equals E;/R; or Eg/Rpg, depending on how the

(Continued on page 53)
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Model 885-135 Differential Amplifier
to drive multiplexers, tape recorders
and A to D converters.

GAIN RANGE: 1 to 3000

INPUT RESISTANCE:
100 megohms

BANDW!IDTH: dc to

10 ke
OUTPUT: %5 volts at
*+10 ma
DRIFT: =1 uV for
40 hours
TEMP. COEFF:
*0.2 uV/°F
NOISE: 2 uV rms

Modei 126-101 Charge Amplifier. All
solid-state unit with internal dynamic

calibration. -
INPUT RESISTANCE: g ™
10,000 megohms St
INPUT RANGE: 1 to =
10,000 psi, g ibs .
GAGE FACTOR RANGE: e
1to 11 or 10 to o
110 pcmb per psi, ’ .
g or b, continu- f
ously adjustable = " pn
FREQUENCY RESPONSE: ..
0.3 cps to 150 kc .

STATIC CALIBRATE b:g

MODE: Extends (-]
response virtually A:‘?“}‘

to dc for dead
eight testing.

Contact your Astrodata engineering
representative for a demonstration. ..
or write today for technical literature
giving complete specifications.

TEL. (714) 772-1000 + TWX 714-776-3760 « FAX ¢ TELEX 06-78828 «

16b
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OLID STATE AMPLIFIERS FOR YOUR
D INSTRUMENTATION APPLICATIONS

ASTRODATA advanced design instrumentation amplifiers raise state-of-the-art standards to
higher levels for measurement. .. conditioning . .. monitoring . .. indicating . . . control.

For custom designs, Astrodata’s extensive experience provides a well-qualified capability for

satisfying your specific performance needs.

Model 884 Wideband (dc to 100 kc) Floating, Guarded Amplifier...
Model 885 Wideband (dc to 10 kc) Differential, Isolated Amplifier...
plifiers for low-level, wideband systems at lowest cost. Completely

eld-effect transistors in place of mechan-
ximum reli-

high-gain/performance am
transistorized, these state-of-the-art amplifiers use fi
ical choppers to achieve lowest drift rate, freedom from microphonics and ma

ability. Gain range to 3000 and a continuous
as standard features. Two differential mode
a low impedance can drive long lines, A to D converters,
recorders. Transfer characteristic is optimized to provide wide
minimum overshoot, fastest settling and overload recovery times,
greater than 120 db with up to +300 volts dc or peak ac common

Common mode rejection is
mode voltage.

All models have built-in power supplies,
noise less than 4 pV rms, linearity better
the same rack module with Model 1155

feature drift
than 0.02%.
Universal

Electronic Filter to form complete, isolated signal conditioning channels.

Model 885-235 Differential Amplifier
to drive data systems, long lines and
galvanometers.

GAIN RANGE: 3 to 3000

INPUT RESISTANCE:
100 megohms

BANDWIDTH: dc to

10 ke
OUTPUT: =10 volts
at =100 ma
DRIFT: =1 uV for
40 hours
TEMP. COEFF:
+0.2 uV/°F
NOISE: 2 »V rms

=

Model 120 Nanovolt Amplifier gives
you high-gain/low-noise amplification
for seismic transducer signals, Cryo-
genic studies, thermocouple or strain
gage signals.

E—

GAIN RANGE: 200 to
1,000,000

BANDWIDTH: dc to
100 cps

NOISE: 0.05 #V rms

INPUT RESISTANCE:
1 megohm

OUTPUT LEVEL: O to
+5 volts at =5 ma

ASTIROIDATA X
P.0. Box 3003 - 240 E. Palais Road, Anahevm, California -

October 1964

Unit

Uses plug-in circuit
cards to supply excita-
tion or bias, attenua-
tion, circuit completion,
balancing, filtering and
calibration. Used with
low-level or high level
signals from thermo-
couples, strain gages,
resistance temperature
sensors, thermistors,
potentiometers and
voltage sources. Can
function separately or
in same rack module
with Models 884 or 885
Amplifiers or Model

—

FULL SCALE RANGES:
*0.1 #V to
=100 mv

INPUT RESISTANCE:
1 megohm

ZERO SUPPRESSION:
+0.5 aV to =5 mv

AMPLIFIER QUTPUT:
Gain 30 to 3 million,
delivers =5 volts
at =5 ma

Overload Indicator

Circle 29 on Inquiry Card

Model 1155 Universal

ly adjustable 10-turn vernier control are provided
ls with =10 ma or =100 ma output current from
multiplexers, galvanometers or tape
frequency response with
and minimum phase shift.

less than 1 uV per week, wideband
Can be used either separately or in
Signal Conditioning Unit or Model 890

Signal Conditioning

890 Fiiter to provide
complete conditioning,
calibration and normal-
izing of transducer
signals.

Model 1212 Nanovoltmeter provides
0.1 zV full scale bridge balance de-
tector or thermocouple indicator for
standards and calibration work, in
the field and in laboratories.

.
92803

CABLE ADDRESS - ASTRODATA. Anaheim
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TRYGON
Half Racks

Model HR40-5A

HR-201.5° |0-20/0-15 [ g0, i0e |0-25 ™V] $164]

oxfos |

SHR20-3A
HR20-5A

o20/05 | 529

a0 100 [oaolo0 |

s Jadolas "
SHR60-1A | 0-60[0-1 |
HR60-2.5A [0-60/0-2.5

[vmcosr[oso]os

“Single Meter Units

... the most versatile power supplies going!

In the lab—you'll find you can't beat a Trygon Half Rack for versa-
tility and low cost! Want constant voltage with adjustable current
limiting? You've got it! Want constant current with adjustable voltage
limiting? You've got it! Want to select voltage and current with a
remote control? You've got this too!

But check the features at the right—and the prices—for yourself.
And remember—every Trygon power supply, large or small, goes
through the same test procedures before shipment. Each is
aged—burned in; each is subjected to stability runs. Each must pass
shock and vibration tests —your assurance of long, trouble free per-
formance along with versatility.

In a system—you merely take off the Half Rack dust cover, reverse
it, add an inexpensive Trygon adapter, and you have a unit that
slides right into a rack. What's more, you
can place two Half Racks in a 19” rack
width, occupying only 5%" of panel height.

For complete specs —on the Half Rack
Series as well as our catalog showing
the complete line of over 100 Trygon
Power Supplies, write to us today.
Address: Dept. EI-6.

TRYGON

Circle 30 on Inquiry Card

Two Trygon HR20-1.5's,
rack-mounted side by side.

111 Pleasant Avenue

ELECTRONICS INC.

Roosevelt, L.1., N.Y.
(516) FReeport 8-2800 TWX (516) 868-7508

ELECTRONIC INDUSTRIES -

FEATURES

CONSTANT VOLTAGE OPERATION
with adjustable current limiting.

CONSTANT CURRENT OPERATION
with adjustable voltage limiting.

COMPLETE RANGE REMOTE PRO-
GRAMMING furnishes voltage and
current selection from a remote
control.

REMOTE SENSING provides rated
regulation at the load, available at
both front and rear terminals.

HIGH RESOLUTION for setting cur-
rent and voltage is provided by
coarse and fine adjustments for
both (4 controls).

AUTOMATIC OVERVOLTAGE PRO-
TECTION~Trygon's unique over-
voitage protection is available as
an option.

October 1964



POWER SUPPLIES (Concluded) ?

elements are labeled. I also flows ,
through R,, (or R, as the case ‘
may be) and develops a voltage ;
drop across that resistor. The
polarity of the voltage across the
voltage control or feedback re-
sistor is seen in Fig. 8. Since the
amplifier maintains the voltage

WORKING
| ELECTRODE

A\ - o
+

SENSE |
VOLTAGE

REF
*+| ELECTRODE

T

across its terminals at a virtual
zero, or null, the voltage across
the output terminals of the power
supply must equal the drop across
the voltage control. This fact sug-
gests that if a voltage of the cor-

v

rect polarity were applied in place
of the voltage control/feedback
resistor, there would be no need

for the bridge current. The out-
put terminals would simply re-
peat the applied voltage. The out-
put terminals are, of course, a low impedance source
and the comparison amplifier ideally draws no cur-
rent. The result is a form of impedance transformer
or voltage follower. An impedance transformer, half
bridge, power supply configuration, is a unity gain,
1:1 form of programming where the input impedance
is exceedingly high, and the output impedance is very
low.

In the potentiostat setup, the reference electrode
voltage drop, which is a fraction of the total output
voltage, is compared directly with the output of the
command supply. To maintain the null, the power
supply varies the electrolysis current to regulate the
reference electrode voltage. Here, the loop gain
equals the open loop gain A of the power supply’s
comparison amplifier, typically 10*-10%, see Fig. &d.

The voltage follower has another useful application
to electrochemical electrolysis. In particular, when
constant current electrolysis is attempted, it is often
desirable to monitor the reference electrode potential

Fig. 9: Constant current electrolysis using power supply to re-
peat the sense voltage between reference and working electrodes.

in order, for example, to be able to detect the de-
pletion of one or more elements in the electrolyte.
Here, a separate, small, programmable supply is con-
nected as a voltage follower to repeat the reference
electrode voltage. The voltage, when it appears at
the output terminals of the repeater is identical to
the reference potential except that it is at low im-
pedance, capable of delivering substantial current to
monitoring or other control apparatus without draw-
ing any significant current from the reference elec-
trode itself. See Fig. 9

This article has attempted to show some of the
ways sophisticated dc power supplies can be used to
solve a number of control problems. In every in-
stance, the power supply is used to take advantage
of the exceedingly high-gain comparison amplifier
built-in for precision regulation. The coupling of a
high-gain dc amplifier with the high-power capabil-
ities of the supply’s output circuit, provides a unique
capability for signal processing and system control.

How to Specify a Regulated Power Supply

Regulation: Load (percentage
and millivolt change of output

It is recommended that nu-
merical values be provided for
all the following character-
istics, where applicable, so that
no doubts can remain in the
mind of the buyer or supplier.
In addition to the standard
specifications tabulated the na-
ture of the load, programming
requirements and any special
performance requirements
should be stated.

The following can be con-

ELECTRONIC INDUSTRIES -

sidered the standard specifica-
tions:

Output Voltage Range: (Cor-
responding to specified current
range, or with stated derating)
Output Current Range: (Cor-
responding to specified voltage
range, or with stated derating)
Specifications: Voltage Regu-
lation Mode

Regulation: Line (percent
change of output voltage for
stated change in line voltage)

October 1964

voltage for no load to full load
change in load at any output
voltage)

Stability: (Percentage and
millivolt change of output volt-
age over a stated period e.g. 8
hours after warmup, measured
at constant line voltage, load
condition and ambient temper-
ature)

Temperature Coefficient:
(Percentage change in output
(Continued on following page)
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How to Specify a Regulated Power Supply (Concluded)

voltage per degree C change
in ambient temperature)
Ripple: (Maximum ac com-
ponent of dc output expressed
either in peak-to-peak or rms
terms unless specified separ-
ately, ripple includes all un-
classified noise.)

Recovery Time: (The time re-
quired for the output voltage
or current to return to a value
within the regulation specifi-
cation after a step load or line
change expressed in fractions
of a second)

Output Impedance: (The in-
ternal impedance of the power
supply at its output terminals
at any frequency from dc up
to some upper frequency, usu-
ally 100kc)

Specifications, Current Regu-
lation Mode:
Output Range:
range in percentage of maxi-
mum output and in milhiam-

(Regulation

peres. Indicate figures for in-
ternal sensing and external
sensing if different)
Compliance: (Compliance of
output voltage as load resist-
ance is changed in percentage
of maximum rated output. In-
dicate figures for internal sens-
ing and external sensing if dif-
ferent)

Regulation, Internal Sensing:
(Independent specifications for
line and load regulation in
percentage and current for
stated changes in line voltage
and at any current from no
load to full load)

Regulation, External Sensing:
(Same factors as for Internal
Sensing, above)

Stability: (Output current var-
iation in percentage and milli-
amperes over a stated period
hours after warmup,
measured at constant line volt-

eg. 8

age, load conditions and am-
bient temperature)
Temperature Coefficient:
(Output current change in
percentage per degree C.)
Ripple: (AC current compon-
ent in percentage of any out-
put current setting)
Specifications, General:

Input Requirements: (Re-
quired input voltage, frequency
range and number of phases)
Ambient Operating Tempera-
ture:
range in degrees centigrade
without derating. State any de-
rating)

Storage Temperature Range:
(Permissible storage tempera-
ture range in degrees centi-
grade)

(Permissible ambient

Isolation Voltage: (Voltage
whicli can be tolerated between
either output terminal and
cliassis ground)

Specifications, Performance:
Controls: (Type and resolu-
tion)

Programming: (Types of pro-
gramming which can he used
and ranges of programming
voltage, current or resistance)
Automatic Crossover: (Sharp-
ness of crossover from voltage
to current and vice
Crossover signals when sup-
plied.)

Remote Error Sensing: (Avail-
ability and remote line voltage
drop toleration)

Cooling: (Type of cooling)
Voltage Overshoot: (Amount
of transient caused by turn off
or turn on of the power supply
falling outside regulation spec-
ifications)

Specifications, Physical:
Meters: (Size and accuracy
when furnished)

Terminals and Controls:
(Front panel controls and ter-
minals,
lar provisions on rear of chas-
sis or cabinet)

Dimensions: (Overall size)
Finish: (Type and color)
Mounting: (Tyvpe of mount-
ing)

Accessories: (Accessories
available)

versa.

Terminals and simi-

STABILIZED EMITTER-FOLLOWER

THE oUTPUT OF A TRANSISTOR used in the conven-
tional emitter-follower circuit varies with environ-
mental temperature changes. Hence, the need for a
temperature-stahilized circuit.

The problem was solved by using an npn and a
pnp transistor. Voltage variations due to tempera-
ture changes in the first stage are canceled by varia-
tions that are equal and opposite in the second stage.

The two transistors are connected as shown in
the diagram. An increase in temperature will cause
the base-to-emitter voltage V; of npn transistor Q; to
become less positive. The hase-to-emitter voltage V.
of pnp transistor Q. will hecome less negative to a
nearly equal degree, so that the temperature-induced
variations in V; and V. will tend to cancel. As a
result, the output voltage will remain essentially un-

54

affected by temperature changes within a prescribed
range.

In tests using a 2N780 transistor (Q;) for the first
stage and a 2N869 transistor (Q.) for the second
stage, the maximum output voltage variation was
30mv. over the range of —20°F to 200°F. No
attempt was made to match the transistor character-
istics for the test.

From NASA. Tech Bricf 63-10493.
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REDUCE YOUR PACKAGING SUPPLIERS TO ZERO

ONE SOURCE— ONE RESPONSIBILITY—ONE BIG SAVING

ONE SOURCE FOR . .. 25,000 SIZES AND
SHAPES ¢« DEEP DRAWN ALUMINUM BOXES
AND COVERS « ONE WEEK DELIVERY — NO
TOOLING COST

Sizes from %” x 154” to 28” x 54%,”. Square, rectangular,
round. Satiny wrinkle-free surface ready for painting. Shipped
from $600,000 inventory within one week from nearest factory.

Send for new 38-page catalog * Circle 31 on Reader-Service Card

ONE SOURCE FOR... MIL-SPEC CARRYING
CASES ¢ PRE-ENGINEERED DEEP DRAWN
ALUMINUM — NO TOOLING COST

Transit, instrument and combination cases to meet MIL-T-945A,
MIL-T-21200, MIL-C-4150E, MIL-T-4734, MIL-STD-108C and others
...pre-tooled and pre-engineered for fastest delivery at lowest

cost . .. accessorized to your exact specifications including shock
isolation systems.

Send for new 38-page catalog  Circle 34 on Reader-Service Card

ONE SOURCE FOR ... ALUMINUM AND
STEEL CHASSIS SLIDES « ZERO-PAK PRODUCTS

Five styles and more than 1,000 size combinations in steel chas-
sis slides. Complete line of ball-bearing 200-Ib. capacity alumi-
num slides. Handles, cable retractors, etc. Off-the-shelf delivery
from nearest factory.

E
S 7«3 N ——
=

Send for these two new catalogs e Circle 32 on Reader-Service Card

ONE SOURCE FOR ... THE ORIGINAL
MODULAR CONTAINER SYSTEM

Re-usable shipping/storage containers. Lightweight, heavy duty,
moisture and atmosphere tight protection to MIL-spec. Any size
for any weight or bulk. Shock isolation systems and interior
bracketry included. Modular concept saves engineering and pro-
duction time with resultant cost savings and fast delivery.

Send for 16-page catalog e Circle 35 on Reader-Service Card

ONE SOURCE FOR ...VENTILATED RELAY
RACK CABINETS, CONTROL CONSOLES,
PANEL MOUNTING BLOWERS ¢ WESTERN
DEVICES, INC. A Subsidiary of Zero Manufacturing Co.

Matching consoles and complete line of MIL spec and high grade
commercial accessories: chassis, panels, blowers, turret and
slope-front console fronts, desk top consoles, fixed and retract-
able writing surfaces. [

Send for catalog and specs e Circle 33 on Reader-Service Card

ONE SOURCE CAN HELP YOU WIN
THE VALUE ANALYSIS SWEEPSTAKES

Let your Zero sales engineering representative show you how
one source with one responsibility can keep your costs and
delivery on target by value engineering your every packaging
requirement.

ZERO MANUFACTURING CO.
1121 Chestnut Street, Burbank, California

Victoria 9-5521 TWX 213-846-8094
288 Main Street, Monson, Massachusetts

ELECTRONIC INDUSTRIES + October 1964
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How Come
Jack Takesuye’s Converter

Is 83% Efficient @100KC?

T-1: FERRIXCUBE 2137125 3C CORE
T1-2: FERROXCUBE 5287500 3C5 CORE
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100KC DC TO DC CONVERTER

Because Jack used Motorola’s
new Fast Recovery Rectifiers in
the bridge portion of his circuit.
These remarkable new devices offer a re-
verse recovery time more than an order of
magnitude faster than conventional rectifiers
(specifically, T,, = 100 nanoseconds Typ.)!

Because, secondly, Jack is a real

tiger when it comes to getting

top efficiency out of high fre-
quency equipment — he’s one of many very
capable, very imaginative engineers in
Motorola’s Applications Department, a
group you are free to call upon for assist-
ance, any time.

COMPARE PERFORMANCE CAPABILITY...

Pl

MOTOROLA FAST SWITCHING

RECTFIERS GREATLY
INCREASE EFFICIENCY

|
|

Motorola’s new fast

recovery rectifiers cut
overshoot current losses

and drastically minimize
recovery time. Available
in 750 mA, 6- and 12-
amp ratings, they main-

tain high operating effi-
ciency at frequencies as

high as 300 KC . . . at
right are several addi-
tional advantages these

¢ 9 Fast C tionat
e Recovery Rectifiers Rect.fiers
Practical Frequency
Capabilty (Limit) 300 Ke (Typ.) 1K (Typ.)
Typical Reverse
Retovery Time . Y
Switching 15 = 18; Ter = 0.3 psec Ter = 5-50 xsec
Vr = 30V)
Tum.on time
easuredlint nanoseconds microseconds
Weight of tilter
compongnts 4 Ibs. 30 Ivs.
required for (at 300 KCruTyp.) | (at 3 KCNTyp.)

typizal 3-amp load

devices offer over con-
ventional rectifiers . . .

Welght and size of
power transformer
required (at typical
operating frequencies)

1/7t0 1/10
the size
normally used

New Motorola fast
recovery rectifiers are
availapole now off-the-
shelf from your local
Motorola semiconduc-
tor distributor. For
more information write:
Department TIC,
Motorola Semiconduc-
tor Products Inc., Box
955, Phoenix, Arizona
85001.

MOTOROLA Semiconductor Products Inc.

BOX 955 ¢ PHOENIX. ARIZONA 85001 ¢ A SUBSIDIARY OF MOTOROLA INC, 11-34B110

Circle 36 on Inquiry Card ELECTRONIC INDUSTRIES « October 1964



Con Avionics’ new silicon power supply has
an M.1.B.F. of 100,000 hours
and a 5 year guarantee. It costs $65.

These dc regulated power supplies are available in nearly 200 different
voltage-current combinations. Silicon transistors are used throughout and the
units operate in ambients as high as 75°C, with a small external heat sink.

The Mean Time Between Failure of the modules is 100,000 hours, calculated
according to Mil Handbook 217. They are certified to meet the environmental
tests of Mil-£-5272, and most of the requirements of three other mil specs.
In addition, they meet the RFI requirements of Mil-1-6181.

Prices start at $65. Every time you specify one of these supplies, instead
of a comparable germanium unit, you save considerable money. If you're
using commercial supplies, typical savings-per-unit are about $40. For
military supplies it's much more.

The fastest way to get complete technical information and prices is to
write, call, TWX or wire Gerry Albers at Con Avionics.

SPECIFICATIONS

STANDARD ALL MODELS
MOOEL  “A"MODEL | jnpyt 105-125 v ac, 47 to 440 cps
Ii%f:l(&:%“'a‘ Temperature ;g’g ambienlt max.
°C base plate max.
Oy Oy
and Load) +0.5% £0.05% Response Time 10 microseconds
Ripple Military Certified to meet the en.
(rms. max.) 10 mv 1mv Specifications vironmental requirements
of MIL-E-5272 and the
Temperature RFI requirements of MiL-
Coefficient 0.07%/°C 0.03%/°C 1-6181

CONSOLIDATED AVIONICS CORPORATION | &5 waa0™ " k. 5351697 _‘j

Circle number 37 for product data and gemeral information. Circle number 118 for complete defails and visit with engineering representative.

ELECTRONIC INDUSTRIES <+ October 1964
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Just a prepunched,
- programmed card
A/ lets you test almost any transistor, diode,
¥ or zener in less than

with the automatic

1 %
. [sECONDS |
j IVIODEL 236 The remarkable new AEL Model 236 Automatic Transistor
Tester is a completely portable instrument that auto-

matically tests...with complete safety...transistors,
diodes, and other 2-, 3-, and 4-terminal semiconductors
out-of-circuit, or transistors and diodes in-circuit.

The combination of a punched-card programming system
plus an automatic lead selector, which eliminates any
need for identification of leads, makes the Model 236
simple to operate even by unskilled operators. Virtually
no set-up time is required, even when testing a variety
of one-of-a-kind. Actual test sequence . . . including
transistor identification, card selection and insertion,
and conducting of test . . . is completed in less than
10 seconds — making it possible to test thousands of
production transistors quickly and efficiently.

The Model 236 is designed for making either precise
quantitative measurements or qualitative inspection of
semiconductors in Incoming Inspection, Quality Control,
Engineering, Production and Receiving. It displays digi-
tal readout of measured test data and acceptance limits
along with “G0"”, “NO-GO” indication — and provides
graphical readout of automatic lead selection by display-
ing tead orientation, material and polarity.

PUNCHED CARD PROGRAMMING

450 prepunched program cards, representing 450 differ-
ent types of semiconductors are supplied . . . plus 50
unpunched cards for custom programming. When a unit
is being tested, the correct card is selected and simply
inserted in the punched card reader. The test is then
automatically conducted with the card establishing the
complete test routine and acceptance limits.

AUTOMATIC LEAD SELECTION

By a sequential logic test, the automatic lead selector
determines the transistor or diode material, its lead
polarity, and lead orientation.

IN-CIRCUIT TESTING

In-circuit checks of transistors and diodes are made
with shunts as low as 250 ohms for germanium and 500
ohms for silicon devices. No prior knowledge of lead ori-
entation or polarity is required. Indicating lights tell
whether the device is Good, Open, NO-Gain or Short.

For more information, or to arrange a demonstration,
write to:

Amerlccn

I:lecironlc

Ilcboraiorles, Inc.

P. 0. BOX 552, LANSDALE, PENNSYLVANIA
(215) 822-2929
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CHARTING RELIABILITY
FOR MAXIMUM EFFECTIVENESS

That the leaders of the aerospace/electronic community
recognize the rising importance of reliability

is without question. Techniques they use

in implementing effective programs, however,

By HAROLD M. GORDY

Corporate Manager of Reliability & Quality Control
Giannini Controls Corp.
Glendale, Calif.

ASSUMING THAT A COMPANY-WIDE reliability pro-
gram has been established, perhaps the most press-
ing question becomes: Where in the corporate
organizational chart does reliability belong? Who
does what to whom?

There is no simple answer. But the corporate suc-
cess that hangs in the balance makes it mandatory
that the question be searchingly examined, both
objectively and subjectively. Most certainly, differ-
ent companies will arrive at different “right” answers,
for the trade-offs are legion. Before examining this
question, let me make a case for centralizing the
reliability function.

The reliability organization does not consist mainly
of reliability engineers, although there are a few of
these. It consists of specialists: Test engineers, com-
ponent engineers, statisticians, data processing spe-
cialists, process engineers, metallurgists and design
analysts. They combine their efforts in what is usu-
ally termed : “The Reliability Program.” Their work
must mesh to be effective.

Thus, the circuit design analyst works closely with
the component engineers, so that he can get good part
derating information as one criteria for his analysis.
The statistician adds validity to his models through
the use of the data-processing specialist’s ability to
produce “real-world” data.

Combines and Balances

Finally, the reliability engineer combines and
subtly balances all the contributions of the specialists
and allocates reliability funding to produce the most
reliability per dollar.

The reliability organization has the technical diver-
sification and, we assume, the incentive to solve com-
plex reliability problems which other functional or-
ganizations might be at a loss to attack. For example,
can an electronic design organization attack a failure

Author Harold M. Gordy—"A manager who is already progressive
and objective, who can lend already-strong friendships and respect
to reliability work within his organization, will help his reliability
manager overcome hostilities and prejudice. Result will be an
effective and integrated reliability program.

should be questioned. Some do’s and don’'ts
in reliability are covered here for either
a non-divisional firm or a large product division.

problem which involves overheating of a part in an
equipment? Can a mechanical design department do
so? Not separately. But a reliability organization
will be able to make a basic determination of the in-
teractions of circuit parameters (over-current, over-
rating, etc.) with equipment cooling parameters, and
pinpoint the problem for corrective action by either
or both design organizations.

What this interdependence means is that reliability
should be centralized. That is, in any single product
division or non-divisional firm, there should be only
one reliability organization servicing all design, man-
ufacturing and quality assurance organizations.

Single Organization

One reliability organization will have the following
advantages:

1) It will produce a powerful tool for reliability
assurance by combining the talents of many special-
(Continued)

ists, not separating them.
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2) It will provide an inherently good flow of relia-
bility information among all specialists involved in
reliability tasks.

3) It will attract more of the rare reliability engi-
neers, who feel out of place in design organizations.

4) It will allow the building of reliability capabil-
ity, leading to future sales.

5) It will provide a single source of specs, stand-
ards, and reliability information, rather than several
sources, all different.

6) It will make reliability funding far easier, for
an entire reliability program sells better than its
pieces and parts.

Now, what are the disadvantages? Ilere are a
few:

a) Reliability specialists are further away from the
designers and line personnel of other organizations,
and are less familiar with their problems.

b) Reliability personnel are not as “project-ori-
ented” as they would be if each were attached to a
project or design organization.

¢) Reliability may build an “empire” hecause its

number and type of personnel are not subject to con-
trol by anyone in the design organizations.

What is clear is that each of the disadvantages can
be overcome: Reliability specialists can develop a
close liaison with design and other personnel through
helping them technically, and through friendly per-
sonal relations. Project reliability engineers in the
central organization can coordinate work on each
project, and instill project orientation into reliability.

Stop ‘Empire Building’

Finally, a good reliability manager and good man-
agement above the reliability manager can stop “em-
pire building.” Thus, the major disadvantages of
reliability centralization can be overcome. Its advan-
tages, on the other hand, cannot be gained in a decen-
tralized form.

Now, where in the organizational chart does a cen-
tralized reliability unit belong? Bear in mind that
reliability performs three administrative functions:

Control—The function of reliability control is
exercised by approval authority for parts usage, by
design review, by reliability demonstration, and by
failure analysis and corrective action. All of these
provide control information to, or exercise a direct
controlling influence on, line managers.

Table 1
Advantages and Disadvantages of Reliability Placement

Reliability Manager

reports to: Advantages
General Manager 1. Reliability authority and prestige are high. 1.
or 2. There is more communication with manage-
President ment.
3. More communication with customers.
4. Facilitates funding.
Engineering Director 1. More communication with system and design
or engineers.
Chief Engineer 2. Reliability professionals are considered
‘engineers.”  Professional prestige and

morale are raised.

Disadvantages

Communications with design engineers are
stretched.
2. Reliability may take on a “'spy” image with
line managers.
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