






































































































































































































































































































































































































































































































































dentet RESISTANCE MEASUREMENT SYSTEM

+.001% ACCURACY

RESISTANCE RANGE - 1 OHM TO 1111.11 MEG OHMS
OVER 8 YEARS OF PROVEN LONG TERM STABILITY,
GO/NO GO OPERATION

AUTOMATICALLY PROGRAMS CORRECT MEASURE-
MENT VOLTAGE AND DETECTOR SENSITIVITY
AUTOMATIC PERCENT DEVIATION READOUT-LINEAR
METER DISPLAY

DAMAGE-PROOF CIRCUITRY

8 DECADE RESOLUTION FROM 6 DECADES PLUS
OVERRANGING & LINEAR ANALOG METER DISPLAY

THE GENERAL RESISTANCE MODEL 6003EB IS A TOTALLY SELF-CONTAINED
RESISTANCE MEASUREMENT: SYSTEM, CONSISTING OF A WHEATSTONE
BRIDGE, SOLID STATE NULL DETECTOR, REGULATED SUPPLY AND AN AUTO-
MATIC GO/NO GO PERCENT SELECTOR PROGRAMMER. OVER 600 RESISTORS
PER HOUR CAN BE MEASURED AND SORTED TO BETTER THAN 1 PPM RELA-
TIVE OR %10 PPM ABSOLUTE ACCURACY.

THE GO/NO GO METER READS ERROR IN PERCENT OR PARTS PER MILLION
OF THE COMPONENT UNDER TEST. THE LINEAR METER OF THE GENERAL
RESISTANCE BRIDGE IS AUTOMATIC AND REQUIRES ONLY THE MOVEMENT
OF A SINGLE PERCENT SELECTOR KNOB TO THE DESIRED LIMIT, WITHOUT
REGARD TO THE OTHER DIAL SETTINGS.

Price range — $3450.00 to $3750.00. Write for Bulletin #710

GENERAL RESISTANCE, INC

430 Southern Blvd. « Bronx, New York 10455 « Tel.: 212-292-1500 » TWX 212 824-4880
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Photochopper

NEW CDhS
P OTOOCHOPPER
LELLS

Write for
bulletin
describing

CLAIREX

New
CDS type 6C

Electronic Design

Advertising
Representatives

New York 10022
Robert W. Gascoigne
Thomas P. Barth
Samuel M. Deitch
William C. Repetto
850 Third Avenue
(212) PLaza 1-5530
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Richard Parker
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Cells

¢ High Efficiency

* Low Temperature Coefficient

* Resistance Tolerance +50%

I.M ¢ Internal Electrostatic Shielding

Minato-ku, Tokyo

g o

e Dumet Leads y o

=05 2228 S PN
AMERICAN BUSINESS PRESS, INC.
e =

BPA
El[clﬂullcs INC B 1239 BROADWAY, NEW YORK, N.Y. 10001
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Save with

NEG'ATOR
counter-

alances
O

Save space, save weight, save more on production costs
too, with Hunter's NEG’ATOR springs in your products. A
strip of spring steel forming a pre-stressed coil, the NEG'ATOR
resists uncoiling with uniform pull, thus providing the same
rated force at any extended length. So with the NEG’'ATOR
constant-force spring, you'll eliminate deadweights and
linkages, and simplify mountings. For complete information
on the cost and design advantages of the NEG'ATOR spring
write Ametek, Inc., Hunter Spring Division 27 Spring Street
Hatfield, Pennsylvania 19440.

AMETEK / Hunter Spring

ON READER-SERVICE CARD CIRCLE 92

THE BEST

DRY TRANSFER
LETTERING COSTS
LESS THAN ANY
OTHER POPULAR
BRAND

ONLY

$1g

per sheet

$2.25/ two sheets

T | et |y

That’s the cost of a sheet of
DECA-DRY Transfer Lettering.
It’s the lowest priced of all the
popular brands of dry transfer
lettering. But some people go right
on paying more, and for less
quality. It must be because they
don’t know DECA-DRY is the
best transfer lettering you can
buy. One way to find out is to try
DECA-DRY. It’s easy to use . . .
all you do is rub it on for

quick, reproduction quality
lettering. We'll be glad to send you
a sample, or better still, buy a
sheet at your dealer today. People
who have bought DECA-DRY
have found better quality does

SPECIFY
cost less.

deca:dry-
¥ g | A Subsidiary of Avery Products Corp. ©

| 346D River Road, Leeds, Mass. 01053

| Send free sample and catalog show-
ing complete DECA-DRY line.

Look in the Yellow Pages
under Drafting Supplies .
or Art Supplies for your §

dealer’s name. " W Company
ﬁ®: Address

Name .... Title

CN READER-SERVICE CARD CIRCLE 93
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waldom
solderless
terminals &
connectors

]

3

From any angle, a wired assembly with
solderless terminations by Waldom is
better, stronger, neater and easier to as-

gemble. Everyone gains . . . the pretty assembler on the
line, her foreman, the company officers and stockholders

and, most of all, the user of the completed product.

Wa]ldom Sold.erless Terminals and Connectors make
positive connections, are vibration and temperature proof
and they will never wear out or lose their grip. If that’s not

enough, check these other benefits. . . .

% Broad selection including Quick Disconnects. % All
construction styles. % Absolute dependability. % Saves
time and labor. % Easier servicing. % All types made to
military specs.

Fast delivery from your electronics or electrical distributor. Write for
FREE Waldom catalog listing more than 3000 electronic hardware

items,

waldomrnn ELECTRONICS, INC

4643 West 53rd Street, Chicago, lllinois 60632
ON READER-SERVICE CARD CIRCLE 94
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0%

SMALLER!

-

NEW g=<
106 AMPS

80 dB Dynamic Range

Gain Matching (in pairs) to 1 dB
20 mV/dB Sensitivity

Accuracy =1 dB

These miniature log amplifiers are
especially well suited for use in
microwave receivers where small
size and weight must be achieved
without sacrificing performance.

The ITL-4 units actually improve
performance levels for reception of
high speed pulses when substituted
for the normal AGC'd IF amplifier.

Where size and weight are sec-
ondary, excellent performance is
readily available with LEL's ITL-2
log amps listed at $670.

SPECIFICATIONS
Center Frequency 30, 60 or 70 MHZ
Bandwidth 10 MHz
Input 50 Ohms
Output Video Det.
Dimensions 6% x % x 1%
Connectors 0SM
Power Requirement —15V@ 90 mA
Price $975
Delivery Stock to 30 days

More than 100 other standard
IF Amplifiers are available many
with such special characteris-
tics as broad bandwidth, gain-
and-phase-match, low noise,

extremely low power drain.

Send now for complete data
book including full specifica-
tions and performance curves.

ngllzlalwmm

VARIAN associates

AKRON ST., COPIAGUE, L. I, NEW YORK 11726
(516) AMityville 4-2200/(516) PYramid 9-8200
TWX Code 516-691-5085
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Siemens Semiconductors:
Germanium Transistors

Silicon Transistors

Germanium Diodes « Tunnel Diodes
Silicon Diodes

Silicon Zener Diodes

Photo Diodes « Photo-Voltaic Cells
Negative Temperature

Coefficient Thermistors

Positive Temperature

Coefficient Thermistors

ELECTRONIC DESIGN 13, June 21, 1967

3

SIEMENS

Siemens Transistors for transformerless
output stage with complimentary pairs

Write for further information,
or tell us your application and
we will suggest specific items.

SIEMENS AMERICA INCORPORATED
Components Division * 280 Ferris Avenue, White Plains, N.Y. 10603
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Design Data from

ELECTRONIC DESIGN’s aim is fourfold. It Small Electronic Parts Automation

aids progress in the electronics manufac-
turing industry by promoting good design.
It gives the electronic design engineer con-
cepts and ideas that will make his job easier
and more productive. The magazine serves
as a central source of timely, up-to-the-
minute electronics information. And finally
it seeks to encourage two-way communica-
tion between manufacturer and engineer.

New brochure describes an exclusive new system
which permits the complete automation of small
electronic parts manufacturing operations, at a
fraction of the cost of custom built equipment.
Illustrations show the standard universal power
tables and production modules which perform
each manufacturing operation. System can be

B oL ! assembled so simply that small runs can be auto-
Szjgn":irif‘f:;;‘,‘;in‘;‘“;‘:ﬁ;‘,‘l‘e;‘ :;;:Lg_ mated economically and modules are interchange-

lishing standards in the United States, T e Ol T able to meet changing requirements.
Western Europe and the United Kingdom.

If you think that you are entitled to a free - - 2
subscription, use the postfree application F eder a-l TOOI Englneerlng Company

form that you will generally find inside the 1384 Pompton Avenue 1 I ? 1
back cover. When it is not included, write Cedar Grove, N.]. 07009
to us direct for an application form.

If you are not, qualified, you may take out
a paid subscription at the following rates:
$25 a year if you live in the U.S.A. or $35 a
year if you live elsewhere. Single copies
may be purchased for $1.50 each.

Want a subscription? ELEcTRONIC DESIGN
is circulated free of charge to qualified engi-

If you change your address, send us an
old mailing label and your new address;
there is generally a prepaid postcard for
this inside the back cover. If you have been
receiving ELECTRONIC DESIGN free of
charge, you will have to requalify to con-
tinue doing so.

=~ Aids

No engineer or draftsman should be without the
most up-to-date crossreference guide to better
Printed Circuit Drafting Catalog. It is complete
with prices and illustrations of over 1200 sizes of
"Tape Lift" pads, shapes and other aids for faster,
more accurate, distortion-free printed circuit mas-

PRINTED CIRCUIT
DRAFTING AIDS

featariog the “TAPE LIFT
wethad for fast, accanate
print it drawing

We strive for accuracy. We take the ut-
most pains to ensure the highest standard
of accuracy throughout the magazine. A

single mistake in practical design informa- ter drcxwings. Write for FREE catalog.
tion can have serious consequences. But to

err is human, and for all the care we take,

an occasional error slips through. Whenever

this occurs, we publish a correction at the BY'Buk Company 3
earliest opportunity. You will find these " . 7
corrections printed at the end of the Letters 4326 West Pico Blvd., Los Anqeles' Calif. 80019 1 3
column. If you should spot an error, be sure Telephone: (213) 937-3511

to let us know. You may save your col-
leagues heartaches.

Microfilm copies are available of com-
plete issues of ELECTRONIC DESIGN that . S

have been published since the beginning of Equlpment Under TeSt Slgn
1961, and of single articles. Complete issues
cost 4¢ a page, individual pages cost 50¢
each; shipping and handling charges are
extra. The minimum charge is $3; delivery
time runs from 10 days for single pages to
five weeks for complete issues. For further
details and to place orders, get in touch
directly with University Microfilms, Inc.,
300 N. Zeeb Road, Ann Arbor, Mich. 48106;
telephone (313) 761-4700.

Bright red and white signs to attach to equipment
while it is under test to forestall accidental inter-
ference are available from POWER/MATE CORP.,
Hackensack, N. J. The company is offering these
heavy cardboard signs along with their new Pow-
er Supply Module Catalog No. 117. The Catalog
lists all of the many supplies available from PMC.
The package will also include information about
their new Uni-88—a 0-34 volt, 1.5 amp. supply
that sells for only $88.00. Racks and other acces-
sories are also available. Write today.

Want to contact us? If you have any
inquiries about these or other matters, or if
you have a manuscript outline or article
idea, address your correspondence to:

Howard Bierman, Editor, P Ower /Mate Corp.

ELECTRONIC DESIGN, 7
850 Third Avenue, 163 Clay St. 1 5
New York, N.Y. 10022. Hackensack, N. J. 07601 ;

166 ELECTRONIC DESIGN 13, June 21, 1967



Manufacturers

Advertisements of booklets, brocnures, catalogs and data sheets. To order use Reader-ServiceCard.

(Advertisement)

Ferrites For Electronics

This new catalog provides detailed engineering

information pertaining to ferrite materials, their

inherent magnetic characteristics and recommend-

ed applications for their optimum usage.

Offered are specific materials designed for:

—Low and Medium Frequency Small Signal De-
vices.

—Medium to High Frequency Devices.

—High and V.H.F. Devices.

—U.H.F. Microwave and Millimeter Wave Devices.

—DMagnetostrictive and Electromechanical Trans-
ducers, Couplers and Filters.

Ceramagnetics, Inc.
87 Fairfield Road 172
Fairfield, New Jersey 07006

Laminated and Molded Bus Bars For
Power Distribution

A 16 page Technical Bulletin is now available,
describing a new concept in power distribution.
...\ Basic mechanical and electrical design principles,
. | along with descriptive pictures and diagrams,

| are included in this bulletin. These compact
buses can replace bulky cable harnesses and
oertelFilv PR, repetitive wiring for computer or modular appli-

; fittjen  Ccation. This method of construction satisfies the
demanding requirements of low inductance and
resistance of high speed, solid state systems,
while controlling electrical noises.

Eldre Components, Inc.
1239 University A
Rocheste:wl‘?:v“YYorierng 07 1 74
TR TR e e R R
How To Plate Electronic Parts

Details step-by-step procedures for plating elec-
tronic components — particularly with precious
metals — to maintain functional reliability in the
most severe environmental and end-use condi-
tions. Provides a pictorial tour through the coun-
try’s largest plating facility designed for electron-
ics—from pilot plant operations, to modern volume
production techniques and stringent quality con-
trol procedures. Also describes prototype sample
plating service, to specifications, which the com-
pany offers at no cost or obligation.

A00O0000GE

Platronics, Inc.
500 Commerce Road 17 6
Linden, New Jersey 07036
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For further information on meet-
ings, use Reader Service card.

June 28-30

Joint Automatic Control Confer-
ence (Philadelphia) Sponsor:
IEEE; L. Winner, 152 W. 42 St.,
New York, N. Y. 10036.

CIRCLE NO. 469

July 17-19

Reliability and Maintainability

Conference (Cocoa Beach, Fla.)

Sponsor: SAE, ATAA, EIA et al.;

E. J. Folkman, General Electric

Co., Cape Kennedy, Fla. 32920.
CIRCLE NO. 470

July 18-20
Electromagnetic Compatibility
Symposium (Washington, D.C.)
Sponsor: IEEE; J. S. Hill, P. O.
Box 7405, Benjamin Franklin
Station, Washington, D. C.
20044.

CIRCLE NO. 471

July 24-28
Design Course on Automatic
Electronic Test Equipment (New
York City) Sponsor: New York
University; D. M. Goodman,
N. Y. U. School of Engineering
and Science, 401 W. 205 St., New
York, N. Y. 10034.

CIRCLE NO. 472

August 7-11
Computer-Aided Circuit Design
Institute (Columbia, Mo.) Spon-
sor: University of Missouri;
Prof. G. W. Zobrist, College of
Engineering, Univ. of Missouri,
Columbia, Mo. 65201.

CIRCLE NO. 473

August 17-19

Joint Automatic Control Confer-

ence (Seattle) Sponsor: ATAA,

ASME, et al.; A. E. Bryson, Jr.,

Univ. of Washington, 327 Lewis

Hall, Seattle, Wash. 98105.
CIRCLE NO. 474
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The Predictables.

Some computer
manufacturers
inspect every
incoming diode.

The others order
fromITT.

We do it for them. ITT inspects every diode
100% three different times before it’s
shipped. Any part number, silicon or ger-
manium, double plug or DO-7. Make us
prove it. RFQ: The Predictables.

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

FACTORIES IN WEST PALM BEACH, FLORIDA; PALO ALTO, CALIFORNIA; LAWRENCE, MASSACHUSETTS; HARLOW AND FOOTSCRAY, ENGLAND; FREIBURG AND NURENBERG, GERMANY
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new disciplines in DG

take the COOL slot supplies

No need to put ‘em on ice * no need for added heat sinks

All Silicon e Fully Serviceable ¢ No Encapsulated Components

HP’s new SLOT Series of DC Regulated Power Supplies have a constant voltage
output, screwdriver adjustable #=10%. Using four nuts imbedded in end plate,
modules can be mounted inside instrument or on standard 19" rack panels
available from hp. Barrier strip has terminals for AC input, DC output, and
remote sensing.

Design insures operation to 50°C without derating or added heat sinks.
Internal construction employs no cables, hand-soldered connections, or com-
ponent encapsulation — units are fully serviceable. Stock models, available on
a short-delivery basis, are listed below. The area below each curve at the
right indicates limits of ratings available on special order.

STOCK MODELS DIMENSIONS
Output Package | Model Price Module | Mounting Length
Voltage Current Size |[Number [ty. 1-9 Size Surface

6V+=10% [ 0-3A 5 [60065A | $100. 2 3% x 4%8” A"

12V = 10% 0-1A 3 [60123A 79. 3 33" x 418" 6”

12V * 10% 0-2.2A 5  [60125A 100. 4 3%"” x 58" 6”
24V *+ 10% 0-1A 4 [60244A 88. 5 3%” x 58" 7%e”

28V=10% | 0-15A| 5 [60285A | 100. | 6 4Ya” x 58" | 117

Load Regulation, 0.05%; Line Regulation, 0.05%; Ripple, less than 0.006% or 1 MV
RMS, whichever is greater ¢ Transient Recovery Time, less than 25 x sec to within
10 MV e Short-Circuit-Proof, Current-Limited Output ¢ No Overshoot on Turn-On,
Turn-Off, or AC Power Removal ¢ Operating Temperature, 0°C to 50°C; Storage
— 40°C to 185°C

100 Locust Ave., Berkeley Heights, New Jersey 07922

5 IMEE
p I i 580 7 5 _+-SIZE 6
| _4-SIZES
o e g
| & L N SRR
2 3~<‘ A= ZA "‘ZK—SIZE 3
2 No | A N
2 \;
1 b \
2 B \‘ NISIZE 2
H N
<e N X
-3 RN
= I e = N, \ N\
5 I & NCD)
g 1 '
2
3, 4
: o
3 e I \
o8
o6 ’ N\
0s
o4
03
02

Ol' 2 3 456 81012 20 30 40506080100

OUTPUT VOLTAGE RATING VOLTS —e=

200 300

Contact your nearest Hewlett-Packard Sales Office
for full specifications.

HEWLETT
PACKARD

HARRISON
DIVISICN

(H13B)
e Telephone 201-464-1234 TWX 710-984-7972
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Detect

smgle photons

with

RCA BIALKALI

photomultipl

Here’s a light-sensing achievement so remark-
able it enables you to measure the properties of
a star. RCA Bialkali Photomultipliers are cap-
able of detecting single photons to improve
measurement capability. They all use RCA Bial-
kali Photocathodes with 24% quantum efficien-
cy at 4,000 A and low noise—with the added
benefit of low cost.

This family of RCA Photomultipliers is intended
for systems for scintillation counting, spectros-
copy and other applications where pulse
counting and low-light-level detection and
measurement are important.

A few of the typical characteristics of these
Photomultipliers are summarized in the chart.
All have copper-beryllium dynodes and feature
low dark current and good time-resolution
characteristics.

For technical assistance on these and other RCA
Photomultipliers, see your RCA Representative.
For comprehensive literature on RCA’s full line
of photomultipliers, contact your RCA Industrial
Tube Distributor or Commercial Engineering,
Section ICG6-3, RCA Electronic Components
and Devices, Harrison, N.J. 07029

Also Available From Your RCA Industrial Tube Distributor

The Most Trusted Name
in Electrenics
®

ON READER-SERVICE CARD CIRCLE 224

lers

Type

Size (inches)

Dynode Structure

Anode Dark Current:
10 A/Im and 22°C

Dark Noise:

32 photoelectrons
3=
1 photoelectron

Electron Transit
Time (ns @ 1500 V)

Anode Pulse Rise
Time (ns @ 1500 V)

Pulse Height
Resolution (%)

4516 4517

% 1%
In-Line

Electrostatic-
ally Focused

Circular Cage
Electrostatic-
ally Focused

26 x10-10A | 3.9x 10-10A

24 x 104 1.5x 104

4518

2

Circular Cage

Electrostatic-

ally Focused

3.1x10-10A | 3.85 x 10-10A

7.7 x 104

4523

Venetian
Blind

2x 104

Venetian
Blind

0.77 x 10-°A

Venetian
Blind

1.15 x 10-9A

1.5x 105






