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.......F2LONEERS IN 
MINIATURIZATION 

HERMETICALLY SEALED 

NOW to MIL-T-27B 

VARIABLE 
INDUCTORS 

HIGH-0 plus HIGHEST Sniff 
IMMEDIATE DELIVERY FROM STOCK 

For almost a third of a century UTC has pioneered in 
the development of transformers, electric wave filters, 
high Q coils, magamps and similar iron core components. 
Highest engineering talent plus the most complete facili-
ties for research and testing has made UTC the leading 

NEW!- VERNIER 

30 

24 

1B 

12 

Not ewe/Dame 
HERMETICALLY SEALED 

NARROW 
RANGE 

HVV-I.5 

650 00 SOO 54 10K 
FREODENCY CYCLES 

=;:«: 

BA Y AD; HVV -I.5 

MEAN AD 

MIN ADJ 

10 100 
APPLIED VOLTAGE AT ,KC 

Write for catalog of over 
1,300 UTC HIGH RELIABILITY 

STOCK ITEMS 
IMMEDIATELY AVAILABLE 
from your local distributor. 

TM 

The HVV Variductors have been 
designed to emphasize extremely 
high stability with temperature, 
level, shock and vibration commen-
surate with the highest obtainable 
Q. They are ideal for precise match-
ing to other components such as 
capacitors with standard 10% toler-
ance. Units are provided with a ver. 
nier adjustment variation of + 10% 
through 900° rotation of adjustment 
screw on top of case. Setting is 
positive. There are 12 units in the 
stock line with mean inductances 
ranging from .006 Hy to 150 Hys. 
Specific mean inductances other 
than stock items are available on 
special order. Manufactured and 
guaranteed to MIL-T-27B, MIL type 
TF4RX20YY. Drawn metal case: 11/8" 
long, 25/32" wide, 1-7/32" high 
(including adjustment screw); weight: 
2 ounces. Effective Q over a wide 
frequency range and variation of in-
ductance with applied AC voltage 
are illustrated for a typical unit. 
Patent pending. 

supplier in the industry for both stock and custom built 

components. UTC Variductors (stock variable inductors) 
have served as a simple solution to tuned circuit for 
almost 20 years . . . for oscillators, equalizers, filters, 
tuned radio circuits, etc. 

eee vegineerer 
HERMETICALLY SEALED 

HVC units are usable over a wide 
frequency range and have high sta-
bility with temperature and voltage 
change. Nominal inductance values 
of 12 stock units in series range 
from .006 Hy to 150 Hys. The varia-
ble inductance range of each unit 
is + 200%, — 70% of nominal 
value through 900° rotation of ad-
justing screw on top of case. Setting 
is positive. Case size and weight is 
the same as HVV. U.S. Patent No. 
2,879,489. 

eeemee Teem 

WIDE 
RANGE 

, •";"'"'" 

VC 
4N, 

50 400 500 ,K 3K KM 
FREQUENCY CYCLES IA APPLIED 

TVC Variductors are identical to the HVC units, but provide 
taps at 30% and 50% of total turns. Different taps are available 
on special crder. U.S. Patent No. 2,879,489. 

WIDE 
RANGE we regineeroir 

COMMERCIAL GRADE 

Nominal inductance values of 22 stock items 
in this series range from .0085 Hy to 130 Hys. 
Mean inductance may be varied + 85%, 
— 45% through 600° rotation of adjustment 
screw in side of case. Rugged die cast case: 
1-11/13" long, 11/4" wide, 1-7/16" high; 
weight 51/2 ounces. 

AND "SPECIAL" CUSTOM BUILT UNITS 
TO YOUR SPECIFICATIONS 

UNITED TRANSFORMER CORP. 
150 VARICK STREET, NEW YORK 13, N.Y. 

PACIFIC MEG. DIVISION: 3630 EASTHAM DRIVE, CULVER CITY, CALIF. 
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y. CABLE : "ARIAS' 
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ELECTRONIC 
INDUSTRIES 
The State-of-the-Art Magazine 

COMPONENT SPECIFICATION 

SURVEYS 
Dear Reader: 

In this issue (page 84) we present the concluding installment 
of our 1965 Connector Specification Survey. This section deals 
with Plug and Jack Connectors. 

Many of you have written telling us how helpful our hard-
ware specifications surveys are. We intend to continue this 
program. Part I of Potentiometer Specifications, which follows 
the present connector series, starts in our September issue. On 
the reverse of this sheet we have listed all of the specification 
charts planned for the rest of the year. 

Because of the long lead times required by this type feature, 
we are planning the 1966 hardware specification program now. 
If you, as our reader, have specific thoughts or desires in this 
area we would appreciate receiving your views. 

To give you some idea of what is involved in developing these 
surveys we thought we might summarize the preparation steps 
for you. First, of course, we have to select a hardware area 
that is of greatest interest and use to our readers. Next comes 
the development of a complete name and address list of the 
manufacturers making these products. This is followed by a 
letter or questionnaire mailing to manufacturers requesting 
up-to-date information on the products they make. The gather-
ing of this information may also involve multiple mailings and 
additional telegrams or phone calls in order to obtain full par-

ticipation in the program. 

By this time we have now assembled hundreds of pages of 
specification data. All this must be analyzed, checked, and 
edited to produce an informative and useful editorial feature. 

After the information has been compiled, we again seek 
manufacturers' cooperation in re-verifying what we plan to 
publish. It is only when we reach the verification phase that 

we are able to plan and schedule actual publication. 

•••N  

Plans for our present Connector Specification Survey were 

originally made in November 1964 and the first section of 
Printed Circuit Connectors was published in the January 1965 
issue. This was followed by Coaxial Cable Connectors in Febru-
ary and Multi-Pin Connectors in April. We worked with 160 
manufacturers to develop this material and spent more than 
300 man-hours in its compilation. 

Sincerely, 

The Editors 
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1965-1966 EDITORIAL FEATURES 

AUGUST • WESCON Show 
• Power Relays Specification 

Chart 
• Characteristics of Photovoltaic 

Diodes 

SEPTEMBER • State-of-the-Art in Solid State 
Devices 

• Potentiometers, part 1, Specifi-
cation Chart 

• Phototransistors & Silicon 
PNPN Light- Activated De-
vices 

OCTOBER • Special Purpose Relays 

NOVEMBER • Microwave, 13th Annual Issue 
• Potentiometers, part 2, Specifi-

cation Chart 

DECEMBER • Switches, part 1, Specification 
Chart 

• Computers, State-of-the-Art 

JANUARY • 1966 Review & Forecast for the 
Electronic Industries 

MARCH • 1966 IEEE Show Coverage 

, 



ELECTRONIC 
INDUSTRIES 
The STATE-OF-THE-ART Magazine 

EMC Today 

IN 1960 ELECTRONIC INDUSTRIES was first to call at-
tention to the growing problems in RFI ( Radio Fre-
quency Interference). The ten feature articles we pub-
lished on RFI in that year formed the basis for a special 
military training course at the Armour Research Foun-
dation. Since then the scope of this subject has broad-
ened considerably. RFI has grown to EMC ( Electro-
magnetic Compatibility). It has become a topic for 
special courses at the University of Pennsylvania as well 
as Massachusetts Institute of Technology. The Na-
tional Symposium on Electromagnetic Compatibility, 
held in New York City last month, attests to the grow-
ing interest and concern in this area. 

We believe that you will find "New Developments in 
EMC," and "The Broad Aspects of EMC" both interest-
ing and informative state-of-the-art reports. James 
Senn, James Hill and Rexford Daniels are recognized 
industry spokesmen. In addition, we should like to make 
the following constructive suggestions: 

1. EMC technology has advanced sufficiently to war-
rant training engineers in the field of RFI/EMC. They 
should receive information about how to detect, meas-
ure, and design devices and equipment to suppress un-
wanted radiations. It would be a good subject to include 
in all college engineering courses. 

2. Suppression devices and connections should be 
clearly marked as EMC devices and made in such a 
manner that they cannot be left out when equipment is 
repaired. We suggest that all devices and grounds be 
tagged with a phrase such as "Do Not Remove With-
out Prior Approval of   

3. There is a definite need for minimum specifications 
that would be applicable to all services—military, gov-
ernment, and civilian. Critical problems could be 
covered by more stringent specifications. 

4. New EMC test equipment is coming on the market 
that has the desirable features of portability, automatic 
operation, and accuracy. This instrumentation is useful 
in the hands of trained specialists. However, there is 
still a need for equipment that can be used by techni-
cians who do not have full knowledge of the field. This 
equipment should be rugged, portable, easy to operate, 
and less costly. 

5. Engineers need comprehensive EMC design hand-
books. Such texts would also help them solve existing 
problems. 

6. Designers should more fully consider the electro-
magnetic environment in which equipment will operate. 
Some steps have been taken in this direction through 
ECAC ( Electromagnetic Compatibility Analysis Cen-
ter) for military equipment designers and users. A simi-
lar service, embracing the same methods, should be de-
veloped for civilian applications. Civilian and military 
equipment should be capable of living together. 

7. Electrical/electronic devices such as heating pads, 
motors, razors, radios, tape recorders, and SCRs for 
control devices, etc., are creating unwanted radiation. 
Steps have been taken with some TV receivers under 
the "Good Neighbor" policy to reduce spurious radia-
tion. All devices should be under some effective control. 
The purchaser of electrical devices knows that he should 
look for the Underwriters Laboratories approval label. 
Perhaps the engineering department of EIA and NEMA 
could develop radiation reduction standards. Then it 
would become possible to tag or label equipment that 
has met these specifications. 

Let's look at electromagnetic radiation as a natural 
resource that should be nurtured and conserved in every 
possible way. Senate Bill S. 1015 now before Congress 
would grant broad power to the FCC to regulate un-
wanted radiation. We believe this is a constructive step 
in the right direction. 

ELECTRONIC INDUSTRIES • July 1965 1 



Now from Sprague! 

pa/ 
CAST MICA 

CAPACITORS 

FEATURE: 

• Operation to 125C 

• Reduced Sizes 

• Lighter Weight 

if Greater Ruggedness 

Cooler Operation 

For application engineering assistance without 
obligation, write to Mica Capacitor Section, 
Field Engineering Dept. For complete technical 
data write for Engineering Bulletins 1230 and 
1240 to Technical Literature Service, Sprague 
Electric Company, 233 Marshall Street, North 
Adams, Massachusetts 01248. 

First Major Change in 

HIGH-POWER 
MICA CAPACITORS 

In Over 25 Years! 

SOMETHING NEW and important has happened to trans-
mitter-type mica capacitors! In place of the old-fashioned, 
bulky assemblies you've had to use in the past, Sprague 
now offers modern, miniaturized Cast Mica Capacitors-

30% smaller in size, 30 to 40% lighter in weight, available in new 
shapes and mountings for liberal new design possibilities. 

Encapsulated in high-temperature epoxy resin by a patented 
process, Sprague Cast Mica Capacitors will operate at temperatures 
to 125 C without derating—greatly in excess of the 70 C or 85 C 
limits of conventional capacitors. This exclusive construction also 
provides superior thermal conductivity—far better than with 
porcelain—enabling these capacitors to carry higher r-f currents. 

Unlike older units with fragile insulating housings, .Sprague 
Cast Mica Capacitors are rugged. Their tough epoxy resin encap-
sulation, with improved hermetic seals, eliminates use of potting 
waxes which tend to melt and cause damage to electron tubes 
and other components. 

Sprague Cast Mica Capacitors, designed not only to meet 
but exceed MIL Specifications, are made in both the familiar 
cylindrical as well as a new rectangular shape, with female threaded 
terminals on opposite ends. Although smaller in size than con-
ventional capacitors, Cast Micas can be procured—for inter-
changeability—with one or two aluminum plates having the same 
center-to-center mounting holes as standard types. Where space is 
critical, they may also be mounted or stacked without plates by 
means of dual-ended headless screws. 

SPRAGUE COMPONENTS 
CAPACITORS 

TRANSISTORS 

RESISTORS 

INTEGRATED CIRCUITS 

THIN-FILM MICROCIRCUITS 

PULSE TRANSFORMERS 

INTERFERENCE FILTERS 

PULSE- FORMING NETWORKS 

TOROIDAL INDUCTORS 

ELECTRIC WAVE FILTERS 

CERAMIC- BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES 

BOBBIN and 7APE WOUND MAGNETIC CORES 

SILICON RECTIFIER GATE CONTROLS 

FUNCTIONAL DIGITAL CIRCUITS 

SPRAGUE 
THE MARK OF RELIABILITY 

'Sprague and'CY are registered trademarks of the Sprague Electric Co. 
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JULY 1965, Vol. 24, No. 7 

Editorial: EMC Today 

ELECTRONIC 
IN 

The STATE-OF-THE-ART* Magazine 

STATE-OF-THE-ART FEATURES 

1 

The Broad Aspects of EMC R Daniels 41 

New Developments in EMC J. C. Senn & J. S. Hill 44 

Evaluating DC Testers for Integrated Circuits . . R. Booher, S. Boscia & J. Petruska 58 

Survey of Integrated Circuit Testers   62 

1965 Survey of Commercial Semiconductor Photosensitive Devices 
Part 1: Photoconductors R D. Kaus 73 

1965 Connector Specifications Guide, Part 4: Plugs, Jacks, Cords and Terminals 84 

DESIGN/DEVELOPMENTS 

Reliability Through Redundancy N Seiden 65 

A Simple Approach to Operational Amplifier Design F. R. Brown & B. R. Savage 70 

MEASUREMENT/TEST 

Electromagnetic Compatibility Measurements H M. Sachs 106 

WHAT'S NEW 

RFI Leaks Eliminated   

TV From an LP   

Highly Versatile Sputtering Unit 

DEPARTMENTS 

50 Test Chamber Speeds IC Testing   

52 Audio Wave Analyzer   

69 Fifty-Watt R-F Transistor   

112 

113 

114 

Highlights   4 Coming Events   35 

Radarscope   8 Microelectronic Developments   95 

Washington Trends   

Electronic Snapshots   

Marketing: Fact & Figure Roundup   

Letters   

18 

22 

26 

30 

New Tech Data   96 

Measurement News   105 

Editor's Notebook   117 

International News   119 

New Products   120 

COVER: One of a battery of longitudinal- baffle microwave anechoic chambers at the Canton, Mass. facilities of 

Emerson & Cuming, Inc. It was designed as an experimental chamber to provide solid —40db reflectivity using 

only —20db absorbing material in the L- band and higher frequency range. 

*STATE-OF-THE-ART: up-to-the-moment ca-
pability in each area of electronic technology 

-41> 
AMERICAN BUSINESS PRESS, INC 
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ELECTRONIC 
INDUSTRIES 

New Development in EMC 

DC Testers for I.C.'s 

Operational Amplifier Design 

Plugs and Jacks 

EMC Measurements 

OMB. ill MIIBM. 
1111111r 11111111 

I ,o 

[1E-72 

THE BROAD ASPECTS OF EMC 41 

The field of electromagnetic compatibility (EMC) goes beyond the normal 
"interference" to communications. It now encompasses the effects of radia-
tion on man, animals, plant life and materials, to cite a few. New problems 
on the horizon may be grouped into legal, legislative, and labor. 

NEW DEVELOPMENTS IN EMC 44 

The field of electromagnetic compatibility has been in a constant state of 
change. New instrumentation, new specifications, better control measures, 
and advanced methods of protecting ordnance devices are among the most 
recent changes. Here is a chance to be brought up-to-date. 

EVALUATING DC TESTERS FOR INTEGRATED CIRCUITS 58 

Microcircuits are complex and so is the equipment that tests them. However, 
they all generally operate on the same techniques. The strengths and weak-
nesses of these techniques are discussed frankly in this report. 

RELIABILITY THROUGH REDUNDANCY 65 

There are certain basic approaches to increasing the reliability of equipment. 
They are covered here, and a simplified approach to the evaluation of re-
dundancy techniques is developed. 

A SIMPLE APPROACH TO OPERATIONAL AMPLIFIER DESIGN 70 

The well-known feedback equation for the conventional feedback amplifier 
is not normally applied to the negative feedback operational amplifier. This 
approach explains how the feedback equation, with one simple substitution, 
can be used to determine the exact response equation for two commonly 
used operational amplifier configurations. 

1965 SURVEY OF SEMICONDUCTOR PHOTOSENSITIVE DEVICES, 
Part 1: Photoconductors 73 

This material will be presented in three parts—Part 1: Photoconductors; 
Part 2: Photovoltaic Diodes; and Part 3: Phototransistors & PNPN Light 
Activated Devices. Also included in Part 3 will be a complete table of manu-
facturers, their general categories of devices and complete mailing addresses. 

1965 CONNECTOR SPECIFICATIONS—Part 4: Plug and Jacks 84 

Fourth and final report on connectors by Electronic Industries' editors giving 
key characteristics of the plugs, jacks, cords and terminals offered by the 
industry's 92 manufacturers. 

ELECTROMAGNETIC COMPATIBILITY MEASUREMENTS 106 

EMC sets certain requirements for spectrum analyzers, field intensity meters, 
signal generators and coupling devices. These are discussed in terms of 
dynamic range, calibration accuracy, spurious effects and the like. 

• A REPRINT of ANY ARTICLE in this issue is available 
from ELECTRONIC INDUSTRIES Reader Service Depart-
ment, 56th & Chestnut Streets, Philadelphia, Pa. 19139 
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Now from Sprague! 

LOW-COST, HERMETICALLY-SEALED 
pine 

SILICON EPITAXIAL PLANAR TRANSISTORS 

A NE CIE NPN Qilltoto 
W  IRANSISIORS 

IN 10-5 AND 10-18 CASES! „memo 
SUPERIOR '10 EMU-ENCASED IRANSISIORS 

RESISIga AtiII POWER CAPABILIIII 

Llt 

TYPE NO. APPLICATION BVc80 BVcEo FIFE fl. 
TO-5 CASE TO- 18 CASE 

TN53 TN54 High Voltage Switch, Amplifier, Gen. Purpose 75V 45V 50 min. 100 Mc 

T1N55 TN56 Low-level, Low-noise 40V 30V 60 min. 30 Mc 

TN59 TN60 High Speed Switch 

High Speed Amplifier 

40V 30V 100 min. 100 Mc 

TN61 11162 40V 30V 50 min. 100 Mc 

TN63 TN64 20V 20V 25 min. 20 Mc 

Fer complete information, write to Technical 
Literature Service, Sprague Electric Company, 
233 Marshall Street, North Adams, Mass. 01248 

SPRAGUE COMPONENTS 

TRANS ISTORS 

CAPACITORS 

RESISTORS 

INTEGRATED CIRCUITS 

THIN-FILM MICROCIRCUITS 

PULSE TRANSFORMERS 

INTERFERENCE FILTERS 

PULSE- FORM ING NETWORKS 

TOROIDAL INDUCTORS 

ELECTRIC WAVE FILTERS 

CERAMIC- BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES 

BOBBIN and TAPE WOUND MAGNETIC CORES 

SILICON RECTIFIER GATE CONTROLS 

FUNCTIONAL DIGITAL CIRCUITS 

TO- 18 CASE 

SPRAGUE® 
THE MARK OF RELIABILITY 

'Sprague and ' Ï. art registered trademarks of the Sprague Electric Co 512) 
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When you must combine 
several charging functions 
into one versatile black box 

IT'S TIME TO HAVE A WORD WITH VARO! 

If you need a source of recharging power that is more than an efficient 
DC converter — one black box that performs multiple functions reliably 

with built-in safeguards — why not oring your problem to Varo? You'll 

get the benefit o 18 years of leadership in the design and manufacture 

of state-of-the-art static power conversion equipment, ready to assist you 

in meeting the most demanding specifications and delivery schedules. 

An example of Varo's capability is the 
Mcdel 3171 Battery- Charger- Analyzer. 

Providing three modes of operation, 
this versatile battery- charger- analyzer is 
capable of discharging, analyzing, and 
recharging 22 Ni-Cad batteries to 140% 
of rated capacity. Automatic mode pro-
vides discharge, analysis, and recharge. 
Manual modes provide for discharge 
and analysis, or for recharge. Fully 
rechErged batteries are automatically 

removed from the circuit. Fail-safe provision; battery 
reversal alarm indicator; protected against short cir-

cuits. prolonged overloads, and accidental discharge. 
lnput 115 VAC -±10%, 60 cps i5 cps; output, 38 
'IDO, 0.07 to 20.0 amps. 

Let us show you how we can help with your power 
supply problems. Write or call: 

Varo — The first name in static power conversion 

ELECTRONIC PRODUCTS DIVISION 

2201 WALNUT ST., GARLAND, TEXAS 75041, (AREA CODE 214) 276.6141 

VARO INC 

SHELBY A. McMILLION, 
Publisher 

BERNARD F. OSBAHR, 
Editor 

CREIGHTON M. MARCOTT 
Executive Editor 

JOHN E. HICKEY, Jr. 
Managing Editor 
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100 East 42nd St. 
New York 17, N. Y. 
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Western Region 
I. PHILIP GEDDES, 
198 S. Alvarado St. 
Los Angeles 57, Calif. 
(Area Code 213) DUnkIrk 7-1271 

Defense! Space 
CHARLES R. WILHIDE, 
4400 Brookside Drive 
Alexandria, Va. 

WASHINGTON NEWS BUREAU 
1093 National Press Bldg. 
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I:Me,i SUBSTRATES 

for both cermet and film type end uses 

Smaller, thinner and more dimensionally 
precise ceramics have been one of the 
keys to needed advances in electronic 
devices. Since the early 1950's American 
Lava technical people have teamed with 
various other scientists, researchers 'and 
designers with the result that AlSiBase 

ceramics are an integral part of several 
of the most interesting new electronic 
devices. 

These AlSiBase substrates have superior 

electrical characteristics and do not de-
form under high operating temperatures. 
They are electrically and mechanically 
stable over a wide range of tempera-
tures. The material is capable of dose 

dimensional control and it is practical to 

include a plurality of accurately located 
holes, notches and slots of precise size 

The majority of substrate requirements 
can be met by the "as fired" finish of 
AlSiBase. This material is economical, 
strong, withstands rough handling, has 
high thermal conductivity and a hard 
surface unaffected by abrasion or chem-
icals which would damage glass or 
glazed surfaces. 

Glazed AlSiBase, with some compromise 
of thermal conductivity, was developed 
to meet the need for a super smooth sur-
face on parts for thin film work. 

AlSiBase substrates now are produced 
in volume at two American Lava plants. 

They are finding ever widening applica-
tions. Our first technical bulletin on this 
subject is now available. If you'd like a 
copy, please request Bulletin No. 652. 

American Lava Corporation 
PHONE 615/265-3411, CHATTANOOGA, TEN>. 37405 A SUBSIDIARY OF COMPANY 

For service, contact American Lava representatives in Offices of Minnesota Mining and ManuFacturing Co. in these cities (see 
your local telephone directory): Bimingham, Micnican • Boston: Needham Heigh's, Mass. « Chicago: Bedfcrd Park, Illinois 
Cleveland, Ohio • Laurens, S. C. • Los Angeles, Calif. • Minneapolis, Minn. • Metropo ,itan 'New York: Ridgefield, N. J. 
Up-State New York: Phelps, N. Y. • Philadelphia, Penn. • Richardson, Texas • Roanoke. \ia. • South San francitco, Calif. 
All export except Canada: Minnescta Mining and Manufacturing Co., International Division, 700 Grand Ave., Ridgefeld, N. J. 
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ELECTRONIC 
INDUSTRIES 

EIUMOC U 
Developments and trends affecting the State-of-the-Art 
of technologies throughout the electronic industries 

TALKING COMPUTER 

J. R. Ball of Westinghouse checks out one of the elements of a 
computerized teaching system developed by the company for Stan-
ford University. Six of 12 audio units which will enable the com-
puter to talk to students are shown. A Prodac 50 computer system 
is used to control the battery of random-access audio units. 

SOLAR ENERGY COLLECTOR that will be 52 
feet in diameter, and petal-shaped for space applica-
tions, is to be designed by Goodyear Aerospace Corp. 
In operation, the collector would be placed in orbit 
and then unfold like an umbrella. Its surface will re-
flect and concentrate energy from the sun. The re-
sulting energy then would be converted to electrical 
power. The contract was awarded by Sundstrand Avia-
tion-Denver. 

NEW HIGH-SPEED MEMORY unit recently 
made available by RCA has a full-cycle time as low as 
200 nsec. The monolithic ferrite device is now in pilot 
production for tests and evaluation. Production econo-
mies are realized in this unit as "batch processing" 
eliminates the tedious task of core-stringing and hand-
wiring. The production process uses thin layers of 
normal ferrite material fired into a solid monolithic 
ferrite wafer one-inch square and five one-thousandths 
of an inch thick. Each wafer contains 4,096 theoretical 
cores, with each core having an effective diameter of 
5 mils. 

LASER NAVIGATION SYSTEM that could be 
used on vehicles in exploring and mapping the moon's 
surface has been successfully tested. The test was de-
scribed by R. A. Flower, Program Manager at GPL 
Div., General Precision, Inc., at recent National Aero-
space Electronics Conference. The laser is an integral 
part of a velocity sensor that has been incorporated 
into an experimental navigation system along with a 
computer, a map plotter and other electronic equipment. 

COMMUNICATION EQUIPMENT that can 
handle messages at the rate of 2500 words/min. will 
be used by Standard Oil Co. ( N. J.) for company mes-
sages between New York and London. The equipment, 
which can send and receive printed messages over 30 
times faster than normal teletype was conceived by Jersey 
Standard Engineers and designed and developed by 
Data Communications, Inc. It can also sort, according 
to destination by actual office, messages fed into it at 
random. 

PROTECTING GERMANIUM from environ-
mental conditions is in the early stages of development 
by scientists at General Motors Research Labs. A new 
method converts the common oxide film of germanium 
to a rare, extremely stable tetragonal form of germanium 
dioxide. This hard film is about 50 pin. thick. It will 
protect devices from environmental conditions such as 
water vapor. The film also improves the semiconduc-
tor's electrical properties. 

PORTABLE COLOR TV RECEIVER has been 
introduced by General Electric Co. The 24 pound set 
will be available late this fall. The new portable— 
called "Porta-Color" by GE—will use an 11-in. rec-
tangular tube made by the company. The receiver 
measures 16 in. deep full front to back, 114 in. high, 
and 17 in. wide. 

SUPERCONDUCTIVITY has been established at 
5°K in lead telluride, normally a semiconductor, in a 
research program of the Franklin Institute Research 
Laboratories. Previously, superconductivity in semicon-
ductors had been achieved only at temperatures around 
0.3°K. And, the methods involved were much more 
difficult and costly than those used at 5°K. 

NEW X-RAY SENSITIVE TV tube has the 
ability to "build up" the contrast and detail of the image 
during exposure according to Picker X-ray Corp. The 
tube resembles conventional x-ray sensitive TV units 
in that it converts the rays directly into shadow images 
for TV viewing, but with the build up. The new tube 
is ideal for inspecting microcircuits and other tiny elec-
tronic components. 
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A MALFUNCTION DETECTION SYSTEM de-

veloped by the Lockheed-Georgia Co. will constantly 
check the condition of an aircraft in flight. Readings 
from over 1,000 test points throughout the aircraft can 
be relayed to the flight engineer's station through an 
automatic printer and oscilloscope to provide an im-
mediate "physical examination." These readings pin-

point, and in some cases anticipate, malfunctions. 

SPECTROSCOPY'S findings about radiation gave 
birth to the quantum theory in the 1920s. This theory 
led physicists to a deeper understanding of the natural 
universe. However, the theory has been inadequate to 
explain all of the recent findings of spectroscopy. Ob-
servations made by Purdue University scientists indi-
cate possible errors in the theory's interpretation. 

LATEST WELDING PROCESSES such as elec-
tron-beam, laser, plasma-arc, friction and electroslag 
are covered in the new "Welding Handbook" from the 
American Welding Society. The new handbook re-
flects the latest information in the processes of metalliz-
ing, brazing, soldering, adhesive bonding of metals, 
ultrasonics and several other methods. 

ELECTRONIC MEASURING SYSTEMS that 
can detect, automatically and continuously, a number of 
pollutants and indicate the degree of water pollution 
has been developed by Honeywell. Measurable data on 
the constituents that define the quality of the water can 
aid in minimizing pollution. 

LASER PHOTOGRAPHY SYSTEM 

Optics technician adjusts ruby laser which provides a light 
source for a hypersonic wind tunnel Schlieren photography system. 

The 500- kw burst of light, which lasts for 40 nsecs, is used to cap-
ture the effect of small, rapid air turbulence on film. The system 
was developed by Aircraft Armaments. Inc , for the Air Force. 

AUTOMATIC DRAWINGS 
Structural design and detail drawings arg automatically produced 
by this computer- directed systc-n. Called CONSTRUCTS, the sys-
tem, recently announced by Meiscon Corp., uses computers in 
Chicago and Minneapclis communicating via telephone lines. The 

system a computer and plotter allcws human intervention. 

A SOLID-STATE IMAGING device is used in 
place of an electronic tube for light sensing and con-
version in a camera system developed by the Aerospace 
Division of Westinghouse for NASA. The imaging 
device is a mosaic made up of 2500 phototransistors. 
The mosaic is square with 50 light sensitive elements 

on a side. It produces an image that has a resolution 
of 100 lines/in. Associated circuitry is all molecular 

electronic. 

AIRBORNE ELECTRONIC PHOTOGRAPHY 
system that integrates aerial surveying and photomap-
ing techniques with computer control has been developed 
by Kollsman Instrument Corp. for the Air Force. The 
system can map up to 30 to 40 thousand square miles 
per day. It collects data about where photos were taken, 

and from what altitude and angle. 

CATHODE EMISSION DENSITY of power 
tubes has been increased by an order of magnitude by 
the General Electric Co. Readily available cathodes 

with an emission density of 10 a/cm2 at 1000°C have 
been produced. And, emission densities exceeding 10 
a/cm2 at 1000°C have been achieved under laboratory 

conditions. 

FIRE-RETARDANT POLYPROPYLENE which 
is non-burning, non-dripping and which retains its non-
burning classification for 5000 hrs. at 130°C in an air 
circulating oven, has been announced by Avisun Corp. 
The new material (Avisun's Grade 2356A) has re-
ceived a "yellow card" rating from Underwriters' Lab-
oratories. This rating signifies recognition of the ma-
terial for continuous use in electrical equipment up to 
85°C. The thermoplastic material can be used in radio 
and TV components, communications equipment, elec-
trical parts such as terminal blocks, wiring devices, tube 
sockets and other applications needing fire-retardant 
properties. 

ELECTRONIC INDUSTRIES • July 1965 9 



...making motors and transformers 

in Pakistan, in the modern factory is shown below. We also make 
cables in India, generators in Th  Spain, telephones in Argentina. 

We manufacture in 28 countries 

and erect, service and repair 

I our installations in almost severy country in the world. 
Of the 240,000 in the Siemens 

family, 40,000 are employed abroad. 

Se Everywhere, they provide 

imag. inativte pkIallnnding,dhigh-iqduality 

equ, se 
construction and reliable service. 
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SIEMENS 

Siemens MKI-1 
metallized film capacitors 

Small size and high reliability are new standards set by Siemens capacitors. Twenty 
years' experience in making metallized capacitors has resulted in advanced pre-
cision techniques which closely control every capacitor property, making them 
1000/0 "foolproof" in service. " Self- healing" is an automatic reaction, eliminating 
the possibility of any voltage breakdown. 

Two-way self-healing gives double protection. Internal voltage breakdown very rarely 
occurs. If it does, the thin metal coatings at the breakthrough point, act as a fuse 
and immediately vaporize, eliminating the breakthrough point within microseconds. 

Electrochemical self-healing is the second protective process. It starts whenever and 
wherever insulation resistance decreases in the dielectric material. This process 
operates at any voltage, even as low as 10 mV, changing the metal coating at the 
point of lowest insulation resistance to a non-conductive oxide—thus eliminating 
the point electrically. 

Less than one breakdown (self-healing) per year and per mF—that is the consistent aver-
age shown by tests at nominal voltage. This value, which is for the first year, is 
even less for succeeding years. 

Highly stable capacitance. Overload tests (at 2.2 nominal voltage and at 85°C) show 
that decrease in capacitance as a result of self- healing is negligible, even after 
several years. 

Small size—low cost. Intricate manufacturing techniques enable MKH (metallized poly-
ester) capacitors to be produced to unvarying standards. They are available with 
axial or radial leads, in flat compact form. Leads soldered to metallized ends 
ensure reliable contact. The dielectric is polyester film, widely used for capacitors. 

MICH properties. Operating temperatures: — 40° to -I-125°C. Insulation resistance: 
minimum 20,000 megohms for normal capacitance up to .022mF at + 20°C. For 
higher capacitance values: 10,000 megohms X mF (typical values). Temperature 
coefficient: approx. .04%/C° between 0° and 70°C. Dissipation factors: 0.51/4  at 
1 kc; 1.5% at 10 kc (typical values). 

Immediate shipment. Substantial stocks are held in White Plains, N. Y. 

Write now for full information on Metallized Film Capacitors. 

SIEMENS AMERICA INCORPORATED 

Components Division 

230 Ferris Avenue, White Plains, N. Y. 

In Canada: 

SIEMENS HALSKE SIEMENS SCHUCKERT (CANADA) LTD. 
407 McGill Street, Montreal 1, P.Q. 
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Here are just 36 

of the 36,000 

Amphenol connectors 

Why so many? Because interconnec-
tion jobs have become so diverse and 
complex. On a Polaris, you may need 
a big aft umbilical connector that 
withstands 5000°F for 21/2 minutes. 
But if you're miniaturizing a strip 
chart recorder, you can pack 50 con-
tacts into a 1" connector. What else? 

MILITARY CONNECTORS. (Far left) 
We make all the standard AN/MS 
and other Mil-spec types, including 



MIL-C-26500 and MIL-C-38300 circu-
lar environmental connectors. (Inci-
dentally, we have a Space and Mis-
sile Systems facility just for specials.) 

PRINTED CIRCUIT CONNECTORS. 

(Middle left) There are actually thou-
sands. Everything from the mi-
crominiature 64 Series to the bellows-
contact type 225 Series to the new 
Amphenol Flex-1 connector that 
welds directly to unstripped flat cable. 

RACK AND PANEL CONNECTORS. 

(Middle right) There's the Min-Rac 17, 
with its extremely uniform body con-
tacts. For the ultimate in mating 
reliability, consider our new Series 
217. It is 99.99% reliable with three 
positive seals: around the contacts, at 
the rim, and at the lip. Or for easy 
blind mating, choose the Amphenol 
Blue Ribbon connector with sturdy, 
wedgelike contacts, 

COMMERCIAL PLUGS AND SOCK-

ETS. (Far right) Pick from a long list 
of tube sockets, microphone plugs, 
cable jacks, tip jacks, heavy duty in-
dustrial sockets—all you'll ever need. 

Delivery? The fastest in the busi-
ness. Ask your nearest distributor or 
Amphenol Sales Engineer. (Or write 
to us.) Amphenol Connector Division, 
1830 South 54th Avenue, Chicago 50, 
Illinois. 

CONNECTOR DIVISION 

amphenol corporation 

Specify Amphenol... the leading name in cable, connectors, assemblies, RF switches, potentiometers, microelectronics 
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Is random vibration testing 
necessary for 
half-size crystal case relays? 

RIDE THE AMF MONORAIL 

AT THE NEW YORK WORLD'S FAIR 

Vibrations of a missile upon 
launch are far from being a 
simple sinusoidal affair. 

They are, indeed, 
quite random both 
in amplitude and 
frequency. It 
makes only good 
sense, then, to 
test our aero-
space/military 

relays for their 
ability to with-
stand random 
vibrations. 

This we do. 
Few if any other 

relay manufac-
turers test in this 

fashion. All high re-
liability P&B relays 

are constructed to tol-
erate random vibration. 
A typical oscilloscope 

trace is shown below. 

Shock testing is important, too. 
That's why we use a pneumatic shock 
tester in conformance with MIL-STD 
202B. Incidentally, our HC relay is 

conservatively rated to withstand 150g 
shock for 11 milliseconds with no con-
tact opening. 
HC Series half-size crystal case relays 

are built with loving care and precisely 
controlled processes. Assembly is done 
at Whitfield-type laminar flow work-
benches. They employ absolute filters 
which are capable of stopping cigarette 
smoke (or particles as small as .0000118') 
and provide what many experts con-
sider to be the cleanest environment 
available. 

Over and above all this, our HC re-
lays are designed to be reliable. They 
have bifurcated contacts, and make use 
of some superior materials not found in 
similar relays. All-welded enclosures are 
available. Our Quality Assurance pro-
gram keeps production within the scope 
of MIL-Q-9858A. 

Remember . . . you can buy cheaper 
relays but you cannot buy P&B quality 
for less. For more information, call your 
P&B representative or write us direct. 

NC ENGINEERING DATA 

GENERAL: Non-polarized half crystal case size. 
Shock: 150e for 11 ms. No contact opening 
Vibration: 20g to 3000 cps. in either armature 

position. 
Random vibration testing to customer 
specifications is available. 

Operate Time: 3 milliseconds max. at nominal 
voltage @ +25°C coil temperature. 

Life: 100,000 operations at maximum rated load. 
Temperature Range: —65°C to + 125°C. 
Size: . 810" long, .410" wide, .410" high (max.). 
We ght: Approx. V. oz. 
CONTACTS 
Arrangement: DPDT (bifurcated, gold-plated 

Rated: Dry circuit to 2 amps at 28.0 VDC res. 

HC RELAYS ARE AVAILABLE FROM LEADING ELECTRONIC PARTS DISTRIBUTORS 

POTTER s. BRUMFIELD 
Division of American Machine & Foundry Company, Princeton, Indiana 
In Canada: Potter & Brumfield, Division of AM F Canada Ltd., Guelph, Ont. 

Export AMF International, 261 Madison Avenue, New York, N.Y. 

I• 
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Report from 

BELL 
LABORATORIES 

Strip of postformable aluminum-

polyethylene laminate developed 

by Bell Laboratories ( left) shows 

best stiffness-to-weight ratio com-

pared with equal-weight, -length 

and -width strips of glass-mat-re-

inforced polyester (center) and 

cold- rolled steel. Samples of the 

laminate after deep-drawing are 

also shown. Note the uniform thick-

ness possible with this process. 

Aluminum-polyethylene structural laminates formed without adhesive 

A laminate of polyethylene sand-
wiched between lightweight metals 
such as aluminum would have highly 
desirable strength-to-weight properties. 
But conventional methods of making 

A. T. Spencer ( left) and K. H. Pohl, originators 

of the structural laminate, demonstrate the 

results of postforming it with a heated die. 

such a laminate by using intermediate 
adhesive agents are incapable of pro-
ducing a structural bond. 

Recently, however, K. H. Pohl and 
A. T. Spencer of Bell Laboratories de-
veloped a structural-quality aluminum-
polyethylene laminate without using 
adhesives. Such a laminate was con-
currently predicted by Bell Labora-
tories' work on adhesion, which indi-
cated that thermoplastics generally 
considered "unbondable" without sur-
face modification can form strong 
joints with materials on which they 
spread spontaneously. 

To produce the aluminum-polyeth-
ylene laminate, sheet polyethylene is 
molded between properly prepared 
sheets of aluminum. No preparation of 
the polyethylene is required, other than 
cleaning. The aluminum, however, is 
roughened, degreased and etched to 
produce a suitable surface. In a heated 
press the polyethylene melts, spreads 

spontaneously on the aluminum and, 
on cooling, produces a strong, durable 
bond. 

In addition to its high flexural 
strength, the laminate has other char-
acteristics which make it desirable for 
use in electronic equipment and else-
where. It can be bonded, riveted, 
bolted, punched and sheared, and un-
like reinforced plastics, it can be 
welded. It can also be bent readily or 
otherwise postformed at temperatures 
which soften the polyethylene core and 
thus allow independent motion of the 
aluminum skins. A Bell Laboratories. 
developed process for deep-drawing the 
laminate, in which the edges remain 
cool and only the portion to be de-
formed is heated, produced the samples 
seel in the illustrations. 

Bell Telephone Laboratories 
Reseech iffid Development Unit of the Bell System 
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TI Series 54 771 Sets 
in Saturated Digital 

TYPICAL CHARACTERISTICS 
Parameter Basic Gate Flip-flop 

Propagation delay 
Power dissipation 
Fan-out 

D-c noise margin 
Supply voltage 
Temperature range 

15 nsec 
10 mw/gate 

10 
1 y 

4.5 to 5.5 y 
—55 to + 125°C 

40 nsec 
60 mw 
10 

1 y 
4.5 to 5.5 y 

—55 to + 125°C 
/ 
Figure 1. Typical characteristics of Series 54 TTL integrated circuits 
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Figure 2. Logic diagrams for Series 54 TTL integrated circuits 
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Figure3.This complete synchronous binary decade counter uses only four SN5470 flip-flops 

*Patented by TI 

Industry's major source 
for integrated circuitst 
97 catalog circuits in ten 
families — offers you high 
speed with low power di-
sipation, high noise margin 
with high fan-out 

Series 54 optimized circuit design gives 
you an ideal trade-off between speed 
(15 nsec) and power dissipation ( 10mw). 
High noise margin ( typically 1 v) is 
maintained with full fan-out of 10 for 
each gate. Fan-out of 30 is available 
from the power gate. 

This unique combination of para-
meters promises to standardize integrat-
ed-circuit usage in applications calling 
for high-performance saturated logic. 

Multi-function circuits for low system 
cost and improved reliability 

In the eight Series 54 networks shown 
in Fig. 2, TI's multi-function approach 
to semiconductor-network design and 
fabrication is used extensively. Up to 
four circuit functions are built in a 
single bar of silicon, making possible 
savings in system cost, weight, and size, 
while increasing system reliability. 

The SN5400, for example, incorpo-
rates four 2-input NAND gates in a 
single package. The SN5450 includes 
two EXCLUSIVE-OR gates, the equiv-
alent in complexity of six NAND gates. 
The SN5470 is a clocked J-K flip-flop 
with two additional inverters in the same 
structure available for input gating. The 
synchronous binary decade counter 
shown in Fig. 3 requires only four 
SN5470 flip-flops; no auxiliary gates are 
required. 

TTL at its best 

Transistor-Transistor Logic ( TTL) ful-
ly exploits the inherent capabilities of 
integrated semiconductor structures, and 
the TI NAND gate circuit shown in 
Fig. 4 is TTL at its best. 

e. 
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a New Industry Standard 
Integrated Circuits 

The multiple-emitter transistor input 
provides a faster turn-off time than 
other logic forms, thereby minimizing 
propagation delay. Because of unique 
circuit characteristics and exacting pro-
cess control, propagation delays are 
almost independent of temperature and 
loading ( see Fig. 5). 

The output stage of the circuit pro-
vides low line-termination impedance 
in both logical "0" ( 12 ohms) and logi-
cal " 1" ( 100 ohms) states. This con-
tributes to low propagation delays and 
preserves undistorted waveforms even 
when driving large-capacitance loads. 
The low line-termination impedance 
also accounts for low susceptibility to 
capacitively coupled noise. 

Typical noise margin for Series 54 
integrated circuits is one volt. Guaran-
teed worst-case noise margin is 400 
millivolts for both logical " 1" and logi-
cal "0" conditions, as shown in Fig. 6. 
This wide margin for ground- and sig-
nal-line noise is made possible by the 
strong overdrive to the output tran-
sistor and by the large VBE drops in-
herent in the small transistor geometry. 

Series 54 uses reliable " flat-packs" 

TI's standard 1/4 " by 1/2 " flat package 
is used for all Series 54 networks. 
This package — proved by more than 
35,000,000 hours of controlled tests 
and four years of field use — features 
all-welded construction with hermetic 
glass-to-metal seals. The thin, rectangu-
lar configuration and 14 lateral leads 
make this package suitable either for 
high-density equipment or for mounted 
circuit-card assemblies. 

For your added convenience, all TI 
integrated circuits — including Series 
54—are now shipped at no extra charge 
in Ti's exclusive Mech-Pak carrier. 
This plastic carrier simplifies handling, 
and reduces your costs of incoming in-
spection, testing, breadboarding, stor-
age, and assembly. 

Circle 149 on the Reader Service Card 
for data sheets on Series 54 integrated 
circuits, or contact your local TI Sales 
Engineer. 

Cel 
rn 

C.) 

25 
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10 
=›. 
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C=15 pf N=10 Toi, 

—55°C +25°C +125°C 

TEMPERATURE 

Figure 4. Circuit diagram for basic Series 54 Figure 5. Typical propagation delay 

NAND gate vs temperature 

Figure 6. Noise immunity is guaranteed at 400 mv, worst-case, in both logical states 

EXAS INSTRUMENTS 
INCORPORATED 
13500 N CENTRAL EXPRESSWAY 

P. 0. BOX 5012 • DALLAS 22. TEXAS 

SEMICONDUCTOR PLANTS IN BEDFORD ENGLAND • NICE, FRANCE • DALLAS, TEXAS 20958 
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INDUSTRIES 

'N'MOYL 11U ironno 
CHANGE IN `CONFLICT' LAW — FCC wants 
Congress to change its "conflict of interest" law so it 
will conform with those governing other agencies. (The 
FCC law is separate because it is an "independent" 
agency of Congress, rather than part of the Executive 
branch.) The proposed change, pushed by Sen. War-
ren Magnuson (D.-Wash.), Senate Commerce Com-
mittee leader, controls stock purchases, gifts from ap-
plicants, former employees pleading before the agency, 
etc. The measure would exempt part-time consultants 
from law sections that prohibit employees from having 
financial interests in licenses. 

NAB URGES CATV CONTROL—The National 
Association of Broadcasters feels that "urgent action" 
is needed to regulate community antenna television sys-
tems to "prevent them from disrupting free television 

service and stifling future local growth." NAB presi-
dent Vincent T. Wasilewski, told the House Commerce 

Subcommittee on Communications and Power that the 
"unrestrained expansion of CATV systems, with their 
ability to bring in distant broadcast signals, could de-
stroy the locally-oriented system of free television." 

FEDERAL EDP PROBED — Buying and using 
data processing equipment is among federal cost and 

supply programs being probed by Congress. The EDP 
probe is a new area for the five-year-old program of 
the Senate Subcommittee on Federal Procurement and 
Regulation, headed by Sen. Paul H. Douglas ( D.-Ill). 
New hearings on the "economic impact of federal pro-
curement" also are checking, among other things: DOD 
cost reduction program; progress in finding a system 
to avoid duplication between military and civilian 
agencies; and disposal of billions of dollars in surplus 
property. 

SMALL BUSINESS AWARD 

Vice President Hubert H. Humphrey presents Small Business Admin-
istration's public service award to William L. Hoffman ( right), vice 
president of Hughes Aircraft Co. for "outstanding leadership in de-
veloping programs to increase small business participation in govern-
ment subcontracting work," as part of recent Small Business Week. 

CATV GRAB RAPPED—FCC has been rebuked 
sharply by congressmen for its attempt to regulate the 
CATV (community antenna television) industry with-
out specific authority. Oren Harris ( D.-Ark.) House 
Commerce Committee chairman, accuses the agency of 
failure to forward its recommendations on the CATV 
issue. Harris does not disagree with FCC on the need 
for such regulation. He says simply that FCC must not 
"power grab" and he reminds commissioners that their 
regulatory powers must be defined by Congress. 

NASA BUDGET CUT SLIGHTLY—Congress is 
handling the Administration's space spending package 
very gingerly. President Johnson's $3.5 billion space re-
quest for next year is expected to be almost untouched 
by usually zealous budget cutters. House Space Com-
mittee approved a cut of only $42 million—less than 
2%—in NASA budget. Only $30 million was trimmed 
from the nearly $3 billion earmarked for the Apollo 
project, the overall moon shot. 

NUMBERS CHECK A SUCCESS—Defense Sup-
ply Agency (DSA) reports success in its program 
to review manufacturers' part numbers that are cross-
referenced with federal stock numbers. DSA reports 

that industry response has been excellent even though 
the program is strictly voluntary and non-reimbursible. 
As Project MAVERIC, the program is designed to 
validate, correct, add or withdraw obsolete manufac-
turers' numbers from federal catalog records. 

AUTOMATION CHILLS STRIKES — It seems 
the more industry automates, the less likely it is to be 
struck. Fact is, the U.S. Mediation & Conciliation 
Service (chief labor mediation agency) says that as 
a weapon the strike has been made almost useless in 
certain heavily-automated industries. The government 

does not identify industries where automation is well 
advanced. Union leaders do admit, however, that the 
telephone and Oil-refining industries have in effect be-
come virtually strike-immune because of advanced auto-
mation. 

BAN ON CONTRACTOR HELP—Defense and 
civilian agencies, plus a congressional committee, are 
seeking orderly ways to soften a recent ruling by 
government lawyers banning use of contractor person-
nel. The ruling, from the U. S. Civil Service Commis-
sion and General Accounting Office, could have sweep-

ing effect on government contractors and defense 
programs. The ruling disclosed that use of contractor-
supplied personnel working side-by-side with govern-
ment employees can violate as many as a dozen federal 
laws, and substantially raise costs. 



Astrodata's New Astrolock-loop 
FM Subearrier Discriminator 

mammy 
Within ± 0.01% of center frequency for 
24- hours after a 5- minute warm-up. 

The Astrodata Model 402-201, all 
solid-state FM subcarrier discrimi-
nator utilizes the new Astrolock 
phase-frequency detector, crystal-
referenced, FET chopper-stabilized 
VCO, and current mode loop filter, 
which are proprietary developments 
of Astrodata, Inc. 

This completely new and different 
type of locked-loop discriminator 
gives performance exceeding that of 
both conventional phase-locked-loop 
and pulse-averaging types of discrim-
inators. 

The new crystal-referenced, FET 
chopper-stabilized VCO provides 
state-of-the-art performance in sta-
bility and linearity, without a tem-
perature controlled oven. 

The Astrolock detector, with its com-
posite phase-frequency characteristic, 
assures positive lock-in at any signal 

*Trad,mark 

Linearity 
Better than ± 0.02% of full 
bandwith, best straight line. 

level within the 66 db dynamic range. 
True locked-loop performance is pro-
vided for deviations up to 40%, 
with specified linearity. A quadrature 
detector mode of operation, selected 
by a switch on the front panel, pro-
vides correlation detection for ex-
tremely low S/N signals. 

The Model 402-201 introduces a new 
method of tape-speed compensation in 
which the reference frequency is 
processed in the frequency domain. 
As a result, tape speed compensation 
is perfect at any fixed frequency from 
lower bandedge to upper bandedge, 
and is better than 30 db for intelli-
gence frequencies up to a modulation 
index of 4. Deviations of more than 
±3% anywhere in the band can be 
accommodated. No adjustments are 
necessary. 

With this new Astrodata Tape Speed 
Compensation system, the over-all 

stability for a given data channel is 
that of the data discriminator alone, 
whereas in a conventional system the 
over-all stability is the sum of the sta-
bilities of both the data discriminator 
and the reference discriminator. 

A complete line of accessories is avail-
able for use with the Model 402-201. 
Channel Selectors and Low Pass Fil-
ters are provided for all standard 
IRIG and Constant Bandwidth center 
frequencies up to 300 kc. Six discrim-
inators and one common power sup-
ply mount in a rack adapter which 
occupies a panel space of 7-in. x 19-in. 

For complete technical information 
on Astrodata's unique Astrolock - 
loop FM Subcarrier discriminator 
and full line of telemetry components, 
call your local Astrodata engineering 
sales representative or write to us 
directly. 

3E1C, C1111 ATAL. X Mil" - 

P. 0. Box 3003 • 240 E. Palais Road • Anaheim, California 92803 

TEL. (714) 772-1000 • TWX 714-776-376C • FAX • TELEX 06-78828 • CABLE ADDRESS . ASTRODATA, Anaheim 
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5 SIMULTANEOUS DISPLAYS 
1 db INSERTION LOSS 

CALIBRATION LINE 1.5 VSWR CALIBRATION LINE 1.0 VSWR PERFECT MATCH VSWR VS. FREQUENCY 

FILTER OUTPUT 

VS. FREQUENCY 

FREQUENCY MARKER ZERO REFERENCE 

LINE 

3 TRACES plus 2 REFERENCE LINES 

2 TRACES plus 3 REFERENCE LINES 
1 TRACE plus 4 REFERENCE LINES 

SKAN-A-SKOPE 
Telonic has advanced the state of the art through the introduction of 
a versatile new display unit. SKAN-A-SKOPE is capable of showing 
five displays on a single-gun 17 inch CRT in a unit containing its own 
power supply. Traces may be shown in separate positions along the 
Y axis or may be superimposed. Birdy or pulse-type markers, which 
appear as vertical lines (electronic graticules), may also be displayed. 

SKAN-A-SKOPE flexibility permits almost unlimited applications. Two 
standard wave forms can be displayed to provide upper and lower 

INDUSTRIES. INC. 

limits for a wave form generated by the test unit. This unique display 
unit may be used to monitor three inputs simultaneously from remote 
locations. The SKAN-A-SKOPE unit can check gain in an amplifier at 
three places in the circuit, and can show bandpass, VSWR, and insertion 
loss wave forms of filters at the same time. This amazing new display 
unit also has many applications in VHF/UHF tuner testing procedures. 

SKAN-A-SKOPE accepts three Y inputs, one X input and one marker 
input. 

SPECIFICATIONS 

Number of Vertical (Y) inputs 3 

Deflection Factor (Yi & Y2) Inputs 1 mv/cm, 10 mv/cm, 100 v/cm, 1 v/cm Switch selected 10:1 cont. adj. 
Bandwidth  DC to 10 kc (3 db point) 
Deflection Factor Y3  25 mv/cm 
Bandwidth   DC to 10 kc 

Reference Line Y4 & Vs May be positioned at any vertical position to identify signal levels. 
X Input  Medium gain DC coupled 
Deflection factor  100 mv peak-to-peak/cm 
Marker Input Used with pulse or birdy type markers 
Input Signal  50 mv .O. 10 ki1 
Display 
CRT  17" Rect. 
Screen Material  P-7 Double Layer 
Usable Screen Area    8.64" x 12.58^ 
Price  $1495.00 

60 North First Avenue, BEECH GROVE, INDIANA 

Phone (317) State 7-3231/TWX 810-341-3202 
DOMESTIC SALES OFFICES: Baltimore, Boston, Chicago, Cleveland, Dallas, Dayton, Denver, Huntsville, Indianapolis, Los 
Angeles, New York City, Orlando, Philadelphia, San Francisco, Seattle, Sr. Louis, Syracuse • OVERSEAS SALES OFFICES 
EUROPEAN: Vienna, Austria; Brussels, Belgium; Humlebaek, Denmark; London, England; Paris, France; Helsinki, Finland; 
Gennep, Holland; Milan, Italy; Oslo, Norway; Madrid, Spain; Barcelona, Spain; Motala, Sweden; Onex-Geneva, Switzerland; 
Munich, W. Germany • OTHER: Buenos Aires, Argentina; Sao Paulo, Brazil; Montevideo, Uruguay; Sydney, Australia; Auck-
land, New Zealand: Wellington, New Zealand: TehAviv. Israel. Bombay. India, Manila, Philippines, Tokyo, Japan; Osaka, Japan. 

TELONIC -- INTERNATIONAL LEADER IN SWEPT FREQUENCY MEABIJPEIVIENT 



DESIGNING WITH FORMICA 

INDUSTRIAL PLASTICS 

FOR PRINTED CIRCUITS . . . 

FORMICA P FR-200 LAMINATE IS FLAME RETARDANT, 

COSTS NO MORE THAN TOP-QUALITY XXXP GRADE 

You may be paying a lot more 
than necessary for a reliable flame 
retardant circuit board laminate. 
Have you checked out FORMICAg 
FR-200? 

Introduced a few months ago, this 
flame retardant paper- phenolic 
laminate has recorded impressive 
success as circuit board material 
for radio and television receivers, 
automatic appliances, computers, 
control systems. One of the latest 
and most unusual applications is 
shown in the photo. FR-200 has 
become popular because it has: 

• excellent insulation resistance 
• high flexural strength 
• good solvent resistance 
• high solder blister resistance 
• good punching qualities 

Yet, it costs no more than a top-
quality XXXP grade. 

Available copper clad or unclad, 
FORMICAR FR-200 grade laminate 
meets military specifications MIL-
P- 3115C for type PBE-P ( natural 
color) and MIL- P- 13949B for type 
PP ( copper clad). We have many 
more details for you. Just ask for 
the data sheet on FOR MICAe 
FR-200 paper- phenolic laminate. 

Here FORMICA FR-200 laminate is used for a circuit design kit com-

ponent. It enables the engineer to hand-wire trial circuit assemblies. 
When perfected, the circuits can be production run as etched or welded 

boards. The pre-punched board saves time-consuming drilling, allows 

instant variations for experimentation. 

FORMICA 
'BRAN ID 

Inclutatried pi/AB-tic:3 

This mark is your assurance of quality. Avoid 
imitations. Insist on FORMICA brand products. 

FREE CATALOGS AVAILABLE . . . 
There are many grades of FORMICA 
Industrial Plastics. For your convenience, 
we've grouped details on the various 
grades into the following catalogs: 

• Mechanical Grades • Copper Clad Laminates 
• Electrical / Electronic Grades • Eng raving Stock 

FOR FREE COPIES, WRITE TO . . . 

FORMICA CORPORATION 

subsidiary of c ,vr z zz 

DEPT. S-68 • CI NCINNATI, OHIO 45232 
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ELECTRONIC SNAPSHOTS 

iter're-'ez 

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

 4.1 

SPACE SIMULATOR 

Thousands of foam rubber spikes cover walls, 
ceiling and floor of ultra- quiet chamber built 
by Sylvania Electric Products Inc. to test 
aerospace antennas. Technician prepares to 
test efficiency of antenna at rear of echo-
less, rubber- lined rf "dark room." 

ONE OF 100,000 

About that many copper discs similar to the 
one the young lady is peering through will 
be used to form the world's largest linear 
electron accelerator at Stanford. It will be 
a two-mile long tube 25 feet below the 
ground. Electrons will be shot through the 
tube of copper, supplied by Anaconda Amer-
ican Brass Co., at a speed close to that 
of light. 

.411 INLAND TEST SITE 

Chicago- based Amphenol Connector, of Am-
phenol- Borg Corp., needed a place to test 
newly developed undersea antenna for Navy's 
atomic submarine fleet. Nearest ocean was 
almost 1,000 miles away. Porpoise tank at 
nearby Brookfield Zoo provided just the right 
spot with same salt water content and every-
thing. A local resident observes the pro-
ceedings. 



BEAM DEFLECTOR 
Electron- beam deflection system for direct-
ing beam from an electron- beam gun in a 
vacuum evaporator, developed by Consoli-
dated Vacuum Corp., consists of feedthrough 
ring, power supply, electro-magnets to de-
flect beam in vertical or horizontal plane. 
Beam can be moved in any direction with 
only two controls. 

COMPUTER TO TV 

As operator keys in inquiry on new RCA 
Video Data Display Unit, answer from a 
computer 100 miles away is flashed instantly 
on the screen. Unit shown was in New York 
for recent showing and communicated over 
telephone lines with a computer at RCA's 
Cherry Hill, N. J., computer plant. Fourteen-
inch screen displays up to 480 letters, nu-
merals, or symbols at one time. 

Maw we • ewe • re mule,-  
me.. • legeeeneeeele Wee. 

,fflowe • OF «ItelIMINIIIR. le Pal • OM MI 

t.. miler *Isl. • Ile 11111P. 

isereme.ga•1111.11111.11,1.1011, Mien 

MO • 111.1,• Ifflimini.• • rtimigise.al, 
emetweneeewewee•yeeenee Hews 

mew, • • me• ge. we ess. weewome • wow. . 

TINIEST COMPUTER 
New device transforms dots and dashes of Morse code into ordinary English; 
it is shown under field test by the Army. Designed and built by Regency Elec-
tronics, Inc., Translator allows the untrained to read messages in Morse code. 

7- MILLION-BIT DISC 

In test as heart of high- capacity memory system, 
General Precision 24- inch magnetically- coated disc 
stores 7- million bits each side. 

111 gr 
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DURANT UNIPULSER® 
count/control modules offer proven 

accuracy at speeds to 40 cps 

2%2 years of field service proves it! 

ADVANCED DESIGN . . . These ex-
tremely versatile electromechanical 
count/control modules have been 
proven in years of field use and thou-
sands of applications. Accuracy and 
long life are the result of five unique 
Durant design features, including a 
double-acting drive pawl and a "float-
ing" armature. Unipulser modules can 
provide visual readout, electrical read-
out, electrical transfer switching, re-
mote reset. Count is retained even if 
the power fails. Life is not determined 
by hours of usage. 

EASY TO MOUNT AND HOOK-UP... 
Durant Unipulser decades are self-
contained, fully functioning units, de-
signed for simplicity in mounting and 
ease of installation. All electrical con-
nections terminate on the etched cir 
cuit, providing a plug-in arrangement 
that greatly simplifies installation. 
Flanges and mounting holes are pro-
vided in the front panel. Electrical 
connection provides the rear support. 
Mounting bezels, power supply, other 
chassis and circuitry components are 
available to simplify your designing. 

F=1 NJ 

(Actual Size) 

APPLICATIONS UNLIMITED ... Uni-
pulser modules are in daily use in 
recording, data storage, readout, pro-
gramming and predetermining jobs. 
Typical assignments are fluid metering, 
medical instrumentation, production 
control, wire processing and communi-
cation equipment to name a few. Uni-
pulsers have found application in pro-
portioning, timing and sequencing, 
processing, scaling, testing and remote 
controlling. Write for Catalog 90-F; 
Durant Manufacturing Co., 685 N. 
Cass St., Milwaukee, Wis. 53201. 

MANUFACTURING COMPANY 

MILWAUKEE, WISCONSIN 
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NOW YOU CAN DESIGN A 
WIDER VARIETY OF HIGH-SPEED 
- COMPUTER LOGIC CIRCUITS WITH 
A SINGLE TRANSISTOR TYPE 
THE NEW RCA 2N3261 COMPUTER LOGIC 
SWITCHING TRANSISTOR 

E 

COMMON-EMITTER CIRCUIT, BASE INPUT. 
FREE-AIR TEMPERATURE (TFA)•25. C 
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EXCELLENT 

LOW.LEVEL LOGIC 

Here's the closest thing yet to a " universal" 
high-speed computer logic switch: the new RCA 

silicon N-P-N 2N3261 (formerly developmental 
type TA2332). Designed for use throughout the 
entire logic section of a high-speed computer, 
its exceptionally broad current capability fits it 
for all functions from low-level logic to high-
speed, high-current logic to low-current mem-
ory driving. Interdigitated planar epitaxial con-
struction assures low saturation voltages at 
high currents and extremely low leakage cur-

1 rents, and also provides excellent mechanical 
and electrical reliability. 

EFFECTIVE CURRENT CAPABILITY ranges from 

less than IC ma to over 250 ma. Because of its 
high current capability, logic circuits can be 
operated at higher current levels to minimize 

SUITERIM 

NIGN.CUREENT LOGIC 

I00 
TrECTIvr LOW CURRENT 

MEMORY DRIVING 

the effects of circuit capacitance. The 100 Mc 
hie at 100 ma lc and only 1 volt VcE is 4.4 
(typical). The 2N3261 also offers 9 nsec turn-on  
time and 11 nsec turn-off time at 100 ma I. 

BROAD CURRENT CAPABILITY PERMITS BROAD 
APPLICATION. In addition to high-speed com-
puter logic applications, the 2N3261 is ideally 
suited to digital circuit applications in telem-
etry, communications equipment, digital test 

equipment and direct digital process control 

equipment. 

READILY AVAILABLE AT LOW COST: RCA 2N3261 
is available at $ 2.00 each in quantities of 1,000 

and up. It can be used as a direct replacement 
for the popular 2N2369A—but offers better 
performance per dollar. For more information, 
fill out and mail the coupon at right. 

AVAILABLE THROUGH YOUR RCA DISTRIBUTOR 

RCA ELECTRONIC COMPONENTS AND DEVICES 

The Most Trusted Name in Electronics 

RCA 2N3261 in TO-52 
package. actual size. 
Extremely low silhouette 
permits closer placement 
of circuit boards for 
extra packaging density. 

Provides better 

high-speed saturated 

switching performance 

above 100 ma than 

any other commercially 

available transistor 

RCA ELECTRONIC COMPONENTS AND DEVICES 

Commercial Engineering 

415 South Fifth Street 

Harrison. New Jersey 

L: Please send Technical Bulletin on RCA 2N3261 

Li Please send Technical Paper No. ST•2667 on RCA 2N3261 

El Please have RCA Field Engineer telephone me 

at ( No.) (Ext )  

Name Title  

Company  

Address  

City State Zip  

—1 
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1965 COMPONENT SALES RISE 

MAY BE 4%, SAYS [IA HEAD 

Sales for electronic components in 
1965 are expected to rise about 4% 
from the record $3.8 billion in 1964; 
this was a 2.8% rise over 1963's $3.7 
billion, reports Dr. Harper Q. North, 
president of the Electronic Industries 
Association. 

Active components in general rose 
about $3.6% in dollar volume in 1964, 
while passive components increased by 
10.6% in units but fell 1.6% in dol-
lars. 

Excluding semiconductor types, in-
tegrated circuit packages reached saies 
of $ 185 million, a 33% increase over 
1963. Unit sales in semiconductor in-
tegrated circuits soared to 359%. 

Component exports increased te 
$148 million from $ 128 million. Im 
ports also increased—from $67 million 
to $79 million. 

Tube sales continued their down-
ward trend by dropping off 5.8% in 
units and 9.8% in dollars. The rising 
popularity of lower- priced tinyvision 
tubes hit hard on the picture tube 
market. Total 1964 unit sales gained 
6.2% to 9,513,121 from 1963's 8,955,-
434. Value dipped 1.5% to $164,790,-
701. 

The receiving tube market felt the 
transistor bite more deeply. Unit sales 
for tubes in 1964, including imports, 
fell 7.1% to 367,788,000 from 395,-
544,000 in 1963. 

CENSUS SHOWS $2 BILLION 

IN 1963 RADIO-TV SHIPMENTS 

Manufacturers shipments of radio 
and TV receivers in 1963 were valued 
at $2.05 billion, a rise of 39% from 
1958, according to a preliminary report 
of the 1963 Census of Manufacturers 
issued by the Department of Com-
merce. 

The most outstanding increase was 
in household and auto radios, and in 
radio-phonograph combinations. mese 
climbed as a group from $345 million 
in 1958 to $540 million in 1963 

Value added - by - manufacturers in 
1963 was $933 million, up 57% over 
value-added for 1958. 

SMALL FIRMS WILL HOLD 

SHARE OF COMPUTER MARKET 

While the giants of the computer 
industry are in fierce competition, 
smaller firms continue to hold an im-
portant share of the market, according 
to Howard C. Warren, President of 
SCAM Instrument Corp. 

'Demand will continue for the small 
companies' data- handling equipment, 
particularly for industries with special 
needs," Mr. Warren asserted. 

!EME171Rle 

SMALL BUT FAST 

High-speed data sending system—"smaller 
and more reliable and economical"—intro-
duced by CUTE. The system, Lenkurt 26C 
Duobinary-Datatel im data set, transmits digi-
tal signals over conventional voice channels at 
fixed speeds of 2.400 and 1,200 bits/sec. 
The unit ( atop the console above) includes 
integrated circuitry; is only 31/2 inches high. 

SALES IN MAGNETIC TAPES 

MAY HIT $200 MIL_ION IN 1970 

Computers, space programs and the 
average citizen may consume magnetic 
recording tape at such an accelerated 
pace in the next five years as to nearly 
double current sales volume. Record 
annual sales may reach $200 million 
by 1970, predicted F. B. Cameron, vice 
president, Celanese Plastics Co. 

Mr. Cameron also believes that the 
use of magnetic tape in computers w,11 
increase by more than 10% each year 
througn 1970. He also predicted that 
amateur TV recording, more industrial-
commercial use of TV recording, and 
audio recorders in new automobiles 
would help to expand the market. He 
said such developments could carry 
magnetic tape sales well beyond the 
conservative $200 mi I on. 

FACTOR ADVISES KEEPING UP 

WITH MARKETING TRENDS 

A factoring firm official recently ad-
vised manufacturers that new trends 
in marketing and distribution are just 
as important as technological improve-
ments. 

Although Mr. Samuel Lipson, vice 
president of Meinhard - Commercial 
Corp., was speaking largely for the con-
sumer manufacturer interested in de-
partment stores and shopping centers, 
his ideas, somewhat rephrased, could 
apply equally to the electronic indus-
tries. 

Mr. Lipson suggests, in effect, that 
the manufacturer ask himself: in what 
direction is the market for his product 
headed? Can he stand pat or should he 
seek new outlets? What type of outlet 
promises the greatest growth for his 
products? 
What methods and channels should 

he use to reach the most customers? 
Are most customers he hopes to reach 
buying through distributors, or direct 
from factories? How does trade and 
engineer journal advertising effect 
sales? 

What technical or industrial or com-
mercial group, or groups, are best 
suited to his product and is he reach-
ing them? Can he reach those groups 
that are expanding most rapidly, what-
ever they are? 

SWISS TRADE SHOW MAY BE 

GATEWAY TO SALES IN EUROPE 

Switzerland offers itself as a "test 
market" for U.S. electronic industrial 
products. Entries are now being ac-
cepted for the U.S. exhibit at the Sec-
ond International Exhibition of Indus-
trial Electronics ( INEL), September 7-
11, 1965, at Basle. 

INEL's first showing in 1963 at-
tracted more than 300 exhibitors from 
16 nations. Some 20,000 of Europe's 
leading buyers, distributors, engineers 
and public officials attended. 

GENERAL DATA for RADIO and TELEVISION RECEIVING SETS 
1958 to 1963 

(In Thousands of Dollars) 

1958 

1959 

1960 

1961 

1962 

1963 

Value Added 

By Manufacturer 

593,953 

727,108 

694,336 

728,832 

868,958 

933,484 

Cost of 

Materials 

936,314 

1,079,111 

1,036,042 

1,105,866 

1,306,602 

1,401,484 

Scurce: Bureau of the Census, U.S. Dept. of Commerce 

Value of Capital 

Shipments Expenditures 

1,548,006 13,323 

1,781,133 16,610 

1,719,337 19,594 

1,849,180 28,670 

2,128,875 27,096 

2,287,605 30,533 
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1 ELECTRO INSTRUMENTS 

NOW SPANS 
E,.... 
PRECISION VOLTMETER 

WITH ACQUISITION OF 
CALIBRATIOP>STANDARDS CORPORATION! 

NOW, WITH THE ADDITION OF CALIBRATION STANDARDS CORPORATION, 
El BECOMES THE SOLE SINGLE SOURCE OF SOLID STATE VOLTMETERS 
IN THE ENTIRE UNDER-AND-OVER $ 1,000 PRICE RANGE; TOGETHER WITH 
PRECISION DIGITAL CALIBRATOR AND PRECISION VOLTAGE SOURCES. 

1. AC- DC VOLTMETERS 2. DC VOLTMETERS 

3. CALIBRATORS & POWER SOURCES 

Now there is no precision measuring job on which you should not get a quote from Electro 
Instruments! With acquisition of Calibration Standards Corporation, Electro Instruments becomes 
the first manufacturer of precision digital instruments to enter the lower price voltmeter field. 
With CSC's eleven new manual-type AC or DC differential voltmeters, Electro Instruments now spans 
the entire voltmeter spectrum — performance-wise and price-wise. Also, the Electro Instruments 
line now includes precision power sources of voltages from 0-2, 111VDC up to 20,000 VDC; precision 
calibrators; ultra- stable, low-sensitivity monitors. Ask your Electro Instruments representative 
for full information about E.I's expanded new product line. Or write: 

E Electro Instruments, Inc. 
8611 Balboa Avenue, San Diego, California 92112 
Electro International, Inc., Annapolis, Md. 
Electro Instruments s. a., 512 rue de Geneve, Brussels 3, Belgium 
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New flexible lighting you can twist, coil, weave... 

it's protected 

by ACLAIr 

Panelescente Tape-Lite — developed 
by Sylvania—makes lighting available 
in a continuous flexible ribbon only 
%2" thick. The electroluminescent 
light source consists of a thin strip of 
aluminum foil, a layer of phosphors 
and a transparent conductive coating 
—all sealed between protective layers 
of Allied Chemical Aclar fluorohalo-
carbon film. 
Why did Sylvania choose Aclar? Be-

cause it protects better than any other 
transparent film! Aclar absorbs no 

water at all and transmits virtually no 
moisture vapor. It has excellent di-
electric strength ... withstands severe 
shock and pressure.. . resists tearing 
and pinholing, and is chemically inert 
to harshest chemicals. The film is 
fully transparent—all the brightness 
of Tape-Lite comes through! 

Shielded by Aclar, Tape-Lite flex-
ible lighting has many display and 
safety applications, as in decorative 
wall lighting, highway marking, and 
instrument panel illumination. What 

Circle 14 on Inquiry Cord 

clear, strong, moisture-proof Aclar 
has done for lighting . . . it may be 
able to do for your product. To ex-
plore the possibilities, write to: 

hemical 

GENERAL CHEMICAL DIVISION 
P.O. Box 353, Morristown, N.J. 



This Is Not the First 113/16"10-Turn 
Precision Potentiometer. Just the Best. 
Bourns Model 3400 is the rugged result of a fresh design 

L. approach. In punishing side- by- side environmental tests, it per-
formed dependably long after competitive units had sagged, 
sogged or snapped under the strain. In rotation- life tests, it dis-
played a longer useful life than any other unit. In vibration and 
shock tests, it kept operating after fragile terminations had put 
competitive units out of commission. 

This sturdy newcomer has a molded, all- plastic case for superior 
humidity performance...sliding contacts to eliminate fragile 
pigtails...an extra-thick slider block for high stability...a shaft 
supported at both ends...a husky dual-collector pickoff. And it 
has the exclusive, virtually indestructible SILVERWELD:'?, termi-
nation that replaces vulnerable single-wire terminations to 
overcome the chief cause of potentiometer failure. 

Model 3400 undergoes 100% in- process and final inspections, 

and is subjected to the famous Bourns Reliability Assurance 
Program. In reliability and performance, it is a premium poten-
tiometer. One of its best features is that there is no premium 
in price. 

Write today for complete technical data. 

Model 3400, 1'31." Diameter, Bushing Mount 

LINEARITY: 
Resistances: 
Temp. Coeff.: 

Power rating: 
Humidity: 
Operating temp. range: 
Resolution: 
Body length: 

±-0.15%, STANDARD 
100,2 to 1 Meg., standard 

2Oppm wire over entire 
resistance range 

5.0W at 40 °C 
Steady state 
—65 to + 105 °C 
0.005 to 0.045% 
1.75" (12% shorter than 

competitive units!) ONE•FIALF AE7UAL SIZE 

11;kr4 

pOT_TF2,NS 

BOURNS. INC TN MPOT DIVISION 

1200 COLUMBIA AVE.. RIVERSIDE. CALIF. 

PHONE 084-1700 • TWX: 714-0E12 88E12 

CABLE: BOURNSINC. 

IRIMPOr" & PRECISION POTENTIOMETERS. RELAYS; TRANSDUCERS FOR PRESSURE, POSITION, ACCELERATION. PLANTS: RIVERSIDE, CALIFORNIA: AMES, IOWA; TORONTO, CANADA 
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We Put 
11 Incandescent Lamps 

This Big 

Two 11- Lens 
Honeycombs This Big 

Then Another And a 
Lens Honeycomb This Big 

An 11- Message 
Film This Big 

Viewing Screen This Big 

Now, You Have the Smallest Rear-
Projection Readout in the World! 

It Displays Characters This Big. 

In a 
Package This Big 

(shove actual size') 

All the versatility, readability, and reliability of our 
patented rear-projection readouts are now available in 
the world's tiniest theatre: the 3/4" H x 1/2 " W IEE 
Series 340. We've managed to fit everything but a pro-
jectionist in there to give you a choice and clarity of 
message that no other type of readout can match — 
regardless of size! 

The tiny 340 uses film to project any message: num-
bers, letters, words, symbols, colors. Anything you can 
put on film! You're not limited to crudely formed char-
acters that look strange to the eye. Choose type styles 
that human-factors tests prove to be most readable! 

Your message appears clearly and sharply on a single-plane screen. There's no 
visual hash or camouflage-netting effect from unlit filaments. The 340 may be tiny, 
but your message appears big, up to an easily read %" in height! 

HERE'S HOW IT WORKS: 

All IEE readouts are 
passive, nonmechani-
cal devices built for 
long life. An input sig-

nal through the proper contact illuminates 
the desired lamp, projecting only the selected 
message through the lenses onto a non-glare 
viewing screen. This one-lamp-per-message 
concept eliminates character misreadings 
caused by partial failures. 

CLICK, IT'S IN 

CLICK, IT'S OUT! 

For quick, easy 
lamp replace-
ment or change 
of message, 
just press the 

front of the 340, pull the whole 
unit out! Permanently wired base 
remains in assembly! 

SEND TODAY FOR COMPLETE INFORMATION 

FE INDUSTRIAL ELECTRONICS ENGINEERS, INC. 
7720 LEMONA AVE. • VAN NUYS, CALIFORNIA • PHONE: (213) 787-0311 • TWX (213) 781-8115 

REPRESENTATIVES IN PRINCIPAL CITIES See 1E8 at WESCON, Booth 2501 

to the Editor 

Caught Again . . . 

Editor, ELECTRONIC INDUSTRIES: 

Congratulations on your June issue. 
The color photomicrographs were es-
pecially striking. However, your ter-
minology is in error once again. As 
reader Schell pointed out in his letter 
in that issue (p. 32), there is a differ-
ence between the definitions of the 
words microphotograph, "a very mi-
nute photograph of an object," and 
photomicrograph, "a photograph of a 
very minute object." Need I point out 
that there is also a distinction between 
the words microphotography, as mis-
used in Slenker's article of that same 
issue ( p. 47), and photomicrography? 
Shame on you. 

Bruce T. Hall 
HRB-Singer, Inc. 
State College, Penna. 

Ed. Note: We may have used four colors in 
the article, but our faces are only one color— 
Red! 

My Thanks 

Editor, ELECTRONIC INDUSTRIES: 
Thank you very much for doing an 

outstanding job on my article on color 
photomicrography. 

It seems to be quite rare for a maga-
zine to edit an article without intro-
ducing some technical errors. Not only 
did you not introduce any technical 
errors, but your editing changes were 
of the highest quality. 

Stephen Slenker, 
President 

Piconics Inc. 
North Billerica, Mass. 01862 

Photos Upside Down 

Editor, ELECTRONIC INDUSTRIES: 
. . . You have probably noticed by 

now that the illustrations in the lower 
left of page 37, June issue, were up-
side down in relation to the caption. 

All in all it turned out well and we 
are pleased with the layout, the cover, 
and the whole thing in general. We 
have received many nice compliments 
about the article. 

Ralph Saunders 
Senior Engineer 

Burroughs Corp. 
Great Valley Lab. 
Paoli, Pa. 

Ed. Note: The two photos should be treated 
as one and rotated 180°. 
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•Plus extras to make model comparable. Actual size facsimile tapes show results of 1- second printing time. 

Tear a piece of tape off all three big-name digital instrumentation printers. Compare speed 
and readability. One obviously prints at least twice as fast. Obviously one can be read without 

getting ink on your nose. One reason is, our new CMC 410 Printer is not just another 

rebuilt adding machine. Another reason: our logic conversion is all electronic. 35- millisecond 
data-gathering doesn't stall your source. The CMC 410 is quiet, compact (only half- rack size) 

solid-state, versatile, and all that. Our basic unit spews out 8-digit columns at 10 lines per sec. 
Column width expands to 12 digits. This new CMC 410 Printer is another step in our demo-
niacal plan to unseat some of the other big names in this business. Wait ' til you see what's 

next! Incidentally, we still have some of our glorious Crusading Engineer medals lying about 

We'd sure be happy to send you this status symbol 
along with the specs for the new CMC 410 Printer. 

Just write and ask. If you already have a medal, pin 
this one on your secretary...or are you man enough? cc 
12976 Bradley • San Fernando, California • Phone (213) 367-2161 • TWX 213-764-5993 

COMPUTER MEASUREMENTS COMPANY IS A LEADING DESIGNER AND MANUFACTURER OF ELECTRONIC INSTRUMENTATION TO COUNT, MEASURE, AND CONTROL. 
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COMPONENT, DESIGN 

AND RELIABILITY ENGINEERS 

The Components and Materials Laboratory 

of Hughes Aircraft Company in Southern California 

has immediate needs for engineers to fill 

important positions in the following fields: 

COMPONENT 
ENGINEERS APPLICATION 

Provide technical consultation and 
liaison to design activities, assist in 
selection and application of compo-
nent parts, participate in design 
reviews. 

MICROELECTRONIC ENGINEERS 
Evaluate integrated and thin film 
microelectronic devices, analyze fail-
ure modes, investigate effects of 
environments and materials on device 
characteristics, determine application 
criteria. 

COMPONENT STANDARDS ENGINEERS 
Coordinate component-equipment 
requirements, provide technical con-
sultation, select vendors, determine 
evaluation programs, initiate procure-
ment documentation. 

RELIABILITY ENGINEERS 
Coordinate reliability programs, con-

duct component failure analyses, 
define and direct experiments, estab-
lish mathematical models, investigate 
component performance. 

COMPONENT 
DEVELOPMENT ENGINEERS 

Develop components using advanced 
techniques, investigate new design 
concepts, study component phenom-
ena, direct experiments and design 
evaluations. 

MAGNETIC DESIGNERS 
Design static magnetic components, 
develop new magnetic devices, inves-
tigate and apply new design con-
cepts, initiate evaluation tests. 

SUPERVISORS 
In addition to requirements for both 
junior and senior engineers for these 
positions, several supervisory open-
ings are available. 
Requirements: B.S. degree in Physics 

or Electrical or Mechanical Engineer-
ing and a minimum of three years 
experience in one or more of the fol-
lowing or associated technical fields: 
Display Tubes 
Servo 
Switches 
Relays 
Microelectronics 
Instruments 

Semiconductors 
Potentiometers 
Capacitors 
Resistors 
Magnetics 
Mechanical 

U.S. CITIZENSHIP IS REQUIRED 
For immediate consideration, please airmail 
resume to: 

MR. ROBERT A. MARTIN 
Head of Employment 

Hughes Aerospace Divisions 

HUGHES 
 J 

HUGHES AIRCRAFT COMPANY 

11940 W. Jefferson Blvd. 
Culver City 34, California 
An equal opportunity employer 
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new Allen-Bradley 
type BB resistor 
ki watt insulated hot molded resistor haying the identical 
dependability associated with all A- B hot molded resistors 

shown 10 times actual size 

• . 015" 

+- 1/8" 

1"  

ACTUAL DIMENSIONS 

1,-4: 1/8" 

.003" 

.01e 

  L 
I I 004" 

k.062" 
DIA. 

• Here is the latest addition to the Allen-Bradley 

line of hot molded resistors—the new Type BR 

Being so very small, they are ideal for today's minia-

turized equipment—and offer a theoretical packag-

ing density approaching 730,000 units per cubic 

foot. Quality has not been sacrificed for size—the 

new Type BB insulated resistor provides the same 

superior performance and reliability for which 

Allen-Bradley resistors are world famous. 

For complete information on these new miniature 

Type BB resistors, please send for Technical Bulletin 

B-5005: Allen-Bradley Co., 222 West Greenfield 

Avenue, Milwaukee, Wisconsin 53204. 

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

4.Ul51R 

CHECK THESE FULL SIZE SPECIFICATIONS 

RESISTANCE VALUES: Standard EIA and MI L- R-11 from 2.7 ohms 
to 100 megohms 

RESISTANCE TOLERANCES: Standard + 5%, ± 10%, and ± 20% 

MAXIMUM CONTINUOUS RATED VOLTAGE: 150 Volts RMS or DC 

MAXIMUM CONTINUOUS RATED WATTAGE: 0.125 Watt at 70°C. 
Derate linearly to zero watts at 130°C maximum operating 
temperature 

VOLTAGE CHARACTERISTIC: Less than 0.050% resistance change 
per volt 

TEMPERATURE CYCLING: Resistance change less than 2% in 
five cycles from — 55°C to ± 85°C 

LOAD LIFE: Rated continuous working voltage for 1000 hours 
at 70°C ambient results in a resistance change of less than 8%, 
with the average not to exceed 6% 

SHORT TIME OVERLOAD: Resistance change is less than 2.5% 
after 5 seconds at 21/2 times continuous working voltage (200 
volts max.) 

EFFECT OF SOLDERING: Resistance change ± (3% + 0.05 SO 
maximum after 3-second test with leads immersed in solder 
to 1/2 " of body at 250°C 

ALLEN - BRADLEY 
QUALITY ELECTRONIC COMPONENTS 



TYPICAL SPECIFICATIONS TYPICAL CURVES (,1 25°C 

new Allen-Bradley line of 

subminiature low pass filters provide... 

HIGHER PACKAGING DENSITIES AND 

EFFECTIVE FILTERING TO 10 GHz 

Tiny FO type filter shown 
mounted on connector 
pin. (Approximately three 
times actual size.) 

A B 

4i " 

c 

/ 

ACTUAL ACTUAL ACTUAL 
SIZE SIZE SIZE 

Pin Size 1116 (0.062" dia.) ,20 (0.040" dia.) ,24 (0.030" dia.) 

Max. O.D. 0.160" 0.100" 0.075" 
Approx. Length 0.625" 0.450" 0350" 
Voltage Rating 
(V.D.C. max.) 500 v 200 v 100 v 

Feed-thru 
c urrent rating 25 amp 10 amp 5 amp 

Attenuation. min. 
(at max. operating 
temp.) 

50 DB 50 DB 50 DB 

Temp. Range —55°C to + 125°C —55°C to + 125°C —55°C to + 85°C 

• This new line of FO type subminiature low pass filters 
is designed to provide maximum reduction of RFI in a 
minimum of space—attenuation is greater than 50DB over 
the frequency range from 100 MHz to 10 GHz. 

The exclusive Allen-Bradley design allows unusually 
close spacing. The filters can be introduced into con-
nectors with no reduction in the number of terminals, 
still providing the possibility of individual replacement 
of filters if desired. 

80 
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especially designed for 

use in cable connectors 

r\f
°F

ter  

il 
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100 loos 
Frequency in Mcps (MHz) 

10,000 

With these filters mounted through a ground plane in 
the connector, there's complete shielding to prevent the 
possibility of rf coupling between input and output. 

A-B engineers will be pleased to cooperate with you 
in the application of these new subminiature filters. For 
more details, please write: Allen-Bradley Co., 222 West 
Greenfield Ave., Milwaukee, Wis. 53204. In Canada: 
Allen-Bradley Canada Ltd., Galt, Ontario. Export 
Office: 630 Third Ave., New York, N.Y., U.S.A. 10017. 

ALLEN- BRADLEY 
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COTEIMG Ti 

July 
July 12-15: Conf. on Nuclear & Space 

Radiation Effects, IEEE; Univ. of 
Mich., Ann Arbor, Mich. 

July 13-15: Aerospace Vehicle Flight 
Control Conf., SAE, NASA; Interna-

k. tional Hotel, Los Angeles, Calif. 
July 26-29: 2nd Annual AIAA Mtg. & 

Tech. Demonstration, AIEE; San Fran-
cisco Civic Ctr., San Francisco, Calif. 

August 
Aug. 18-20: Nat'l Mtg. of American As-

tronautical Soc., AAS; Sheraton-Pal-
ace Hotel, San Francisco, Calif. 

Aug. 23-27: 6th Inn Conf. on Medical 
Elect. & Biological Eng'g, IFMEBE; 
Tokyo, Japan 

Aug. 24-27: Western Electronics Show 
• & Conf., IEEE, WEMA; Cow Palace, 

San Francisco, Calif. 
Aug. 30-Sept. 1: Antennas & Propaga-

tion Intl Symp., IEEE; Sheraton Park 
Hotel, Washington, D. C. 

'65-'66 Highlights 
WESCON, Western Electronic Show & 

Cony. Aug. 24-27, IEEE, WEMA; Cow 
Palace, San Francisco, Calif. 

Nat'l Electronics Conf., Oct. 25-27; Mc-
Cormick Place, Chicago, Ill. 

NEREM, Northeast Research & Eng. 
Mtg., Nov. 3-5, IEEE; Boston, Mass. 

IEEE Intl Cony., Mar. 21-24, 1966; 
Coliseum, New York Hilton, New 
York, N.Y. 

September 
Sept. 8-10: 13th Annual Indus. Elect. 
& Control Inst. Conf., IEEE; Sheraton 
Hotel, Phila., Pa. 

Sept. 13-14: 13th Annual Joint Eng. 
Mtg. Conf., IEEE-ASME; New York 
Hilton Hotel, New York, N. Y. 

Sept. 13-15: 12th Annual Petroleum In-
dustry Conf., IEEE; Sheraton- Lincoln 
Hotel, Houston, Tex. 

Sept. 13-17: 6th Intl Elec'l Insulation 
Conf., IEEE; New York Hilton Hotel 
at Rockefeller Ctr., New York, N. Y. 

Sept. 22-24: Intl Cony. on Military Elec-
tronics (Mil-E-Con 9), IEEE; Washing-
ton Hilton Hotel, Washington, D. C. 

Sept. 23-25: 15th IEEE Broadcast 
Symp., IEEE; Williard Hotel, Wash-
ington, D. C. 

Sept. 24-25: 13th Annual Comm. Conf., 
IEEE; Cedar Rapids, Iowa 

Sept. 28-29: 7th Biennial Heating Conf., 
IEEE; Hotel Carter, Cleveland, Ohio 

October 
Oct 4-6: 1965 Canadian Electronics 

Conf., IEEE; Automotive Bldg., To-
ronto, Canada 

Oct. 4-6: Extra High-Voltage AC Trans-
mission Conf., IEEE; Jonn Marshall 
Hotel, Richmond, Va. 

Oct. 4-7: Instrument Soc. of America 
Conf. & Exhibit, ISA; Los Angeles 
Sports Arena, Los Angeles, Calif. 

101%Mil 

ITS NEW 

tquaiie 
li 1 1 • i ego 

1r 
High Current Ceramic 
Vacuum Relay 
The era of ceramic vacuum relays was 

first ushered in by Jennings with the intro-
duction cf the fabulous 50 kw interruptive 
RF10. Now comes the equally great RJ2A 
with outstanding des,gn features of its own. 

In the RJ2A Jennings has combined 
field-proven patented design with two im-
portant additions riot usually found in 
lesser relays. 

1. A thorough knowledge of the problems 
involved in designing relays for high volt-
age airborne, mobile or marine communi-
cations systems. 

2. The best combination of elements; vac-
uum for unchanging, low, contact resist-
ance and high voltace withstand, copper to 
carry high current, and ceramic to with-
stand shock and high temperature. 

In such applications as airborne elec-
tronic systems these advantages are in-
valuable. Especially for antenna switching, 
switching between antenna couplers, tap 
changing on RF coils, switching between 
transmitter and receiver, or pulse forming 
networks. The proof of superiority is evi-
dent in the following ratings which reflect 
only the minimum capabilities of the relay. 

Contact Arrangement SPDT 
Operating Voltage (60 cycles) 12 KV peak 

16 mc 8 KV peak 

Test Voltage (60 cycles) 18 KV peak 
Continuous Current 

60 cycle 25 Amps RMS 
16 mc 15 Amps RMS 

Contact Resistance .012 Ohm 
Net Weight 3 oz. Nom. 

We will be pleased to send you more 
detailed information about the RJ2A and 
the rest of our complete line of vacuum 
transfer relays. 

RELIABILITY MEANS VACUUM-
VACLiLIM MEANS 

ITTgannings 
JENNINGS RADIO MFG. CORP., 970 McLAUGHLIN 
AVE., SAN JOSE, CALIF. 95108, PHONE 292-4025 
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Tektronix Oscilloscope 
with general-purpose 

convenience 

Type 585A / 82 unit features 

• Dual-Trace Operation v.ith 4 op-
erating modes and independent con-
trols for each channel—for individual 
attenuation, positioning, inversion, and 
ac or dc coupling as desired. 

• Passband typically DC-TO-85 MC 
(3-db down) at 100 mv/cm ( 12-db down 
at 150 Mc), and typically DC- T0-80 MC 
(3-db down) at 10 mv/cm. 

▪ Calibrated Sensitivity in 9 steps 
from 100 mv/cm to 50 v/cm, and in 10X 
Amplifier Mode, from 10 mv/cm to 5 v/cm, 
variable between steps. 

• Internal and External Triggering 
to 150 Mc. 

• Sweep Range from 10 nsec/cm 
to 2 sec/cm. 

• Single-Sweep Photography at 
10 nsec/cm. 

111 Calibrated Sweep Delay from 
2 microseconds to 10 seconds. 

al Bright, High- Resolution Display 
with small spot size. 

• Conventional Passive Probes 
for convenience. 

plus 
ill Compatibility with 17 Letter-
Series Plug-Ins to permit differen-
tial, multi-trace, sampling, other lab-
oratory applications—when used with 
Type 81 adapter. 

Type 585A Oscilloscope   $1725 
Type RM585A Oscilloscope . .   $1825 
Type 581A Oscilloscope   $1425 
No sweep-delay capabilities, 
but other features similar to Type 585A. 

Type 82 Dual-Trace Unit . . . . $ 650 
Type 86 Single-Trace Unit . . . . $ 350 
Type 81 Plug- In Adapter . . . . . $ 135 

Allows insertion of 17 Tektronix letter-
series plug- ins. Band-width (up to 30 
Mc) and Sensitivity depend upon plug-
in used. 

U.S. Sales Prices, f.o.b. Beaverton, Oregon 

For a demonstration, call your Tektronix Field Engineer. 

P.O. BOX 500 • BEAVERTON, OREGON 97005 • Phone.' (Area Code 503) 644-0161 • Telex: 036-691 

Tektronix, Inc. TWX: 503-291-6805 • Cable: TEKTRONIX - OVERSEAS DISTRIBUTORS IN OVER 30 COUNTRIES 

TEKTRONIX FIELD OFFICES in principal cities in United States. Consult Telephone Directory 
Tektronix Australia Pty., Ltd., Melbourne; Sydney • Tektronix Canada Ltd., Montreal; Toronto 

Tektronix International A.G., Zug, Switzerland • Tektronix Ltd., Guernsey, C. I. • Tektronix U. K. Ltd., Harpenden, Herts 
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)lltek 
EVERYONE 
KNOWS A DECENT 
TRIMMER COSTS 
MORE THAN A BUCK 

(EVERYONE 
BUT HELIPOT) 

Here's a great new trimmer, the 
Model 62 Helitrim®, with a foxy 

combination of fine performance 

and low price. Only 0.250 inches in 

diameter and 0.250 inches high, 

it's one of the world's two smallest 

trimmers (both are from Helipot)! 

Power rating is 1/2 watt at 70°C. 

It's packaged in a sealed metal 

housing. And it has a Cermet 

element, which means essentially 

infinite resolution at resistance 

values from 10 ohms to 1 megohm. 

Cunningly priced below a dollar in 
large quantity, single units start at 

$1.75. Delivery details and other 

data are available from your local 

Helipot® sales rep. 

Beckman INSTRUMENTS, INC. 

HELIPOT DIVISION 

FULLERTON, CALIFORNIA • 92634 

INTERNATIONAL SUBSIDIARIES: GENEVA, SWITZERLAND; 

MUNICH, GERMANY; GLENROTHES, SCOTLAND; PARIS, FRANCE; 

TOKYO, JAPAN; CAPETOWN, SOUTH AFRICA. 
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for printed circuits, plug-in or wired assemblies! 

Compact, long-life c LARE 
industrial controls 

Relays shown actual size 

Type JDP Relay with mating 

socket for plug-Mn mounting 

Type LBP with mating 
socket for plug-in mounting 

Type J Relay for 
wired assembly 

Type LB Relay 
for PCB mounting 

Compact CLARE telephone type relays offer versatility of performance and 
flexibility of installation that meet the requirements of the widest variety 
of control designs. 

Their stable operation and adjustment, together with consistently reliable 
performance, make them ideal components for applications where inches 
and ounces count. They have the same sturdy construction, large contact 
spring capacity, sensitivity and adaptability found in larger, more conven-
tional relays of this type. 

These features contribute to the reliable, long life operation of these relays: 
Independent twin contacts, enhancing contact reliability; Largest possible 
armature bearing surface, providing stable, adjustment-free operation; 
Extremely rigid heel-pieces, making fine adjustment practicable. 

For commercial, industrial or military applications, CLARE telephone type 
relays solve a wide variety of switching problems. 
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CLARE TYPE J RELAY 

A general purpose re-
lay whose consistent 
performance has been 
demonstrated in thou-
sands of applications. 
It is available un -
enclosed, in dust cov-

ers, or hermetically sealed. Solder, taper-tab 
or direct plug-in terminals are provided for 
wired assembly mounting. 

CLARE TYPE LB RELAY 

Mounting height-
1.24 inch maximum. 

A high quality, low cost 
relay which meets the 
demands of functional 
PCB applications 
where small size ( 1.33 
cubic inches), versa-
tile contact arrange-

ments, wide range of contact load capacities, 
high contact reliability and direct PCB mount-
ing is desired. Clear plastic dust cDver. Phe-
nolic bottom plate with tinned nickel-silver 
terminals. 

CLARE TYPE JDP RELAY 

An assembly providing 
direct plug-in mount-
ing of Type J Relay 
using contact springs 
and coil terminals as 
plug pins. This elimi-
nates costly wiring and 

saves 20% in height over conventional octal 
plug relays. Clear plastic dust cover. Two 
socket sizes: 28 terminals for 24 contact 
springs; 16 terminals for 12 contact springs. 
Both with four coil terminals. 

CLARE TYPE LBP RELAY 

A plug-in version of 
the Type LB Relay with 
the same operating 
and design character-

Mounting height:1% inches istics. Clear plastic dust 
for wired assembly; cover. Choice of two 
1% inches for PCB. socket styles: ( 1) sol-
der type terminals with elongated slots for 
wired assembly mounting, or (2) tab terminals 
for PCB mounting. 

ELECTRICAL AND MECHANICAL CHARACTERISTICS OF TYPE J, JDP, LB, AND LBP RELAYS 

Contact 
Arrangements 

Contact 
Ratings 

Coil 
Resistance 

Nominal Oper- 
ating Voltages 

Operate 
Time 

Release 
Time 

Types 
J and 
JDP 

Forms 
A, B, C, D, E 
with up to 24 
contact springs 

max 

Low level 
to 

1000 watts, 
10 amps 

Up to 
21,000 
ohms 

Up to 
300 vdc 
Up to 
220 vac 
50-60 cps 

Fast operate: 
5 ms min 

Delayed operate: 
60 ms max 

' 

Fast release: 
5 ms min 

Delayed release: 
125 ms max 

Types 
LB and 
LBP 

Forms 
A, B, C, D 
with up to 

6 contact forms 

Low leve: 
to 

2 amps 

Upto 
6,550 
ohms 

Up to 
100 vdc 

6 ms min 2.5 ms min 

For complete information contact your 
nearest CLARE Sales Engineer 
CALL— NEEDHAM (Mass.) : (617) 444-4200 • GREAT NECK, L.I. (N.Y.): 

(516) 466-2100 • SYRACUSE (315) 422-0347 • PHILADELPHIA: (215) 
386-3385 • WASHINGTON: (202) 393-1337 • ORLANDO: (305) 424-9508 • 
CHICAGO: (312) 262-7700 • MINNEAPOLIS: (612) 824-7064 • CLEVE-
LAND: (216) 221-9030 • XENIA (Ohio): (513) 426-5485 • CINCINNATI: 
(513) 891-3827 • MISSION ( Kansas): (913) 722-2441 • DALLAS: (214) 

741-4411 • HOUSTON: (713) 528-3811 • SEATTLE: (206) 725-9700 • SAN 
FRANCISCO: (415) 982-7932 • VAN NUYS (Cal.): (213) 787-2510 • 

TORONTO, CANADA: C. P. Clare Canada Ltd. • TOKYO, JAPAN: Westrex Co., 
Orient 

write: Group 07D5 

C. P. CLARE & CO. 
3101 Pratt Boulevard 

Clicago, Illinois 60645 

CLARE 

relays end related control components 
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TO MEET MODERN RFIIEMC NEEDS 

EMC-10 SERIES INTERFERENCE ANALYZER-20 CPS to 50 KC 

Choose from 3 Outstanding Models 

Standard Model EMC- 10 
Fairchild's Interference Analyzer Model EMC-10 is the only RFI/EMC 
measuring instrument that can be electronically scanned over its 
frequency range. As a result, it can be remotely tuned over the complete 
20 CPS to 50 KC spectrum, either manually, or by electronic sweep, 
and without mechanical linkages. 
With its X-Y outputs, plus numerous other new features, it meets all 
new demands for automated testing. 
Because it is a modern solid-state unit, operated from either its self-con-
tained, rechargeable battery supply, or external AC or DC, it provides 
genuine portability and maximum reliability. Its extreme sensitivity— 
internal noise approximately 3 nanovolts in its 5-cycle bandwidth posi-
tion—meets the requirements of the most stringent RFI/EMC sensitivity 
specifications. 
With 170 DB dynamic range, including 40 DB on the front-panel meter, 
and excellent amplitude and frequency accuracies, many of the old low-
frequency testing problems are gone. Especially important to the oper-
ator is the complete elimination of tedious calibration procedures. 

EMC-10M for Economy 
Model EMC- 10E With Built-In Scan 

Model EMC-10E incorporates all features of standard Inter-
ference Analyzer Model EMC-10, but, in addition, includes 
within its own housing, electronic frequency scanning circuitry 
for automatically sweeping the range of 20 cps to 50 kc. 
Sweep rate is automatically adjusted for the selected IF Band-
width: one-minute sweep time in the 250-cycle position, five 
minutes in the 50-cycle position, and fifty-minutes in the 
5-cycle position. 

Electronic tuning, with the consequent elimination of motor-
drive and other mechanical apparatus, is in conformance with 
newest Department of Defense requirements which emphasize 
need for automated and semi-automated data collecting. 

Model EMC-10M incorporates every important modern RFI/ 
EMC feature of the standard Interference Analyzer Model 
EMC-10, but because some of the features of lesser importance 
have been omitted, it is available at a lower cost. 
As a result, Fairchild can offer for a smaller investment, out-
standing features found in no competitive instrument. 
Model EMC-10M has a tuning range of 20 CPS to 50 KC (3 
times the range of any competitive unit), extreme sensitivity, 
and the capability for electronic scanning and remote control 
without mechanical linkages. 

INTERFERENCE ANALYZER MODEL EMC-25-14 
Now available for the first time is an RFI meter that in a single, compact package 
provides full coverage of 14 KC to 1 GC. The solid-state Model EMC-25 meets the 
latest military and commercial requirements for automated data acquisition. 
The unit, in many ways similar to the lower frequency Model EMC-10, is capable 
of being electronically scanned over the entire frequency range, including re-
motely controllable band sequencing. It also incorporates its own internal battery 
supply in addition to capability for AC operation. 
In addition to small size and light weight, EMC-25 provides extreme sensitivity 
and operational simplicity. A choice of two bandwidths at all frequencies is 
standard in the unit. Detector functions provided are Carrier, Peak, Quasi-Peak, 
60 DB Scan, Slideback, and FM deviation. In 60 DB Scan, a full 60 DB can be read 
on the meter without changing input attenuator settings. 

Outputs for phones, external meter, X-Y recorder, IF and video are incorporated 
in the new instrument. 
Special versions of Model EMC-25 are also available with customer choice of any 
one or more of the 15 frequency bands. 

KC to 1 GC 

TUNABLE REJECTION FILTERS 
MODELS TRF-11 to - 15 

14 KC to 1 GC 

Each precision rejection filter in this se-
ries of five permits attenuation of an 
unwanted signal by at least 80 DB at 
any frequency within its tuning range. 
The entire set of filters provides continu-
ous coverage from 14 KC to 1 GC. While 
they were especially designed for use 
with RFI/EMC instruments in this 
range, they can be used equally well in 
many other receiving systems to provide 
rejection of unwanted signals. 

AUDIO WAVE ANALYZER MODEL EWA-88 
20 CPS to 50 KC With Built-In Electro-Scan 

Front-end overload against off-frequency signals, 
and full capability for electronic frequency control 
and scanning, internally, or from a remote location, 
are typical of the unique features found in Audio 
Wave Analyzer Model EWA-88. 
This fully solid-state analyzer has overall dynamic 
range of more than 170 DB, with 40 DB on the 
front-panel meter. Other features include two band-
widths- 6 cps and 50 cps— with AFC, and five 
special outputs including "Restored" and "Track-
ing." 
All these features, together with high amplitude and 
frequency accuracies and extreme simplic'ty of 
amplitude and frequency calibration, make the 
EWA-88 the ideal solution for many applications 
now satisfied by compromise instrumentation. 

ELECTRO-METRICS CORPORATION FAIRCI—IILD A SUBSIDIARY OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 

88 CHURCH ST., AMSTERDAM, NEW YORK 12011 
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The field of electromagnetic compatibility (EMC) 
goes beyond the normal " interference" to communica-

tions. It now encompasses the effects of radiation on 
man, animals, plant life and materials, to cite a few. 
New problems on the horizon may be grouped into 

legal, legislative, and labor. 

The Broad Aspects of EMC 
By REXFORD DANIELS President, 

Interference Consultants, Inc., 150 Cause«ay Street, Boston, Mass. 02114 

ELECTRONIC 
INDUSTRIES 

STATE-OF-TH EAT 

FEATURE 

ELECTROMAGNETIC COMPATIBILITY 
(EMC) is a term which is acquiring 
a broader and broader meaning, every 
day, as scientists and engineers push 
out the frontiers of the electromagnetic 
spectrum into other disciplines. They 

are discovering that everything in nature has a reso-
nance which, when activated by magnetic or electro-
magnetic energy, can affect its molecular structure, its 
habits, its uses, and even its place in its own environ-
ment. What may, therefore, be compatible today in one 
environment may be found incompatible tomorrow if 
that environment is changed. EMC is still an art 

struggling to be a science with nature seeming to con-
tinually complicate matters. 
With the introduction of "spectrum signatures" by 

the military, all aspects of electromagnetic energy 
have become officially included such as magnetic, in-
ductive, Fresnel, and Fraunhofer regions, etc., as well 
as many terms in other disciplines which describe the 
reactions of this energy in those disciplines. EMC is 
also, therefore, no longer just an electronic terni but 
is becoming an all-embracing figure of speech which 
includes its "side-effects" as they become known. 

Studies Being Made 

The electromagnetic (EM) spectrum has ceased 
to be an inexhaustible natural resource which can be 
indiscriminately used. It has to employ such things as 
time-sharing and propagation characteristic considera-
tions, in addition to frequency allocation, to achieve 
compatibility. A good book on this subject is Radio 
Spectrum Utilization, 19641, by the Joint Technical 
Advisory Committee. The book discusses all aspects 
and gives the reasons why. At the IEEE Convention, 
March 1965, a panel of experts detailed the problems 
as they affected military and civilian uses, and fully 
justified the title of their discussion "Radio Spectrum 
Utilization as a National Problem." This panel also 
disclosed to the public, for the first time, the nation-
wide survey of all aspects of electromagnetic energy 
which is being made for the executive branch of the 

government, by the Joint Technical Advisory Com-
mittee, and which will probably have some bearing on 
what action Congress takes to amend the Communica-
tions Act of 1934, now before Congress and known as 

S. 1015. 
Another article in this issue will give the electronic 

progress which is being made in EMC, thereby, leav-
ing for discussion the increasingly important "side-
effects" and, finally, the three Ls—legal, legislative and 
labor—which are beginning to appear on the horizons 
of those involved in the use of this energy. 

Research into Other Disciplines 

The EM spectrum is now being examined for a 
multitude of uses, many of which were not thought of 
ten years ago. The Department of Agriculture, for ex-
ample, is exploring different frequency ranges to learn 
if EM energy can be used for the control of insects 
and pests. Educational and technical institutions, 

Foundations and industry are studying the biological 
effects of this energy on humans and animals. Other 
research groups are recording the operation of the 
brain and tapping in on muscle signals to control arti-
ficial limbs and guide fast-moving manned vehicles 

when the Ps render the pilots immobile. Most of this 
research, is unfortunately random in effort and not 
coordinated and, hence, the results often not available 
to those most interested. 
The military has taken the first step in recognizing 

the importance of the side-effects of EM energy. They 
have established the tri-Service Radiation Hazards 
(RAD IIAZ ) program. This is divided into three-sub-
programs: BIO-EFFECTS (Hazards to personnel) ; HERO 
(Hazards to ordnance) and SPARKS (Hazards to flam-
mable and volatile fluids). At present, there is no cor-
responding civilian groups—and there may never need 
to be, if technical information is made public and proper 
care is taken in its use. 

Principles in Achieving EMC 

With tile discovery that everything in nature has 

a basic resonance, it indicates that everything can be-
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89m CONGRESS 
Dn. Swims S. 1015 

IN THE SENATE OF THE UNITED STATES 

FEBBIIART 8,1965 

Mr. biAGNIMON (by request) introduced the following bilf; which was read 
twice and referred to the Committee on Commerce 

A BILL 
To amend the Communications Act of 1934, as amended, to 

give the Federal Communications Commission authority to 

prescribe regulations for the manufacture, import, sale, ship-

ment, or use of devices which cause harmful interference 

to radio reception. 

1 Be it enacted by the Senate and House of Representa-

2 

3 

4 

5 

6 

7 

8 

fives of the United States of America in Congress assembled, 

That the Communications Act of 1934, as amended, is 

further amended by adding thereto a new section 302 to 

read as follows: 

"DEVICES Wilma INTERFERE WITS! RADIO RECEPTION 

"SEC. 302. ( a) The Commission may, consistent with 

the public interest, convenience, and necessity, make res-

ASPECTS OF EMC (Continued) 

come an active component in a sympathetic magnetic 
or electromagnetic environment. Architects are find-
ing out that buildings are no longer inert masses of 
metal and mortar, but can be active antennas for 

radiating or conducting EM energy. Industry is find-
ing out that a component or a product may appear to be 
compatible in a low test ambient, but can become sud-
denly active when placed in a system, assembly or too 
near a "hot" element. Thus length, width and shape 
become important to the design engineer, and location 
to the packaging engineer. 
From a systems circuitry standpoint there is no 

theoretical or practical reason which dictates the use 
of a connection to the earth's surface as a necessary 
part of an R-F systems circuit.2 In fact, there is no 
consideration dictating the use of any reference point as 

a so-called "ground." However, the need for a single 
reference point, called a reference ground in R-F sys-
tems circuitry, is well established. But the location of 
such a single point depends on its position in the cir-
cuitry of the system and impedance characteristics, and 
with no relationship to an NEC ground. EMC, thus, 
means the complete use of all EM energy within a 
system itself and leaving no residue to be attenuated 

or to be conducted to a ground outside of the circuitry. 
In other words, all energy, except that which is sup-
posed to do outside work, should be controlled in basic 
design. 
A third basic principle is the simple one of using 

non-emitting components in place of those which have 
to be attenuated. For example, substituting incan-
descent lamps for fluorescent; induction motors for 
brush-type motors and non-sparking switches for spark-
ing. 

Scanning the Spectrum 

It is not possible to include all the known research, 
which is being done in disciplines other than elec-
tronics, because they could fill volumes. However, we 
can start at the bottom of the spectrum and work up. 

Man's last refuge for privacy, his brain, is now being 
invaded by laboratories all over the world. Russia is 
known to have eight groups working on all aspects of 
the brain, including thought transference. The num-
ber of those in the United States is unknown but more 
and more are continually coming to light. It seems 
that the speed of modern civilization is out-running 
muscular reaction time and demanding quicker con-
trols for all kinds of work. The brain's alpha rhythm, 
from about 7 to 13 CPS, can now be controlled and, 
when a person alters the pattern of his thinking, it is 
possible to use binary digits for communication. Or, 
in other words, thought transference.5 As brain ac-
tivity climbs the spectrum, up to 150 KC, it can operate 
muscles by creating different frequencies.4 These sig-
nals can be intercepted on the surface of the skin and 
fed into electronic devices which will duplicate the 
muscle action. Artificial arms and legs have been made 
to act normally by such methods, and controls of fast 
planes can now be operated by just thinking about 
them.5 Some day it may be possible to sit in front of 
a TV set and direct explorations at the bottom of the 
ocean without even getting one's feet wet. The pros-
pects seem limitless, once the basic principle is under-
stood. 

Electrical anesthesia has been discovered at 700 
cycles; from 550 'cc to 890 mc colloidal components of 
living cells have been found to resonate in the broad-
cast and TV bands; 5 mc, 10 m c and 39 m c were 
found to increase germination of alfalfa seeds which 
contained hard seed; 21 Mc increased the germination 
of gladiolus bulbs; 26 Mc caused polystyrene spherules 
to form a "pearl chain" reaction in water; 29 m c killed 
bugs in bread; 300 m c to 3,000 mc will expedite the 
regrowth of severed nerve tissue, while 400 m c to 450 
Mc caused a change in the nucleic acid of common 
strains of bacteria and so on up the spectrum. These 
reactions often have to be obtained under laboratory 
conditions, so there is not much need for man to worry, 
at this time, that his life will be much affected. 
The same is not true, it seems, for insects, bacteria 

and pests. At the 131st Annual Meeting of the Ameri-
can Association for the Advancement of Science, Mon-
treal, December 26-31, 1964, S. O. Nelson and J. L. 
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Seubert delivered a paper "Electromagnetic Energy 
and Sound for Use in Control of Certain Pests." In 
the paper they summarized the research results which 

had been done to date. 

There are future possibilities of man's unbalance-
ment of nature if proper controls are not concurrently 
studied. The electromagnetic attraction of fish could 
eventually wipe out whole species—to man's detriment. 
The discovery of the resonances of nature has, by several 
scientists, been declared to be of more eventual im-

•• portance to man than the discovery of nuclear energy. 
Too much radiation is hazardous to biological cells 

and that limits for bodily absorption have been estab-
lished where very high powers are generated—as near 
certain radar and communication antennas. These same 
frequencies have been found upsetting to migratory 
birds; have been claimed to reduce the percentage of 

return of homing pigeons, in some areas, down to 2% 
to 5%; and, these same waves can trigger flash bulbs 
and erase intelligence from magnetic tape. These are 
examples of the manifold effects of just one frequency 

range. 

*if 

More Than a Technical Problem 

Of less interest to the technical side but of more con-
cern to management, are those considerations which 
are appearing in the legal, labor and legislative fields. 
They originate as more and more evidence is obtained 
of harmful radiation; the losses suffered from inter-

ference with established communications; reimburse-
ment for material and personal damage, and the intro-
duction of local and national regulatory controls. A 
good example is the admonition at blasting sites to 
"Turn Off Two-Way Radios." This raises the ques-
tion of who could be held responsible if someone did 

not turn off his two-way radio and an explosion re-
sulted. At the present time, it is a "user beware" 
psychology which puts the responsibility on the user 
of electromagnetically affected equipments, materials 
and components. But this will probably change as 

people become more concerned with safety and realize 
that an electric spark can be just as destructive as an 
incendiary spark. Already legal controls are expanding 
as the FCC's powers are increased; Public Law 200 
(Presidential control of transmissions in a national 
emergency) is being publicized; West Virginia's Na-
tional Radio Quiet Zone is becoming a pattern for 

• similar areas, and the Chicago-O'Hare International 
Airport has adopted the following zoning regulation: 

"Section 10.5: Use Restrictions: (1) General—Not-
withstanding any other provisions in these zoning regu-
lations, no use may be made of land within any zone in 
such a manner as to create electrical or electronic inter-
ference with radio or radar communication between the 

airport and aircraft. . . ." 
When it is understood that the zoning area takes in 

a width of 16,000 ft at a distance of 50,200 ft from the 
end of a runway. it is realized that quite a bit of terri-
tory is affected. As this zoning is to become a pattern 

for other airports, the question of EMC and respon-
sibility will be introduced into every city and large 

town in the country. 
So that buildings and whole industrial areas may be 

electromagnetically compatible, companies are protect-
ing themselves with special clauses in rental contracts. 

Labor 

Radars, since the last war, and then nuclear radia-
tion, have made labor conscious of the destructive ca-
pabilities of EM radiation. Naturally, the labor unions 
want protection for their members and also wish to 

have a margin of protection so that unknown hazards 
will be covered. Labor officials contend that this is 
a subject for collective bargaining and should be rein-
forced by a federal law. They also wish improved 

Workmen's Compensation legislation making injury 
pay available even when symptoms do not materialize 
for seven or more years after ending employment. 

It is logical to presume that, ultimately, some pro-
tection and some indemnity will have to be provided 
for everybody, including executives as well as union 
members. Some companies are already anticipating the 
possibilities of claims for possible present injury and 
are running annual tests on all emitters to have evidence 

in their files. 
Labor can also be affected by loss of jobs due to 

FCC violations where a company considers it cheaper 
to move to a new location rather than to try to shield 
or reduce radiation to acceptable levels in its present 
location. On the other hand, labor will probably bene-

fit, for a short time at least, from the establishment of 
radiation limits on civilian products and equipments. 
It should also increase the market for "suppression" 
components and for the shielding of emitters which are 
too expensive to suppress. 

What of the Future? 

If we are going to try and create a microvolt civiliza-
tion in a millivolt world, electromagnetic progress will 
have to be fitted into incompatible environments. As 
there seems to be no effort being made on the part of 
man to reduce his use of the spectrum, those, who have 
studied the problems which will arise, state that EMC 

is the next big step in electronics and those, who can 
master the techniques involved, will benefit. The others 

will suffer in proportion to their opposition or lack of 
recognition of what is coming. 
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New Developments in EMC 

ELECTRONIC 
INDUSTRIES 

STATE-OF-THE-ART 

FEATURE 

HISTORICALLY THE DEVELOPMENT of 
electromagnetic compatibility from an 
art to a science can be traced through 
the words used to describe it. During 
the decade of the thirties, "static" was 
the term used to describe the program 

and the effort at that time was on static elimination. 
The forties brought a more sophisticated term, "radio 
noise," and a concern with control over its source. 
In the fifties there was a consolidation and organization 
of effort to fight the problem which became known as 
"radio frequency interference" (RFI). In the sixties 
there is a realization that the problem is one that we 
must live with and the term "electromagnetic com-
patibility" (EMC) is used to describe it. The compati-
bility aspect has been mainly concerned with the opera-
tion of communication, detection and control systems 

in a common spectrum with acceptable reliability. But 
recently, reports of side-effects of electromagnetic 
energy indicate that the area of interest, and ultimately 
the area of control, will be much broader than could 
have been anticipated. 

Control Measures 

The latest specification on EMC is msFc-SPEC-279 

issued June 1, 1964, by NASA's George C. Marshall 
Space Flight Center at Huntsville, Alabama. It pro-
vides system and subsystem interference test, and sub-
system susceptibility test requirements. The methods 
of test and the limits for radiated and conducted inter-
ference are set. The limits in some cases are at a 
frequency as low as 25 cycles. The upper bracket of 
the spectrum is 10 GC. An unusual feature is the 
requirement for transient response measurements using 
a transient generator. It can be constructed from a 

schematic included in the specification. An evidence 
of the new approach to EMC is the requirement for a 
contractor-prepared detailed EMC control plan, as well 
as a detailed EMC test plan. Each of these plans is 
subject to review and approval by the procuring unit. 
The Air Force has made a step in the direction of 

a universal specification through the new MIL-no-826 
"Electromagnetic Interference Test Requirements and 
Test Methods" effective January 20, 1964. This has 
been introduced to replace TAIL-I-26600 with a specifica-
tion having updated test methods to insure that inter-
ference control designs are in new equipment. It is 
generally believed that MIL-STD-826 will eventually be 
accepted by the Army and Navy to replace MIL-I-11748 
and MIL-I-16910 and become a true Tri-Service Com-
patibility Specification. 

Concern over RFI has caused a bill ( S. 1015) to 
be introduced in the Senate of the U. S. The bill, in 
effect, proposes to amend the Communications Act of 
1934 to give the Federal Communications Commission 
(FCC) authority to prescribe regulations for the man-
ufacture, import, sale, shipment, or use of devices which 
cause harmful interference to radio reception, either 
by radiation or conduction. The bill, further, would 
exempt devices for use by the federal government 
agencies from the jurisdiction of the FCC. But it would 
require that devices for use by the federal government 
agencies be developed or procured under specifications 
designed to reduce interference, taking into account the 
needs of national defense and security. In March of 
1965 an associated bill (HR. 5864) was introduced in 
the House of Representatives. 

Spectrum Signature Program 

A measurement program was started to furnish r-f 
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Fig. 1 ( left): Typical instrumentation 
that is required for qualification tests. 

Fig. 2 ( right) : EMC shielding tape can 
be applied to cables for good shielding. 

By JAMES C. SENN 
and JAMES S. FBLL 
Applied Research Div. 
Genistron, Inc. 
7100 Baltimore Ave. 
College Park, Md. 20740 

The field of electromagnetic compatibility has been in a constant state of change. New in-
strumentation, new specifications, better control measures, and advanced methpds of protect-
ing ordnance devices are among the most recent changes. Here is a chance to be brought up-to-date. 

spectrum characteristics of military electronic equip-
ment. This is for the prediction of interference and 
compatibility in the planning of installations, and in 
dealing with interference problems which may occur 
with changes in operational procedures. Uniform meas-
urement methods for this program are given in MIL-
sip-449B. The Army, Navy, and Air Force have been 
making spectrum signature measurements and report-
ing the results to the Electromagnetic Compatibility 
Analysis Center (ECAC) where they are cataloged. 
The ECAC Catalog of Data and Analytical Service, 
dated December 1964, lists 191 spectrum signatures in 
the library. The number of equipments listed is some-
what less than this. In many cases, more than one serial 
number of an equipment has been measured and listed. 
Where feasible, the Army has made measurements 
on three serial numbers of each equipment, while the 
Navy and Air Force have limited sampling to two. 
Some of these reports are available from the Defense 

Documentation Center. 
The investment in measurement and report effort 

is large. The minimum cost of a signature report under 
MIL-ern-449B is around $10,000. Spectrum signature 
reports on more sophisticated systems may cost three 
to five times this minimum. 
A signature is costly because of the number of man 

hours involved in manually scanning the frequency 
spectrum and manually recording data. The spectrum 
signature includes the measurement of seven trans-
mitter, ten receiver, and antenna spatial directivity 
characteristics. Not every signature has all of these 
measurements. Nevertheless, the investment is large 
and means of cost reduction have been investigated. 
One system of cost reduction that has gone into 

effect is in the synthesization of signature information 

in the ECAC catalog. Certain patterns of emission 
and response associated with transmitter and receiver 
circuitry and components have become evident. The 
methods used to synthesize spectral characteristics 
entail both theoretical and empirical methods. Not all 
of these can be reliably synthesized. A limited number 
of characteristics still require measurement, and in 
some cases, a complete spectrum signature is measured 
because either the design is new, or there is need for 
validation of the synthesis method. The synthesis 
method is also used for antenna characteristics, where 
a probability distribution can be synthesized from 
measured data on similar equipments. 

Another means of signature cost cutting is by using 
instrumentation to automatically spectrum scan and 
record characteristics. Automatic measurement systems 
are available, but they do not meet rim-sTD-449B 
because this spec requires a substitution method of 
measurement, a method which has implied accuracy 
but which does not lend itself to automation. This stum-
bling block will, do doubt, be removed in the future. 
White Electromagnetics, Incorporated (WEI) has 

been active in the development of systems to auto-
matically scan and record data in the measurement of 
radiated and conducted interference under specs such 
as msFc-sPEC-279, MIL-STD-826, and similar specifica-
tions. The WE! Model 120A Auto-Spectrum Plotter 

uses the Empire NF-105-F receiver, but any other 
standard radio interference receiver can be used. A 
similar system, Model 130A, is designed around the 
use of surveillance receivers where the interest may 
be in an EMC environmental study. 

Instrumentation 

In the field of instrumentation for EMC-RFI meas-
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EMC DEVELOPMENTS (Continued) 

Fig. 3: The development of multiple lines 

of contact during compression of a single 
RFI floating finger strip for doors. 

urement competition is keen. This has fostered new, 
improved instruments with better sensitivity, reduced 
size and weight, motorized scanning, and a number of 
other features. Relative newcomers in the field are EMC 
Instrumentation, Electro International, and Fairchild 
Electro-Metrics. 

The EMC Instrumentation Model EM A910 covers 
a range of 1 to 10.5 cc and features all solid state cir-
cuitry, high case shielding, AFC, high sensitivity, and 
a remote control arrangement that can be automated. 

The Electro International line of instruments includes 
a number of specialized devices, including a group of 
preamplifiers to give a 20 db improvement in the sensi-
tivity of existing instrumentation in the range of 150 xc 
to 1 GC. There is also a subaudio detector for use in 
the 3 to 45 CPS range to detect low level electric and 
magnetic fields. 

Fairchild Electro-Metrics broke into the field last 
year with the solid state Model EMC-10 which features 
a built-in electronic frequency scan from CPS to 50 xc. 
The Model EMC-25 recently added to the line measures 
from 14 !cc to 1 cc, with electronic scanning and 
remote control band switching. A prototype of this 
unit was shown in March. 

The Stoddart Company, long active in the field, has 
acquired rights to the White Auto-Plot Controller. This 
is an attachment for any tunable RFI measurement 

instrument. It can be used to automate measurements 
and record the results on an x-y plotter. Through the 

use of the Auto-Plot Controller, the full requirements 
of MIL-mm-826 and other interference specs can be met, 
including transient measurements. Stoddart announced 
a new solid-state line of instruments last March. The 
line consists of a set of 3 units, which together cover 
the frequency range of 10 xc to 1 cc. Also, there is 
a single unit, the LF/SHF-2T, which tunes from 10 KC 
to 10 cc with improved sensitivity and reduced spurious 
responses. Stoddart has also announced the NMC-1040 

converter unit which tunes from 10 cc to 40 cc in three 
bands, with a 9 cc output. Automatic scanning is pro-

vided which can allow a panoramic display of the entire 
frequency spectrum. 

The Empire Division of Singer Metrics is continuing 
their basic line instrumentation with some additions to 
the packaging. Interchangeable tuning heads have been 
arranged in one package, with filament heating supplied 
to all heads. A switching arrangement allows instant 
selection of any one head for the tuning function. 
Equipments of this type are the NF-105F for 14 xc 
to 1 cc and the NF-112F for 1 to 10 cc, with an ex-
tender available for coverage up to 22 GC. 

Polarad has added a number of improvements to the 
solid state model CFI. The frequency range has been 

extended so that the range of 1 to 21 cc is covered with 
six interchangeable heads. For the user who wants 
instant access to any part of this spectrum, there is a 
rack mounting arrangement with band switching be-
tween heads. Motorized tuning, sector scanning, and 
programmable operation are other new features. 

One of the most impressive and widely accepted 
developments in the RFI instrument field is the Hew-
lett Packard Model 8551A/851A Spectrum Analyzer. 
This unit has opened up a wide panoramic window in 
the spectrum with a sweep width adjustable from 100 
KC to 2 cc. With accessory mixers and adapters, it can 
be used as a receiver from 10 Mc to 40 cc. This is such 
a convenient tool in spectrum monitoring that every 
procurement for a mobile van or a fixed monitoring 
station has included at least one of these units. 
McDonnell Aircraft has established an Electronic 

Equipment Division to enter the EMC instrumentation 
field. One of their first products is the Model 35 G001 
Transient Generator. This is a high voltage type gen-
erator capable of an output of 200 volts, suitable for 
use as a susceptibility tester. In testing susceptibility 
to radiated fields it is capable of output fields of up 
to 20,000 volts per meter or up to 0.67 gauss. 
At Ft. Monmouth the USAEDL has developed the 

use of Yttrium, Iron, Garnet (YIG) filters for micro-

wave receivers for spectrum scanning and signal level 
measurement. This is now in a very promising stage. 
The YIG filter has been voltage tuned to provide a 

scan through the 1 to 12 cc portion of the spectrum in 

a nsec time interval. The bandwidth can be controlled 
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from a wide mode, about a megacycle to a narrow 
mode of kilocycles. It is possible to sweep the frequency 
range in the wide mode to find a signal and then examine 
it in detail with the narrow mode. This system has a 
90 db dynamic range with an attenuator controlled in 
10 db steps. Thus, a number of cuts can be made 
through the spectrum at 10 db intervals. A computer 
type readout is incorporated so that in a rapid, con-
tinuous scanning mode, signals can be recorded as part 
of a spectrum search program, or the system can be 
used for rapid recording of spectrum signature measure-

ments. 

Signal Processing 

Developments in signal processing have come about 
through a review of old established theories. For ex-
ample, the well known FM "capture effect," in which 
the strong signal causes a rejection of the weak signal, 
is now used in signal processing system to separate 
and retain a weak signal. The two co-channel signals 
are processed concurrently in two FM receivers. One 
receiver has a strong limiting action which rejects the 
weak signal ; the other receiver has marginal limiting 
action which is adjusted to produce both the weak and 
strong signals in its output. The outputs of these two 
receivers are combined so that the two strong signals 
are in phase opposition and cancel, leaving the weak 
signal at the output of the combiner. 

In another development the local oscillator input to 
the mixer has been increased to improve signal dis-
crimination. An increase in oscillator drive produces 

an undesirable increase in noise figure and an increase in 
intermodulation products. The increase in intermodula-
tion products occurs out of the channel and can be con-
trolled with a bandpass filter. An increase of 10 db in 
local oscillator injection will reduce co-channel signal in-
termodulation products by as much as 20 db within the 
channel. 

Shielding 

An interesting and novel shielding material has just 

been introduced by Tecknit. It is an EMC shielding 
tape of knitted steel wire. It comes in a one inch width 
and can be wrapped as a bandage as shown in Fig. 2. 
When wrapped with an advance of one-half layer per 

turn it gives four layers of single knit thickness. More 
shielding can be provided by wrapping with a smaller 
advance. This is a very convenient shielding device for 
lab. and prototype use. 

Finger stock is a standard type gasket material on 
shielded room doors. Its drawback has been its vul-
nerability to mechanical damage and the difficulty of 
repair or replacement. Instrument Specialties Company 
has a "floating" type of finger stock which can be 
loosely or tightly fastened with rivets, screws, or with a 
special spring clip. Fig. 3 shows the gasket in progressive 
stages of compression. As it is compressed there is a 
wiping contact action, and the number of lines of 
contact increases from three, as shown at the top of 
Fig. 3, to at least nine as shown in the lower part. 

Since this new type of gasket does not require soldering 

to the door or frame, it can more readily be replaced 
when damaged. 

HERO (RADHAZ) Programs 

A special area of EMC problems has been designated 
variously as "HERO" (Hazards of Electromagnetic Radi-
ation to Ordnance) or "RADHAZ" (Radiation Hazard). 
The BERo or RADHAZ problem arises mainly because 
of the possible susceptibility of electro-explosive initiator 
devices (EED) in both weapons and aerospace vehicles 
to the electromagnetic environment. Other serious prob-
lems are the danger of injury to personnel by r-f 
radiation, and the problems of interaction among com-
plex control systems. 

Several government agencies are very active in an-
alyzing these problems and seeking solutions. One 
agency has sponsored development of a number of 
in-line protective devices and special electric squib 
designs, as well as development of instrumentation and 
methods for evaluating these items. They have spon-
sored development of methods for laboratory evaluation 
of the devices. They also conducted their own test 
programs to evaluate hazards under full-scale conditions 
of simulation. 
Some devices developed under the sponsorship of 

this agency include absorptive attenuators, special re-
lays and semiconductor devices, shielded transformers, 
and special types of r-f-insensitive squibs. Special in-
strument developments include a miniature r-f current 

Fig. 4: Experimental setup for development of EED test methods. 

sensor and recorder system and a special field-intensity 
meter for use in intense fields very near a large radia-
tor. 

This agency is also intensely active in both experi-

mental and theoretical studies with the objective of 
analyzing, predicting, and minimizing interaction among 
weapon systems and subsystems. Studies are carried out 
with the aid of systems in operation, as well as simu-
lated systems on several large-scale ground plane facili-

ties. 
Another agency is active in development of protective 

devices, particularly absorptive attenuators, and evalua-
tion methods for such devices. They are developing 
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7ea,e9d NEW 
IN RFI SHIELDING 

NEW 
PREMIUM 
COMBO STRIP 
FEATURES High 

Reliability Construction 

A ready replacement for stand-
ard bonded RFI strips, this 
Premium Combo-Strip is priced 

within a few cents of standard 
constructions. This new shield-

ing material has a fin of mesh 
securely locked in place inside 
the rubber strip. A round cross 

section enhances the shielding 
effectiveness under low closing-
force conditions. Superior 

uniformity of construction is 

achieved with this technique of 
bonding. 

CIRCLE 101 

Write for 
technical bulletin 

noi ETF 
ELECTRONICS 

ad 

TECHNICAL BULLETIN - 

rvIleJ•• MY. OTRIP 

NEW 
POLASHEET II 
IS ULTRA-THIN 
RFI Shield and 

Seal .045 Thickness 

Polasheet II will yield an over-
all system attenuation of 125 

to 135 db and a sealing pres-

sure up to 30 psi. Insertion loss 
measurements of as much as 
100 db achieved, exceeds con-
ventional materials by 10 to 30 

db. This ultra-thin, uniform 

thickness, shielding material 
can be die cut to produce a 
resilient, flexible gasket of odd 
or complex shapes. It does not 

require machined surfaces for 
proper installation. 

ad 

7E,INCAL EULLON 

%At, 11 

CIRCLE 102 

Write for 
technical bulletin 

Samples of These New Metex-Developed Products 
are Available Upon Request. 

Leader in Advancing the-State-of-RFI-Art 

METEX ELECTRONICS 
DIVISION OF FERRODYNAMICS CORPORATION 

WALNUT AVENUE • CLARK. NEW JERSEY 
PHONE: AREA CODE 201-FULTON 1-7272 

EMC DEVELOPMENTS (Continued) 
large scale r-f environment generat-
ing facilities covering almost the 
entire usefule r-f spectrum at high 

power levels. This facility may be 

used for testing of complete weapon 
systems. 

A third agency is developing a 

complete specification covering al-
lowable r-f environments, allowable 
EED sensitivity ranges, and test 

needs for electroexplosives. The 
various services have previously de-

veloped environmental exposure 
limits for electroexplosive systems. 

Special Problems of HERO 

The problem of guaranteeing 
safety of electroexplosives is aggra-

vated by the necessity of proving 
that the device will be safe under 
worst-case conditions at all frequen-
cies. The insertion loss of an in-line 
device, or the power accepted by ai; 

"insensitive" device are functions of 
the source impedance. Unfortu-
nately, the source impedance can-
not be specified or closely controlled. 

A government-sponsored study has 

proven that it is possible to predict 
the worst-case insertion loss at any 
frequency, knowing only the im-

pedance of the squib and the protec-
tive device, and the voltage transfer 
ratio of the protective device. 

The sensitivity of an electro-
explosive to r-f energy cannot be 
stated as a simple number which 
will hold true for every similar 

EED. The sensitivity is a statis-
tical quantity which can be found to 

a specified confidence level. The most 
commonly-used methods of statistical 

analysis are the Bruceton and the 
Probit methods, each of which has 
peculiar advantages, depending on 
the type of information desired. 

Both methods require exposure of a 
number of random samples to dc or 
r-f quantities. The statistical analy-

sis is based on the record of "fires" 
and "no-fires" in the sample. Re-

sults can be expressed, at a given 

confidence level, as the voltage, cur-
rent, power, or energy for specified 
percentages of fires. 

Full-scale field simulation and 

evaluation r equire an accurate 

knowledge of the field strength or 
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Probe unit of a near field- field intensity 
meter that is made by Cenistron, Inc. 

power density, along with accurate 
measurements of the resulting power 
at the electroexplosive. The high 
power levels and near-field distribu-
tion of the radiator environment 
make field intensity measurements 
very doubtful with standard field in-
tensity meters. This is the result of 
disturbance of the field by the meter, 
and penetration of the meter case 
and overloading of the meter by the 
intense fields present. A 2 to 30 Mc 
near field-field intensity meter, re-
cently developed by Genistron under 
government contract, has made ac-
curate measurements up to 500 y 
per meter or 1 Y2 a per meter prac-
tical. 
The measurement of r-f power, or 

a quantity related to r-f power, at 
the electroexplosive is complicated 
by the very small space available, 
and by the necessity for measure-
ment over a wide frequency range 
without disturbance of the meas-
ured quantity. This problem, too, 

has been alleviated by a current 
sensing and recording system devel-
oped by Jansky and Bailey, R & E 
Division of the Atlantic Research 
Corp. under government sponsor-
ship. The system is designed to ride 
in a rocket package without outside 
leads. At the termination of a mis-
sion the recorder is played back 
through a console for analysis of the 
data. 
As we have shown, government 

agencies have been extremely active 
in HERO and related programs. 
These agencies have been supported 
very widely by university and indus-
try programs, both government- and 
privately-sponsored. Some examples 
of university and industry leaders 
include Aerojet-General, Bendix-
Scintilla, Elgin, Franklin Institute, 

SOLUTIONS HOPKINS FILTERS! 

OBVIOUSLY IN ALL SIZES AND SHAPES! 

Where components and equipment generate conducted 
or radiated RFI, control measures must be taken to pro-
duce a compatible environment. Hopkins has in excess 
of 2,000 solutions to problems in RF Interference and 
designed proper filters for maximum noise suppression. 
When you are plagued with an RFI problem, Hopkins 
will solve it—and provide the engineering, design, pro-
totype, testing and production of custom filters to spec-
ification. 
Our service includes complete RFI testing to a wide 
variety of military specifications in our certified shield-
ed enclosures. 
We are here to solve your RFI filter problems and wel-
come your contact. 

Our literature is as close as your telephone or letter. 

SINGLE & DUAL CIRCUIT FILTERS FOR POWER LINES 

Data-Log SK-109D 

FILTERS FOR COMMUNICATION CIRCUITS 

*/ Data-Log 258B 

Mae 

'Um 

GENERAL PURPOSE RFI FILTERS 

Data-Log RFI 2000 

HOPKINS 
  Engineering Company 

12900 Foothill Blvd., P.O. Box 191 • San Fernando, Calif. 91341 

Telephone: (213) 361-8691 • TWX 213-764-5998 • Cable: HOP 

A Subsidiary of Maxson Electronics Corporation 
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GEOTECH LT/FM RECORDERS 

RECORD•MONITOR•PLAYBACK 
IN REAL TIME FOR UP TO 
THIRTY-THREE DAYS! 

ADVANTAGES 

• Geotech LT/FM recorder/repro-

ducers are designed for long-term 

recording of slowly varying data. 

Extended tape- change intervals 

reduce tape requirements— and 
costs. 

• Unique flux- responsive real-time 

playback heads reproduce analog 

and event signals with a dynamic 

range equal to that obtained in 

higher- speed instrumentation 
recorders. 

• IRIG-compatible recording speeds 

make possible the reduction of 

the produced data on any higher. 

speed IRIG-standard reproduce 

unit. 

APPLICATIONS 

• Seismology 

• Automotive Design Evaluation 

• Meteorology 

• Environmental Testing 

• Oceanography 

• Human Factors Engineering 

• Biology 

• Process Control Monitoring/ 
Programming 

• Frequency Compression/Expansion 

"'Long Term/Frequency Modulation 

model 12707 

Model ..Tae. 
Speed Channels 

OA Data 
Frequency 
Range, 

F111 Center 
Frequency 

Recording 
Time 

Playback 
Channels 

z 

Dynamic 
Range 
1 

Power 
Consumption 

12707 .045 ips 14 DC- 10 cps 54 cps 71/2 days 2 40 db 45 watts 

20122' .060 ips 14 DC 10 cps 54 cps 16 1/2 days 2 40 db 60 watts 

20123 .030 ips 14 DC- 5 cps 27 cps 33 days 2 40 db 60 watts 

17373 15/160 ips 7 DC- 17 cps 84.4 cps 10 days 1 40 db 9 watts 

1 Direct- recording mode available. 
2 Switchable to any recorded channel. Facilities for a full set of 14 playback channels can 

be provided with plug-in components. 
3 RMS basis, without compensation. Compensation available using channel 7. 
4 Dual- speed Model 17554, .030/.060 ips, also available. 

THE GEOTECHNICAL 

CORPORATION 

DEPT. A • 3401 SHILOH ROAD•GARLAND, TEXAS 

214- BR B 8102 • CABLE, GEOTECH•DALTAS 

-Geotech Serves the Sciences -

EMC DEVELOPMENTS (Concluded) 
Genistron, Hughes Aircraft, North 
American Aviation, Weston, Meta-
vac, Denver Research Institute and 

Jansky and Bailey (ARC). While 
this listing is not all-inclusive, it 
shows the wide university and in-
dustry participation in developing 
scientific solutions to a problem of 
vital concern to the military and 
space programs of the United States. 
Many of these private concerns 

have invested their own funds in the 
development of devices, research, 
and development of instrumentation 
and evaluation methods. Fig. 6 
shows a typical experimental setup 
at Genistron used for development 
of EED susceptibility test methods. 

RFI LEAKS ELIMINATED 
THE RADIO FREQUENCY INTERFER-
ENCE ( RFI) LEAK is a problem that 
has long plagued front-panel com-
ponents such as indicator lights and 
switches. In conventional designs, 
these components contain mechani-
cal discontinuities that are isolated 
from the panel ground circuit; such 
discontinuities form ideal points for 
emission and absorption of r-f inter-
ference. Typical trouble spots are 
filaments of lamps and internal mov-
ing parts of pushbuttons. 
The RFI-shielded components, 

developed by Control Switch Div., 
Controls Co. of America, Folcroft, 
Pa., incorporate internal bonding 
and grounding techniques to elimi-
nate these mechanical gaps. They 
furnish a low-impedance path from 
isolated internal parts to the mount-
ing panel, thus effectively grounding 
out spurious r-f in the 0.15 to 
1000m c range. 
The indicator lights contain a 

metal mesh shield within the plastic 
indicator lens to absorb any RFI 
emitted by filaments. This shield is 
bonded to the indicator case in seal-
ed models; in removable-lens 
models, it is connected by a special 

conductive gasket. A cadmium-plat-
ed brass case completes the path to 
ground. 
The pushbutton switches use vari-

ous forms of multi-point contact 
(Continued on page 52) 
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Sometimes we wonder 

How anyone justifies 
the purchase of any 
other SSB Analysis 
System when he can 
get the Years-Ahead 
Engineering, Modular 

Expandability and vir-
tually Unlimited Ver-
satility of the Polarad 
2836 or 2936. We can only 
assume that such features as: • 10 cps-

40 MC Frequency Range • Better than 

0.01% Resettability — plus Resolution 

Down to 7 cps! • Crystal Stability— 

Unique 2-Tone RF Synthesis • Unique 

Lin/Log/Power Display (on 51/2" x 41/2" 

rectangular CRT) are not as widely 

known as they ought to be. 

World Leader in 
Microwave 
Instrumentation 

You Achieve Great Economy 
because each Polarad module 
performs an independent test 
function. For a demo or quote 
call your local Polarad sales 
engineer or call us directly at 
(212) EX 2-4500. 

POLARAD 

for the last word in testing SSB receivers, use the 

calibrated 2-Tone RF Signal Generator Model 1102 

ELECTRONIC INSTRUMENTS 
A Division of Polarad Electronics Corporation 

34-02 QUEENS BOULEVARD 
LONG ISLAND CITY, NEW YORK 11101 
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PROTECT YOUR 
COMMUNICATIONS 

WITH GENISTRON 
POWER LINE FILTERS 
Helping to protect communications is 

only one of the many application areas for 
Genistron's superior power line RFI/EMI 
filters. These filters provide unmatched per-
formance from the audio to ultra-high RF fre-
quencies and eliminate all stray energy which 
can be conducted or radiated from communi-
cations system power lines. 
A complete line of these filters is available 

for communication/ electronic equipment as 
well as shielded enclosures filters for installa-
tion power lines. Numerous types are avail-
able in standard NEMA panels or switchgear 
enclosures. 
These power line filters are also ideally 

suited to the removal of RFI/EMI from power 
lines in medical, electronic, computer and 
related process equipment. 

Genistron's broad experience in this field is 
readily available to you through its application 
engineering departments at the addresses 
below. 

Phone or write for our Catalog F-103A which 
details numerous specifications over a wide 
voltage and current range and illustrates 
Genistron's outstanding methods of internal 
design and manufacturing. 

Genistron. 
1,4( ORPORA,D 

In--yernsco ... TECHNOLOGY 

6320 W. Arizona Circle, Los Angeles, Ca I. 90045 (213)776-1411 
111 Gateway Road, Bensenville, III. 60106 (312) 766-6550 

7100 Baltimore Ave., College Park, Md. 20740 (301)864-4811 

a sub5idery of 
• 

CORPORATION 

See us at WESCON, Booth No. 1624-25 
Circle 27 on Inquiry Cord 

RFI Leaks (Continued) 

spring wipers to connect all non-
current carrying metal parts within 
the switch to the switch case. The 
wiper surrounds the inner metal but-
ton of the switch and maintains con-
tinuous contact with the case 
througout switch travel. Again, the 
metal case completes the path to 
ground. 

Shielded indicator lights are cur-
rently produced in 2 basic styles: 
standard-size indicators with re-
placeable incandescent or neon 
lamps; and permanently-sealed 
50,000 hr. subminiature indicators 

Mesh shield within the trans-
parent lens eliminates stray RFI. 

measuring within 9/16 in. overall 
and weighing less than 0.032 oz. 
each. Both types are available with 
a wide selection of standard lens 
colors. 

TV FROM AN LP 
AN ELECTRONIC SYSTEM THAT 
plays TV pictures from a phono-
graph record! Its name, Phonovid. 
This is not just an audio recording 
that triggers pictures from a slide 
projector; both the audio signal and 
the video signal are present in the 
grooves of the record, and both are 
picked up by the phonograph needle. 
Up to 400 pictures and 40 min. 

of voice and music are present on 
the two sides of a 12 in., 33 14 RPM 
recording, called a Videodisc. The 
pictures can be line drawings, 
charts, printed text, or photographs. 
The recording is played on an or-
dinary turntable and the pictures 
and sound appear on any number of 
TV receivers. 

Any part of the recording can 
be held, skipped or repeated by 
manually lifting the tone arm. Dur-

ing interruption of the sound, the 
picture continues to appear on the 
TV screen. 
The record player and the TV 

set to display the pictures are en-
tirely conventional. However, the key 
component which links the two and 
makes possible the TV display con-
sists of specially developed circuits 
called a scan converter. Information 
coming from the phonograph record 
is stored in the scan converter's 
electronic storage tubes. The tubes 
build up and display a complete TV 
picture every 6 sec. One picture is 
read out repeatedly and displayed 
during the time that the next one 
is being formed from the video in-
formation in the grooves of the 
recording. 

More information concerning the 
system is available from Westing-
house Electric, Box 2278, Pitts-
burgh, Pa. 

The recording is played on an ordinary turntable and the pic-
tures and sound appear on any number of television receivers. 
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Honeywell now has FIA registered 5-amp 

planars with collector isolated from 

case. They'll give you greater design 

latitude with freedom from insulation 

worries. Order today from your nearest 

Honeywell distributor. Honeywell 
SEMICONDUCTOR PRODUCTS 1177 Blue Heron Boulevard, Riviera Beach, Florida 

HONEYWELL INTERNATIONAL: sales offices in all principal cities of the world. 

DESIGN LIMITS PERFORMANCE SPECIFICATIONS 

Type 

Number 

Hex 

Dim. 

«1»,  o PT 8V 50 EtVac !Wm h FE V B. (sat) Vc, (sat) Ica°  
Watts Volts Volts r.A 

°C °C/W @I 00°C 
Case 

Volts Volts Volts @Ic = 1A  @ lc = 1A @lc - 1A @VCS = 60V 'lc 

Max. Max. Max. Min. Min. Min. Min. Max. Max. Max. Max. Min. 

2N3744 7/16 200 3.33 30 60 40 7.0 20 60 1.2 0.25 0.1 30 

2N3745 7/16 200 3.33 30 80 60 8.0 20 60 1.2 0.25 0.1 30 

2N3746 7/16 200 3.33 30 100 80 8.0 20 60 1.2 0.25 0.1 30 

2N3747 7/16 200 3.33 30 60 40 7.0 40 120 1.2 0.25 0.1 40 

2N3748 7/16 200 3.33 30 80 60 8.0 40 120 1.2 0.25 0.1 40 

2N3749 7/16 200 3.33 30 100 80 8.0 40 120 1.2 0.25 0.1 40 

2N3750 7/16 200 3.33 30 60 40 7.0 100 300 1.2 0.25 0.1 50 

2N3751 7/16 200 3.33 30 80 60 8.0 100 300 1.2 0.25 0.1 50 

2N3752 7/16 200 3.33 30 100 80 8.0 100 300 1.2 0.25 0.1 50 
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This 
is 

Siemens 
Serving the entire field of electronics 

and nucleonics, the Siemens Group is 

one of the world's most diversified 

electrical engineering organizations. 

The particular strength of the Siemens 

Group is in its all-round capabilities— 

both in the overall handling of large-

scale technical projects, from planning 

to final delivery, and also in the quantity 

production of electrical components 

and electronics devices. Distribution 

companies and agencies in 80 coun-

tries, backed by Siemens factories and 

hundreds of depots maintained in all 

parts of the world, guarantee customers 

a maximum of service. In cooperation 

with their central offices, they provide 

or arrange for every conceivable form 

of service that may be required in 

connection with electrical installations. 

Siemens 8( Halske AG 

Telephone and Switching Division 
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SIEMENS 

Siemens 
surge voltage protectors 
The cost of surge voltage damage to delicate 
equipment runs high. Telecommunications and sig-
naling apparatus, the entire range of solid state 
circuitry are completely vulnerable to uncontrolled 
surges, causing immediate damage. Due to short 
circuits, lightning flashes, electrical overloads or 
static charging, surge voltages may range from 200 
to several thousand volts. In a community wide 
test, up to 600 surge voltages were recorded in a 
10,000 hour period. 

Low cost surge voltage protectors developed by 
Siemens give instant reaction—in .4 microseconds! 
Protectors shown here cost under one dollar in 
quantity. All fully protect valuable equipment and 
do a job that cannot be done by air gap or carbon 
block protectors. 

These gas-filled glass protectors, installed be-
tween supply line and equipment, not only absorb 
the surge but reset automatically for continuous 
protection. In this price range the only proven arc-
suppressors with a current carrying capacity up to 
5,000A. Low capacitants (2 p F) for HF use. Stand-
ard models have a nominal DC striking voltage of 
230V to 800V. 

Immediate delivery from stock in White Plains, N.Y. 
14 standard models available. Custom- designed 
also for particular applications. 

Jew 
/ T 

Dimensions 

_ 

ma 

o.80 

9.7 

( ) 

in Millimeters 

ta  

BUTTON TYPE 

' C) 

 (-b-  
' - ' 

HOLDER 

WRITE NOW for full information on Surge Voltage Protectors 

SIEMENS AMERICA INCORPORATED 
350 Fifth Avenue, New York, N.Y. 10001 

A Corporation of THE SIEMENS GROUP IN GERMANY 
Berlin • Munich • Erlangen 

In Canada: 

SIEMENS HALSKE SIEMENS SCHUCKERT (CANADA) LTD. 
407 McGill Street, Montreal 1, P.Q. 
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You can save a lot of troublesome circuit engineering with the AE 
Series OCS Relay. We've "packaged" most of the programming! 
AE's Series OCS Relay is low in cost and no bigger than 
a pack of king-size cigarettes. But it can save you a lot of 
engineering time. 

This little relay can do the work of a whole battery of 
solid-state devices. And it won't lose its memory in a power 
failure or a circuit interruption. 

"Packaged" programming. The AE Series OCS will fol-
low or initiate a prescribed series of events or cycles at 
30 steps per second impulse-controlled—or 65 per second 
self- interrupted. You can set up any programming 
sequence on one to eight cams, with as many as 36 on-
and-off steps per cam. And each cam, tailored to your 
specifications, will actuate as many as six contact springs. 

Can AE help take the "snags" out of your job? Our engi-
neers are ready to work with you, to find the most practical 
and economical solution to any circuit-transfer problem. 

There's a lot of helpful application information in the 
160-page book, " How to Use Rotary Stepping Switches." 
Just ask your AE representative. Or write Director, Relay 

Control Equipment Sales, Automatic Electric, Northlake, 
Illinois 60164. 

AUTOMATIC ELECTRIC 
SUBS ,D, ”, 

GENERALTELEPHONE & ELECTRONICS GTE 
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FEEL, 
the Difference 

in an Ohmite 

Rheostat 

Sm-o-o-o-th Operation Prolongs Life...Aids in Close Control 

TRY IT YOURSELF! Note the smooth, silent glide 
of the contact over the windings . . . and of the contact 
moving off and on the terminal bands. There's abso-
lutely no raspy grinding to cause premature wear . . . no 
aggravating "jerk" points that make you hunt for a setting. 
The smooth, close control of Ohmite rheostats doesn't 

just happen. It's the result of special production opera-
tions that eliminate roughness. All 12 sizes of Ohmite 
rheostats from 71/2  to 1000 watts bring you this plus 
value . . . a refinement that pays dividends in your equip-
ment, whether the rheostat is to be hand operated or 
motor driven. 

Write for Stock Catalog 30. 

Terminal lug 
band is ad-
justed to wire 
diameter...no 
bump up or 
down for the 
contact. 

Rounded pivot gives 
metal-graphite contact 
brush flush-floating con-
tact with wire. 

Smooth, welded transi-
tions between the differ-
ent wire sizes of tapered 
windings. 

SMOOTHNESS FROM ATTENTION TO DETAIL 

OHMITE 
MANUFACTURING COMPANY 
3662 Howard Street, Skokie, Illinois 60076 
Phone: (312) ORchard 5-2600 

RHEOSTATS• POWER RESISTORS • PRECISION RESISTORS•VARIABLE TRANSFORMERS•TANTALUM CAPACI TORS . TAP SWI TCHES • RELAYS • R F. CHOKES • SEMICONDUCTOR DIODES 
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Microcircuits are complex and so is the equipment that tests them. 
However, they all generally operate on the same techniques. 

The strengths and weaknesses of these techniques 
are discussed frankly in this report. 

Evaluating DC Testers 

For Integrated Circuits 
By R. BOOHER, S. BOSCIA, and J. PETRUSKA 

Equipment Engineering Dept., PhiIca Corp., Lansdale Div., Lansdale, Penna. 

The problem of testing microcir-
cuits is complicated by the intricacies 
of these devices and their packag-
ing. Because of these intricacies, one 
universal test set is not practical. 
There are, however, four general 
areas where testing and consequently 
test sets are needed: presorting or 
die sorting; engineering evaluation; 
final test and classification; and 
quality control. 

Presorting or Die Sorting 

An integrated circuit is made of 
a wafer which contains hundreds of 
identical circuits. The processing 
cost to this point is small. A pre-
sorting or die sorting test set is 
used to identify the defective cir-
cuits on the wafer so that only the 
good ones are processed further. In 
the sorting, different tests are ap-
plied to the circuits. Sensitive probes 
are used with a high-speed tester. 
The tester can be programmed to 
stop when the first defect in a cir-
cuit is found, or to test an entire 
circuit and record where the failures 
occurred. 

Engineering Evaluation 

The engineering-evaluation test 
set is used to find and solve problem 

areas or evaluate circuits. The set 
must be re-programmed with little 
inconvenience, and allow the device 
characteristics to be plotted as con-
ditions are varied. 

Final Test and Classification 

After processing, it is necessary 
to make a final check on the device 
and classify it into a proper category. 
A test set for this area must have 
accuracy, reprogramming speed, op-
erating speed, and repeatability. Ac-
curacy is needed so that the devices 
can be separated into the best classi-
fication with a high reliability. Re-
programming speed is necessary be-
cause the finished circuits vary and 
many types may be checked. Operat-
ing speed is needed for volume. Re-
peatability is important since it is 
the last check on the device. 

Classifying circuits into more than 
one type speeds processing, since re-
handling of the units is minimized. 
The classification can be as simple 
as a person making a decision on the 
basis of go-no go lights, to many 
preset matrix readers. 

Quality Control 

A quality control test set does 
not need the operating speed of a 

The engineering tester is used to find and 
solve problem areas. A control panel provides 
the selection of automatic or manual timing 
functions for the various engineering studies. 

Fig. 1. Block diagram below shows the tester 
options available on most microelectronic cir-
cuit testers. The options used are deter-
mined by the testing functions it will be 
required to perform. 
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production set. It does need repeatability, accuracy, and 
stability. The ability of this set to log test results is 
helpful when the total quantities begin to rise. 

Testing Methods 

There are two basic methods of testing microcircuits: 
dc parameters and transition time. The dc parameter 
testing will be covered in this article. 
DC testing can be divided into five distinct areas: 

programming; comparison; biasing; readout; and data 
acquisition. The whole dc testing problem can be broken 
down into a flow chart which is easily understandable 
(Fig. 1). A complete test set can be defined from the 
flow chart, which illustrates choices and techniques. The 
chart is intended as a guide to specifying and shows the 
ability to use digital and analog methods. 

Data Programming 

There are five basic methods of inserting program 
data into a tester: printed-circuit board; plugboard; 
engineering panel ; perforated tape; and magnetic. 

Printed-Circuit Board 

With printed-circuit ( PC) board programming, a 
single PC board can define either one test or a sequence 
of tests. Advantages of using PC board are: it is simple 
to interchange tests; tests are easily modified; and the 
combination of programmed values is unlimited. Dis-
advantages are: the cards are bulky to store; program 
changeovers are relatively long; the number of tests 
are fixed; and analog programming results in long 
lines and many relay contacts in series, thus causing 

line-voltage drops in the test leads. 
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Electronic Industries has tabulated the operating 
characteristics of some of the dc integrated-circuit 
testers currently available. This appears on page 62. 
The data contained in this tabulation ties in directly 
with the data presented in this article. 

PC boards offer testing flexibility because additional 
test components ( resistors, diodes, relays) can be easily 
added. If the entire program is put on one or more 
boards, the test sequence is fixed but the number of 
boards is small. On the other hand, if a single PC 
board/test is used, the number of tests in a sequence is 
limited to the space and tests built into the tester. The 
tests, sequence and number of tests, however, can be 

changed easily. 
Plugboard 
The plugboard is similar to programming with one 

master PC board. The main difference is that moveable 
jumper wires were used. 
Advantages of using a plugboard are: the test can 

be modified quickly by moving the wire jumpers; and 
the plugboard changeover from one board to another 
is very fast. Disadvantages are: the test sequence is 
fixed; the number of tests that can be made is relatively 
small; and the plugboard is bulky to store. 

In analog operation, voltages and currents are tied 
directly to module pins. Digital programming of module 
pins is not practical because too many jumpers are 
needed. For relay data a one-to-one jumper is used. 
A technique which is applicable only to PC and plug-

board programming is programmed skipping. In a 
skip program several test routines can he stored simul-
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DC INTEGRATED-CIRCUIT TESTERS 

TESTER 
Fairchild 
4000M 

Non-Linear 
24788 

Optimized 
Devices 5000 Philco 

Teradyne 
M230 

Texas 
Instruments 862 

PC BOARD PROGRAMMING: 
1. Card programming avail. 
2. Tests per card 
3. Card function 

4. No. of tests run sequentially 

No No 

— 

Yes 
1 

Select limits; 
apply bias; 
select readout 
lines 
1 to 34 

— 

Yes 
1 to 36 
Bias program-
ming, sorting, 
timing 

1 to 36 

PLUG BOARD 
1. No. of tests run sequentially 

2. Skip scheme used 

Not 
Used 

39 

Yes (accessory) 

22 

Yes 

* 

— 

— 

ENGINEERING PANEL: 
1. Panel inserted into test 

sequence 

2. Digital voltmeter on panel 

Not 
Used 

Yes Yes 

Yes on tape 
programmed 
testers 

Yes on engineer- 
ing tester 

— 

— 

— 

PERFORATED TAPE: 
1. Bits/block to define test 
2. How is tape read 
3. Reading time and testing 

time with and without 
logging and tape advance 

Accessory 
Block 
1 'sec. 

— 
192 

Block 
7 tests/sec. 
incl. tape 
advance 20 
tests'sec. using 
mag. disc 

208 
Block reader 
Read time: 
10msec. 
Test time: 
20msec. 
without logging. 
With logging: 
350msec. 
using DVM 

* 

— 

— 
— 
— 

MAGNETIC ( Tape, disc, drum): 
1. Bits 'word 
2. Words test 
3. Word capacity 

4 
60 (characters) 

9 
40 

80,000 (normal) 

Not avail. * 

— 

— 
— 

PRE-PROGRAMMING: 
1. Analog & digital avail. 
2. No. of pre-program test 

limits 

Yes 
Unlimited 

— 
— — 

Yes 
15 

' 
— 

Digital 
72 

TEST PROGRAMMING: 
No. of digits provided for 
limit programming 

4 4 6 decimal digits 4 decimal digits 5 

DC Testers (Concluded) . . . from page 61 

For data acquisition, a system using a digital read-
out is required. Here, the operating speed depends on 
the digital voltmeter specified, since the digital volt-
meter usually supplies the timing sequence for the en-
tire system. A high-speed digital voltmeter is referred 
to here as being faster than 5insec. and a slow speed 
greater than 100 msec. 

Classifier 

A classifier takes test-bit data and groups them into 
two categories: one is a good category, where many 
tests and conditions must be met; the other is a re-
ject category, where a specific test failure is a type. 
The complexity of the classifier is determined by the 
kind of data desired. A simple classifier is a go-no go 
system based on all the tests made in a cycle. An addi-
tional relatively simple classification is the monitoring 
of tests that have failed. 

Sorting into more than one category is more com-
plex. This operation could be controlled by using a 
card reader or a PC board. 

Data Acquisition 

Data acquisition is required for several reasons. Im-
mediate on line data may be desired to correct process-
ing, or the circuit-design engineer may need specific 
data at some later date. A device for acquiring data 
is a data logger ( or logger). In some cases a logging 
adapter may be required to act as an interface between 
the actual sampler and logger. The adapter would pro-
vide the coding and timing. 

There are several methods of collecting data or log-
ging. Four of the most commonly used methods are 

• A REPRINT of ANY ARTICLE in this 
issue is available from ELECTRONIC IN-
DUSTRIES Reader Service Department. 
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DC INTEGRATED-CIRCUIT TESTERS (Continued) 

TESTER 
Fairchild 
4000M 

Non-Linear 
24788 

Optimized 
Devices 5000 Philc° 

Teradyne 
M230 

Texas 
Instruments 862 

BIAS PROGRAMMING: 
1. Supplies avail/test 

2. No. of constant voltage and 
constant current supplies/ 
test 

3. No. of levels avail/supply 

6 (digitally 
programmed) 
6 to 36 

6 

, 

6 

6 

4 (0-10v), 
1 (0-20v), 
1 (0-40v) 

5 

5 

1000 

5 or 8 

4 to 7 voltage 
1 to 2 current 

3 preprogram- 
med levels for 
analog program-
ming infinite 
for test pro-
gramming 

4 to 16 

— 

— 

10 

8 

Programmable 

BIASING TECHNIQUES: 
1. Are 2,3, and 4-terminal 

supplies avail. 
2. Programming accuracy 

3. Load regulation of 2- 
terminal supply 

Yes 

0.01% 

0.05% 

— 

— 

— 

4 terminal 

0.05% 

0.05% 

Yes 

0.05% of range 

0.5mv/ma 

4 terminal 

0.5% to 1% 

— 

2 and 4 
terminal 
0.1% and 
0.01% for 
4 terminal 
0.5% 

READOUT: 
1. Types of readout provided 

2. Digital voltmeter speed 

Go-No Go-data 
logging ven- 
fication, 5-digit 
readout 

50msec. (max.) 

Record all tests; 
record no-go; 
stop at no-go 
test 
50msec. to 
150msec. 

Go-no Go and 
digital 

Balance time 
lmsec. 

Go-no Go, 
punched card 
or typewriter 

1 to 10msec. 

Teletype 

— 

Go-No go, 
DVM, data 
logging 

30msec. to 
70msec. 

COMPARATORS: 
1. Digital and analog avail. 
2. Analog comparison made 

simultaneously with digital 
3. High and low decisions 

made simultaneously 
4. Speed, accuracy, and 

number of digits of A-D 
Converter 

Digital 
No 

No 

Digital 
— 

Yes 

100sec.; 
+0.01% plus 
1 digit; 
4 digits 

Digital 
No 

Yes 

4 digits; 
+0.01%; 
60 readings/ 
sec. 

Yes 
Yes 

Yes 

10msec. sample; 
0.1% plus 
1 digit; 
4 digits 

Yes 
No 

— 

38msec.; 
12 bits 

Digital 
— 

Yes 

30msec.; 
±0.02%; 
4 digits 

BASIC CONTROL: 
Number of leads unit under 
tests can have 

16 leads 14 20 dual terminal 
connections 

16 on wafer 
testers; 20 on 
final testers 

16 14 

PRICE: 

• Computer Programmed 

$38,000 $27,500 $40,000 — $80-$80,000 Below $35,000 

card punch; tape; tape and typewriter; and computer. 
The card punch is the most used. The card generally 

contains dry data or information such as date, opera-
tor, temperature batch, etc. Also on the card are actual 
test values. At the same time a hole is punched, a let-
ter or number is typed across the card; thus, the card 
will show immediate results. 
The data punched on the card is easily reproduced 

in a variety of hard copies. A disadvantage of using the 
card punch is that it is a relatively slow machine and 
the cards are bulky to store. Each card must also be 
identified and the number of tests that can be put on 
a single card is limited (a single device might require 
6 cards for test results). 

Another area of data logging is perforated tape. 
Although tape is a high-speed logging device, it can-
not be easily read without decoding equipment. This 
problem is easily solved by using a typewriter which is 
adapted to give a printed readout. Biggest advantage 
of using perforated tape is that it is easily stored and 

the amount of data it will hold is limited only by the 
tape length. A method similar to the approach is a 
tape and typewriter combination. Here tester time is 
controlled by the typewriter and may result in a slow 
system. 
The highest speed logging system and the highest 

density storage device is the computer-controlled mag-
netic tape. Its operation is similar to perforated tape. 

Conclusion 

This article is the result of the authors' investigation 
into the design and development of dc microcircuit 
testers. In presenting the preceding techniques, it is 
hoped that the user and manufacturer of microcircuits 
will be guided in their selection of testing methods and 
equipment. 

In a forthcoming issue Electronic Industries will publish an 
article on Dynamic testing of integrated circuits. Authored 
by Everett Hanlon of Texas Instruments, it will discuss some 
of the problems encountered when performing these tests. 
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WORLD'S LARGEST SELLING 
AND WORLD'S NEWEST Hand Size v-olivs 

MODEL 310 
I AAAAAA llr 

3 

TRIPLETT ELEC. 

INSTR. CO. 

300 

60 

12 

MODEL 310 
World's Largest Selling 
Volt-Ohm-Milllammeter 

HAND SIZE AND LIGHTWEIGHT, but with the features of full-
size V-O-M's. 

310-C PLUS FEATURES 

.iIDE IN U.S.A. 
3LUFF TON, 0. 

66 

12 
3 

6 0 

MODEL 310-C 
World's Newest 

Volt-Ohm-Milliammeter 

3 20.0 

IIIPLETT ELEC. 

INSTA. CO. 

BOTH TESTERS 
SHOWN 
ACTUAL SIZE 

20,000 OHMS PER VOLT DC; 5,000 AC (310)-15,000 AC (310-C). 

EXCLUSIVE SINGLE SELECTOR SWITCH speeds circuit and 
range settings. The first miniature V- D-M's with this exclusive 

feature for quick, fool-proof selection of al, ranges. 

SELF-SHIELDED Bar- Ring instrument; permits checking in strong magnetic fields. 

FITTING INTERCHANGEABLE test prod tip into top of tester makes it the common 
probe, the,eby freeing one hand. UNBREAKABLE plastic meter window. BANANA-
TYPE JACKS—positive connection and long life. 

Model 310—$37.50 Model 310-C—$44.50 Model 3.59 Leather Case—$3.20 

ALL PRICES ARE SUGGESTED U.S.A. USER NET, SUBJECT TO CHANGE 

THE TRIPLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OHIO 

1. Fully enclosed lever range switch 

2. 15,000 Ohms per volt AC 

(20,000 0/V DC same as 310) 

3. Reversing switch for DC measure-
ments 

MODELS 100 AND 100-C 
Comprehensive test sets. Model 100 
includes: Model 310 V-0-M, Model 10 

Clamp-on Ammeter Adapter; Model 
101 Line Separator; Model 379 Leather 

Case; Model 311 leads. ($67.10 Value 
Separate Unit Purchase Price.), 

MODEL 100—U.S.A, User Net $64.50 

4e.! MODEL 100-C — 
Same as above, but 
with Model 310-C. 
Net $71.50 

FIELD ENGINEERS • ELECTRICAL, RADIO, TV, AND APPLIANCE SERVICEMEN • ELECTRICAL 

CONTRACTORS • FACTORY MAINTENANCE MEN • ELECTRONIC TECHNICIANS • HOME OWNERS. HOBBYISTS 

Ut 5 • AV AILABLL R&M YOUR T HIPLL TT DISTRIBUTOR'S STOCK 



By NORBERT SEIDEN, 
Electronic Components, Unit Head, 

Reliability Engineering Dept., 
Kearfott Division, 

General Precision Aerospace, 
Little Falls, N. J. 

Reliability Through Redundancy 

There are certain basic approaches to increasing the reliability 
of equipment. They are covered here, and a simplified approach 
to the evaluation of redundancy techniques is developed. 

THIS ARTICLE COVERS THE BASIC RELATIONSHIPS used 
in reliability. It points to an approximation ( Equation 
10) which can be made to greatly simplify the evalua-
tion of redundancy. 

Because of the increasing complexity of electronic 
and electro-mechanical equipment a continuous effort 
in reliability studies and improvements is needed. Such 
improvements have been achieved by reliability pro-
grams that encompass basic parts improvements, de-
sign reviews, manufacturing controls and failure analy-
ses. But, many also attribute such successes to 
management approaches that develop a sense of re-
sponsibility and pride in all personnel associated with 
product development and manufacture. One such ap-
proach is the STAR ( Successful 
Teamwork Achieves Results) Pro-
gram now in progress at General 
Precision's Aerospace Group. 

Additional Techniques 

The above approaches to reli-
ability are sound and very effective 
but are sometimes not enough. As 
a result, more methods have to be used. Improvements 
by means of redundancy techniques have been advocated 
over the past decade. But, the trade-off factors, e.g., 
power consumption, weight, size, cost, etc., prohibited 
their use in most instances. Recent advances in micro-
electronics have now made redundancy methods a 
realizable reliability improvement. In fact, these meth-
ods are now in the transition stage from theory to prac-
tice. As such, it becomes important to be able to quickly 
evaluate the effect of redundancy in selective areas of a 
system. 

Reliability Relationships 

To develop a simple approach for this evaluation, a 
brief review of the basic reliability relationships is in 

order. The failure rate, A, is the average failure rate 
inherent in a device. Its dimension is the reciprocal of 
unit-time and it is normally stated in terms of either 
failures per million unit hours or in terms of percent 

per thousand hours. The reciprocal of failure rate is 
the Mean Time Between Failure (mTaF). For ex-
ample, if a device has a failure rate of 10,000 failures 
per one million unit hours, the MTBF is 100 hrs.; that 
is, if one unit is operated continuously it can be ex-
pected to fail on an average every 100 hrs. If 10 of 
these deviCes are operated continuously, one can be ex-
pected to fail every 10 hrs. Although the average 
failure rate for any device is assumed to be constant, 
the occurrence of a failure is a random event. And, 
the occurrence of a specific failure can only be pre-
dicted by statistical methods. The reliability, that is, 
the probability that a unit will complete its intended 

mission successfully is described by 

R (1) = e-kr 

where R (t) = Probability of successful completion of mission 

X = Failure rate 

T = Mission time 

e = Natural log 

For example, a unit that has a failure rate of 10,000 
failures per million hours and is to be operated for 5 
hrs. has a probability of success equal to e-0.05 or 0.95. 
This means that 95 out of 100 missions are expected 
to be successful. 
The probability of many independent events, each 

having its own probability, occurring simultaneously 
is equal to the product of all the individual probabili-
ties. Thus, if a system is made up of two subsystems 
having probabilities of success equal to Ri(t) and R2(t), 
the system probability of success is equal to RI (t)R2 (t) . 

Predicting Reliability 

In predicting reliability of a system one normally 
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RELIABILITY (Concluded) 

uses the basic failure rates of the parts that comprise 
the system. The system reliability is 

R.(t) Ri(t) R2(1) Ra(t) • • • • (1) 

where Ri(t), R2(t) . . . are the probabilities of success 
of each part. In the majority of systems all parts are 
used at 100% duty cycle and thus 

R.(t) Ri(t) R2(1) Ri(t) • • • = T Ri(t) (2) 

Substitution of Eq. 1 into Eq. 2 yields 

R .(t) 27. €—)' 3T . . . 

= e— (xi+ x2+ x3+ ...) T 
(3) 

This shows that the reliability of a system can be 
found by summing the failure rates of the piece parts 

and applying it to Eq. 1. This holds true for a simple 
non-redundant system only. 

Fig. 1 shows a redundant path in which either block 
Ri(t) or R2(t) can successfully transfer signal A to 
output B, independent of one another. Probabilities of 
success for each block are Ri(t) and R2(t) respec-
tively. Since the sum of probability of failure and 
probability of success is 1 or 100%, 

R(t) Q(t) = 1 (4) 

That is, there is a 100% assurance that the block will 
either fail or succeed. The system of Fig. 1 fails only 
when both blocks fail, and the probability of this oc-
curring is Q1(t)Q2(t). The probability of success for 
the redundant system thus becomes 

= 1 — Q2(0 
= 1 — [ 1. — Ri(t)] [ 1 — R2(0] 

= RIM -I- R2(0 — R2(0 R2(1) 

(5) 

Normally, redundant paths are identical and Ri(t) = 
R2(t). Thus 

= 2 R(t) — R2(1) = R(1) [2 — R(I)] 

= e—"' (2 — e—xT) (6) 

Redundancy 

The above expression is no longer in the simple form 
of Eqs. 1 or 3 and as such does not permit the simple 
addition of failure rates in a system that contains re-
dundancy. But, by introducing an approximation it 
will be shown that an equivalent failure rate for a re-
dundant pair can be calculated. This can then be used 
to sum the failure rates of a system and determine its 
reliability. 
By applying the exponential expansion to the basic 

reliability equation, 

it becomes 

R(i) = e—AT 

X2 T 2 >or 
= 1 — XT   

2! 3! 
(7) 

Fig. 1: Redundant path in which either block can successfully 
transfer signal A to output B, independant of one another. 

or values of A T > 0.1 this series converges rapidly 
and can thus be approximated by 

R(t) 1 — XT 

From Eqs. 6 and 8 

(5) 

R.,(t) %Se 1 — X2T 2 

1 (X2T) T (9) 

A comparison between Eqs. 8 and 9 shows that a 
parallel redundant path can be replaced by an equivalent 
single path that has an effective failure rate as shown be-
low 

Xp(i) X2T (10) 

This effective failure rate can now be treated as any 
other failure rate and can easily be used in Eq. 3. 
To show the effectiveness of redundancy the follow-

ing example is cited. A device having a failure rate of 
100 failures per million hours and which is operated for 
50 hr., has in a redundant configuration an effective 
failure rate of 0.5 failures per million hours. 

It is interesting to note that whereas a non-redundant 
system has a failure rate independent of time, a system 
containing redundancy has an effective failure rate that 
is time dependent. 

Reference 
Bazovsky, Igor, "Reliability Theory and Practice," Prentice Hall, 1962. 
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Centralab 
rotary. slide 

switches 

atala.b. 
D &&&&& de 4•0•11 UN.% aDt  I The new 1965 Centralab switch catalog makes it easy to select a switch which 

will perform according to your specifications; and also suggests more economical 

switching methods which may greatly reduce your product cost . . . for instance: 

YOU GET ENGINEERING IDEAS 
that assure you 01 the 
perlormance your design deserves 
with this new CENTHALAB SWITCH CATALOG 

There's a new engineering section which completely 
defines the reasons for choosing types of insulation 
material. Did you know that there are standard 
Centralab switches that operate at 175 degrees 
Centigrade? 

Do you need the ultra-high surface resistivity of 
ceramic or could you use XXXP phenolic to do the 
job at lower cost? The catalog shows when you can 
make this saving. 

Do you life test your switches before approving a 
design? Find out the special considerations in life 
testing switches which will help make your evaluation 
more precise. 

How many operating cycles are required in your 
specifications? You can relate number of operations 
to contact material requirements and choose the 
contact which provides the desired safety factor. 

Have you ever tried to relate special torque speci-
fications to cost objectives? Use simple rules to 
determine optimum values and tolerances. 

Did you know that standard Centralab switches have 
a current carrying capacity that is rated at 80% more 
than most competitive switches? These and other 
specifications are all available to simplify good design 
at low cost. 

To obtain your free copy of this useful publication 
write to Centralab, The Electronics Division 

of Globe-Union Inc., P.O. Box 591, 
Milwaukee, Wisconsin 53201. 

For additional information circle number 201 DIVISION OF GLOBE- UNION INC. 
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Through Centralab Research and Develop-
ment the products illustrated on these pages 
have been made available to the electronic 
industry. 

. For Immediate Delivery... 
many of these products are stocked in quantity 
by Centralab's nationwide network of industrial 
distributors. 

For additional information on any of these 
product groups, circle the number indicated 
below, on the publication inquiry service card. 

Capacitors— No. 202 Potentiometers— No. 203 

Integrated Circuits— No. 204 Technical Ceramics— No. 205 

DIVISION OF GLOBE- UNION INC. 

lIPl•4/4/ 
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P. 0. Box 591, Milwaukee, Wisconsin 53201 
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HIGHLY VERSATILE SPUTTERING UNIT 
INCREASED VERSATILITY IN THIN-FILM SPUTTERING iS 

the outstanding feature of this sputtering module from 
Materials Research Corp., Orangeburg, N. Y. The 
V4-SM-800 deposits thin-films of most metals, alloys, 
and conductive compounds—including materials such 
as tungsten, tantalum, molybdenum and platinum which 
are not readily handled by standard evaporation tech-
niques. In addition, films of many oxides, sulfides, ni-
trides, and related compounds can be deposited by 
using a reactive gas mixture. Typical uses include 

preparation of films for microcircuits, film memories, 
transistor contacts, decorative and optical coatings. 
The unit uses a vacuum collar which allows the entire 

module and all its components to be used directly on 
the base plate of any evaporator. The vacuum collar, 
which holds the various feedthroughs and controls, is 
merely placed on the base plate under the vacuum-sys-
tem bell jar. 

Principal part of the sputtering module is a cathode 
assembly, which accepts sputtering discs up to 7 in. in 

dia. A 3-point lava holder allows various shapes to be 
used as sputtering discs. The water-cooled substrate 
holder is capable of accepting up to 7 in. dia. slides. 

System flexibility is provided since the cathode as-
sembly may be removed from the inside of the bell-jar 

system. The same collar and feedthroughs can be used 
with a variety of items, including shadowing apparatus 
for electron microscopy, electron beam evaporation 
guns, etc. About 100 different types of guns and feed-
throughs are available for use with the basic vacuum 
collar. (More What's New on page 112) 

Unit deposits films not readily handled by standard methods. 

NOW from SAGE 
Two new Smaller Sizes in 

METAL SLEEVED TYPE C 

RESISTO 

2200C and 2250C 
miniature—precision 

wirewound 

POWER RESISTORS 
(Shown actual size) 

2200C 
3 watt, free air =-

6 watt, fully 

heat sinked 

Structural simplification has been 
paramount in the course of improving 

product designs at Sage. Type C 
Clipper units thus provide unsurpassed 

performance in these important features: 

() Mechanical Ruggedness. Brass sleeve housing 
and inexpensive clip mount assure absolute pro-
tection against severe vibration and shock as 
well as unintentional roughness in assembly or 
servicing. 

O Heat Transfer. When fully heat sinked on 1.5 
square inches .040" aluminum per watt, power 
rating is increased 2 for 1 over the free air rating. 
Reliability. Construction is fully welded; IMPER-
VOHMe insulation rated for 350°C operation and 
1000 volt rms dielectric strength. 

O 

STYLE 

POWER RATING 
RESISTANCE 

.05 a to Free 
Air 

Body 
Mounted 

*2200C 3 6 20 K . 
*2250C 3 6 40 K . 
2400C 3.5 7 42 K a 
2550C 5.5 11 88 K a 
2600C 7 14 114 K a 
2650C 8 16 170 K a 
2750C 10 20 257 K n 

*new 

Ask for Ca alog R-62 giving full details 

SAGE 
SAGE ELECTRONICS CORP. 

P.O. 3ox 3926 • Rochester, N.Y. 14610 
Circle 33 on Inquiry Card 



The well-known feedback equation for the conventional feedback amplifier 
is not normally applied to the negative feedback operational amplifier. 

This approach explains how the feedback equation, 
with one simple substitution, can be used to determine the exact response 

equation for two commonly used operational amplifier configurations. 

ByFON R. BROWN, Director, Luminescence Laboratory, Electro -Dynamics Laboratories, Utah State University 

and BRUCE R. SAVAGE Electrical Engineering Dept., Utah State University 

A Simple Approach to Operational 
IN RECENT YEARS MUCH ATTENTION HAS BEEN GIVEN 
to operational amplifiers. This interest has been stimu-
lated because of the wide applicability to dc amplification 
needs and because the circuit has inherently good sta-
bility characteristics. This discussion gives the basic 
relationships between the operational amplifier and the 
usual feedback amplifier and explains how the well-
known equations for the feedback type apply to the 
operational type. Also, the frequency response of the 
operational amplifier is discussed, and the effect of feed-

back ratio P, the open-loop gain A, and the feedback im-
pedance Zb are examined. 

The usual equation for the gain of a feedback am-
plifier has been given by Millman and Taub' as 

A  
= (1) 

1 — OA 

where Al is the closed-loop gain, A is the open-loop gain 
and g is the feedback ratio. This equation can be de-
rived from the voltage feedback amplifier setup shown 
in Fig 1. Note that the voltage fed back is proportional 

to the voltage appearing across the load ZL and is 
introduced to the amplifier in series with the externally 
impressed voltage ej. 

The operational amplifier uses a feedback voltage 
which is applied in parallel with the externally applied 
voltage, Fig. 2. The common operational amplifier of 
Fig. 2 cannot be operated with a voltage source at the 
amplifier input. In every case the input signal voltage 
must be made to appear as a current source by use of 
a series impedance2. 

Eq. 1 simplifies the calculations for feedback am-
plifiers. It is useful in analyzing the operational am-
plifier, provided the equivalence of the input voltage 
ei of Fig. 1 to the input signal current is of Fig. 2 can 

be determined. This is done best by making the cal-

culations for an operational amplifier so that the output 
voltage for any given input current as a function of 
the feedback impedance and the feedback ratio g is 
determined. 
The equivalent circuit for Fig. 2 is shown in Fig. 3. 

The voltage at node 1 is eo/A and A carries its own 
sign. The assumption that the output impedance of 
the amplifier is much less than Z1 or Z1 is also used. 
From the equivalent circuit, the following can be 

written. 

Z. -I- j, Z1 ± i2 Z1 
e. = i2 ZI ± 7:2 Z1 ± i• Z1 
el = i,Z, e./ A 

Substituting and solving 

i. (2, A) (Z,)  
e. — 

Zr — Zi A 
(2) 

This equation can be compared with Eq. 1 if the 
value of g is introduced. For the passive feedback net-
work P is .<.„1 and is defined as the fraction of the 
output voltage fed back to the input'. This ratio can 
be written in terms of the impedances Z, and Z1 from 
Fig. 2, so that 

— z, + Z f (3) 

where it has been assumed that Zo > > Z, or ZI. Re-
membering this value for (3 and operating on Eq. 2 by 
dividing numerator and denominator by (Z1 + Zf) it 
can be shown that 

Zf AO 
e. — 

1 — SA 
(4) 

The equivalence of Eq. 4 and Eq. 1 is seen when Eq. 1 
is rewritten as 

A 
e. — ei.  

1 — j3A (5) 

where the substitution A, = co/et,, has been made. 
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Amplifier Design 

When the numerators of Eqs. 4 and 5 are equated, it 
is found that 

ei. = ti. Z, 

or 

Zi zi  
= 

Zf 

This means that Eq. 5, which is the usual feedback 
amplifier equation for the voltage gain, can be applied 
directly to the operational amplifier. This can be done 
if the input voltage ein is replaced by the voltage de-
veloped across the parallel combination of Z1 and ZI 
by the signal current when the amplifier is removed 
or the output is grounded. Eq. 4 is thus analogous to 
Eq. 5 where Eq. 4 handles feedback amplifiers which 
are driven from current sources, i.e., the feedback is 
applied in parallel with the input; and Eq. 5 works 
for feedback amplifiers which are driven from voltage 
sources, i.e., the feedback is applied in series with 
the input. 

The Operational Amplifier 

The operational amplifier is used in two configura-
tions, as shown in Figs. 4 and 5. For the circuit of Fig. 
4, the input is obtained from a current source, i.e., 
multiplier phototube, photodiode, etc., where Z1 is 
assumed > > ZI at all frequencies of concern. In this 
case g approaches 1 and Eq. 4 becomes 

• A 
e. = t, Z,  

1 — A 

If A is high compared with unity so that IA I.-, Il-AI, 

= — i. Z, (6) 

In the case of Fig. 5 where the signal is a voltage 
source ( the value of Z1 is not large compared with 
ZI), Eq. 5 is more applicable. Remembering that em 
is the voltage that appears at the amplifier input in 
the absence of the amplifier, or with the amplifier output 
grounded so the et. = + Zf, then Eq. 5 becomes 

(Continued on following page) 

Fig. 1: Conventional feedback amplifier ( above left). 

Fig. 2: Operational amplifier configuration ( above 

Fig. 3: Equivalent circuit of an operational amplifier. 

Fig. 4: Operational amplifier operating from a current source. 

Fig. 5: Operational amplifier operating fiom a voltage source. 
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OPERATIONAL AMPLIFIER (Concluded) 

Co = el ZI 
ZI ± Z1 (1 A) 

A 

z, 

(7) 

where   has been substituted for (3. If A is 
Zi + Zr 

large so that Z1(1-A) is large compared with Z1 and 
IA1,-.11-211, then 

ZI 
= - (8) 

The above approach puts the approximate equations 
of the operational amplifier at hand. But, more im-
portant, it gives the rigorous response equations im-
mediately from the common equation of the feedback 
amplifier with only one simple substitution. 

Frequency Response 

Eqs. 4 and 7 allow an evaluation of the frequency re-
sponse by noting the possible complex values in the 
equations. In Eq. 4 Zr, A and g are frequency sensitive. 
In Eq. 7 ZI, Zf and A affect the frequency response. 

Practical considerations should be applied to the 
circuit before a frequency analysis is attempted. Under 
practical considerations for the configuration of Fig. 4, 
Zf is the parallel impedance of a resistance Rf and a 
capacitance C, and for Z1 is the reactance of a capaci-
tance Cr. 

The fi point can be calculated if the imaginary part 
and the real part of the transfer impedance are equated5. 
The transfer impedance is expressed as 

ZI  
ZT 

1 - I3A 

which comes directly from Eq. 4. 
The value of g for Fig. 4 is given by 

1 ± j WC/ R/  
e — 1 + j RI (CI ± C1) 

If the following assumptions are made, IA 1.=,11-A I, 
and A is real for all frequencies of concern. The equa-
tion for the fe frequency can be easily calculated5 using 
the above procedure, so that 

IAl  
. 2 -  2 If Rf [CflAI+ C1] (9) 

This equation supplies the necessary information to 
calculate the gain needed for the circuit of Fig. 4 for 
a given fs point. Note that the gain in this equation 

• A REPRINT of ANY ARTICLE in this 
issue is available from ELECTRONIC IN-
DUSTRIES Reader Service Department. 

is the magnitude of the gain at the f, frequency and 
not the dc or low frequency gain. Any additional in-
crease in the open-loop gain above the value calculated 
is not necessary unless the value calculated is so small 
that the approximation I AI is jeopardized. In 
this case the gain must be determined by the accuracy 
that is needed in the approximate Eq. 6. 

For the circuit of Fig. 5, the practical components 
for Zf are RI and C, and for Z1 are R1 and C1. In this 
case 

and 

=• 

R1 (1 j CO Rf + RI (1 j RI CI) 

R1(1 ± j CORI CI) 

Zf 

R 

1 + j CORI C/ 

By substituting the above into the equation for the 
transfer impedance and solving, it can be shown that 

(1 - A) R1 +  
12 - 

2 r RI Rf [Cf (1 A) + 

This equation is rigorous for an ideal amplifier, i.e., 
indefinitely high input impedance and zero output im-
pedance. Again assuming that 1,41..,11-A I, then 

AR1 

h —  
2 r R1lif [ lAl Cf C1] 

Note that this equation simplifies to Eq. 9 if R1 >>121. 

Conclusions 

The operational amplifier can be treated with the 
usual feedback amplifier equations by substituting for 
et„ the voltage that would appear at the input of the 
amplifier with the amplifier removed or the output 
grounded. 

The operational amplifier can be designed for a 
particular frequency response by the proper selection 
of the open-loop gain A, the feedback impedance ZI 
and the feedback ratio g. The magnitude of the open-
loop gain is determined either by the frequency re-
sponse needed or the allowable deviation in the approxi-
mate Eqs. 6 and 8. 

This research was supported by the Air Force 
Cambridge Research Laboratories. The contributions 
and suggestions of D. J. Baker, A. T. Stair, Jr., L. S. 
Cole, and C. L. Wyatt are acknowledged. 
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1965 Survey of Commercial 

Semiconductor Photosensitive Devices 
This material will be presented in three parts— 

Part 1: Photoconductors; Part 2: Photovoltaic Diodes; and 
Part 3: Phototransistors & PNPN Light Activated Devices. 

Also included in Part 3 will be a complete table of manufacturers, 
their general categories of devices and complete mailing addresses. 

Part 1: Photoconductors 
PHOTOCONDUCTORS ARE PASSIVE, high-impedance de-
vices composed of thin single-crystal or polycrystalline 
films of compound semiconductor materials. Since no 
PN junction effects are used, photoconductors are non-
polarized—their characteristics are independent of which 
terminal is biased positive with respect to the other. 
When the sensitive surface is illuminated, the conduc-
tivity increases due to an increase in the number of 
mobil carriers ( electron-hole pairs) available for the 
conduction process. Generally, with a fixed cell voltage, 
the cell current and conductivity increases linearly with 
light intensity on a logarithmic plot. 

Photoconductors can be divided into two basic cate-

gories; the first is composed of devices predominantly 
sensitive to infrared radiation ( infrared photoconduc-
tors), whereas devices in the second category are pre-
dominantly sensitive to visible radiation ( visible photo-

conductors). 
Infrared photoconductors are not included in this 

report since many of them require cooling to achieve 
desirable noise and "dark" characteristics. 
The presence of electron and hole trapping levels in 

the forbidden energy gap, causes photoconductors to 

be susceptible to light history effects—variations of light 
sensitivity and response times with prior history of 
light and dark exposure. Long exposure to high light-
levels prior to excitation temporarily reduces sensitivity 

and response times. Dark storage prior to excitation 
has the reverse effect bf temporarily increasing sen-
sitivity and response times. 

In addition to light history effects, which necessitate 
preconditioning before measurements are made, most 
photoconductors exhibit light fatigue effects—their re-
sistance increases with time under steady illumination. 

Because of the long carrier lifetimes, photoconductors 
have response times in milliseconds, and sensitivities 
about one thousand times that achieved with photo-
voltaic diodes. Photoconductors respond more quickly 

to high illumination levels; the rise time is usually 

longer than the decay time. Generally, cadmium selenide 

is faster than cadmium sulfide, but cadmium selenide 

demonstrates extreme susceptibility to temperature 

variations. 
True hermetic sealing is extremely important, since 

photoconductive materials, namely cadmium sulfide, un-

dergo severe degradation of sensitivity and dark re-

sistance when subjected to moisture. 

The author wishes to acknowledge those manufac-

turers who supplied data for this survey. All data are 

the manufacturers; the author has not measured or 

otherwise verified this information. The author has 

converted data wherever necessary for consistency in 

the listings. 

ELECTRONIC INDUSTRIES • July 1965 73 



Revolution in Resolution: 
0.032% in a TRIMPOT® Potentiometer Package! 

Seven inches of wirewound resistance element in a package just 

5/16" square and one inch long— that's our new Model 3070! 
With resolution seven to ten times better than you normally get 
from wirewound units this small, Model 3070 TRIMPOT poten-

tiometer gives you premium adjustability at no premium in 
space, weight, or temperature coefficient. Settings you make 

with this unit stay set, too; the exclusive rotor/wiper design, 
based on that of our precision potentiometers, is outstandingly 

stable under shock and vibration. 

Model 3070 also offers slip- clutch action, the indestructible 
SILVERWELD® termination, and resistance wire with twice the 

normal cross-section area. Units are available immediately in 

a broad choice of terminal types and mounting styles, including 
two panel-mount versions. 

Write today for free technical data. 

Resolution: 

Standard 
resistances: 

Power rating 
at 10°C: 

Max. operating 
temp.: 

Temp. Coeff. 
(entire unit) 

Humidity: 

Size: 

0.032% to 0.15% 

75l2 to 50K 

1.5W 

115°C 

7Oppm/°C 

Meets 
MIL-STD-202B, 
Method 106 
(Cycling) 

5/16"x 3/4 6"x l'AG" 

If it's TRIMPOTe, it's BOURNS 

TRIMPOT is a registered 
trademark of Boums, Inc. 

Units shown 
3A actual size 

1 

p 0 T.3" 1:Z, 1\T S 

BOURNS. INC.. TRIMPOT DIVISION 

'200 COLUMBIA AVE.. RIVERSIDE. CALIF 

PHONE 68.3.1700 • TWX: 714.552 95.32 

CABLE: BOURNSINC 

MANUFACTURER: TRIMPOT'' & PRECISION POTENTIOMETERS, RELAYS: TRANSDUCERS FOR PRESSURE. POSITION, ACCELERATION. PLANTS RIVERSIDE, CALIFORNIA; AMES, IOWA: TORONTO, CANADA 

Circle 34 on Inquiry Card 



PHOTOSENSITIVE DEVICES (Continued) 

Abbreviations used in Table 1 

Material 

CdS—Cadmium 
CdSe—Cad mi um 
CdSSe—Cadmium 

Sulfide 
Selenide 
Sulfoselenide 

Ge—Germaniurn 

InSb—Indium Antimonide 
PbS—Lead Sulfide 
PbSe—Lead Selenide 

Dimensional Coding 

P—Specified dimensions 
package and/or amount. 
in transistor type cans, 

refer to the 
For devices 
the package 

diameter includes the flange. Device 
depth excludes flexible leads. 

Package Description 

Primed quantities designate the device 
is hermetically sealed in the specified 
package. 

A 
AR 

D 
DD 
EE 
FF 
G 
H 

—Glass encapsulated. 
—Glass encapsulated, plug-in type. 
—Metal case. 
—T0-5 case. 
—Epoxy resin encapsulation. 
—Lacquer coating. 
—Ceramic case. 
—T0-18 case. 
—Plastic coating. 

X 

Y 

—Plastic case. 
—T0-8 case. 
—Potted in high-temp. clear 

epoxy. 
—Varnish encapsulation or coat-

ing. 
—T0-6 case. 
—Plastic filled metal case. 

Radiation Source Type 

measured at an illumination level 
measured at an illumination level equiv-
equivalent to 1 ft-c of sunlight. 

F—Heated tungsten filament at 2870°K 
color temperature filtered through a 
Corning C. S. No. 1-62 filter (13.3% 
effective transmission of luminous flux). 

NE—NE2H neon lamp. 

T—Heated tungsten filament (incandes-
cent lamp). 

Notes for Table 1 
(Characteristics of Photoconductors) 

a. Two package types; RPY 1 lf-end illuminated, RPY 1 ls-
side illuminated. 

b. Sensitive area at a 450 angle with respect to the longi-
tudinal axis of the device. Light resistance measured sub-
sequent to preconditioning in complete darkness for 16 hr. 

c. Side illuminated. Light resistance measured subse-
quent to preconditioning in complete darkness for 16 hr. 

d. Light resistance (measured from room light history) 
equals the nominal value cited, -.± 33.3%. 

e. Light resistance and response times measured with the 
cell about 0.08 in. from, and perpendicular to, the NE2H 
neon lamp. 

f. Three-terminal dual-element photoconductor, contain-
ing two separate light-sensitive elements. Total power dissi-
pation of dual element specified. 

g. Rated power dissipation with heatsink held at 30°C. 
h. Light resistance measured subsequent to precondition-

ing at 50 to 100 ft-c for 30 min. Dark for 1 min. prior to rise 
time test. Illuminated for 30 sec. prior to decay time test. 

i. Rise times measured after 5 min. storage in dark prior 
to excitation. 

j. Side illuminated. Depth includes pins. Light resistance 
measured subsequent to preconditioning in complete dark-
ness for 16 hr. 

m. Side illuminated. Depth includes pins. 
n. Glass window. Light resistance (measured subsequent 

to preconditioning at 30 to 50 ft-c of room light for at least 
60 min.) equals the nominal value cited, ±.-40%. Response 
time measurements taken with light cycled 5 sec. ON, 5 sec. 
OFF. 

o. Light resistance equals the nominal value cited, 
-±40%. 

p. Glass window. Light resistance (measured after aging 
at 1 ft-c) equals the nominal value cited, -±-40%. Response 
time measurements taken with light cycled 5 sec. ON, 5 sec. 
OFF. 

q. Light resistance equals the nominal value cited, -±-40%. 
Response time measurements taken with light cycled 5 sec. 
ON, 5 sec. OFF. 

r. Glass window. Light resistance or sensitivity equals 
the nominal value cited, ±33.3%. 

s. Glass window. Light sensitivity and/or resistance meas-
ured from 50 to 100 ft-c (white fluorescent lamp) light his-
tory ( 16 to 24- hr. exposure). Rise times measured after 5 
min. storage in dark prior to excitation. 

t. Glass window. Light sensitivity and/or resistance meas-
ured from 500 ft-c (white fluorescent lamp) light history 16 
to 24- hr. exposure). Rise times measured after 5 min. stor-
age in dark prior to excitation. 

• A REPRINT of ANY ARTICLE in this 
issue is available from ELECTRONIC IN-
DUSTRIES Reader Service Department. 

u. Light resistance (measured subsequent to maintaining 
the cell in a light adapted state) equals the nominal value 
cited, ±33.3%. 

v. Glass window. Light resistance (measured subsequent 
to maintaining the cell in a light adapted state) equals the 
nominal value cited, ±33.3%. 

w. Specified at 60°C ambient test temperature. 
x. Light resistance measured subsequent to precondition-

ing at about 50 ft-c illumination (ambient room light) for at 
least 60 min. 

y. Glass window. Light resistance (measured from room 
light history) equals the nominal value cited, ±.33.3%. 

z. Light resistance (measured subsequent to precondition-
ing at 30 ft-c for 16 hr.) equals the nominal value cited, 
-1733.3%. 

aa. From 2 ft-c to an unspecified dark illumination level 
after 5 sec. 

bb. Light resistance measured subsequent to precondi-
tioning in complete darkness for 16 hr. 

cc. Sensitive area at a 45° angle with respect to the longi-
tudinal axis of the device. 

dd. Side illuminated. 
ee. Glass window 
if. Light resistance measured subsequent to precondi-

tioning at 30 to 50 ft-c for at least 60 min. Response time 
measurements taken with light cycled 5 sec. ON, 5 sec. OFF. 

gg. Depth includes pins. 
hh. Glass window. Light resistance measured subsequent 

to preconditioning in complete darkness for 16 hr. 
ii. Measured at an irradiation level of 64pm/cm', which 

originates from the 2527 A mercury resonance line of a low 
pressure arc and after 60 min. minmum exposure to about 
50 ft-c of fluorescent illumination (ambient room light). 

jj. Ultraviolet sensitive photoconductor. 
kk. Specified at 40°C ambient test temperature. 
II. Light sensitivity and/or resistance measured from 500 

ft-c (white fluorescent lamp) light history ( 16 to 24- hr. ex-
posure). Rise times measured after 5 min. storage in dark 
prior to excitation. 
mm. Light sensitivity and/or resistance measured from 

50 to 100 ft- c (white fluorescent lamp) light history (16 to 
24- hr exposure). Rise times measured after 5 min. storage 
in dark prior to excitation. 

nn. Glass window. Device not for new equipment design; 
for renewal use only. Light sensitivity and/or resistance 
measured from 500 ft-c (white fluorescent lamp) light his-
tory ( 16 to 24- hr. exposure). Rise times measured after 5 
min. storage in dark prior to excitation. 

oo. Light resistance measured subsequent to precondi-
tioning at 50 ±5 ft-c for at least 3 hr. Dark for 1 min. prior 
to rise time test. Illuminated for 30 sec. prior to decay time 
test. 

pp. Glass window. Light resistance measured subsequent 
to preconditioning at 50 -±5 ft-c for at least 3 hr. 

qq. Device can also be supplied in spectral type 55 (PW-
5530GG) or spectral type 6 (PW630GG) upon request. 
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TABLE 1: CHARACTERISTICS OF PHOTOCONDUCTORS 

Manufacturer 
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micron micron in. in. in. in. sq. in. ft-c sec y go mg ft-c °C 

Amork Corp. PW514 
PW514N 
PW530GG 
PW606G 
PW606M 

CdS 
CdS 
CdS 
CdSSe 
CdSSe 

0.51 
0.51 
0.51 

0 552 
0.552 

0.413 
0.315 

0.236 
0.236 

0.236 
0.315 

<1.65 <0.59 

P 
P 
P 
P 
P 

0.122 
0.122 
0.387 
0.00465 
0.00465 

1 
>200 
>200 

PW614 
PW614N 

CdSSe 
CdSSe 

0.552 
0.552 

0.236 
0.236 

P 
P 

0.122 
0.122 

>10 
>10 

American Elite, 
Corp. 

RPY10 
RPY11 
RPY12 

CdS 
CdS 
CdS 

0.44-0.86 
0.44-0.86 
0.44-0.86 

0.67 
0.67 
0.67 

0.197 
0.75 
0.75 

0.276 
1.575 
2.12 

P 
P 
P 

0.00124 
0.155 
0.465 

A 
A 
A 

100 
100 
100 

5 
20 
20 

-.20 
>5 
>5 

25 
25 
25 

Amperes Electronic 
Corp. 

ORP 11 
ORP30 
ORP50 
OR P60 
ORP61 

CdS 
CdS 
CdS 
CdS 
CdS 

0.46-0.85 
0.47-0.87 
0.47-0.87 

0.67 
0.67 
0.67 

0.67 
1.54 
. 0.63 
0.24 
0.24 

<2.28 
<2.95 
<1.74 
<0.71 
<0.71 

• 
P 
P 
P 
P 
P 

0.0004 
0.0004 

AR 
AR 
A' 
A' 
A' 

1800 
20 
20 

30-300 
300 
300 

1.5 
1.5 

20 
60 

'.13 
>200 
,200 

25 
25 
25 
25 
25 

ORP62 
ORP63 
ORP90 
RPY14 
RPY 17 

CdS 
CdS 
CdS 
CdS 
CdS 

0.46-0.86 
0.43-0.83 

0.43-0.83 

0.67 
0.55 

0.55 
0.55 

0.236 
<0.24 
-.0.24 

<0.91 
<1.18 
<1.18 
<0.827 
'.0.827 

A.394 
,.0.394 

<0.138 
<0.165 

P 
P 
P 
P 
P 

0.0023 

0.099 
0.078 

A' 
A' 
A' 
A' 
A 

20 
20 

20 
20 

300 
75 

75 
400 

2 
10 

25 
16 

>150 
>7.5 
120 

>3 
>25 

25 
25 
25 
25 
25 

RPY18 
RPY 19 
RPY20 
RPY27 

CdS 
CdS 
CdS 
CdS 

0.55 
0.55 
0.55 
0.55 1.24 

1.0 
1.0 
1.63 
0.285 

0.642 
0.642 
0.65 

0.185 
0.185 
0.185 

P 
P 
P 
P 

A' 
A' 
A' 
C 

20 
20 
20 
20 

>3 
>10 
>6.5 
>6 

25 
25 
25 
25 

Angstrom 
ElectronICS 

C orp. 

lA 
1B 
1C 
1T 
10A 

CdSe 
CdSe 
CdSe 
CdSe 
CdSe 

0.73 
0.73 
0.73 
0.73 
0.73 

0.375 
0.5 
1.0 

0.375 

0.24 
0.28 
0.35 

0.24 

P 
P 
P 

P 

FF' 
FF' 
FF' 
D' 
FF' 

108 
10T 
11A 
118 
11 T 

CdSe 
CdSe 
CdSe 
CdSe 
CdSe 

0.73 
0.73 
0.73 
0.73 
0.73 

0.5 

0.375 
0.5 

0.28 

0.24 
0.28 

P 

P 
P 

FF' 
D' 
FF' 
FF ' 
D' 

100A 
100B 
100C 
100T 
101A 

CdS 
CdS 
CdS 
CdS 
CdS 
CdS 
CdS 
CdS 
CdS 
CdS 

0.58 
0.58 
0.58 
0.58 
0.58 
0.58 
0.58 
0.58 
0.58 
0.58 

0.375 
0.5 
1.0 

0.375 

0.24 
0.28 
0.35 

0.24 

P 
P 
P 

P 

FF' 
FF' 
FF' 
D' 
FF' 

1018 
101T 
110A 
1106 
1101 

0.5 

0.375 
0.5 

0.28 

0.24 
0.28 

P 

P 
P 

FF' 
D' 
FF . 
FE 
D' 

Claires Corp. CL503 
C L504 
CL504L 
CL505 
CL505L 

CdSe 
CdSe 
CdSe 
CdS 
CdS 

0.65-0.86 
0.61-0.87 
0.61-0.87 

0.735 
0.69 
0.69 
0.55 
0.55 

0.49 
0.49 
0.49 
0.49 
0.49 

0.5 
0.5 
0.5 
0.5 
0.5 

P 
P 
P 
P 
P 

0.0816 
0.0816 
0.0705 
0.0816 
0.0705 

A' 
A' 
A' 
A' 
A' 

83.3 
0.16 
0.0267 
0.833 
0.136 

0.01 
0.01 
0.01 
0.01 
0.01 

25 
25 
25 
25 
25 

CL507 
C L5M2 
CL5M2L 
C L5M3 
C L5M4 

CdS 
CdS 
CdS 
CdSe 
CdSe 

0.65-0.86 
0.61-0.87 

0.615 
0.515 
0.515 
0.735 
0.69 

0.49 
0.555 
0.555 
0.555 
0.555 

0.5 
0.183 
0.183 
0.183 
0.183 

P 
P 
P 
P 
P 

0.0816 
0.0815 
0.0705 
0.0815 
0.0815 

A' 
C 
C 
C 
C 

0.944 0.01 25 
25 
25 
25 
25 

CL5M4L 
CL5M5 
CL5M5L 
C L5M7 
C L602 

CdSe 
CdS 
CdS 
CdS 
CdS 

CdSe 
CdSe 
CdSe 
CdSe 
CdSe 
CdS 
CdS 
CdS 
CdS 
CdS 
CdSe 
CdSe 
CdSe 
CdSe 
CdSe 

0.61-0.87 0.69 
0.55 
0.55 
0.615 
0.515 

0.555 
0.555 
0.555 
0.555 
0.245 

0.183 
0.183 
0.183 
0.183 
0.5 

P 
P 
P 
P 
P 

0.0705 
0.0815 
0.0705 
0.0815 
0.0068 

C 
C 
C 
C 
A' 170 0.01 

25 
25 
25 
25 
25 

C L603 
CL603A 
CL603AL 
CL604 
CL604L 

0.65-0.86 

0.61-0.87 
0.61-0.87 

0.735 
0.735 
0.735 
0.69 
0.69 

0.245 
0.245 
0.245 
0.245 
0.245 

0.5 
0.5 
0.5 
0.5 
0.5 

P 
P 
P 
P 
P 

0.0068 
0.0068 
0.014 
0.0068 
0.014 

A' 
A' 
A' 
A' 
A' 

1500 
750 
39.5 
3.2 
0.16 

0.01 
0.01 
0.01 
0.01 
0.01 

25 
25 
25 
25 
25 

C L605 
CL605L 
CL607 
C L 702 . 
CL702L  
C L703 
CL703A 
CL703C 
CL703CL 
CL703L 

0.65-0.86 

0.65-0.86 

0.55 
0.55 
0.615 
0.515 
0.515 
0.735 
0.735 
0.735 
0.735 
0.735 

0.245 
0.245 
0.245 
0.36 
0.36 

0.5 
0.5 
0.5 
0.18 
0.18 

P 
P 
P 
P 
P 

0.0068 
0.014 
0.0068 
0.012 
0.028 

A' 
A' 
A' 
D' 
D' 
D' 
D' 
D' 
D' 
D' 
D' 
D' 
D' 
D' 
D' 

15 
0.715 
17 
170 
3.4 

0.01' 
0.01 
0.01 
0.01 
0.01 

25 
25 
25 
25 
25 

0.36 
0.36 
0.36 
0.36 
0.36 

0.18 
0.18 
0.18 
0.18 
0.18 

P 
P 
P 
P 
P 

0.012 
0.012 
0.012 
0.028 
0.028 

1500 

30 

0.01 

0.01 

25 
25 
25 
25 
25 

CL 703 '2 
CL703L '2 
CL 704 
C L 704L 
CL704 '2 

CdSe 
CdSe 
CdSe 
CdSe 
CdSe 

0.65-0.86 
0.65-0.86 
0.61-0.87 
0.61-0.87 
0.61-0.87 

0.735 
0.735 
0.69 
0.69 
0.69 

0.36 
0.36 
0.36 
0.36 
0.36 

0.18 
0.18 
0.18 
0.18 
0.18 

P 
P 
P 
P 
P 

0.012 
0.028 

3.2 
0.064 

0.01 
0.01 

25 
25 
25 
25 
25 
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TABLE 1: CHARACTERISTICS OF PHOTOCONDUCTORS (Continued) 
Spectral 
Response Physical Dimensions Dark Characteristics 4 
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Clirex Corp. 
(Continued) 

CL7041./2 
CL705 
.CL705FIL 
CL705L 
CL705 '2 

CdSe 
CdS 
CdS 
CdS 
CdS 

0.61-0.87 0.69 
0.55 
0.55 
0.55 
0.55 

0.36 
0.36 
0.36 
0.36 
0.36 

0.18 
0.18 
0.18 
0.18 
0.18 

P 
P 
P 
P 
P 

0.012 
0.028 
0.028 

D' 
D" 
D' 
D' 
D' 

15 
6.4 
0.3 

0.01 
0.01 
0.01 

25 
25 
25 
25 
25 

CL705L '2 
CL707 
CL707L 
CL902 
CL902L 

CdS 
CdS 
CdS 
CdS 
CrIS 

0.55 
0.615 
0.615 
0.515 
0.515 

0.36 
0.36 
0.36 
0.21 
0.21 

0.18 
0.18 
0.18 
0.15 
0.15 

P 
P 
P 
P 
P 

17 
0.34 
170 

0.01 
0.01 

I 0.01 

25 
/5 
25 
25 
25 

CL902N 
CL903 
CL903A 
CL903C 
CL903L 

CdS 
CdSe 
CdSe 
CdSe 
CdSe 

0.65-0.86 

0.65-0.86 

0.515 
0.735 
0.735 
0.735 
0.735 - 

0.21 
0.21 
0.21 
0.21 
0.21 

0.15 
0.15 
0.15 
0.15 
0.15 

- 
P 
P 
P 
P 
P 

85 
1500 
750 

0.01 
0.01 
0.01 

25 
25 
25 
25 
25 CL903N 

CL904 
CL904L 
CL904N 
CL905 

CdSe 
CdSe 
CdSe 
CdSe 
CdS 

0755---0.86 
0.61-0.87 
0.61-0.87 
0.61-0.87 

0.735 
0.69 
0.69 
0.69 
0.55 

0.21 
0.21 
0.21 
0.21 
0.21 

0.15 
0.15 
0.15 
0.15 
0.15 

P 
P 
P 
P 
P 

0.013 
0.0039 

0.013 
0.0039 

G' 
G' 
G' 
G' 
G' 

750 
3.2 

1.6 
15   

0.01 
0.01 

0.01 
0.01 

25 
25 
25 
25 

CL905HL 
CL905HLL 
CL905L 
CL905N 
CL907 
CL907N 

CdS 
CdS 
CdS 
CdS 
CdS 
CdS 

0.55 
0.55 
0.55 
0.55 
0.615 
0.615 

0.21 
0.21 
0.21 
0.21 
0.21 
0.21 

0.15 
0.15 
0.15 
0.15 
0.15 
0.15 

P 
P 
P 
P 
P 
P 

0.013 
0.0039 
0.013 

G' 
G' 
G' 
G' 
G' 
G' 

25 
2.6 

7.5 
17 
8.5 

0.01 
0.01 

0.01 
0.01 
0.01 

25 
25 
25 
25 
25 
25 
25 Delco Red o LDR-25 CdS 0.6 0.165 I 0.845 P 0.139 C 10 0.5 25 Ferroxcube Corp. 

of America 
940 004 00 
940 005 00 
940 006 00 
940 007 00 
940 008 00 

CdS 
CdS 
CdS 
CdS 
CdS 

0.546 
0.546 
0.546 
0.546 
0.546 

0.323 
0.323 
0.323 
0.323 
0.323 

P 
P 
P 
P 
P 

DD 
DD 
DO 
DD 
DD 

•10 
10 
•10 
10 

940 009 00 
940 501 00 
940 502 00 
940 503 00 
940 701 00 _. CdS 

CdS 
CdS 
CdS 
CdS 

0.546 

0.342 

0.323 

0.142 
0.142 
0.142 
0.071 

_, 

0.48 
0.48 
0.48 

0.425j 
0.425 
0.425 

P 
P 
P 
P 
P 

DD 
DD 
DD 
DD 
EE 

 .10  
•10 
10 
.10 
10 
-10 

.10 
•10 
10 
.10 
10 
-10 940 702 00 

940 703 00 
CdS 
CdS 

0.342 
0.342 

0.071 
0.071 

1 P 
P 

EE 
EE 

.10 
10 General Electric A33 

A33P 1 
A35 
A36M1 
B425P 1 

CdS 
CdS 
CdS 
CdS 
CdS 

0.55 
0.55 
0.55 
0.55 
0.61 

- 0.375 
. 0.315 
• 0.375 
' 0.375 
. 0.47 

0.225 
0,085 
0.225 
0.225 
0.1 

P 
P 
P 
P 
P 

C 
I 
C. 
C. 
I 

2 
2 
2 
2 
2 

30 
30 
30 
30 
30 

30 
30 
50 
60 
250 

100 
100 
100 
60 
80 

0.3 
0.3 
0.5 
1 
3.13 

25 
25 
25 
25 

8430 CdS 0.61 0.65 
L 25 

B46 
8425 
B1035 
B1035M1 

CdS 
CdS 
CdS 
CdS 

0.46-0.76 
0.46-0.76 

0.46-0.76 

0.61 
0.61 
0.61 
0.61 

- 
.--0.65 
. 0.65 
1.24 
1.24 

0.35 
0.35 
0.35 
0.305 

t 0.305 

P 
P 
P 
P 
P 

C' 
C' 
C' 
C. 
C' 

2 
2 
2 
1 
1 

30 
20 
30 
30 
30 

300 
12 
250 
50 
50 

100 
80 
80 
40 
40 

3 
0.15 
3.13 
•1.25 
1.25 

25 
25 
25 
25 
25 B1035M2 

B1035M3 
C425P1 
Y-1136 
Y-1206 
Y-1332 

CdS 
CdS 
CdSe 
CdS 
CdSe 
CdSe 

0.46-0.76 
0.46-0.76 

0.61 
0.61 
0.73 
0.61 
0.73 
0.73 

1.24 
1.24 
. 0.47 
- 0.44 
0.65 
0.375 

0.305 
0.305 
0.1 
0.07 
0.35 
0.225 

P 
P 
P 
P 
P 
P 

C' 
C. 
I 
I 
C' 
C. 

1 
1 
2 
50 
50 
20 

30 
30 
30 
30 
30 
30 

50 
50 
250 
110 
250 
30 

40 
40 
50 
40 
100 
15 

1.25 
1.25 

-5 
2.75 
-2.5 
2 

25 
25 
25 
25 
25 
25 International 

Electronics Corp. 
(Mulla rd) 

ORP 11 
ORP12 
ORP 16 
ORP50 
ORP52 

CdS 
CdS 
CdS 
CdS 
CdS 

0.46-0.86 
0.46-0.86 

0.46-0.86 
0.46-0.86 

0.67 
0.67 

0.67 
0.67 

0.67 
0.55 
0.335 
0.63 
0.623 

1.85 
0.315 
0.059 
1.73 
• 1.73 

P 
P 
P 
P 
P 

0.194 
0.093 
0.0775 

0.17 

X 

. 

,,i. 
. 

300 
110 
110 
300 

37.5 
11 
11 
37.5 

-8 
.10 
10 

-8 

25 
25 
25 
25 

ORP60 CdS 
- 10 1 25 ; 

ORP61 
ORP90 
ORP93 
ORP94 

CdS 
CdS 
CdS 
CdS 

0.46-0.86 
0.46-0.86 

0.46-0.86 
0.46-0.86 

0.67 
0.67 

0.67 
0.67 

0.236 
0.236 

0.75 
0.75 

. 0.65 

. 0.65 

- 2.15 
• 2.15 

P 
P 

P 
P 

0.0388 
0.0388 
0.279 
0.387 

 0.387  
AR 
AR 

. 300 
300 

400 

1.5 
1.5 

80 

.200 

.200 

5 

25 
25 
25 
25 

RPY 14 
RPY15 
RPY28 

CdS 
CdS 
CdS 

0.43-0.83 
0.36-0.82 

0.55 
0.62 0.638 

0.827 
0.256 
0.197 

0.394 0.165 

0.572 0.452 

 0.387  
P 
P 
P 

0.0775 
0.194 
0.124 

A-- 
I 

_ 

. 

70 
10 
300 
35 

140  
3.33 
37.5 
70 

0.5 
3 
.8 
0.5 

 25  
25 
25 

25 
25 
25 

Notional Semi- 
conductors Ltd. 

NSL-45 
NSL-46 
NSL-47 
NSL-52 
NSL-53 

CdS 
CdS 
CdS 
CdS 
CdS 

0.37-0.68 
0.37-0.68 
0.37-0.68 

0.57 
0.57 
0.57 

1.26 
1.26 
1.26 

0.3 
0.3 
0.3 

P 
P 
P 

0.3 
0.3 
0.3 

LVU  

60 
60 
60 

40 
5 
1 
.4 

25 
25 
25 
25 
25 

NSL-54 CdS .0.5 25 
NSL-55 
NSL-56 
NSL-57 
NSL-62 

CdS 
CdS 
CdS 
CdS 

0.1 
40 
.5 
.1 

25 
25 
25 
25 

NSL-63 
NSL-64 

CdS 
CdS - 

10 
1.25- 
0.25 

 25  
25 
25 

25 
25 
25 
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TABLE 1: CHARACTERISTICS OF PHOTOCONDUCTORS (Continued) 
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National Serni- 
conductors Ltd. 
(Continued) 

NSL-65 
NSL-66 
NSL-67 
NSL-364 
NSL-367 

CdS 
CdS 
CdS 
CdSe 
CdSe 

0.64-0.78 
0.64-0.78 

0.71 
0.71 

0.296 
0.296 

0.185 
0.185 

P 
P 

0.013 
0.004 

C' 
C' 

30-50 
30-50 

15 
15 

160 
, 20 
>4 
200 
3000 

25 
25 
25 
25 
25 NSL-531 

NSL -561 
NSL-3531 
NSL-356 1 

CdS 
CdS 
CdSe 
CdSe 

0.36-0.72 
0.36-0.72 
0.64-0.77 
0.64-0.77 

0.52 
0.52 
0.71 
0.71 

<0.52 
<0.52 
<0.52 
<0.52 

<0.33 
<0.33 
<0.33 
<0.33 

P 
P 
P 
P 

0.07 
0.07 
0.07 
0.07 

T 
T 
T 
T 

30-50 
30-50 

60 
60 
15 
15 

>0.5 
>5 
>2 
>20 

25 
25 
25 
25 Opto-E lectronic 

Des/Ices, Inc. 
3H5 
3H 1 8 
3L5 
3L18 
4H5 

CdSe 
CdSe 
CdSe 
CdSe 
CdSSe 0.48-0.8 

0.72 
0.72 
0.72 
0.72 
0.68 0.365 0.175 P D 100 20 

>100 
>100 
>100 
>100 
>100 

25 
25 
25 
25 
25 4H6 

4H18 
4L5 
4L18 
5H6 

CdSSe 
CdS5e 
CdSSe 
CdSSe 
CdS 

0.48-0.8 
0.48-0.8 
0.48-0.8 
0.48-0.8 
0.46-0.73 

0.68 
0.68 
0.68 
0.68 
0.58 

1.24 
0.21 
0.365 
0.21 
1.24 

0.265 
0.147 
0.175 
0.147 
0.265 

P 
P 
P 
P 
P 

Y 
G 
D 
G 
Y 

100 
100 
100 
100 
100 

20 
20 
20 
20 
20 

>100 
>100 
>100 
>100 
>0.5 

25 
25 
25 
25 
25 5H6A 

5HC 1 
5HC2 
42H1 
42L500 

CdS 
CdS 
CdS 
CdSSe 
CdSSe 

0.46-0.73 0.58 
0.58 
0.58 
0.62 
0.62 

1.24 0.265 P Y 100 20 >2 
>2 
>0.5 
>100 
>2.5 

25 
25 
25 
25 
25 Pioneer E I ectr 1 c & 

Research Corp. 
CDS-701 
CDS-702 
CDS-703 
C DS-704 
CDS-710 

CdS 
CdS 
CdS 
CdS 
CdS 

0.5 
0.5 
0.5 
0.5 
0.5 

0.28 
0.28 
0.28 
0.28 
0.28 

P 
P 
P 
P 
P 

0.107 
0.107 
0.107 
0.107 
0.107 

C' 
C' 
C' 
C' 
C' 

50 
50 
50 
50 
50 

5 
5 
5 
5 
5 

100 
. 100 
100 
100 
100 

25 
25 
40 
70 
25 

>4 
>4 
>2.5 
>1.43 
>4 

25 
25 
25 
25 
25 CDS-711 

CDS-712 
CDS-901 
CDS-902 
C DS-903 

CdS 
CdS 
CdS 
CdS 
CdS 

0.5 
0.5 
1.25 
1.25 
1.25 

0.28 
0.28 
0.25 
0.25 
0.25 

P 
P 
P 
P 
P 

0.107 
0.107 
0.442 
0.442 
0.442 

C' 
C' 
C' 
C' 
C' 

50 
50 
50 
50 
50 

5 
5 
5 
5 
5 

100 
100 
100 
100 
100 

25 
40 
25 
25 
40 

>4 
>2.5 
>4 
>4 
>2.5 

25 
25 
25 
25 
25 CDS-904 

CDS-910 
CDS-911 
CDS-912 
CDS-913 

CdS 
CdS 
CdS 
CdS 
CdS 

1.25 
1.25 
1.25 
1.25 
1.25 

0.25 
0.25 
0.25 
0.25 
0.25 

P 
P 
P 
P 
P 

0.442 
0.442 
0.442 
0.442 
0.442 

C' 
C' 
C' 
C' 
C' 

50 
50 
50 
50 
50 

5 
5 
5 
5 
5 

100 
100 
100 
100 
100 

70 
25 
25 
40 
66.7 

>1.43 
>4 
>4 
>2.5 
>1.5 

25 ' 
25 
25 
25 
25 Radio Corp. of 

America 
4402 
4403 
4404 
4413 
4423 

CdS 
CdS 
CdS 
CdS 
CdS 

0.33-0.74 
0.33-0.74 
0.33-0.74 
0.33-0.74 
0.33-0.74 

0.58 
0.58 
0.58 
0.58 
0.58 , 

0.29 
1.24 
1.24 
0.29 
0.49 

<0.58 
0.285 
0.285 

<0.58 
<0.55 

P 
P 
P 
P 
P 

0.049 
0.785 
0.785 
0.049 
0.196 

A 
C 
C 
A 
A 

10 
10 
10 
10 
10 

12 
50(ac) 
50(ac) 
12 
50(oc) 

12 
78(oc) 
40(oc) 
12 
40(ac) 

>1 

>1 

25 
25 
25 
25 
25 4425 

4448 
4450 
4451 
4453 

CdS 
CdS 
CdS 
CdS 
CdS 

0.33-0.74 
0.33-0.74 
0.33-0.74 
0.33-0.74 
0.33-0.74 

0.58 
0.58 
0.58 
0.58 
0.58 

0.49 
1.24 
1.24 
1.24 
1.24 

<0.55 
0.285 
0.285 
0.285 
0.285 

P 
P 
P 
P 
P 

0.196 
0.785 
0.785 
0.785 
0.785 

A 
C 
C 
C 
C 

10 
10 
10 
10 
10 

12 
50(ac) 
50(ac) 
50(oc) 
50(ac) 

80 
40(oc) 
40(oc) 
40(oc) 
40(0c) 

>0.15 

 25  

25 
25 
25 
25 

 25  

• 

7163 
7412 
SQ2500 
SQ2502 
SQ2503 , 

CdS 
CdS 
CdS 
CdS 
CdS 

0.33-0.74 
0.33-0.74 
0.33-0.74 
0.33-0.74 
0.33-0.74 

0.58 
0.58 
0.58 
0.58 
0.58 

1.24 
0.29 
0.49 

<1.275 
1.24 

0.285 
<1.35 
<0.55 
1.13 
0.285 

P 
P 
P 
P 
P 

0.785 
0.049 
0.196 
0.785 
0.785 

C 
A 
A 
C 
C 

10 
10 
10 
10 
10 

50(oc) 
12 
12 
50(ac) 
50(0c) 

40(oc) 
1 
6 
40(ac) 
40(0c) 

>12 
>2 

25 
25 
25 
25 
25 SQ2508 

SQ25 1 9 
SQ2520 
SQ2521 
SQ2523 , 

CdS 
CdS 
CdS 
CdS 
CdS , 

0.33-0.74 
0.33-0.74 
0.33-0.74 
0.33-0.74 
0.33-0.74 

0.58 
0.58 
0.58 
0.58 
0.58 

0.37 
0.37 
0.6 
0.6 
0.49 

0.18 
0.18 
0.26 
0.26 

<0.55 

0.049 
0.049 
0.196 
0.196 
0.196 

C 
C 
C 
C 
A 

10 
10 
10 
10 
10 

12 
12 
12 
50(oc) 
12 

1 
12 
80 
40(ac) 
80 

>12 
>1 
>0.15 

>0.15 

25 
25 
25 
25 
25 SQ2524 

SQ2525 
502526 
SQ2527 
SQ2528 

CdS 
CdS 
CdS 
CdS 
CdS 

0.33-0.74 
0.33-0.74 
0.33-0.74 
0.33-0.74 
0.33-0.74 

0.58 
0.58 
0.58 
0.58 
0.58 

0.49 
0.6 
0.6 
0.6 
0.29 

<0.55 
0.26 
0.26 
0.26 

<0.58 

0.196 
0.196 
0.196 
0.196 
0.049 

A 
C 
C 
C 
A 

10 
10 
10 
10 
10 

12 
12 
12 
12 
12 

80 
6 
80 
80 
0.1 

>0.15 
>2 
>0.15 
>0.15 
>120 

25 
25 
25 
25 
25 502529 

SQ2531 
SQ2531V 1 
SQ2531V2 
SQ2531V3 

CdS 
CdS 
CdS 
CdS 
CdS 

0.33-0.74 
0.33-0.74 
0.33-0.74 
0.33-0.74 
0.33-0.74 

0.58 
0.58 
0.58 
0.58 
0.58 

0.37 
0.37 
0.37 
0.37 
0.37 

0.18 
0.18 
0.18 
0.18 
0.18 

0.049 
0.049 
0.049 
0.049 
0.049 

C 
Z 
Z 
Z 
Z 

10 
10 
10 
10 
10 

12 
12 
12 
12 
12 

0.1 
0.1 
1 
1 
12 

>120 
>120 
>12 
>12 
>1 

25 
25 
25 
25 
25 SQ253 1 V4 

SQ2531V5 
SQ2531V6 
502532 
SQ2532V1  
-S-02532V2 

CdS 
CdS 
CdS 
CdS 
CdS 

0.33-0.74 
0.33-0.74 
0.33-0.74 
0.33-0.74 
0.33-0.74 

0.58 
0.58 
0.58 
0.58 
0.58 

0.37 
0.37 
0.37 
0.6 
0.6 

0.18 
0.18 
0.18 
0.21 
0.21 

0.049 
0.049 
0.049 
0.196 
0.196 

Z 
Z 
Z 
Z 
Z 

10 
10 
10 
10 
10 

12 
12 
12 
12 
50(0c) 

12 
15 
15 
6 
40(ac) 

>1 

>2 

25 
25 
25 
25 
25 

SQ2532V3 
502532V4 
SQ2533 
SQ2533V I 

CdS 
CdS 
CdS 
CdS 
CdS 

0.33-0.74 
0.33-0.74 
0.33-0.74 
0.33-0.74 
0.33-0.74 

0.58 
0.58 
0.58 
0.58 
0.58 

0.6 
0.6 
0.6 
1.24 
1.24 

0.21 
0.21 
0.21 
0.285 
0.285 

0.196 
0.196 
0.196 
0.785 
0.785 

Z 
Z 
Z 
Z 
Z 

10 
10 
10 
10 
10 

12 
12 
12 
50(oc) 
50(ac) 40(ac) 

80 
80 
80 
40(ac) 

>0.15 
>0.15 
>0.15 

25 
25 
25 
25 
25 

80 
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Oc rms y dc ma'ft-c mw °C Y ft-c "C m sec m sec y K ft -c 

550 
230 
100 
5.2 
100 

T 
T 
T 
T 
T 

2870 
2870 
2870 
2870 
2870 

100 
100 
100 
100 
100 
200 
200 
200 
200 

75 
75 
75 
65 
65 
75 
75 
65 
65 

250 
250 
250 
80 
250 
170- 
420 
80 
400 

1 
270 
270 

60 
60 

4.5 
4.5 

3 
3 

10 
10 

o 
o 
o 
p 
p 

28 
28 
4.5 
4.5 

13 
13 
3 
3 

10 
10 
10 
10 

q 
q 
ff 
ff 

1.7 
17 

>0.85, <2.5 
>8.5, <25 

T 
T 
T 
T 

2870 
2870 
2870 
2870 
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o 
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o 

15 
70 
7.5 
25 
10 

T 
T 
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T 

2870 
2870 
2870 
2870 
2870 

250 
75 
250 
75 
250 

55 
55 
55 
55 
71 

300 
300 
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125 
300 

100 
100 
100 
100 
100 

190 
190 
190 
190 
146 

55 
55 
55 
55 
71 10 0.8 

100 
100 
100 
100 
100 

146 
146 
146 
146 
123 

71 
71 
71 
71 
71 

10 
10 
10 
10 

"160 

0.8 
0.8 
0.8 
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75 
250 
75 
1000 
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71 
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71 

300 
300 
125 
125 
300 
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40 
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123 
123 
123 
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71 
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300 
300 
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125 
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T 

2870 
2870 
2870 
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2870 

10 
10 

10 
10 
10 
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5 

1.4 
25 
1.5 

1 
1 
1 
1 
50 1.33 

ESE 
ESE 
ESE 
ESE 
T 
T 
T 
ESE 
ESE 
ESE 

2800 
2800 
2800 

50 
50 
50 
50 

1.5 
3 
6 
12 

250 
250 
250 
250 
250 
250 
250 
500 
500 
500 

500 
500 
350 
350 
500 
500 
350 
1000 
1000 
700 

' 
' 

r 
50 
50 
50 

1.5 
3 
6 

50 
50 
1 
1 
1 

0.67 
0.33 

r 

, 

--!kki-- 
500 
500 
500 
500 

500 
1000 
1000 
700 
500 

1 
50 
50 
50 
50 

1.33 
0.67 
0.33 
0.165 

ESE 
T 
T 
T 
T 

2800 
2800 
2800 
2800 

50 12 

10 
1 
1 
10 
1 

<7.5 

>4.37, <8.57 

T 
F 
F 
T 
F 

2870 

2870 

50 
50 

50 
12 

>8, <16 
>2.5, <5 
>0.14, <0.275 
>1.5, <4 

50w 
7501ck 
750kk 
50w 
200w 

60 
75 
75 
60 
60 

300 
250 
600 
110 
250 

-.70 
"10 
-.70 
-.70 
"10 

-.20 
"10 
"10 
-.20 
"10 

10 
10 
10 
10 
10 

mm 
r 
r 
II 
II 

"10 
"10 
"10 
"10 

"10 
"10 
-.20 
"10 

10 
10 
10 
10 
10 

mm 

r 
t 
r 

1 
1 
3.5 
35 
1 

>0.828, <3.33 T 
F 
F 
F 
F 

2870 
50 
50 
50 
50 

12 >3.6, <14.5 
>1.5, <4 
>0.572, <1 
>0.0572, <0.1 
>3 < 

200w 
750,k 
750,, 
750,, 
7 K 

60 
75 
75 
75 
75 

110 
600 
600 
600 
.00 

1 
1 
1 
1 
1 

>43.7, <185 
>15, <50 

F 
T 
T 
F 
F 

2870 
2870 

50 

50 
50 

12 
12 

>1, <3 
>0.065, <0.275 
>0.24, <0.8 
>2.5, <5 
>0.8, < 1.7 

750k k 
50w 
200w 
750kk 
750kk 

75 
60 
60 
75 
75 

600 
200 
250 
600 
600 

"10 
"10 
"10 
"10 
'.70 

'10 
"10 
"10 
"10 
"10 

10 
10 
10 
10 
10 

t 
I 1 
mm 
an 
t 

-.70 
"10 
"10 
"10 
"10 

"10 
'.20 
-.20 
"10 
"10 

10 
10 
10 
10 
10 

t 
s 
s 
t 
mm 

1 
10 
1 
1 
1 

>43.7, < 185 
<7.5 

>0.828, <3.33 

>4, < 12 

T 
T 
T 
F 
T 

2870 
2870 
2870 

2870 
50 

12 

12 

12 

>0.065, <0.275 

>3.6, <14.5 
>1.5, <4 
>1, <3 

50w 
50w 
200w 
200w 
200w 

60 
60 
60 
60 
60 

200 
300 
110 
250 
110 

200w 
260w 
200w 
200W 
50w 

60 
60 
60 
60 
60 

110 
250 
110 
110 
300 

"10 
"10 
"70 
-.70 
-.70 

"10 
-.20 
-.20 
-.20 
"10 

10 
10 
10 
10 
10 

mm 
s 
s 
s 
II 

1 
1 
1 
1 
1 

>2, <6 
>15, <50 
>4, <12 
>2, <6 
>1000, <3000 

T 
T 
T 
T 
T 

2870 
2870 
2870 
2870 
2870 

12 
12 
12 
12 
12 

>2, <6 
>0.24, <0.8 
>1, <3 
>2, <6 
>0.004 <0.012 

"70 
"10 
"10 
-.70 
"10 

"20 
"10 
"10 
"10 
"10 

10 
10 
10 
10 
10 

t 
t 
r 

1 
1 
1 
1 
10 

>1000, <3000 
>1000, <3000 
>100, <300 
>43.7, <185 
>4.37, <8.57 

T 
T 
T 
T 
T 

2870 
2870 
2870 
2870 
2870 

12 
12 
12 
12 
12 

>0.004, <0.012 
>0.004, <0.012 
>0.04, <0.12 
>0.065, <0.275 
>0.14, <0.275 

50w 
50W 
50w 
50W 
50w 

60 
60 
60 
60 
60 

300 
300 
200 
200 
110 

"10 
"70 
"10 
"10 
"10 

"10 
"10 
"10 
-.20 
"10 

10 
10 
10 
10 
10 

s 

r 
s 
r 

10 
1 
1 
1 
1 

<7.5 
>4, <12 
>2.5, <7.5 
>15, <50 

T 
T 
T 
T 
F 

2870 
2870 
2870 
2870 

50 

12 
12 
12 

>1, <3 
>1.6, <4.8 
>0.24, <0.8 
>1.5 <4 

50w 
50w 
50w 
200W 
200w 

60 
60 
60 
60 
60 

300 
110 
110 
250 
250 

70 
"10 
-.70 
-.70 
"10 

"10 
"10 
"10 
"10 
"20 

10 
10 
10 
10 
10 

s 
s 
s 
t 
t 

200w 
200w 
203w 
750k k 
750kk 

60 
60 
60 
75 
75 

110 
110 
110 
600 
600 

1 
1 
1 
35 
3.5 

>4, <12 
>2, <6 
>0.828, <3.33 

T 
T 
T 
F 
F 

2870 
2870 
2870 

50 
50 

12 
12 
12 

>1, <3 
>2, <6 
>3.6, < 14.5 
>0.0572, <0.1 
>0.572, <1 
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TABLE 1: CHARACTERISTICS OF PHOTOCONDUCTORS (Continued 

Manufacturer 
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et 
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o o 
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j__«, 
8 4, 
D > ,,_ V 

..- ....1 
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micron 
; 

micron in. . in. in. sq. in. ft-c e y a meg ft-c C 

Radio Corp. of 
America 
(C ontinue d)  

502533V2 
SQ2533V3 
502533)/4 
SQ2533V5 
SQ2533V6 
SQ2533V7 

CdS 
CdS 
CdS 
CdS 
CdS 
CdS 

0.33-0.74 
0.33-0.74 
0.33-0.74 
0.33-0.74 
0.33-0.74 
0.33-0.74 

0.58 
0.58 
0.58 
0.58 
0.58 
0.58 

1.24 
1.24 
1.24 
1.24 
1.24 
1.24 

0.285 
0.285 
0.285 
0.285 
0.285 
0.285 

. 

P 
P 
P 
P 
P 
P 

0.785 
0.785 
0.785 
0.785 
0.785 
0.785 

Z 
Z 
Z 

Z 
Z 
Z 

10 
10 
10 

10 
10 
10 

50(ac) 
50(ac) 
50(0c) 

50(oc) 
50(oc) 
50(ac) 

40(ac) 
40(0c) 
40(oc) 

40(ac) 
40(ac) 
78(0c) 

25 
25 
25 

25 
25 
25 Sylvania Electric 

Products, Inc. 
8100 
8142 
8143 
8318 
8345 

CdS 
CdS 
CdS 
CdS 
CdS 

0.46-0.755 

0.56 
0.56 
0.56 
0.61 
0.56 

<0.5 
<0.5 
<0.5 
<0.25 
<0.5 

<0.515 
<0.515 
<0.515 
<0.55 
<0.515 

P 
P 
P 
P 
P 

A' 
A' 
A' 
A' 
A' 

2 

10 
10 

10 
10 

«0.5 
>0.2 
>0.9 
>10 
>0.075 

25 
25 
25 
25 
25 

8346 
8347 
8474 
8475 
8476 

CdS 
CdS 
CdS 
CdS 
CdS 

0.46-0.755 
0.46-0.755 
0.46-0.755 

0.56 
0.56 
0.61 
0.61 
0.61 

<0.5 
<0.5 
<0.25 
<0.25 
<0.25 

<0.515 
<0.515 
<0.55 
<0.55 
<0.55 

P 
P 
P 
P 
P 

A' 
A' 
A' 
A' 
A' 

2 
2 
2 

10 
10 
10 
10 
10 

>0.3 
>1.6 
>0.15 
>0.3 
>0.6 

25 
25 
25 
25 
25 

8477 
8478 
8582 
SRP-3419A 
SRP-3614 
SRP-3614A 

CdS 
CdS 
CdS 
CdS 

0.46-0.755 
0.46-0.755 
0.46-0.755 

0.61 
0.61 
0.61 
0.56 

<0.25 
<0.25 
<0.25 
0.845 
1.187 
1.375 

<0.55 
<0.55 
<0.55 
1.2 
0.625 
0.625 

P 
P 
P 
P 
P 
P 

A' 
A' 
A' 
A 

2 
2 
2 

10 
10 
10 

10 
10 

>1.2 
>2.4 
>10 
>10 
>1 
>1 

25 
25 
25 
25 
25 
25 Vactec, Inc. VT- II L 

VT- 111 
VT-112 
VT-113 
VT-114 

CdSe 
CdSe 
CdSe 
CdSe 
CdSe 

0.62-0.86 
0.62-0.86 
0.62-0.86 
0.62-0.86 
0.62-0.86 

0.74 
0.74 
0.74 
0.74 
0.74 

0.05 
0.05 
0.05 
0.05 
0.05 

0.368 
0.368 
0.368 
0.368 
0.368 

0.335 
0.335 
0.335 
0.335 
0.335 

P 
P 
P 
P 
P 

H 
H 
H 
H 
H 

«0.1 
,0.1 
>0.5 
>0.5 
>0.5 

25 
25 
25 
25 
25 

VT-211 
VT-212 
VT-213 
VT-214 
VT-31L 

CdSe 
CdSe 
CdSe 
CdSe 
CdSe 

0.62-0.86 
0.62-0.86 
0.62-0.86 
0.62-0.86 
0.62-0.86 

0.74 
0.74 
0.74 
0.74 
0.74 

0.21 
0.21 
0.21 
0.21 
0.36 

0.146 
0.146 
0.146 
0.146 
0.185 

P 
P 
P 
P 
P 

G' 
G' 
G' 
G' 
D' 

>0.1 
>0.5 
>0.5 
>0.5 
>0.1 

25 
25 
25 
25 
25 

VT-311 
VT-312 
VT-313 
VT-314 
VT-41L k 

CdSe 
CdSe 
CdSe 
CdSe 
Ca* . 0.62-0.86 

0.62-0.86 
0.62-0.86 
0.62-0.86 
0.62-0.86 

0.74 
0.74 
0.74 
0.74 
0.74 

0.36 
0.36 
0.36 
0.36 
0.55 

0.185 
0.185 
0.185 
0.185 
0.34 

P 
P 
P 
P 
P 

D' 
D' 
D' 
D' 
P' 

>0.1 
>0.5 
>0.5 
>0.5 
>0.1 

25 
25 
25 
25 
25 VT-411 

VT-412 
VT-413 
VT-414 
VT-51L i 

CdSe 
CdSe 
CdSe 
CdSe 
CdSe 

0.62-0.86 
0.62-0.86 
0.62-0.86 
0.62-0.86 
0.62-0.85 

0.74 
0.74 
0.74 
0.74 
0.74 k 

0.55 
0.55 
0.55 
0.55 
0.55 

0.34 
0.34 
0.34 
0.34 
0.205 

P 
P 
p 
P 
P 

P 
P' 
P' 
P' 
P' 

>0.1 
«0.5 
>0.5 
>0.5 
>0.1 

25 
25 
25 
25 
25 

VT-511 
VT-512 
VT-513 
VT-514 
VT-6 1 L 

CdSe 
CdSe 
CdSe 
CdSe 
CdSe 

0.62-0.86 
0.62-0.86 
0.62-0.86 
0.62-0.86 
0.62-0.86 

0.74 
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Fig. 1. Miniature coaxial socket for printed circuit boards, may be 
mounted near components or at edge of board : AMP Inc.). 

Fig. 2. Male and female connectors for patchboard use. Contacts are 
inserted into nylon bushings that arc snapped into punched hcles in 
a base plate Amphenol . 

Fig. 3. Rack and panel mounting plug and receptacle assembly con-
taining removable coaxial connectors Burndy 

THIS ¡'ARTICULAR SURVEY ON PLUGS AND JACKS, cord 
and cable assemblies, binding posts, audio connectors, 
clips and terminals, not only covers a wide assortment 
of connectors, but at once spotlights the newest as well 

as the oldest names in the manufacture of radio, com-
munications, control, instrumentation, power and test 
equipment. 

Many of us may reject the thought of changes being 

made in familiar connectors, such as the recessed male 
receptacles found in projectors, record changers, motors, 
and other portable cord set devices, for example, but 

changes there are, nevertheless, and they are being 
made for reasons of economy, smaller size, better per-
formance and longer life. 

Through the development of new materials and 
processes, the connector industry seems to come up 
with many more new designs than it retains of the old. 

Advances in Plugs and Jacks 

Many of the plugs and jacks featured in this survey 

are telephone types featuring a design known as "long 
frame telephone jack" that originated several decades 

ago with Bell Telephone Systems and Western Elec-

tric Company, and which is still supplied by many manu-
facturers, some to military spec ( Kings). 
Some jack manufacturers, however, have recently 

initiated patchfield designs that depart from the Y4-inch 

STATE-OF-THE-ART FEATURE 

1965 Connector 
Specifications Guide 

Part 4 - Plugs St Jacks 

Fourth and Last 

of a Series of Reports 

Industry's Most Complete 

ELECTRONIC CONNECTOR SURVEY 

See Previous Issues for Parts 1, 2 and 3: 

PART 1: PRINTED CIRCUIT CONNECTORS 

(January, 1965) 

PART 2: COAXIAL AND SHIELDED CABLE 
CONNECTORS 
(February, 1965) 

PART 3: MULTIPIN CONNECTORS 
(April, 1965) 

diameter size standards of the long frame and short 
frame series. Size reductions in the new "Bantam" 

plug and jack designs, for example, make it possible 

to mount these miniature equivalents on 5/16-inch cen-
ters as compared to the old standard /8-inch center to 
center spacing, doubling the number of jacks in a given 
area (ADC Products). 

Carrying miniaturization of the plug and jack field 
still further, there are new color coded subminiature 

tip jacks and tip plugs ( only .080 inch diameter to be 
exact) for use in printed circuits or for other limited 

space applications. Though extremely compact, they are 
rated at 5 amps and 1500 volts, with contact resistance 
less than two milliohms ( E. F. Johnson). 

In general, jack manufacturers try to use metals 

which not only exceed mil spec requirements but re-

tain the performance over long periods of time. Pal-
ladium, an element of the Platinum group, though 
harder and more fusible, is one of the metals used as 
leaf springs in new telephone jacks ( Switchcraft). 

Palladium is highly resistant to surface contamination 

and may be used in both wet and dry circuits with high 
reliability. Average contact resistance using the metal 
is .005 ohms. 

A press-fitted test jack .250-inch diameter is also 

available for miniaturized applications. Insulation is 
high temperature glass-filled diallyl phthalate with 
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voltage breakdown of 3 Kv ( Electronic Molding Corp.). 
Economies are introduced in new recessed 125-volt 

AC connectors, and one-piece phono plugs that will fit 
any standard phono socket. The phono plugs can be 
crimped up to 1,000 per hour ( Cinch). 

Versatile Binding Posts 

New binding posts feature polystyrene insulation for 
low dielectric constant, low dissipation factor and mini-
mum moisture effects. Some types have contoured 
holes to provide firm grip without shearing wire. Sizes 
are for AWG #40 to # 10. Bases are keyed for anti-
rotation for any panel thickness to 5/16-inch ( General 
Radio). 
Also featured are new waterproof types, miniatures 

ranging in size downward to .310 inches diameter, and 
universal types that accept a standard banana plug in-
serted into the top ( Eby) (General Radio). One 
style with the banana plug jack also has a built-in fuse 
holder ( Superior). Another style, a miniature, accepts 
a midget banana plug (.094" hole) is rated for 15 amps, 
100 volts (James Millen). 

Several firms offer new spring type binding posts 
that are convenient for quick interconnection of in-
sulated wire or cable. No stripping is necessary; the 
insulated cable is simply inserted into the post and 
spring action causes sharp teeth to pierce the insula-
tion and make electrical contact with the wire. 

Trends in Cable Assemblies 

Indications are that more and more manufacturers 
are specifying custom cable design and assembly serv-
ices, and that applications are now numerous in mili-
tary, aircraft and space industries ( Burndy). 

Molded cable assemblies are custom made and 
tested to manufacturers' specifications. Connectors and 
cables are integrally molded into one piece of any 
length from inches to hundreds of feet long, with any 
variety of connectors molded at any point ( Alden Prod-
ucts). Smaller size, superior strain relief and better 

Fig. 4. Snap- locking plugs and receptacles can be used singly or stacked 
together to form a multipin single connector I Elcol 

shielding from foreign matter are some advantages 
claimed for molded cable assemblies over soldered or 
screw-connected assemblies ( Switchcraft). 

Fabrication facilities for custom cable assembly and 
design often include "white rooms" with dust-free con-
trolled environments for the ultimate in contamination 
free assemblies ( Amphenol). 
Power cordset developments include a new grounded 

series switching plug and cord for use with foot 
switches, timers and photo cells, and a heavy duty 
cable with a nine-pronged plug molded directly to the 
cord for use with vending machines ( Miller). 

Terminals and Terminations 

Several manufacturers specialize in a galaxie of 
solder and solderless terminations designated variously 
according to their shapes, as spades, rings, tongues, 
hooks, tags, splices, pigtails. These are available in bulk 
or in strip form, insulated or non-insulated, for manual 
assembly or for automatic lead terminating machinery. 
One type of PVC (75°C Vinyl) insulated strip crimp 

terminal is available for insulation diameters from .056 
to .250 inches ( Kent), as well as a vinyl insulated 
two piece crimp tag ( Penn-Union). Both are color 
coded for ease of selection. Featured also is an auto-
matic method of welding electric wires to strip terminals 
as well as automatic splicing of wires ( Electric Termi-

nal). 
The crimp splice, a hollow bare copper sleeve usually 

serrated on the inside for best contact and grip, is avail-
able insulated or non-insulated and for either butt or 
parallel splicing of wires. A solid seamless splice of 
one-piece barrel construction is nylon insulated and 
handles temperatures from —60°F to 250°F ( Electric 
Terminal). The "push-on" tab, another member of the 
splice family consist of mating splice connectors (Jack-
son). 
The pigtail is a copper sleeve similar to the splice 

except that it is crimped closed at one end and flared 
at the other for easy insertion of wires. Insulated pig-

Fig. 5. Nylon insulated butt and parallel splices with solid, seamless, 
one-piece barrel construction ) ETC Inc.). 

Fig. 6. Completely enclosed molded phone jack designed for high 
density electronic packaging ( Switchcraft). 
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Pardon our redundance, but you asked for it! 

We're referring to the contacts in our new TERM I-
TWIST* Printed Circuit Connector. In addition to all 
their other advantages, they're bifurcated for redun-
dancy. 

Now, with TERMI-TWIST contacts, you may use auto-
mated point-to-point wiring techniques and have the 
benefits of AM P's gold-over- nickel plating— plus contact 
redundancy. Yet, they're designed for cost savings from 
the front bifurcated contact through the center twist 
locking section right back to the rear post which accom-
modates AMP's new TERMI-POINT* clip wiring devices. 

For reliability, the phosphor-bronze contacts are plated 
with gold over nickel, including a .000030" gold plating 
on the critical contact areas. Thanks to their 90° twist 
and square shoulder design, the contacts are positively 
aligned and firmly locked in the housing. Contact re-
moval, however, is easily accomplished with ordinary 
long nose pliers. 

These low-cost TERMI-TWIST Connectors are available 
in either diallyl phthalate or phenolic housings in sizes 
which include 15, 22, 31, or 43 contact positions, with 
contacts loaded on one or both sides. They are designed 
with a contact density of . 156" for convenient replace-
ment of existing panel mounted connectors. 

Take a look at these TERM I-TWIST Connector features: 

Economy—low initial and per- line cost 

Wiring compatibility—use TERMI-POINT clips; or 
solder, weld, or wrap 

Flexibility—accepts printed circuit boards from .054" 
to .071" thick 

Quality—meets mechanical and electrical require-
ments of MIL-C-21097 

Reliability—Gold- over- nickel plating and high contact 
force 

Versatility—optional automatic machine or hand tooling 

If you've been asking around for an economical and reli-
able board edge connector that's compatible with auto-
mated application, don't overlook this TERMI-TWIST 
Connector. Write for 'complete details today. 

*Trademark of AMP Incorporated 

AdIVI low» 
INCORPORATED 
Harrisburg, Pennsylvania 

1 

INDUSTRIAL 

SALES I 

DIVISION ! 

A- MP* products and engineering assistance available through subsidiary companies in: Australia 
• Canada • England • France • Holland • Italy • Japan • Mexico • Spain • West Germany 
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PLUGS and JACKS 

(Continued) 

Fig. 10. Versatile new 
binding post offers sev-
eral methods of con-
nection ( General Radio). 

I.- METHODS OF CONNECTION   

Banana plug 
stabilized by 
Shoulder 
when fully inserted. 

Standard Plug enters 
telephone tip binding post body 

assuring contact even 
when nut is loose. 

tails are usually nylon or vinyl covered ( Hollings-
worth). 

Terminal boards in strip form are available with 
tinned terminals riveted to them ready for soldering 
or wire wrapping (Keystone). There are terminal 
strips of laminated phenolic with plated terminals that 
hold the wire lead in position after insertion and before 
production soldering ( Cinch). A solid taper pin is 
available than can be applied at high speed. The taper 
pin is held by a plastic carry strip designed to release 
the pin when it's crimped ( Kent). 

Press-in feedthrough and standoff terminals with 
molded diallyl phthalate dielectric, though miniature 
size, safely pass high voltages through chassis and panel. 
Additional creepage length to compensate for smaller 
size is achieved by elimination of the usual threaded 
metal housing (Winchester) ( Electronic Molding 
Corp.). 

Miniature ceramic terminal strips utilize separable 
terminals, that is, the terminals can be spaced at de-
sired distances from each other on a common strip. 
Voltage rating is 1400 volts DC ( Miller). 
Added to the terminals is an array of clips, bands, 

cable retainers and other metal specialties ( C. Sjoberg). 
Terminals and connectors made specifically for the 

manufacturers of appliances and electrical fixtures are 
also featured. A new connector uses self-mating ter-
minals requiring less pressure to connect and capable 
of carrying up to 25 amps ( Packard Electric). A snap 
action connector makes possible the stacking of any 
combination of plugs and receptacles to form a single 
connector for cable to cable, cable to panel or panel to 
panel applications in appliances ( Elco). Another snap 
action connector that can be panel mounted or free 
hanging has identical shells of polycarbonate resin and 
features ratings of up to 600 volts between poles and 
9Y2 amps per circuit ( Kent). Some of the smallest 

Fig. 7. Laminated phenolic terminal strip and 
miniature sockets with terminals that grip the 
wire in position before production soldering 
(Cinch I. 

For metal-top 
binding post only. 

Slender 
alligator clip 

fits inside jacktop 

of all binding 

43 Pi's' 

Spade terminal Clamps 
with 1/4" throat all wire sizes 
will clamp up to No. 10 

under nut, without cutting. 

Underwriter Laboratories' approved convenience out-
lets for TV, radios, radio clocks, machines, lamps, in-
struments, mount on 13/g-inch centers and take less 
than one inch behind the mounting panel (Alden 
Products). A new power connector incorporates the 
safety of a self-deflecting blade to provide automatic 
ground connection when plugged into 2 or 3-hole 
receptacles (APM-Hexseal). 

Manufacturers of connectors serving commercial 
and industrial power applications are listed with their 
products such as the compression mated or bolted taps 
and lugs, and two- or three pole caps ( Penn Union) 
and outlets meeting latest revisions in N. E. C. re-
quirements for modern, heavy duty equipment, ap-
pliances and portable tools ( Leviton). Included are 
power cords to 100 feet length, power plugs and re-
ceptacles handling up to 200 amps ( Pyle-National). 

Extreme Environment "Specials" 

Connections at temperatures to 500° F are provided 
by polarized connectors with prongs and inserts made 
of thermocouple alloy and bodies of glass-filled pheno-
lic ( West Instrument). Also available are color coded 
plugs and jacks with up to 12 poles to connect thermo-
couples to extension wire and the extension wire to 
instruments ( Honeywell). 

In the atomic industry, remote handling operations 
are being simplified by hinged self aligning connectors 
that open and close like a book. Featured is a ball and 
socket contact pin assembly providing a mobile joint 
to give the self-aligning capability ( Cole Electric). 
New explosion proof connectors permit the safe 

making and breaking of electrical circuits in hazardous 
locations without use of allied supporting devices and 
as interlocking mechanisms or complicated procedural 
control involving purging or pressurization ( Pyle 
National). 

Fig. 8. One piece molded transistor socket 
permitting complete isolation of a base ter-
minal ( Hugh H. Eby Co.). 

Fig. 9. Explosion proof connectors incorporate 
arc quenching contact inserts, a snap action 
coupling device and safe breaking of 200 
amp loads ( Pyle- National). 
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Manufacturers of Plugs, Jacks, 
Cable Assemblies and Terminals 

PLUGS & JACKS CORD & CABLE ASSEMBLIES BINDING POSTS, TERMINALS 
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ACCURATE ELECTRONICS, CORP., P.O. Box 935G, Elyria, O. 

Ad I Div. at KENT CORP., 206 Center, Princeton, N. J. 

ADC PRODUCTS, INC., 6325 Cambridge St., Minneapolis, Minn. 

ADEC, INC., 86 Frelinghuysen Ave., Newark 14, N. J. 

ADVAC PRODS., INC., 174 Richmond Ave., Stamford, Conn. 

X X 

X 
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X 

X 

X X X X 

X 

X 

X X 

X 

X 

X 

X 

X 

X 

X X 

X 

X X 

X- "X 

X X 

X 

X X X X X X 

AIRBORN, INC., P.O. Box 20232, Dallas, Tex. 

ALDEN PRODUCTS CO., 117 N. Main Street, Brockton, Moss. 

AMP, INC., Harrisburg, Pa. 

AMPHENOL CONNECTOR DIV., 1830 S. 54th St., Chicago, Ill. 

ANDREW CORP., Box 807, Chicago, Ill. 
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X X 
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X 
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X 

X 

X 

X 

X 

X 

X 

APM-HEXSEAL CORP., 41 Honeck St., Englewood, N. J. 

ASSOCIATED ENGINEERING CORP., 65 Kent St., Brookline, Moss. 

ASTROLAB, INC., 35 Commerce St., Springfield, N. J. 

ATL AS CONNECTOR CORP., 9722 Alpaca St., S. El Monte, Calif. 

AUTOMATION DIV., KENT CORP., 206 Center, Princeton, N. J. X 

X 

X X 

X 

X 

X 

X 

X 
X 

X 

X X X X X X X 

AVA ELECTRONICS & MACHINE CORP., 1 Maple St., E. Rutherford, N. J. 

BARNES DEVELOPMENT CO., 213 W. Baltimore Ave., Lansdowne, Pa. 

BEAUCHAINE 8 SONS, INC., Laconia, N. H. 

BENDIX, Scintilla Div., Sidney, N.Y. 

BILL JACK INDUSTRIES, 143 S. Cedros Ave., Solana Beach, Calif. 
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X 

X 

X 

X 

X 

X 

.----101>.11 BIRNBACH RADIO CO., INC., 435 Hudson St., New York 14, N.Y 

BURNDY CORP., Norwalk, Conn. 

CAMBLOCK DIV., Waltham Prec. Instrument Co., Waltham 54, Mass. 

CAMBRIDGE THERMIONIC CORP., 445 Concord Ave., Cambridge, Mass. 

CAROL CABLE CO., 249 Roosevelt Ave., Pawtucket, R.I. 

X X X 
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X X X 

X 

X 

X 

X 

X 
X 

X 

X 

CICOIL CORP., 13833 Saticoy St., Von Nuys, Calif. 

CINCH MFG., CO., 1026 S. Homan St., Chicago, III. 60624 

COLE ELECTRIC CO., 8439 Stellar Dr., Culver City, Calif. 

CONNECTORS, INC., 128 Brood St., Stamford, Conn. 

CONTINENTAL CONNECTOR CORP., 34-63 56th St., Woodside, N.Y. 

X 

3X 

X 

X X 

X 
X 

X 

x 

3X 3X 

X 

X 

X 

xxxx 
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3X 

X X X 
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Made by Cable D v., 6235 S. Harlem Ave., Chicago, Ill. Boll and Socket 
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Manufacturers of Plugs, Jacks, 
Cable Assemblies and Terminals (Continued) 

PLUGS & JACKS CORD & CABLE ASSEMBLIES BINDING POSTS, TERMINALS 
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DAGE ELECTRIC CO., INC., Hurricale Rd., Franklin, Ind. 

DANTE ELECTRIC MFG., CO., Marne Park, Bantam, Conn. 

D-CEMCO, INC., 1024 W. 9th St., P.O. Box 8, Upland, Calif. 

DIGITAL SENSORS, INC., 4127 Figueroa St., Los Angeles, Calif. 

DONMAR PRODS., INC., P.O. Box 8396, Denver, Colo. X 
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X 

EAGLE ELECTRIC MFG., CO., 23-10 Bridge Plaza, S. L.I.C., N.Y. 

HUGH H. EBY CO., 4701 Germantown Ave., Philadelphia, Pa. 

ELCO CORP., Willow Grove, Pa. 

ELECTRIC TERMINAL CORP., Drawer E. Pilgrim Sta., Warwick, R. I. 

ELECTRONIC CONNECTORS, INC., Kew Gardens, N. Y. 
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ELECTRONIC FITTINGS CORP., 29 Sugar Hollow Rd., Danbury, Conn. 

ELECTRONIC MOLDING CORP., 40 Church St., Pawtucket, R.I. 

ERCONA CORP., 432 Park Ave., New York 16, N. Y. 

ETC, INC., 990 E. 67th St., Cleveland, O. 

EQUIPMENT & SERVICE CO., 7118 Envoy Court, Dallas, Tex. 
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GARLOCK INC., 8 Fellowship Rd., Cherry Hill, N. J. 

GC ELECTRONICS CO., 400 S. Wyman St., Rockford, Ill. 

GENERAL RADIO CO., West Concord, Mass. 

HOLLINGSWORTH CO., Phoenixville, Pa. 

HOLUB INDUSTRIES, INC., Sycamore, Ill. 
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X 

HONEYWELL, Philadelphia Div., Wayne & Windrim Ayes., Philadelphia, Po. - 

HUGHES CONNECTING DEVICES, P.O. Box H, Newport Beach, Calif. 

HYDRO MOLDING CO., INC., 100 Sharron Ave., Plattsburgh, N. Y. 

ISOLATION PRODS., INC., 2286 Mora Dr., Mountain View, Calif. 

ITT CANNON ELECTRIC, Div. Int'l. Tel. & Tel. Corp., 3208 Humboldt, L.A., Calif: X 
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X 

X 

J. A. JACKSON CORP., 430 Canter Ave., Mamaroneck, N. Y. 

JAVEX ELECTRONICS, 9509 Oak Glen Rd., Cherry Valley, Calif. 

JETTRON PRODS., INC, 57 Rte. 10, Hanover, N.J. 

E. F. JOHNSON CO., Waseca, Minn. 
JOY MFG. CO., 338 S. Broadway, New Philadelphia, O. 
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X X X 
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X X X X 
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Also ."Ionoisi terminor,o,.. For flot, mull , ductor interconnecting cable. Complete circuit assembli•s, flat encapsulated 3High voltage, ion pump connectors 
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PLUGS & JACKS CORD & CABLE ASSEMBLIES BINDING POSTS, TERMINALS 

Manufacturers of Plugs, Jacks, 
Cable Assemblies and Terminals (Continued) 
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KEYSTONE ELECTRONICS CORP., 49 Bleecker St., N Y. 

KINGS ELECTRONICS CO., INC., 40 Marbled°le Rd., Tuckahoe, N. Y. 

KOLTON ELECTRIC MFG., CO., 123 New Jersey Railroad Ave., Newark, N. J. 

LAB-TRCINICS, INC., 3656 N. Lincoln Ave., Chicago, Ill. 60613 
LEVI TON MFG. CO.. 236 Greenpoint Ave., Brooklyn, N.Y. 
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LIVINGSTON ELECTRONICS CORP., 320 Runnymede Rd., Essex Falls, N. J. 

MALCO MFG., CO., 4023 W. Lake St., Chicago 24, III. 

MATRIX SCIENCE CORP., 3311 Winona Ave., Burbank, Calif. 

METHODE ELECTRONICS, INC., 7447 W. Wilson Ave., Chicago 31, III. 
MIDLAND INT'L. CORP., 1519 Atlantic St., N. Kansas City, Mo. 
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JAMES MILLEN MFG., CO., INC., 150 Exchange St., Malden 48, Mass. 
MILLER ELECTRIC CO., 150 Hamlet Ave., Woonsocket, R.I. 

MINNESOTA MINING & MFG. CO., 2501 Hudson Rd., St. Paul, Minn. 

FRANK MORSE CO., 354 Congress St., Boston, Mass. 

MOSLEY ELECTRONICS, INC., 4610 N. Lindbergh Blvd., Bridgeton, Mo. 
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MULT ICON, INC., Groybill, Ind. 
NATIONAL CONNECTOR CORP., Science- Industry Center, Minneapolis 28, Minn. 

NATIONAL TEL-TRONICS CORP., 52 St. Casmir Ave., Yonkers, N.Y. 

NEWAL, INC., 80 Pickett District Rd., New Milford, Conn. 
NUGENT ELECTRONICS CO., INC., 802.E. 8th St., New Albany, Ind. 
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NU-LINE INDUSTRIES INC., 1015 S. 6th St., Minneapolis, Minn. 

OMNI SPECTRA INC., 8844 Puritan Ave., Detroit, Mich. 
PACIFIC ELBCTRICORD CO., 747 W. Redondo Beach Blvd., Gardena, Calif. 
PACKARD ELECTRIC DIV., General Motors, P.O. Box 431, Warren, O. 
PATTON-MacGUYER CO., 17 Virginia Ave., Providence, R.I. 
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PENN-UNION ELECTRIC CORP., P.O. Box 209, Erie, Pa. 
PERMONITE MFG. CO., 910 Jackson Blvd., Chicago 7, III. 
PHYSICAL SCIENCES CORP., 314 E. Live Oak Ave., Arcadia, Calif. 
PYLE-NATIONAL CO., 1334 N. Kostner Ave., Chicago, Ill. 

PYLON CO., INC., Attleboro, Mass. 
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Manufacturers of Plugs, Jacks, 
Cable Assemblies and Terminals (Continued) 

PLUGS & JACKS CORD & CABLE ASSEMBLIES BINDING POSTS, TERMINALS 
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PYRO ELECTRIC, INC., Muskin Rd., Walkerton, Ind. 

PYROMETER CO. OF AMERICA, INC., Penndel, Pa. 

RAYTHEON CO., Components Div. Ind. Components Oper., 465 Center, Quincy, Mass. 

ROYAL INDUSTRIES, 1702 Wayne Street, Toledo 9, Ohio 

RYE SOUND CORPORATION, 145 Library Lane, Mamaroneck, N. Y. 
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SEALECTRO CORP., 225 Hoyt St., Mamaroneck, N. Y. 

C. SJOBERG & SON, 415 Station Ave., Cranston, R.I. 

SPECIALTY SOCKET CO., 305 Ft. Lee Rd., Leonia, N.J. 

STANDARD CONNECTOR CORP., 57 State St., North Haven, Conn. 

STATHAM INSTRUMENTS, INC., 2211 Statham Blvd., Oxnard, Calif. 
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SUPERIOR ELECTRIC CO., 383 Middle St., Bristol, Conn. 

SWITCHCRAFT, INC., 5555 N. Elston Ave., Chicago, Ill. 

TECHNICAL MATERIEL CORP., 700 Fenimore Rd., Mamaroneck, N.Y. 

TELEPHONE DYNAMICS CORP., 32 Sunrise Hwy., Baldwin, L.I. 

TELERAD MFG. CORP., Lionel-Anton Div., Hoffman Pl., Hillside, N.J. 
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THERMO ELECTRIC CO., INC., 109 5th St., Saddlebrook, N.J. 

THOMAS & BETTS CO., 36 Butler St., Elizabeth, N.J. 

TOWER MFG. CORP., 158 Pine St., Providence, R.I. 

TRIPLE A SPECIALTY CO., 5750 W. 51st St., Chicago, Ill. 

TROMPETER ELECTRONICS, INC., 7238 Eton Ave., Canoga Pork, Calif. 
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TRU-CONNECTOR CORP., 245 Lynnfield St., Peabody, Mass. 

UCINITE CO., Div. United Carr Fastener Corp., Newtonville 60, Mass. 

U.S. COMPONENTS, INC., 1320 Zerega Ave., Bronx, N.Y. 

VACUUM CERAMICS, INC., 15 W. Main St., Cary, III. 

VERITRON WEST, INC., 20245 Sunburst St., Chatsworth, Calif. 
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VIKING INDUSTRIES, INC., 21343 Roscoe Blvd., Canoga Park, Calif. 

WALDOM ELECTRONICS, INC., 4625 W. 53rd St., Chicago 32, III. 
WEST INSTRUMENT CORP., 3860 N. River Rd., Schiller Park, Ill. 

WINCHESTER ELECTRONICS DIVISION, Litton Industries, Main St., Oakville, Conn. 

ZORAN, INC., 4853 N. Ravenswood Ave., Chicago, III. 
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Try These Two New Additions To Your 

INTRODUCTION TO EDP READING & EVALUATING FINANCIAL REPORTS 
, 

TEACH YOURSELF... LEARN HOW TO... 

• The role of computers in business organizations. • Read and unde statements and balance 
sheet 

• The computer as a problem-solving tool. 
ff ' nd trends 

• Elements in computer programming. 

C: 

e strength of your company 
• Symbolic and machine language con 

• Compare stocks for investment. 
• The computer's central processor. e 

• Conduct professional ratio-analyses. 
• System flowcharts— input and out or a. 

• Hardware and software concepts. 

TEST YOUR SKILLS 
ELECTRONICS GROWTH 

Engineers and technicians 
North American Aviation, 
Raytheon, Philco, Douglas 
Device, Automatic Electric, 
companies have selected 
these areas for their own 

Test your knowledge of these 
jects. Here are some sample 
comprehensive examinations 
electronics industry to measure 
these areas. Try them yourself. 

IN THESE 
PERT 

AREAS 

at General Electric, 
ITT, General Dynamics, 

Aircraft, Continental 
and other leading 

7 initial subjects in 
personal development. 

fundamental sub- 
questions from 

being used in the 
performance in 

12. Examine 

(a) 

(b) 

(c) 

(d) 

3.1 14,3 3.. 

of 
. 

2 4 7 
10 

11.6 9.2 
1 S o 
, 
•J 

S.4 4 10.2 0 3 11 
6 9 3 

the network you have just constructed. 

Identify the critical path by giving the sequence 
events along the path: 

Give the TE which you calculated for the ending 
event of the network weeks 

corn-

make 
by 
he 

It is now reported that activity 6-9 cannot be 
pleted in less than 11.8 weeks. Will it still be possible 
to meet Ti? [I] yes D no 

If the changes mentioned in (c) above would 
it impossible to plan completion of the project 
the time the allotted span has run out, what can 
do to replan so that he does meet the schedule? 

INTRODUCTION TO TRANSISTORS BASIC TRANSISTOR CIRCUITS 

29. 

(a) 

(b) 

N P N 

INPUT 

_ • 

D on • 

cuts 

on. 

R2, al 

RI 
C, OUTPUT 

The NPN 
ates as a(n) 

With reference 
the items 
placing one 

A. base 

B. emitter 

02 

_rl. 

27. 

(a) 

(b) 

(c) 

(d) 

(e) 

0, 

E ---- RL I 

11111 

cc 

R2 1.-itI + + 

transistor circuit illustrated above oper-

,. 

The schematic diagram above shows an emitter 
coupled one-shot . 

to the circuit shown above, MATCH 
below on the left with those on the right by 

letter in each blank: 

-collector junction 1—high impedance 

-base junction 2.___input impedance 

3. low impedance 

4._ _output impedance 

In the stable state Ct1 is D on D off and 02 is 
D off. 

The positive pulse turns on GI which in turn: 1: 
off 02 D turns on a> 

When C. discharges, C12 is: CI cut off E turned 

When 02 conducts, drawing current through 
becomes biased. 

A Joint Service of ELECTRONIC INDUSTRIES MAGAZINE and 
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"Engineer's Job Mobility" Series! 
CAN YOU REALLY AFFORD 

THE TIME TO UPGRADE YOUR 
KNOWLEDGE IN THESE 
ELECTRONICS GROWTH 

AREAS ? 

PROGRAMMED INSTRUCTION 
COULD BE THE ANSWER FOR 
YOU-TAKE A LOOK AT THE 

PERFORMANCE DATA: 

FOLLOW THESE 
THREE SIMPLE STEPS: 

Most people can't take the time to search the literature, return to 
school, or take lengthy correspondence courses. So thousands 
of engineers and technicians are turning to PROGRAMMED 
INSTRUCTION, a new teaching technique based upon the find-
ings of behavioral psychologists. 

.You are led through a carefully designed and tested self-instruc-
tional program in which the subject matter is carefully structured 
and presented in increasingly complex steps which assure that 
you will attain maximum learning in minimum time. This is why 
Programmed Instruction is " an ideal way to train engineers in 
technical subjects — they learn 100/0 to 25% more in half the 
time," according to Russell S. Pease, Engineering Consultant 
at Du Pont. 

With the 5 subjects now available as the initial courses in a new 
programmed instruction series, you can master an entire sub-
ject in a day—and score 90% or better on a comprehensive final 
exam. 

For example, when engineering members of the American Mate-
rials Handling Society took the PERT program at home in their 
spare time, they averaged 12.2 hours to complete the program 
and scored 90.1% on the final exam. Here is their individual 
performance data: 

Job Title Fore- 
man 

Ops. 
Mgr. 

Proj. 
Eng. 

Su pervisor Pers. 
Mgr. 

Chief 
Eng. 

Traffic 
Mgr. 

Education H.S. B.S. M.S. H.S. H.S. B.A. B.S. B.S. 

Time (hrs.) 11.3 10.5 9.4 13.3 19.0 13.8 11.3 9.5 

Age (yrs.) 36 22 44 48 52 47 47 50 

Score (%) 94 97 97 94 92 87 80 79 

To rate your own performance and skill needs in these subjects: 

1) Send for your 10-day review copies of the self-instructional 
programs. 

2) Try the final examination included with each program. 

3) If you are convinced that the skills imparted by the program 
are valuable, honor the enclosed invoice. Otherwise, return 
the programs and completed exams and pay nothing. 

Name  

Title  

Address  

City State  

Company  

D My check or company purchase order 

D Bill me or my company directly. 

Clip and send this coupon to: 

is enclosed. 

Please send me the programs designated below. At the end of 
10 days, I'll either send the indicated price, plus a few cents for 
packing and postage, or return the program and my completed 
final examination and owe nothing. 

TITLE PRICE 

Introduction to Electronic Data Processing 
Reading and Evaluating Financial Reports 
PERT 
Introduction to Transistors 
Basic Transistor Circuits 
Counting Systems and Binary Arithmetic 
Applied Electricity 

$9.50 
6.75 

12.50 
9.50 
9.50 
7.50 

12.50 0
0
0
1
1
1
0
0
D
 

BASIC SYSTEMS INCORPORATED 880 THIRD AVENUE NEW YORK, N.Y. 
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The ELECTRONIC 

Name 

1 ILL1 

gm 

INDUSTRIES 

0 

rm 

umg 

Job 

Ddia 

Resume 

/ 

te Please type or print 

le professional profile 
Form for Electronic Engineers 

Tel. No 

Street 
Zone Address 

City State 

Citizen Non-Citizen Date of Birth ri Single El Married Ill E 

Will Relocate E Yes El No. If Yes i: Another City [li Another State 

Salary Desired to Change Jobs in present area 

Salary Desired to Change Jobs and relocate in another area 

Professional Memberships 

College or University Major Degree Dates 

RECENT WORK EXPERIENCE 

Company Div. or Dept. Title Dates 

SIGNIFICANT EXPERIENCE AND OBJECTIVES 
STATE ANY FACTS ABOUT YOURSELF THAT WILL HELP A PROSPECTIVE EMPLOYER EVALUATE YOUR EXPERIENCE 
AND JOB INTERESTS. INCLUDE SIGNIFICANT ACHIEVEMENTS, PUBLISHED PAPERS, AND CAREER GOALS. 

Mail to: ELECTRONIC INDUSTRIES—Professional Profile-56th & Chestnut Sts.—Phila-

delphia, Pa. 19139. This resume is confidential. A copy will be sent only to those Com-
panies advertising for engineering personnel in this issue, whose number you circle below. 

800 801 802 803 804 805 806 807 808 809 810 
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MICROELECTRONIC 

DEVELOPMENTS .. . 

The first commercial computer in 

the information sciences to use mono-
lithic integrated circuits (SD S 92), 
according to Scientific Data Systems, 
has been delivered to Beckman In-
struments. SDS engineers say that 
one 3/8-inch circuit replaces about 40 

second generation components. 

Computer Test Corp., Cherry Hill, 
N.J., announces development of the 
SSE-1100 Memory Exerciser. The firm 
reports that it is the industry's first 

commercially available automatic test 
system using off-the-shelf integrated 
circuits to do all the logic, timing and 
error checking for the entire system. 

"The electronic industry's first line 
of diode-transistor-logic (DTL) in-
tegrate circuits for commercial EDP 
use" has been introduced by Molecular 
Electronics Division of Westinghouse 

Electric Corp. At the same time, Ray-
theon becomes second source for cer-
tain molecular integrated circuits now 
made only by Westinghouse. 

5-NSEC INTEGRATED CIRCUITS 

FOR HIGH-SPEED COMPUTERS 

A new line of monolithic emitter-
coupled logic ( ECL) gates featuring 
high speed, moderate power dissipa-

tion, excellent logic flexibility, and the 
multi - function approach to system 
economy has been introduced by Texas 
Instruments Inc. 
The unsaturated logic gates were 

specifically designed for large, high-
speed, ground-based computer systems, 
report TI engineers. They have a prop-
agation delay of 5 nsec. 
The integrated-circuit line initially 

includes two gates: SN7000 and 
SN7001. The SN7001 is a dual OR/ 
NOR gate including two output re-
sistors which may be connected to any 
of the four outputs. The SN7000 dif-

fers in having an additional pair of 
output resistors internally connected. 
Both units contain a 3-input and 2-
input gate in the same double-epitaxial 

silicon bar. 

NEW LABORATORIES 

Three laboratory units for advanced 
development of communications tech-

niques in microwaves, high frequency, 
and weapons systems have been estab-

lished, reports Sylvania Electric Prod-
ucts Inc. 

The NASA Marshall Space Flight Center at Huntsville, Alabama, has awarded 
a new R & D contract to Motorola's Military Electronics Division Western 
Center. It calls for systems engineering and developing equipment for a new 
concept in high-accuracy measurement of spacecraft position and velocity. 
Using integrated circuitry the tracking equipment is being miniaturized into a 
small, lightweight package that can be installed in manned or unmanned 
spacecraft irstead of being ground based in large manned complexes. Thus, 
navigational data will be provided directly to on-board control equipment. 
Ground stations will consist only of small highly mobile electronic equipment 
to return signals to the spacecraft from remote, unmanned sites if desired. 
This AROD (Airborne Ranging Orbital Determination) System is typical of the 
exciting aerospace programs which offer outstanding opportunities to quali-
fied engineers and scientists at Motorola. 

Specific opportunities are: 

Antennas & Propagation 

Solid State R F. 

Microwave Techniques 

Missile & Space Instrumentation 

Operational Support 

Integrated Circuitry 

Equipment Reliability Analysis 

Parts Reliability 

Data Acquisition. Processing 

& Display 

CW Transponders 

Radar & Radar Transponders 

Fuzes 

Guidance & Navigation 

Command & Control 

Space Commurrcations 

Signal Processing 

ECM, CCM & Surveillance 

Tracking & Telemetry 

Contact Phil 7Nienstedt, Manager of Recruitment, Department 697 

MOTOROLA in PHOENIX 

Military EleCtrailiCS Division • Western Center • P.O. Box 1417, Scottsdale, Arizona 

MOTOROLA ALSO OFFERS OPPC RTUA'TIES AT CHICAGO. ILLINDIS — AN EQUAL oppc.r T UNIT Y EMPLOYER \ sir 
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Circle 38 on Inquiry Card Circle 38 on Inquiry Card 

Screw type knob designed for easy 
gripping, even with gloves. Has a 
"break- away" test prod hole In knob. 

Screw type slotted knob that is re-
cessed in holder body and requires 
use of screwdriver to remove or 
insert it. 

BUSS Space Saver 
Panel Mounted Fuseholders 
Fuseholder only 1% inches long, extends just % inch 

behind front of panel Takes 3i x 134. inch fuses. Holder 
rated at 15 ampere for any voltage up to 250. 

Military type available to meet all requirements of 
MIL-F-19207A. 

Insist On 

RUSS 
QUA 11.11 lr 

Fllseh(DICIrs 

Write for 
BUSS 

Bulletin SFH-10 

BUSSMANN MFG. DIVISION, McGraw- Edison Co., St. Louis, Mo. 63107 

Fort,tex 1% In 
fuses. Sed 

1/4 x 114 Inch fuses 
Serles Hi, HK and HID 

SAVE ASSEMBLY TIME with 

QUICK CONNECT 
TERMINALS ON 

BUSS FUSEHOLDERS 
Eliminates soldering. Permits use of 

pre-assembled harness. Reduces assembly time. 

Write for 
BUSS 

Bulletin SFR 

BUSSMANN MFG. DIVISION, McGraw- Edison Co.. St. Louis, MO. 63107 

BUSS: The Complete Line of Fuses and .... 

IC -uSL 1:1 

Application Notes 

This package of 7 sweep generator ap-
plication notes will aid in the selection of 
the best sweep technique for a particular 
testing problem. Each note gives a step-
by-step procedure and shows oscillograms. 
In addition, a sheet is included which 
defines such marketing techniques as birdy 
markers, absorption markers, sideband 
markers, etc. Telonic Industries, Beech 
Grove, Ind. 

Circle 244 on Inquiry Card 

Digital Voltmeter 
This bulletin describes a 5-digit digital 

voltmeter. It measures, averages, or 
mathematically integrates voltages from 
±--1i.tv to Comprehensive details 
are given on the operating principle and 
applications of integrating dvms. Non-
Linear Systems, Inc., P. 0. Box 728, Del 
Mar, Calif. 

Circle 245 on Inquiry Card 

Instrument Catalog 

Precision voltmeters, transfer standards 
and accessories, precision and high volt-
age power supplies, voltage dividers, gal-
vanometers, calibrators, microvolt poten-
tiometers, and related accessories are 
described in this 16-page brochure. It 
contains photos and operating specs. John 
Fluke Mfg. Co., Inc., P. O. Box 7328, 
Seattle, Wash. 

Circle 246 on Inquiry Card 

Semiconductor Guide 
This semiconductor replacement guide 

describes the SK series transistors and 
silicon rectifiers. Thirteen of the tran-
sistors described can replace 2700 types 
of transistors currently being used in the 
entertainment industry. Included in the 
description is a chart listing 2700 tran-
sistor types and their replacements. Radio 
Corp. of America, Electronic Components 
and Devices, Harrison, N. J. 

Circle 247 on Inquiry Card 

Circuit Cooler 

Data is available on a line of forced 
air cooling equipment for electronic uses. 
The Model 6EB300 is packaged centrifu-
gal blower designed for cooling and pres-
surization of tightly packed rows of card-
mounted solid-state component circuits in 
electronic enclosures. It delivers just the 
right quantity, pressure, and distribution 
of air required for the purpose. McLean 
Engineering Laboratories, P. 0. Box 228, 
Princeton, N. J. 

Circle 248 on Inquiry Card 

Shielding Analogies 
A common language that will aid per-

sonnel working in RFI to communicate 
with others outside the field is given 
"Some Useful Analogies for RF Shield-
ing and Gasketing." This paper offers 
some analogies or word pictures that 
should help solve this problem. Technical 
Wire Products Inc., 129 Dermody St., 
Cranford, N. J. 

Circle 249 on Inquiry Card 

Relay Bulletin 
Bulletin 6042H171 describes a new 50a., 

3PDT relay. Particularly applicable as a 
power transfer device, it meets or exceeds 
the requirements of Mil-R-6106E. A pan-
cake-type magnet makes it almost 50% 
lighter than previous designs. The semi-
balanced armature enhances vibration 
(10G's @ 35 CPS; 8G's @ 1500 cPs) and 
impact shock ( 50G's) resistance. Cutler-
Hammer Inc., 436 N. 12th St., Milwau-
kee, Wisc. 

Circle 250 on Inquiry Card 

Inductive Devices 

This 20 page, 3 color catalog provides 
data on an entire line of inductive de-
vices. It provides descriptions, applica-
tion notes, and general features of each. 
Detailed specs., product and facility 
photographs, graphs, and engineering 
drawings are also included. Vanguard 
Electronics Co., 930 W. Hyde Park 
Blvd., Inglewood, Calif. 

Circle 251 on Inquiry Card 

Band-Pass Filters 

Data is available on a group of low-
priced, coaxial, fixed-tuned, band-pass fil-
ters. The filters have a construction of 2 
to 5 sections with 3db bandwidths of 2, 
5, 10 or 20% of center freq. Center Freqs. 
range from 100 to 3200mc. Sectionalized 
construction permits the user to specify a 
filter custom-made to meet his own center 
freq. requirements and still pay off-the-
shelf prices. RLC Electronics Inc., Port 
Chester, N. Y. 

Circle 252 on Inquiry Card 



'IMN 

Magnetic Shields Shields 

Data Sheet 177 illustrates and describes 
various photomultiplier magnetic shields. 
The units can be shorter in length and yet 
give better protection from magnetic fields 
than shields previously variable. Magnetic 
Shield Div., Perfection Mica Co., 1322 
No. Elston Ave., Chicago, Ill. 

Circle 253 on Inquiry Card 

Amplifier Chart 

This chart lists the operating charac-
teristics of a line of solid-state operational 
amplifiers. The units described meet the 
requirements in measurement, computing, 
control, data processing, and testing ap-
plications. Philbrick Researches Inc., 
Allied Drive at Rt. 128, Dedham, Mass. 

Circle 254 on Inquiry Card 

Switches/Resistors 

This 32-page catalog contains data on 
a line of switches, resistors, and potenti-
ometers. Each unit is accompanied by ap-
plication data, photos, and operating 
ranges. Included is an off-the-shelf list of 
military potentiometers. Clarostat Mfg. 
Co., Dover, N. H. 

Circle 255 on Inquiry Card 

Toroid Data 

Bulletin 301 contains specs. for toroidal 
ferrite cores with initial permeabilities 
higher than 5000. Included in this bul-
letin are detailed electrical, magnetic and 
mechanical specs. as well as curves for 
loss factor vs. freq., permeability vs. freq., 
and permeability vs. temp. Ferroxcube 
Corp., Saugerties, N.Y. 

Circle 256 on Inquiry Card 

Tool Catalog 

This 16-page catalog describes precision 
tools especially selected for instrument 
manufacture and repair. The first section 
of the catalog is devoted to precision sol-
dering tools. The second section features 
a complete line of tools for electronics. 
Included are instrument pliers, needle files, 
precision tweezers, tiny knives, knife sets, 
etc. Telvac Instrument Co., 18531 Ven-
tura Blvd., Tarzana, Calif. 

Circle 257 on Inquiry Card 

Impedance Measurements 

"Impedance Measurements from 20mc 
to 2Gc with a New Standing Wave De-
tector" presents theory and operation of 
the PRD 219 Standing Wave Detector 
for coaxial systems. The unit eliminates 
heavy coaxial slotted sections, has inter-
changeable calibrated susceptances, a uni-
versal output jack, and is lightweight and 
portable. PRD Electronics, Inc., subs. 
of Harris-Intertype Corp., 1200 Prospect 
Ave., Westbury, L. I., N. Y. 

Circle 258 on Inquiry Card 

Metal Selector Chart 

This clad metal selector chart should 
be of interest to those who seek diverse 
engineering properties beyond today's 
metal and alloys. The chart covers capa-
bilities in the cladding or bonding of 
dissimilar metals for use in the production 
of precision parts for industry. Electronic 
Metals and Alloys, Inc., 84 Dunham St., 
Attleboro, Mass. 

Circle 259 on Inquiry Card 

Coaxial Terminations 
Data is available on 2 small 20w. co-

axial terminations for the 0-100c range. 
The 374 NM weighs less than oz., 
and 374 NF weighs less than 4,4 oz. Both 
types are in. long by PA in. dia. 
(max.). VSWR is 1.05 in the 0-4Gc range, 
and 1.25 in the 4-10Gc range. Narda 
Microwave Corp., Plainview, L. I., N. Y. 

Circle 260 on Inquiry Card 

Variable Delay Lines 

Data is available on a family of elec-
trically-variable delay lines for use in 
precision trimming applications. The units 
use high Q silicon voltage-variable capac-
itors and ultrastable miniature inductors 
coupled with advanced network design 
techniques. The resulting units feature 
wide delay swings, broad bandwidths and 
dynamic range, and high reliability. LFE 
Electronics, div. of Laboratory for Elec-
tronics, Boston, Mass. 02115. 

Circle 261 on Inquiry Card 

Fuseholders of Unquestioned High Quality 

LI 
VISUAL INDICATING F 

W ee-
BUSS 

SUB- MINIATURE 
FUSEHOLOER COMBINATION 

FUSE ONLY 
.270 x .250 
INCHES 

GMW FUSE 
and HWA 
FUSEHOLDER 

For space-tight applications. Fuse has window for 
inspection of element. Fuse may be used with or 
without holder. 
Fuse held tight in holder by beryllium copper con-

tacts assuring low resistance. 
Holder can be used with or without knob. Knob 

makes holder water-proof from front of panel. 
Military type fuse FM01 meets all requirements of 

MIL-F-23419. Military type holder FHN42W meets 
all military requirements of MIL-F-19207A. 

Insist On 

BUTS'S  

te II TA LI T Y 
Fuses and Fuseholders 

BUSSMANN MFG. DIVISION, McGraw- Edison Co., St. Louis, Mo. 63107 

Circle 38 on Inquiry Card 

Write for 
BUSS 

Bulletin SFB 

TRON SUB- MINIATURE PIGTAIL FUSES 

VISUAL INDICATING 

BODY SIZE 
ONLY 
.145 x .300 
INCHES 

For use on miniaturized devices, or on gigantic space 
tight multi-circuit electronic devices. 

Glass tube construction permits visual inspection 
of element. 

Smallest fuses available with wide ampere range. 
Twenty-three ampere sizes from 1/100 thru 15 ampe. 

Hermetically sealed for potting without danger of 
sealing material affecting operation. Extremely high 
resistance to shock or vibration. Operate without 
exterior venting. 

Insist On 

1111J.,*'S' 

QUA LIT1117 
Fuses 

Write for 
BUSS 

Bulletin SFB 

BUSSMANN MFG. DIVISION, McGraw- Edison Co., St. Louis, Mo. 63107 

Circle 38 on Inquiry Card 



telephone 
quality 

There is no Components 
higher standard for switching components. 
Specify famous Stromberg-Carlson . 
known to telephony since 1894. 

RELAYS: Types A, B, BB, C and E. All 
standard spring combinations are 
available. Send for Bulletin T-5000R3. 

KEYS: Broad selection of push-button, 
cam and twist types. Send for Bulletin 
T-5002R2. 

HANDSETS: High-efficiency instruments; 
standard or with switch assemblies. 
Send for Bulletin T-5017R. 

Full-line data on request. 

STROM IBERG-CARLSON 
CORPORATION 

115 Carlson Road • Rochester, N.Y. 14603 

Circle 36 on Inquiry Cara 

You get what you see with a 

FAIRCHILD SCOPE CAMERA 

\\. 
The highest precision and clarity in oscilloscope photography are insured by a long 
list of Fairchild design features. Pinpoint focusing at any object-to-image ratio 
within lens range is one. Heavy duty synchro shutters with jam-proof activation are 
others. With Polaroid Land Back, 6 x 10 cm field can be recorded 0.9 actual size. 
Option of f/1.9 or f/2.8 lens. Prices start at $350. 
For specifications or a demonstration, contact 
your local Fairchild Field Engineer, or write to 
Fairchild Scientific Instruments, 750 Bloomfield 
Avenue, Clifton, N.J. 

PAIR/CH I L-CI 

DU MONT LABORATORES 
SCIENTIFIC INSTRUMENT DEPARTMENT 

MlerICN orn 

Logic Design Aid 
The 32-page technical booklet is for 

digital logic systems designers. Entitled, 
"Short Cuts to Successful Logic Systems" 
the brochure contains much of the basic 
data needed for successful use of welded 
logic modules. The contents include a 
discussion of NAND/NOR logic con-
cepts; a glossary of logic systems ter-
minology; basic equations; circuits and 
module operating parameters; mechanical 
specs. for modules; and accepted test pro-
cedures. Also included is a module selec-
tor chart designed to speed and simplify 
system spec. Magnetic Systems Corp., 
2000 Calumet St., Clearwater, Fla. 

Circle 233 on Inquiry Card 

Zener Diodes 
Data is available on a new line of eco-

nomically priced, high - reliability 50w. 
zener diodes. Called the 50T Series, the 
line consists of 35 voltage ratings from 
6.8 to 200v. They have large junctions 
and lower impedance in the avalanche re-
gion for increased reliability. The zeners 
are in hermetically sealed stud-mounting 
cases which are 0.425 in. dia. The large 
1/4 -28 stud and 9.16 in. hex base effectively 
conduct heat away from the junction to 
the heat sink. Sarkes Tarzian Inc., 415 
N. College Ave., Bloomington, Ind. 

Circle 234 on Inquiry Card 

Integrated Circuits 
This 18-page design/application man-

ual, "Integrated Logic," describes the 
Series L integrated logic modules. The 
manual includes general data on the char-
acteristics of the Series L line, specs. and 
block diagram for each modular type, ap-
plications data and prices. It is intended 
as a guide to the efficient use of inte-
grated logic modules in solid state digital 
systems. Digital Products, Box 1351, 335 
W. 7th St., San Pedro, Calif. 

Circle 235 on Inquiry Card 

Instrument Article 
The use of function modules to build 

industrial control systems is described in 
reprints of an article described in Bul-
letin 603. The article is entitled, "A 
Building Block Approach to Industrial 
Instrumentation Systems." Available 
from Consolidated Electrodynamics Corp., 
360 Sierra Madre Villa, Pasadena, Calif. 

Circle 236 on Inquiry Card 

Circuit Modules 
Data is available on a new family of 

digital, integrated circuit modules. Called 
the "F" series, the new line coupled with 
the existing Abacus "I" series makes 
available monolithic integrated circuit 
modules with a choice of flat packs with 
36 pin connectors or TO-5 cans with 52 
connectors. A few of the circuits avail-
able are NAND/NOR gates, flip-flops, 
lamp and relay drivers, clock sources, etc. 
Modules operate at speeds up to 5mc 
with drive capability of 8 unit loads and 
40pf. Whittaker Corp., 9229 Sunset Blvd., 
Los Angeles, Calif. 

Circle 237 on Inquiry Card 
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-UM MUCH IIME\ 

S- Band Signal Source 

Data is available on an all solid-state 
crystal - controlled signal generator for 
testing and determining performance char-
acteristics of S-band equipment. Model 
4510 generator is for the 2.0-to-2.4Gc band. 
It has the phase and freq. stability neces-
sary for testing precision communication 
and tracking receiving systems. The con-
tinuously variable output level is cali-
brated from 0 to — 140dbm. The output 
freq. is continuously tunable over a range 
of -±-200Kc and can be phase modulated 
and freq. modulated, either separately or 
simultaneously. ITT rederal Laborato-
ries, 15151 Bledsoe St., San Fernando, 
Calif. 

Circle 238 on Inquiry Card 

Digital Printer 
This brochure describes the Model 410A 

high-speed digital printer. The 410A can 
print more than 10 lines/sec., yet is com-
petitive in price with instruments limited 
to 3-to-5 lines/sec. It offers 8-digit col-
umn printing with up to 4 additional col-
umns optional. Computer Measurements 
Co., 12970 Bradley Ave., San Fernando, 
Calif. 

Circle 239 on Inquiry Card 

Power Supply Catalog 
This 16-page dc plug-in power supply 

catalog contains line drawings, specs. and 
prices. Both single output and dual output 
models are described in detail. Acopian 
Corp., Easton, Pa. 

Circle 240 on Inquiry Card 

Facilities Brochure 
A 2-color, 10-page folder, "Available, 

A Backlog of Experience," depicts ex-
perience and facilities for performing en-
gineering and production work in the 
areas of guidance, automatic controls. 
data display systems, communications and 
instrumentation and automatic test equip-
ment. LTV Military Electronics Div., 
Ling - Temco - Vought, Inc., P. 0. Box 
6118, Dallas, Tex. 

Circle 241 on Inquiry Cord 

Relay Bulletin 

GEA-6628C, 22 pages, describes an en-
tire line of sealed relays. The 9 product 
types, including some recently introduced, 
are discussed in detail with features, de-
scription, uses, ratings, specs. and pricing 
information listed for each type. Dimen-
sional drawings and mounting forms are 
shown. General Electric Co., Schenec-
tady 5, N. Y. 

Circle 242 on Inquiry Card 

Spacer Resin 

Exact and unchanging gap spacing in 
"U" core sections on fly-back transform-
ers, inductors and other magnetic devices 
can now be achieved with Posi-Gap spacer 
resin. The resin dries at room temp. and 
is filled with precision sized glass beads. 
Spacing is controlled by the bead size. 
Complete details available from 3M Co., 
2501 Hudson Rd., St. Paul, Minn. 

Circle 243 on Inquiry Card 

132464-FS 

The "uncommon" 

part is a specialty 

of FISCHER 

New electronic packaging ideas can work even 
better if you rely on Fischer's unusual capability 
to design new parts. Inserts, eyelets, rivets, termi-
nals and recessed fasteners with or without 
threads, created by Fischer's engineers, may do 
just the job you have in mind. So brief us and 
watch us perform for you . . . uncommonly well! 
Send for Your "Uncommon" Parts Kit Today. 

igo(kne SPECIAL MANUFACTURING CO. 
492 Morgan Street • Cincinnati, Ohio 45206 
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COMPARE 
PHYSICAL SIZE 
CAPACITANCE 

AND COST 
YOU'LL SPECIFY 

R M C MAGNACAPS 
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RMC ' 
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GENERAL SPECIFICATIONS 

CAPACITANCE: Within tolerance er 1KC, 0.05 vrms max. and 25°C. 

TEMPERATURE COEFFICIENT: M-3—Z5R, Y5S, X5S. M-12, 16 and 25— 
Z5T, Y5T, 

LIFE TEST: 250 hours e7 rated voltage and maximum temperature. 

BODY INSULATION: Durez phenolic—vacuum wax impregnated. 

LEAD STYLES AVAILABLE: Long leads- 22 AWG tinned copper and kinked 
lead plug- ins for printed wire circuits. 

• For their size R MC Magnacaps offer the ultimate in the development of capacitance 
with acceptable temperature stability. Considering their small size and their proven 
reliability you'll find that Magnacaps are very economical. 
Type M3 and M12 "MAGNACAPS" offer an extremely high efficiency ratio and 

are recommended for applications with lower operating voltages. The M3 type is 
available with a capacitance range of .05 mf to 2.2 mf. M12 Magnacaps cover the 
range from .05 mf to 1.0 mf. Their use as emitter bypass components is particularly 
suggested, as they retain their proper impedance characteristics well into the radio 
frequency range. 
M16 and M25 "MAGNACAPS" offer an economical general purpose component 

for wide application with a capacitance range of . 01 mf to .22 mf. Their conservative 
design rating, and high value of insulation resistance ( 10 megohms at rated voltage) 
has made these units particularly popular in mobile or portable battery operated 
equipment. 

For additional information, write on your letterhead. 

111111111M 
DISCAP 
CERAMIC 

CAPACITORS 

RADIO MATERIALS COMPANY 
A DIVISION OF P. R. MALLORY 11, CO., INC. 

GENERAL OFFICE: 4242 W. Bryn Mawr Ave., Chicago 46, 
Two RMC Plants Devoted Exclusively to Ceramic Capacitors 

FACTORIES AT CHICAGO, ILL. ANO 

L. 

Engineering Kit 
Data is available on an engineering kit 

which contains 10mc DTL integrated cir-
cuits. This kit included flip-flops, 2 and 
4 input NAND gates, gate extenders, line 
drivers, 1 shots, a clock source and inter-
face circuitry. Also included are con-
nectors, a mounting panel and a conven-
ience walnut storage container. Micro-
systems Components, 5353 Topanga Can-
yon Blvd., Woodland Hills, Calif. 

Circle 262 on Inquiry Card 

Trigger Diode 
The ST Trigger Diode is a symmetrical 

3-layer avalanche unit used in activating 
SCRs and bi-switches. Its unique char-
acteristic is a symmetrical switching mode 
which fires whenever the breakover volt-
age is exceeded in either direction. The 
average power dissipation at 50°C is 1w. 
with a peak current capability of la. for 
20,usec. Details available from P. R. 
Mallory & Co, Inc., 3029 E. Washington 
St., Indianapolis, Ind. 

Circle 263 on Inquiry Card 

Terminals Bulletin 

Bulletin 320-465 describes glass-to-
metal hermetic seals and terminals. Com-
plete dimensional and electrical data are 
given for single and multiple lead termi-
nals and terminal headers, graded seals, 
strain-relief terminals and seals, diode 
housings and compression seals. Latron-
ics Corp., Latrobe, Pa. 

Circle 264 on Inquiry Card 

Pulse Generators Catalog 

This 3-color condensed catalog contains 
major specs., general descriptions, and 
prices for 25 standard pulse generators, 
digital data generators, and plug-in output 
units. Domestic and foreign representa-
tives and service centers are also listed. 
Datapulse, div. of Datapulse Inc., 509 
Hindry Ave., Inglewood, Calif. 

Circle 265 on Inquiry Card 

Welding Equipment 
Catalog 107, 20 pages, describes a com-

plete line of precision stored-energy weld-
ing equipment. Illustrated are power 
supplies, welding heads and handpieces, 
modular weld stations, electrodes, and 
accessories. It also contains electrode 
selection data and customer services infor-
mation. Weldmatic Div. / Unitek, 950 
Royal Oaks Dr., Monrovia, Calif. 

Circle 266 on Inquiry Card 

FM Devices 

Data is available on a complete family of 
FM telemetry components, including 3 
basic types of sub-carrier voltage control-
led oscillators. Included in the line are a 
high-level, differential input VCO; a low 
level differential input VCO; a high-level 
single-ended VCO; a wide-band summing 
amplifier, and a line of component mount-
ing assemblies. All standard IRIG chan-
nels and deviations are available. Hughes 
Electronic Products Div., P. 0. Box H, 
Newport Beach, Calif. 

Circle 267 on Inquiry Card 
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NEW Change of Address 
Company  

Mail Stop/or 
Dept., Div   

Street   

City  

OLD 
PASTE WRAPPER IMPRINT OR WRITE COMPLETE OLD ADDRESS 

State Zip 

ELECTRONIC 
INDUSTRIES 

Source 
Date 

Co. Code 

File No. 

Function 
Industry 

Title 
Unit 

1. Do you wish to continue receiving ELECTRONIC INDUSTRIES? 

Signature Title 

2. Check—ONE—box for your PRIME FUNCTION 

Pres., V.P.'s, Cluets, 
Directors, tupi Hues, 

PA fi. L Asst. 
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III 
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No____ 

3. Check—ONE—box for your plant's PRIME nature of business 

MANUFACTURING INDUSTRIES 

D (01) Computers, Data Processing & Peripheral 
Equipment Mfr. 

D (02) Communication Systems & Equipment Mfr. 

O (03) Consumer Electronic Equipment Mfr. 

D (04) Industrial Control Systems & Equipment 

D (05) Navigation & Guidance System Mfr. 

• (06) Test Measurement & Instrumentation Mfr. 

(07) Aircraft, Ground Support, Missile, Space 
Vehicle & Undersea Access & Equipment Mir, not 
covered in other product classifications 

11) (08) Component Mfr. 

• (09) Sub-System Assembly Mfr. (Modules, 
Assembled Circuits) 

(10) Mater'. & Hardware Mfr. 

D (11) Industriel Co. Using or Incorporating Any 
Electronic Equipment In Their Manufacturing. Re-
search or Development Activities. (Other than 
Electronic Co.) 

NON MANUFACTURING INDUSTRIES  

o (12) Commercial Users of Electronic Equipment 
El ( 13) Independer.: Research, Test & Design 

Laboratories & Consultants (Not Part of a 
Manufacturing Company) 

I: ( 14) Government Agencies & Military Agencies 

D ( 15) r.stributors, Mfr. Representatives 
o ( 16) Education & Libraries 

O Other (explain) 

4. This Address is (check most applicable) 

íj Mfg. Plant (*) Mfr's R&D tab. (&) n Other (explain) 
If address shown is your home, where is your company located? City  $ if 



FREE 
Another Reader 

Catalogs, Literature 
New Products and 
New Tech Data 
Service of the 

ELECTRONIC 
INDUSTRIES 

STATE 

OF THE 

ART 

MAGAZINE 

NAME    TITLE 

DEPT. 
COMPANY   MAIL STOP   

ADDRESS   

CITY, STATE  Zip Code 

Please send me 

1 
21 
41 
61 
81 
101 
121 
141 
161 
181 
201 
221 
241 
261 
281 
301 
321 
341 
361 
381 

2 
22 
42 
62 
82 
102 
122 
142 
162 
182 
202 
222 
242 
262 
282 
302 
322 
342 
362 
382 

23 
43 
63 
83 
103 
123 
143 
163 
183 
203 
223 
243 
263 
283 
303 
323 
343 
363 
383 

the items I have circled. 

4 
24 
44 
64 
84 
104 
124 
144 
164 
184 
204 
224 
244 
264 
284 
304 
324 
344 
364 
384 

5 
25 
45 
65 
85 
105 
125 
145 
165 
185 
205 
225 
245 
265 
285 
305 
325 
345 
365 366 
385 386 
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26 
46 
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86 
106 
126 
146 
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206 
226 
246 
266 
286 
306 
326 
346 
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27 28 
47 48 
67 68 
87 88 
107 108 
127 128 
147 148 
167 168 
187 188 
207 208 
227 228 
247 248 
267 268 
287 288 
307 308 
327 328 
347 348 
367 368 
387 388 

8 9 
29 
49 
69 
89 
109 
129 
149 
169 
189 
209 
229 
249 
269 
289 
309 
329 
349 
369 
389 

10 
30 
50 
70 
90 
110 
130 
150 
170 
190 
210 
230 
250 
270 
290 
310 
330 
350 
370 
390 

11 
31 
51 
71 
91 

111 
131 
151 
171 
191 
211 
231 
251 
271 
291 
311 
331 
351 
371 
391 

12 
32 
52 
72 
92 
112 
132 
152 
172 
192 
212 
232 
252 
272 
292 
312 
332 
352 
372 
392 

13 
33 
53 
73 
93 
113 
133 
153 
173 
193 
213 
233 
253 
273 
293 
313 
333 
353 
373 
393 

1-B El-229 JULY 1965 

14 15 16 17 18 
34 35 36 37 38 

55 56 57 58 
74 75 76 77 78 
94 95 96 97 98 
114 115 116 117 118 
134 135 136 137 138 
154 155 156 157 158 
174 175 176 177 178 
194 195 196 197 198 
214 215 216 217 218 
234 235 236 237 238 
254 255 256 257 258 
274 275 276 277 278 
294 295 296 297 298 
314 315 316 317 318 
334 335 336 337 338 
354 355 356 357 358 
374 375 376 377 378 
394 395 396 397 398 

54 

19 20 
39 40 
59 60 
79 80 
99 100 
119 120 
139 140 
159 160 
179 180 
199 200 
219 220 
239 240 
259 260 
279 280 
299 300 
319 320 
339 340 
359 360 
379 380 
399 400 

SPECIAL PRIORITY REQUEST  
Postcard valid 8 weeks only 

For immediate need or a call by a sales 
representative, write number (s) in —*or 
box ( do not circle above) 
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ELECTRONIC 
INDUSTRIES 

WIRED FOR SOUNDNESS 

By electrically measuring built-in stresses that develop dur-
ing fabrication, engineers at Goodyear are attempting to deter-
mine the longevity of steel rims before actual load tests. 
The old way of testing after rim assembly was too costly. 

A two-week course in electromagnetic measurements and 
standards will be conducted Aug. 9-20 at the Boulder Labs 

of the National Bureau of Standards. The course, which 
is offered in cooperation with the Univ. of Colo., will con-
sist of about 40 lectures. 

The problems of testing integrated circuits may have been 

greatly reduced by a digitally controlled power system 
developed by Rowan Controller Co., Eatontown, N.J. The 
programmable unit, Model 620, is capable of 2y2 billion 
combinations of voltage and current in steps of 1 pa or 10 
p.v. The output current range is programmable from 1 ¡ta 
to 500 ma in 1 ¡ta steps. Output voltage range is 0 to 50v 
in 10mv increments. Regulation is 0.3%. 

All types of circuits, printed-circuit boards and I/C micro-
logic packages, can be tested on the Sequential Component 
Automatic Test System (SCAT). The tester performs 
differential DC and AC voltage measurements from 100v 
to lmv, and current measurements from 100ma to 10pa. 
SCAT, a product of Continental Device Corp., Hawthorne, 
Calif., also makes pulse measurements to 10GC in the same 
socket used for DC tests. 

Direct reading of the metallic element concentration in a 
solution or suspension without manual calculation is pro-
vided a digital concentration readout. The readout, made 
by Perkin-Elmer, Norwalk, Conn., is intended for their 

Model 303 Atomic Absorption Spectrophotometer. In oper-
ation the operator need only test a sample solution and 

adjust the accessory to read 1000. Subsequent unknowns 
will then read out in parts per million without calculation. 

Measuring distances to 10,000 ft to within 71-1/2  foot is 

easily accomplished by the Model 5210 Ranging Unit by 
Eldorado Electronics, Concord, Calif. The unit is an opera-
tional time interval counter which measures and visually 
indicates distance based on the radar foot (2.035 nsec.). 
Operating range is 1 it. to 10,000 ft. 

Nae[1121itInêTMIr 
A series of scientific bulletins designed to inform the re-
searcher of the latest developments in application and meas-
urement of radioactivity and related investigations are con-
tained in a publication called The Nucleus®. These bulletins 
are available free from Nuclear-Chicago, 359 Howard St., 
Des Plaines, Ill. 

It is now possible to check the characteristics of thin-films 
while they are being deposited. An x-ray diffractometer 
attachment permits comprehensive in situ x-ray diffraction 
analysis of thin films. The unit provides both quantitative 

and qualitative measurements. It permits accurate x-ray 
intensity measurements at very specific angles of incidence 
with respect to the film being examined. The attachment 
is a product of Materials Research Corp., Orangeburg, N.Y. 

Interferometer precision is extended when used with mir-
ror rotator. Mirror can be rotated in either direction at 
speeds from 0.1 to 3 arc-seconds/sec. Applications include 
measurement of refractive index differences and gradients, 
diffusion, ion transport, and large molecular weights. For 
more information write: Kollmorgen Corp., 347 King St., 
Northampton, Mass. 

An Area Monitor, which uses a pulse rate electrometer, 
provides drift-free ionization chamber detectors for accurate 
monitoring of pulsed and continuous radiation. The system, 

Model RMI-110, was developed by Tracerlab/West, Rich-
mond, Calif., for monitoring accelerators, reactors and 
other nuclear facilities. 

An instrument that detects leaks as small as 0.1 cu in./hr. 
has been built by Beckman Instruments Inc., Fullerton, 
Calif. Called the Infrared Leak Detector, it works on a gas-
sensing principle. A gas not found in the atmosphere is 
inserted in the system to be checked. Then a probe collects 
a continuous sample of the atmosphere surrounding the 
tested system. If a leak is detected, an audio signal occurs 

and a readout instrument indicates the severity of the leak. 

LOW COST OSCILLOGRAPH 

Laboratories working on a limited budget, and who need a direct 
writing oscillograph get a real break with the Honeywell Model 
1706 Visicorder. It records up to 6 channels of h-f data. Dynamic 
data such as strain, pressure, vibration, and acceleration can be 
recorded simultaneously at 8 paper speeds. 
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EMC sets certain requirements for spectrum analyzers, 
field intensity meters, signal generators and coupling devices. 

These are discussed in terms of dynamic range, 
calibration accuracy, spurious effects and the like. 

Electromagnetic Compatibility 

THE INCREASING USE OF THE ELECTROMAGNETIC SPEC-
TRUM and increased complexity of electronic equip-
ments requires serious consideration of the interference 
problem. Electromagnetic compatibility ( EMC) aspects 
of equipment and systems engineering usually involve 
the measurement and evaluation of specialized equip-
ment characteristics in order to establish interaction 

relationships. 
The data requirements for EMC analyses are often 

similar to the empirical information needed for general 
equipment and system analysis, or ECM analysis. How-

ever, two unique compatibility analysis requirements 
often result in selected measurements which are pe-
culiar to EMC evaluation. 

First of all, information is required over a wide range 
of system parameters and variables, and often includes 
ranges considered beyond the control of normal equip-
ment and system design. For example, far out-of-band 
transmitter emission or receiver response characteristics 
may be measured to evaluate the significance of coupling 
via such spurious frequency paths. Similarly, receiver 
system performance over a wide variety of signal input 
levels may be of concern. 

Secondly, data are often necessary over a wide range 
of system spectral relationships, more numerous and 
specialized than those generally involved in ECM 
studies. For example, it is important to evaluate par-
ticular receivers against many classes of modulation 
the system was not designed to accept, or to establish 
the effects of a range of response bandwidth against 
particular potential interference modulations. 
EMC data requirements are dictated by the type of 

compatibility problem to be evaluated, and the objec-

tives of the analysis. Problems may encompass a variety 
of internal equipment, intra-system, and inter-system 
arrangements, for the purpose of specification compli-
ance, performance evaluation, frequency assignment, site 
-,election, frequency allocation, or other reasons. 

The Compatibility Standard 

The "bible" for compatibility measurements is cur-
rently MIL-STD-449 (B) 1. This standard describes meas-
urement procedures and instrumentation requirements 
for the equipment parameters listed in Table 1. The "C" 
version of the standard has recently been prepared by 
the Dept. of Defense, and will soon be available for dis-

tribution. 

The new version of the standard will differ from 
earlier versions in the following areas: 

Three additional tests have been added. These include 
the measurement of receiver impulse response, audio 
selectivity, and FM discriminator bandwidth. 

Tests of emission spectrum characteristics and 
spurious emission have been consolidated with more 
emphasis on the performance of narrow band, non-
radiated measurements. Broadband calibration of spec-
trum analyzers has been added. 

The CW desensitization and the adjacent signal in-

terference tests have been combined, and the basic test 
approach has been redefined. 

Test limits have been added for many equipment 
parameters. For example, a low frequency limit based 
on waveguide cutoff has been incorporated. Limits on 
receiver and transmitter intermodulation have also 
been included. 

Table 

TRANSMITTER 

fundamental power output 

emission spectrum 

spurious emissions 

modulation characteristics 

intermodulation 

modular bandwidth 

carrier frequency stability 

1: Categories of Measured Data (MIL-STD-449B and C) 

RECEIVER 

sensitivity 

selectivity 

spurious responses 

overall susceptibility 

intermodulation 

adjacent signal interference 

pulse desensitization 

CW desensitization 

dynamic range 

oscillator radiation 

MIL-STD-449C only 

impulse response 

audio selectivity 

FM discriminator bandwidth 

ANTENNA 

horizontal and vertical 

polarization patterns 
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By H. M. SACKS, 
Deputy Director of Technical Operations, 
Electromagnetic Compatibility Analysis Center, 
U. S. Navy Marine Engineering Laboratory, Annapolis, Md. 

Measurements 
A supplement to the standard will contain detailed 

data collection formats. 

A major distinction is made in the standard between 
closed-system (non-radiated) tests and open-field ( radi-
ated) tests for both transmitter and receiver parameters. 

Closed System (Non-radiated) Measurements 

A considerable percentage of EMC equipment char-
acteristics data is procured by directly coupling instru-
mentation to the unit under test. All communication 
transmitter and receiver data are obtained in this way, 
and more and more radar emission measurements are 
being performed in this manner. 

The basic procedure for measuring non-radiating 
transmitter characteristics is shown in Fig. 1. Energy 
is coupled to the measuring equipment through a signal 
sampling device, which may be a voltage divider, power 
attenuator, probe, directional coupler, or similar unit, 
depending on the equipment type and frequency range 
of interest. Under conditions when energy can pro-
pagate between the transmitter and the antenna or 
dummy load in a variety of modes, the sampling device 
must couple to all of the modes involved. 

Calibration is by the signal substitution method. The 
frequency-selective voltmeter for closed-system tests is 
generally a spectrum analyzer, although wide-band data 
from a field-intensity meter may sometimes be required. 

Similarly, Fig. 2a indicates the closed system receiver 
measurement procedure for single signal tests; and Fig. 
2b illustrates the two-signal receiver test procedure. 

A limitation exists in performing non-radiating com-
patibility measurements, since data is collected within 

SIGNAL 

GENERATOR 

(o) 

FILTER 
RECEIVER 

INPUT 

COUPLER 

RECEIVER 

UNDER 

TEST 

T AS REQUIRED 

L SYNCHRONIZATION IF NECESSARY 1 RESPONSE 
INDICATOR 

POWER 
MONITOR 

Transmitter 

Under 
Test 

SIGNAL SAMPLING 

NETWORK 

(2 required if balanced 
line) 

Shielded Enclosure,If required 

10 db 
Minimum 

Isolation 
network 

VARIABLE II 
ATTENUATOR 

Fundamental Frequency 
Rejection Network 
As Required 

FREQUENCY- SELECTIVE VOLTMETER 

OR POWER MEASURING DEVICE 

L_. 

System 

Antenna 
Or 

Dummy Load 

SIGNAL 

GENERATOR 

Frequency 

Meter, if 
requIred 

Fig. 1: Typical closed-system ( non- radiated) measurement setup. 

the system and does not directly represent either the 
energy radiating from the transmitter antenna, or the 
radiated energy to which the receiver is susceptible. A 
complete picture of the radiated emission or suscepti-
bility characteristic of the system can only be obtained 
after the insertion losses and mismatch losses of the 
system transmission line components and antenna are 
taken into account. 
Another limitation to in-guide measurements is that 

it is difficult to obtain valid information under condi-
tions when multiple-mode propagation can exist. Vari-
ous types of transmission lines, but particularly micro-
wave waveguide systems, can support different types 
of electric and magnetic field distributions within the 

guide, as defined by the guide dimensions and material. 
For example, for rectangular, air-filled waveguide with 
broadwall dimension twice the narrow wall dimension, 

the first or dominant mode will propagate above fre-

quency ¡(1. I» = —2a , where c is the velocity of light, 

and a is the broadwall dimension in corresponding units. 
Other propagation modes will be supported above cutoff 

SIGNAL 

GENERATOR 
Na I  

SIGNAL 
GENERATOR 

NQ2 

FILTER 1— 

COUPLING 

NETWORK 

(b) 
FILTER F. 

Fig. 2: ( a) Typical closed-system single-
signal measuring setup; ( b) Closed-
system two-sigral receiver test setup. 
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OUTPUT I 

INDICATOR 
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EMC MEASUREMENTS (Continued) 

c 
frequencies corresponding to 4n2]112, 

2a 

where ni and n denote the order of the particular mode. 
This relationship is shown in Fig. 3, up to the sixth 
harmonic of the system tuned frequency. 

FOR AIR FILLED RECTANGULAR WAVEGUIDE WITH 2,1 
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Fig. 3: Frequencies above which various 
TE„,„ and TM,„„ modes can propagate. 

Fig. 4: Typical open-field ( radiated) measurement block diagram. 
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ATTENUATO R 
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FUNDAMENTAL 
FREQUE NCY 
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SIGNAL 

GENERATOR 

L. 
FREQUENCY 

METER IF 
REQUIRED 

FREQUENCY SELECTIVE 

VOLTMETER OR POWER 

MEASURING DEVICE 

11111. OIMOMMOD IMM• 

Multimode couplers have been and are being in-
vestigated and developed,2 but no such device has been 
generally accepted to date. For compatibility analysis 
purposes, a satisfactory multimode coupling device must 
either ( 1) couple to each significant mode separately, 
or (2) couple to the total energy in the guide, inde-
pendent of mode. 

Open-field (Radiated) Measurement 

Radiated compatibility measurements are now used 
in monitoring transmitter emission characteristics in 
that part of the spectrum where multiple-modes may 
propagate in the system guide. In this respect, the 
major concern is with radar systems. Practical prob-
lems associated with the availability of suitable high 
power signal generators have resulted in the suspen-
sion of radiated receiver susceptibility testing. 
The basic approach for radiated emission measure-

ments is shown in Fig. 4. The major differeme here 
as compared with Fig. 1 is a calibrated test antenna 
system capable of being moved in space so that a posi-
tion of maximum received energy can be located. The 
requirement for radiated radar measurements is a phy-
sical separation between the system and test antennas 

D2 
of at least —x (where D is the maximum aperture 

dimension of the larger antenna, and X is the wave 
length at the fundamental frequency). The resultant 
peaks due to direct and reflected energy will generally 
occur a few feet apart, with the lowest peak several 
feet off the ground. 

Radiated measurements may become relatively time-
consuming, since antenna reorientation in azimuth and 
elevation, and test antenna height adjustment for every 
measurement frequency change is necessary to maxi-
mize the received signal. Sighting effects must also 
be considered in the interpretation of the data. The 
dynamic range of radiated measurements can generally 
be expected to be somewhat less than in-guide measure-
ments, since typical propagation loss values are higher 
than losses in typical signal sampling devices. 

Instrumentation Requirements 

It is desirable to have spectrum analyzer and field-
intensity meter spurious responses well below the in-
strument sensitivity levels (perhaps 80-100 db down). 
Unless this can be assured, it becomes necessary to 
identify whether or not a received signal is due to a 
transmitter spurious emission or to an instrument 
spurious response. This can generally be accomplished 
by the judicious use of high-pass or bandpass filters, but 
their applications are not amenable to automatic data 
collection. 

It must be recognized that, particularly in the case 
of spectrum analyzers, emission measurements may have 
to be made in the vicinity of spectral energy of consider-
able relative power. Under these circumstances, analy-
zer overload can be expected, with the resultant effect 
of degrading its amplitude calibration. The overload 
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Fig. 5: Pulse spectrum with dispersion la) of approximately 1 /T MC/cm, b approximately 4/T MC/cm; i c I approximately 10/T MC/cm. 

characteristics of these receivers should be determined 
by noting the change in observed spectral waveshapes 
as attenuation is removed ahead of the analyzer. Nor-
mal instrumentation operation should be restricted to 
measurements below the established overload level, tak-
ing into account the fact that notch or other filter types 
may be employed to keep input spectral energy below 
the overload level. 
As noted in MIL-STD-449 ( ), the CW sensitivity of 

the measurement receiver is a function of its tuned fre-
quency. Minimum sensitivity levels for both closed-
system and open-field measurements are the same, 
varying from —90 dbm below 300 mc to — 50 dbm above 
10,000 Mc. These levels are intended to provide a rea-

sonably wide dynamic range of measurement, although 
it is hoped that sensitivity levels at higher frequencies 
might be improved at some future date. For example, 
the goal of pulse spectrum measurements is to obtain a 
description of transmitter emission characteristics for 
power density levels exceeding — 50 dbm using a rela-
tively broadband instrument, and correspondingly bet-
ter with a narrow band device. 

A minimum spectrum analyzer pulse display range 
of 60 db is desirable. The display should be linear with 
respect to the logarithm of power. A variable dispersion 

range from about — MC/cm. (where T is the pulse 

width in i.t.sec) to perhapsL0 MC/cm. seems satisfactory, 

the particular dispersion used being a function of the 
immediate structure of the spectrum being analyzed. 
The total spectrum to be investigated ( which typically 
will be from 0.9 dominant mode waveguide cutoff to 
that frequency at which multiple-mode propagation can 
begin) is assembled from successive analyzer photo-
graphs of this type. Spectrum analyzer displays are 

1 4 
shown in Fig. 5, for dispersion ranges of about —T , 

and —10 mc/cm. Note a dynamic range of about 55 

db in the latter figure. 
The resolution bandwidth of the spectrum analyzer 

• A REPRINT of ANY ARTICLE in this 
issue is available from ELECTRONIC IN-
DUSTRIES Reader Service Department. 

must be known and recorded. The sweep rate must be 
chosen so that the sensitivity of the instrument is main-
tained. 

It is very important that, concurrent with the meas-
urement of pulse emission spectral characteristics, the 
time waveform characteristics of the signal under in-
vestigation be determined. This can best be accom-
plished by the closed-system test setup shown in Fig. 
6. Primary concern here is a matched, wideband (at 
lease 30 mc) detection system to eliminate pulse dis-
tortion and adequately portray pulse rise and decay 
time. 

Care must be taken to assure that harmonics of signal 
generators employed for receiver susceptibility measure-

ments are attenuated sufficiently to prevent false re-
ceiver responses. This can be accomplished using low-
pass or band-pass filters after the generator. Insertion 
loss of the filter at the tuned frequency of the signal 
generator must be known and taken into account in the 
data reduction process. The level of harmonic rejection 
is required such that receiver responses are due only 
to the generator fundamental. 
Some pulse signal generators of the master oscillator-

power amplifier type generate a CW output during the 
interval between pulses. This residual CW energy 

should be below the receiver sensitivity during pulse 
desensitization tests, and at least 30 db below the peak 
value of the pulse for other tests. 

Accuracy in knowing the signal generator frequency 
(or accuracy with respect to the frequency to which 
the receiver under test is tuned) as high as 1 part in 106 
is required for certain tests. In particular, the measure-
ment of receiver selectivity, and of spurious response 
frequencies dictates this level of accuracy. 

It is important that ancillary devices such as attenua-
tors, couplers, transitions, and the like be calibrated 
across the entire measurement frequency range, and 
not only across the tuning range of the equipment under 
test. Insertion loss shall be known within 1 db at each 
measurement frequency. As indicated earlier, a coupler 

designed for operation under multiple-mode conditions 
must be able to identify the total forward power in a 
transmission system, independent of mode. 

Measurement Techniques 

A few of the measurement problems related to com-
patibility analysis will next be discussed. These may 
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EMC MEASUREMENTS (Continued) 

be considered typical of the difficulties that arise in 
trying to assess out-of-band system performance char-
acteristics. 

In order to obtain a selectivity curve of a pulsed sys-
tem indicative of its CW selectivity, a pulse signal 
wide enough to provide a narrow energy spectrum in 
comparison with the receiver bandwidth, but narrow 
enough to avoid erroneous bias buildup in the receiver's 
gain control circuits, is used. The recommended pulse 
width for a particular receiver test is defined as that 
width which, if either increased or decreased by a factor 
of two, would not appreciably change the receiver selec-
tivity measurement. A rule of thumb for preliminary 
testing is a pulse width of ten times the nominal system 
pulse width. 
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BROADBAND 

CRYSTAL 

DETECTOR 

Tl
ir PROPER TERMINATION 

FOR DETECTOR 
AND INTER-

CONNECTING 
= CAB LE USED 

rig. 6: Pulsed closed- system test setup for 
measurement of modulation characteristics. 

Using this wide pulse, selectivity data is obtained 
based on a midpulse minimum visible signal ( MPMVS) 
criteria. The MPMVS threshold is identical to the 
more conventional minimum visible signal criteria, ex-
cept that only the center section of the pulse is con-
sidered in establishing the threshold. In this way, pulse 
leading and trailing edge transients that would influence 
the threshold are disregarded. 

It is important that the establishment of MPMVS 
criteria be maintained throughout the selectivity test. 
This becomes difficult to do when making measurements 
30 and 40 db below the receiver sensitivity level and 
lower, and the tendency is to establish the threshold 
from the leading and trailing pulse transients. 

When performing receiver spurious response meas-
urements under conditions of high level pulse input 
signal injection, an overloading of the receiving system 

may occur. This can result in what appears to be a 
great number of high order spurious responses, and in 
some cases, a general spurious background level. This 
phenomenon may become apparent at signal levels of 
—25 to — 10 dbm or higher for typical receivers. One 
method of determing this level may be to disable the 
first local oscillator and, with the first mixer biased at 
its normal operating level, to establish that level of in-
put signal where the effect occurs. 

For spurious response measurements at pulse signal 
input levels below —25 dbm, it is almost always pos-
sible to identify the mechanism of response generation 
using the standard spurious response equation. This 
equation is a function of the number of receiver con-
version stages. For a single conversion receiver, 

1.9 
q 

p flo + if  

where p is an integer or zero denoting the harmonic 
order of the local oscillator; q is an integer ( not zero) 
denoting the harmonic order of the mixer input signal ; 
and fia and fif denote the local oscillator and intermediate 
frequencies, respectively. However, this is not the 
case for high input power tests, and no identification 
should be attempted. 
During the course of conducting two-signal tests 

such as for receiver or transmitter intermodulation, it 
is important to identify whether or not a particular 

effect is actually the phenomenon of interest, or is due 
to the individual signals comprising the test, or is 
caused by some effect within the test equipment. One 
convenient check is to alternately turn off each of the 
signals associated with the test. If the response re-
mains when only one generator is on, it is not an inter-
modulation product. 
With transmitter intermodulation, it is possible to 

further isolate the cause of the response by switching 
a step attenuator in and out and noting the signal level 
under both conditions. Transmitter intermodulation 
product levels will vary linearly with the change in 
attenuation. Intermodulation products formed in the 
frequency-selective voltmeter will vary in a non-linear 

manner. 
With receiver intermodulation, a similar differen-

tiation can be made. First, increase both signal gen-
erator output levels simultaneously by 3 db and note 
the receiver output level. Then insert 3 db of addi-
tional attenuation ahead of the receiver under test. 
Receiver intermodulation products will vary non-linearly 
with the amount of inserted attenuation, while signal 
generator intermodulation products should vary by the 
amount of the attenuation. 
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2. Goldberg, J., et al, Final Report on New Methods for Measuring 
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Another great idea from Daven... 

When 
there's no room 

in here... 

put your 
rotary switch 
out here! 

The 
new Daven 

Switch-in-knob 

Tight squeeze behind the control 
panel? Use the brand new Daven 
Switch-ln-Knob ... the world's 
smallest rotary selector switch built 
right into the knob. Now the switch 
is outside your instrument . . . 
inside the knob. 

And all you need is 3f6" behind the 
panel, eliminating í6 from the 
overall length of the standard 
Series G and K switches. 

Yet for all its compact advantages, 
the Switch-ln-Knob includes all the 
features of the popular military 
Series G or the new commercial 

Series K switch. 
The Series G has hign reliability, 

superior dielectric strength, and 
longer life. It is built in a clean room 
environment to meet applicable Mil 
specs on temperature, humidity, 
corrosion, vibration, acceleration, 
shock and immersion. And it is both 
explosion-proof and waterproof. 

The Series K was developed for 
instrument and commercial 
applications where the same size, 
quality and electrical specs as the 
Series G were needed .. . at a . 
lower cost. 

DAVE N 
LIVINGSTON, NEW JERSEY 

Although the Series K 
(without knob) costs only $4.85 
to $3.85 each (depending upon 
quantity), it is a completely enclosed 
unit offering long life, low contact 
resistance, high dielectric strength, 
wide operating temperature range, 
positive detent action and resistance 
to corrosion, shock and vibration. 
Both the Series G and K come in 
single deck, shorting and non-shorting 
... in various combinations up to 
4 poles and 10 positions. 

Write today for complete specs 
and prices on the new Switch-ln-Knob! 

(201) WYman 2-4300 • TWO 201 992-7356 • Cable: DAVEN LIVINGSTON N 
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HART SERIES T CRYSTAL CAN RELAY 

OUTSTANDING 
DESIGN FEATURES 

0 Hermetically Sealed Coil prevents contact contamination; 
seals organic coil material from switch section. () Unique 
Hinge Design—no pivot or bearing problems; free from wear 
particles. e Welded Construction increases reliability of joints; 
further reduces contamination. 0 Bifurcated Contacts in-
crease low level switching reliability. Ø Improved Sensitivity 

—100 MW or less at pull-in. 
Specify Hart Series T for sensitive, highly reliable dry circuit 

switching. Write for literature. 

<> :,HART MANUFACTURING CO. 
306 BARTHOLOMEW AVE.. HARTFORD 1. CONNECTICUT 

Tel. 203-525-3491 
a subsidiary of OAK ELECTRO/NETICS ----

Circle 41 on Inquiry Card 
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VOLTAGE 
REFERENCE 

AND 
REGULATOR 

ToTlUerBaEnSce 

.+1 Volt 

iii• 

91 
7105R7 

105 Volts -±1V 

GENERAL SPECIFICATIONS 

TUBE NUMBER Z82R7 Z105R7 

Maximum DC Breakdown Voltage 
(in dark or light) 110 160 

Average 102 150 

Reference Voltage (DC) 82 -±- 1 105 -±- 1 

Measured at 2.0 ma. 2.5 ma. 

Voltage Regulation — limits for 
less than 1 volt variation 

0.25 to 
7.0 ma. 

0.6 to 
7.0 ma. 

Temperature Coefficient (typical) —2 mv/°C —9 mv/°C 

Maximum Operating Current 10.0 ma. 10.0 ma. 

Minimum Operating Current 
as shunt regulator 0.25 ma. 0.5 ma. 

in parallel with capacitor 0.45 ma. 1.3 ma. 

Life Expectancy ( Hours) 30,000 30,000 

Typical Variation at 250 Hours Less than 
0.2% 

Less than 
0.6% 

Used in oscilloscope calibrators, 
lated power supplies, 
advantages of close regulating 
perature coefficient, miniature 
reliability. 

Sinyk ,gowee kr 
Al Cl/owl:egos • 

NEPTUNE. NEW JERSEY 

digital voltme ers, regu-
and dc amplifiers. P ovide the 

voltage control, low tem-
size, low price and high 

un INCORPORATED 
lit 

AREA CODE 201- 775.2490 • TWA 201-775.2255 

mhrre 

TEST CHAMBER SPEEDS IC TESTING 

Test chamber automatically feeds and unloads 1500 devices/hr. 

THE ENVIRON MENTAL CHECK IS THE MOST TIME-
CONSUMING phase of IC testing. This is due to the 
limited speed at which the test chamber can handle cir-
cuits. If more devices can be processed/hr., production 
is increased and cost is decreased. The Multiple Track 
Automatic Environmental Test Chamber produced by 
Philco Corp., Lansdale, Pa., can test approximately 
1500 devices/hr. This is about three times faster than 
existing techniques. 
The test chamber automatically transfers and feeds 

to a test head the microelectronic devices pre-loaded 
into carriers. Test head selection is made by actuating 
a switch. This enables the operator to select a test 
head without opening the chamber door. An 18 track 
mechanism within the environmental chamber accepts 
device-loaded carriers through a load port. A magazine 
containing 16 carriers is fed through this port to a 
track located in line with the port. Each index of the 
mechanism presents an empty track to the load position. 
Fifteen indexes are required to move a specific track 
from the load position to the test location. The indexing 
rate is controlled by an adjustable timer, and is set 
to assure sufficient soak time regardless of the operating 
speed of the associated tester. 
At the test location, a carrier is transferred to a 

turret which indexes into the TO-3 or flat pack test 
head. The positioning of the test head provides a 

Circle 42 on Inquiry Card 
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signal to the associated circuit tester which initiates 
the testing sequence. At the end of its test cycle, the 
tester provides a signal to the environmental chamber. 
This initiates the sequence for ejecting the testing de-
vice and transferring a new device into the test position. 
When the track at the test station is emptied, the 
mechanism indexes and presents the next track to the 

test station. 
A unit may be ejected into a sorting bin array 

or returned into the same type magazine as was used 
for loading. The magazine reloading feature provides 
device serialization when data acquisition is performed 
on the associated tester. 

AUDIO WAVE ANALYZER 
FRONT-END PROTECTION FROM OFF-FREQUENCY SIGNALS, 
and full capability for frequency control and electronic 
scanning are typical features of the Model EWA-88 
audio-wave analyzers. Frequency range is 20 CPS 
to 50Kc. The instrument handles inputs as high as lkv. 
The instrument, a product of Fairchild Electro-

Metrics, Amsterdam, N. Y., incorporates built - in 
electronic scanning and remote voltage tuning. It also 
has a wideband operating mode, permitting front-end 
attenuation selection to provide positive protection 
against signal overload. Overload protection is further 

enhanced by a low-pass filter at the input to attenuate 
all signals above 50Kc. 

Internal sweep rate for electronic scanning is auto-
matically adjusted for the selected i-f bandwidths: 
10 'cc/min. in the 50 cycle position, and 1Kc/min. 
in the 5 cycle position. The unit generates an X-output 
proportional to frequency, and a Y-output proportional 

to signal level, for connection to an oscilloscope or 
graphic recorder. 

Overall dynamic range of the analyzer is approx. 
200db with 40db spread on the front panel meter. It 
includes AFC and 5 special outputs, including restored 
and tracking. 

Instrument features high amplitude and frequency accuracies, 
and very simple amplitude and freq. calibration procedures. 

Select Your Own Circuitry 
with Grayhill 
Adjustable Stop 
Rotary Switch 

Ideal for Prototype and 
Small Production Runs 
• 30° angle of throw 
• 1 - 4 poles per deck 
• 2 - 12 positions per pole 
• 1 - 12 decks 
• 100,000 operations 
• completely enclosed construction 

Ask for complete 
specifications 

or see your local 
distributor. 

543 Hillqrove Avenue 
La Grange, Illinois 60526 
Area Code 312, Phone 354-1040 

"PIONEERS IN MINIATURIZATION" 

Circle 72 on Inquiry Card 

When 
You Need 
Switches 

Your answer is — 
Grayhill 

Push Button 
Switches 

• Miniature, Sub-Miniature, 
or Ultra-Miniature 

• Snap Action - Silent Action 

• SPST-DPST-SPDT-DPDT 

• Momentary Contact — 
Push-Pull — Lighted 

• Rating from 14 Amp. to 10 
Amp., 115 VAC Resistive 

• Normally Open — 
Normally Closed 

• Life from 50,000 to 
1,000,000 operations 

Write for Current 
Engineering Catalog 

e gaiir prcizehilff 543 Hillgrove Avenue 

7muzessar La Grange, Illinois 60526 
Area Code 312, Phone 354-1040 

"PIONEERS IN MINIATURIZATION" 
Circle 72 on Inquiry Card 
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FIFTY-WATT TRANSISTOR 
Now industrial users, too, 

can have S-K Wayne savings 

The S-K Wayne formula is simple. By con-
centrating on the tools that meet 90% of 
user demand, we are able to offer premium 
quality tools (like this adjustable wrench) 
. . . at prices below those of comparable 
industrial Unes. U You'll find the same 
is true of the other value-added S-K 
Wayne tools ... sockets, and ratch-
ets, industrial pliers, combina-
tion wrenches, etc. U Find out 
now how S-K Wayne can 
help you buy better for 
less. Check your indus-
trial distributor. Or write 
for Free pocket catalog. 

The quality you want ... 
at the price you want to pay. 

S-K Wayne Tools • Chicago, Illinois 60632 • Defiance, Ohio 
Subsidiary of Symington Wayne Corporation 

Male  TOOLS 

Circle 43 on Inquiry Card 

Trade Fair and Congress 

INTERKAMA 

presents for all branches of industry and re-
search an international range of instrumenta-

tion and automation equipment, with particu-
lar emphasis on electronics, pneumatics and 
hydraulics. 

DÜSSELDORF 
Oct.13-19,1965 
For information: German American Chamber of 
Commerce, Inc., New York: 666 Fifth Avenue; 
Chicago: 77 E. Monroe Street. 

W HAT IS REPORTED TO BE THE WORLD'S MOST POWERFUL 
R-F TRANSISTOR, capable of developing 50w. r-f power 
output at 150mc has been developed by ITT Semi-
conductor, Palo Alto, Calif. 

Designated the 3TE220, the device is a silicon-planer 
epitaxial interdigitated power transistor with stabiliza-
tion resistances for long-term stability. The device has 
the emitter electrically connected to the case to permit 

The high- power unit 
replaces multiples of 
lower power devices. 

high-gain performance. Lower feedback between the 
input and output of the transistor is also made possible 
by this feature. 

It is designed for output use in high-gain Class B 
and C r-f amplifiers. 
The 3TE220 develops 30w. @ 28v., and provides 

7db gain in a 40v. circuit. It permits max. collector 
current of 2.5a. Packaged in a JEDEC TO-3 con-
figuration, the device can be used singly to replace 
multiples of lower-power devices. 

BUSINESS DATA DISPLAY 

A TV. like cisplay unit that reports current business data instan-
taneously in business of•ices has been introduced by GE Computer 
Dept Datanet-760 keyboard display termina can picture in seconds 
business data stored in a GE computer system, according to engineers. 

Circle 79 on Inquiry Card 
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TO SUCCESSFUL DATA SYSTEMS 

MAGNETIC 

P. V.3.1: M.SP. 

eiZMMIIIMMIMMOMMUIMirA  

III a 

III MAGNETIC SYSTEMS CORPORATION II 

11 2000 Calumet Street 
II 

Clearwater, Florida 

111 Ill 

Il 111 
Gentlemen:  

II Please send me my free copy of " Short Cuts 1 
111 to Successful Data Processing Systems." 111 

111 III 

a II 
Name   

II  Title   111 

II II II Company   

Address   II 

III City   li 

111 Zip   II State   

LMIZMNIMIMMAilMiiiIMMLII. 

This NEW design aid can cut 

logic hardware as much as 50% Send for your free copy today! 

The information in "Short Cuts," a just-published design 

aid from Magnetic Systems Corporation, will speed and 

simplify the design and specification of digital logic 

systems. And it can reduce the number of components 

required by as much as 50%. 

Among other things, "Short Cuts" contains: 

• Six rules for foolproof implementation of com-

patible 1Mc NAND-NOR logic. With these rules — and 

Magnetic Systems' exclusive new compatible logic mod-

ules — you can mix NAND and NOR elements in the 

same logic system, whether it's positive or negative. 

• Specific examples that show you how Magnetic 

Systems 1Mc NAND-NOR compatibility cuts component 

requirements by 10 to 50%. 

• Detailed specifications for a new, complete line 

of compatible welded encapsulated modules. 

• An easy-to-use selector chart for fastest selection 

and specification of modules for your system. 

The cost? Nothing. The coupon above or the reader 

service card in this magazine will get you a free copy 

immediately. 

MAGNETIC 
SYSTEMS 
CORPORATION 
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Switch Catalog 
Catalog TG-171 lists in detail the specs. 

of 21 different solid-state switching de-
vices, with SPST and SPDT and DPDT 
configurations. Switches operate at any 
freq. from dc to 86c with bandwidths of 
individual models covering typically an 
octave or greater. The catalog lists all 
dimensional characteristics and gives 
specs. Sanders Associates, Inc., 95 Canal 
St., Nashua, N. H. 

Circle 268 on Inquiry Card 

Cable Bulletins 
Seven technical bulletins, ranging from 

3 to 17 pages in length, are available 
which give operating characteristics of a 
line of coaxial cable and some of their 
applications. Topics discussed include: 
choosing the proper coaxial cable for 
microwave applications; the effect of radi-
ation on coax; variations of electrical 
length of coax with temp.; etc. Phelps 
Dodge Electronic Products, North Haven, 
Conn. 

Circle 269 on Inquiry Card 

Intensity Analyzer 
This data sheet describes the MF/HF-

2T precision field intensity analyzer which 
measures RFI from 0.15mc to 32mc. The 
instrument determines the source and 
analyzes the characteristics of radio inter-
ference; field intensity measurements for 
communications site selection; antenna 
pattern determinations; etc. Stoddard 
Electro Systems, 2045 W. Rosecrans Ave., 
Gardena, Calif. 

Circle 270 on Inquiry Card 

Transistor Insulators 
Data is available on more than 20 

mounting insulators for TO-5, TO-8 and 
TO-18 transistors. Styles available in-
clude converters for TO-5 and TO-18 
packaged multi-lead microcircuits. These 
insulators assist in the mounting of tran-
sistors on PC boards and provide clear-
ances to allow formation of solder fillets 
under the transistor. The Robinson Co., 
3636-5 W. 139th St., Hawthorne, Calif. 

Circle 271 on Inquiry Card 

Low-Pass Filter 
The LLP-15 is a 15 cycle, low-pass 

filter for uses requiring an 1-f cut-off. It 
has a loss of less than 3db at 15 cycles 
and attenuation of more than 40db at 30 
cycles and higher. Source and load im-
pedance is 100Kn. The unit is encased 
in a hermetically sealed standard Mil FA 
case. United Transformer Corp., 150 
Varick St., New York, N. Y. 

Circle 272 on Inquiry Card 

Relays Bulletin 

Series 640, 900, 240 and 625 general 
purpose relays are described in bulletin 
Bi. It provides complete descriptions and 
data on each relay, dimensions and full 
electrical and mechanical specs. Guardian 
Electric Mfg. Co., 1550 W. Carroll Ave., 
Chicago, Ill. 

Circle 273 on Inquiry Card 

Microwave Limiters, Filters 
This short-form catalog gives specs. 

for microwave YIG bandpass filters—L 
thru K-bands, tunable bandreject filters, 
sweeping current supplies. Physical Elec-
tronics Laboratories, 1185 O'Brien Dr., 
Menlo Park, Calif. 

Circle 274 on Inquiry Card 

Ceramic Magnets 
This brochure on ceramic magnets de-

scribes several grades of both isotropic 
(non-oriented) and anisotropic (oriented) 
units. Methods of manufacturing, design 
and specifying are covered thoroughly. 
D. M. Steward Mfg. Co., Chattanooga, 
Tenn. 

Circle 275 on Inquiry Card 

Relays Bulletin 
Bulletin B2 describes series 1200, 1210, 

1220, 1210N and 1200/1200 general pur-
pose relays. It provides data on each 
relay, as well as dimensions and specs. 
Guardian Electric Mfg. Co., 1550 W. 
Carroll Ave., Chicago 7, Ill. 

Circle 276 on Inquiry Card 

Instrument Cases 
This data sheet describes ruggedized 

Formica cases for quality precision instru-
ments and other diversified uses. Light in 
weight, durable, moisture and dust re-
sistant, these cases have passed the U.S. 
Navy shipboard requirement tests. W. A. 
Miller Co., Oquossoc, Me. 

Circle 277 on Inquiry Card 

*4. 

116 ELECTRONIC INDUSTRIES • July 1965 



Earn 

VEST POCKET POCKET RADIO may give 
London sinisters a rum show, and 
the bobbies an easier time of it. The 
Home Office announces it will equip 
some 300 of its constabulary with 
Cossor type CC2/8H Pocket Radio-
telephones. The VHF radio has almost 
total concealment. The small mike and 

earpiece are external. It has high out-

put and low battery wear. 

CARBON ELEMENT, in a telephone 
transmitter, that cancels background 

noise and provides better voice signal 
has been introduced by Roanwell Corp. 
for use in high noise-level areas. Called 
C-505 Confidencer, the noise-canceling 
transmitter cancels an average of 18db 
of noise. It has a range of 300 to 
3500cps and is for use in all standard 

handsets. According to Roanwell, the 
device can eliminate acoustical feed-
back in P.A. systems. 

STOCK TRANSACTIONS may next 
be carried out on an automated trading 
floor at the American Stock Exchange 
in New York. According to the plan 

3M brings you complete 
epoxy system capability 

What form of epoxy would you like? A tape? Tubing? Flexible or 

rigid coated material? 3M has them all, plus a complete line of 

room-curing and oven-curing epoxy resins in both rigid and semi-

flexible forms. Where complete encapsulation is desired, 3M has 

an epoxy resin of the right viscosity and formulation to suit your 

needs. If complete encapsulation is not feasible, 3M offers 

epoxies engineered in other forms to build equipment with much 

of the same insulation qualities of units fully encapsulated. 

Whatever your epoxy insulating problem, 3M has the products 

and people to solve it. Want more facts? See your 3M " IQ" Man*. 
•"IQ" means Insulation Qualified. Your 3M Man is trained and qualified to advise and 
assist with insulation problems. Call him or write: 3M Co., St. Paul, Minn. 55119 

Electrical Products Division 3 FP 
TAPES • RESINS • TUBINGS • VARNISHES • COATED FABRICS • LAMINATES • MICA PRODUCTS 

Circle 46 on Inquiry Cord 
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to be implemented early next year, 
there will be electronic keyboards at 
each trading post. Transactions will be 
reported directly to stock tickers so 
the odd lots and the round lots can be 

traded faster and the translux will dis-
play transactions within seconds. The 
program also includes a computer sys-
tem for stock clearing and market 

surveillance. Supplier is to be The 
Bunker-Ramo Corp. 

NABBED BY EDP may become a 
criminal cry in the future for yeggs 
ill the Flint, Mich., area. The city 
will install an NCR 315 this summer, 
first to handle payroll, taxes, and 
water-billing. Then the system will 
be phased in to check out suspicious 
persons at HQ while the cop on the 
beat holds the person in question at 
the corner phone. 

DATA TRANSMISSION will triple 
capacity of communications facilities 
used to guard against train derail-
ments caused when heat slows or 
"locks" wheels of moving cars. De-
veloped by Lenkurt Electric Co., Inc., 
subsidiary of GT&E, the data system 
increases capacity by dividing each 
communications channel into three 
separate channels. It will also trans-
mit heat data. 

STEREO IN ORBIT literally became 
reality when Carl R. Rollert, of Col-
lins Radio Co., sent a stereophonic 
signal to Relay II, an active repeater 
satellite, and heard it back on Earth 
again after a round-trip of more than 
11,000 miles into outer space. Mr. 
Rollert's effort marked the first time 
stereo signals have been bounced from 
orbit. 

ELECTRONIC DEVICES protect 
the rare religious volume collection 
in the most modern book repository of 
its kind in the world at the National 
Cathedral in Washington D. C. A 
motion detection system—a field of 
inaudible sound—is sensitive enough 
to detect movements at one inch 
per second or as fast as 20 feet per 
second. Antenna wires concealed in 
the exhibit cases set up a field. If the 
field is broken the alarm sounds. 

LEGISLATIVE SCORECARD is 
being provided by EDP to help Florida 
state legislators keep track of more 
than 3,000 bills considered during each 
session. Daily computer-produced re-
ports from a high speed RCA 301 
system provide the solons with a 
readily accessible review of all floor 
and committee actions the day before, 
a history of all bills in the legislative 
hopper, and a reference index of all 
bills by subject and number. 
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Midgets and specials for electronic assemblies 

A cutter that cuts clean and holds the crimped end . 
One that cuts and crimps wiring on a printed circuit for efficient dip soldering ... 
A trimming plier, flush cutting. 
A needle nose plier that reaches deep into miniature assemblies . . . 
These and dozens of other pliers are available from stock in the complete Klein 

line. In fact, here you will find pliers exactly designed for any electronic system 
where clean cutting accuracy, crimping and bending are necessary in extremely con-
fined space. 

The Klein line of specially designed electronic pliers offers a plier exactly de-
signed for each specific job—saving time, speeding assemblies, assuring a better 
product. For complete information write for the Klein catalog on electronic pliers. 

See Your Distributor • Foreign Distributor: ITT Export Corporation, New York 

MathiasKLEIN & Sons Es,abho.d 1857 Clucate,111,U S A 

INCORPCRAT ED 

7200 McCORMICK ROAD, CHICAGO 45, ILL 
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You'll forget to worry 
about component 
heat, 

and just gloat 
over your savings... 

...with IERC tube shields 

and semiconductor 
heat dissipators 

• e. • e't - le Life 111112 
Longer component life, higher oper-
ational efficiency, and greater relia-
bility. They add up to quite a savings. 
And, increase your competitive advan-
tage. IERC saves you even more. New 
IERC Therma-Rel shields, for example, 
are the lowest-priced heat-dissipating 
tube shields ever! And, typical IERC 
semiconductor heat dissipators cut 
size by 1/3 and weight by 2/3 over 
competitive models, yet cool com-
ponents faster! Circle our number on 
the inquiry card to get more data on 
hea: dissipators and tube shields with 
extra savings from IERC. 

SID 
db more problem solvers from IERC 

Heat Transfer Meter, 

Model 5900 

Provides fast, con-
venient means of 

measuring heat transfer characteristics, thermal 

resistance, thermal mass, and serves as constant 
temperature source. One instrument does all. 

WELDED 
MICRO-CIRCUIT 
PACKAGING 

TELEMETRY 
AND [LIN 

POWER SUPPLIES 

IERC 

MILLRICH 
SPACE-ACE 
MACHINING 

HENCO 
PROTECTIVE 
COATINGS 

INTERNATIONAL ELECTRONIC 
RESEARCH CORPORATION 
7 35 W. Magnolia, Burbank, California 91502 

DEPT. El-765 A DCA subsidiary 
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Gateshead—Portable, low-cost ana-
logue computer (Analogue tutor Mk2) 

designed to introduce students to 
analogue computation is being pro-

duced in Britain by System Computers 
Ltd. 

Farnborough — Solartron recently 
presented a course on advanced com-
puter technology at its computer cen-

ter for customers and prospective 
clients from principal European Air-
craft firms in Germany, Italy, Sweden, 

Holland, France and Belgium. 

Berlin—A speech recognition device 
developed by Heinz Kusch of Tele-
funken so far can recognize the num-

bers 1, 2, 9, 0, indicated by luminous 
figures, whether spoken by man or 
woman. Numbers can also be printed 

out. 

Dusseldorf—International Congress 

and Exhibition for Instrumentation and 
Automation ( INTERKAMA 1965) set 

for October 13-19, will deal with auto-
mation engineering and will cover in-
strumentation in pneumatics, hydrau-

lics and electronics. 

Paris—A new simulator computer 
that will aid in evaluating flight char-

acteristics and design of "Concorde," 

Anglo-French supersonic transport air-
craft, has been announced by Le 

Material Telephonique, ITT subsidiary. 

Hong Kong—Cable & Wireless Ltd. 
is installing a Marconi Self-Tuning h-f 
communications equipment in its trans-

mitting station at Cape D'Aguilar for 
Stage I of South East Asia Common-
wealth Telephone Cable. 

Johannesburg—Netherlands Bank of 
South Africa is the first organization 
in the region to install an NCR 315 

System. It is being used to process 
accounts at the bank's main office and 

eight branches. 

Kanagawa, Japan— Hitachi Ltd. has 

ordered an Automatic Memory Tester 
(Type 1524) from Digital Equipment 
Corp. to be used in development and 
production of data and program stor-
age units. 

Taipei, Taiwan—Republic of China 
has inaugurated a multi-million dollar 
microwave radio network built by 
Collins Radio Co. System includes 

stations around Taiwan perimeter and 
links to the Pescadores. One off-shore 

length is about 104 miles long. 

NEW MINIATURE 
BANANA PLUGS 
ON 1/2" CENTERS 
A state-of-the-art development, 
these new 1/2 -inch plugs, 
jacks, and cable assemblies 
from Pomona Electronics are 
designed for the new generation 
of miniaturized test equipment. 

Banana plug springs formed of one piece 
heat treated Beryllium copper, gold 
flashed, for long life and low contact 
resistance (per QQ-C-533). Tough, molded 
thermoplastic bodies provide maximum 
strength and insulation. All plugs have 
stack-up feature. 

No. 2244 
DOUBLE BANANA PLUG 
WITH SET SCREWS 

No. 2245 DOUBLE BANANA 
PLUG WITH SOLDER 
TURRET TERMINALS 

No. 2246 DOUBLE BANANA No. 2035 
PLUG WITH MOLDED DOUBLE BANANA PLUG 
PRECISION RESISTOR WITH SHORTING BAR 

No. 2247 
PATCH CORD: 

DOUBLE BANANA PLUG BOTH ENDS 

No. 1081 PATCH CORD: 
SINGLE BANANA PLUG 

BOTH ENDS 

No. 2142 No. 2143 
SINGLE DOUBLE 

INSULATED BANANA JACKS 

Molded of high impact polycarbonate ther-
moplastic.Body made from one piece solid 
machined brass, gold flashed. 

WRITE FOR FREE CATALOG 10-65 

Lists over 200 molded test 
accessories, all designed 
to meet rigid industrial 
and military specifications 
—and built by the quality leader... 

POMONA 
ELECTRONICS CO., INC. 
1500 East Ninth Street, Pomona, California 91769 

Telephone (714) 623-3463 

Circle 49 on Inquiry Card 
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CIRCUIT BOARD CONNECTOR 

Designed to interconnect 3 circuit 
boards where space is at a premium. 

The receptacle, 74-111, of this micro-
miniature connector is divided into a 2 
contact section. Any or all of the contacts 
may be used, depending on the design 
apptication. Plug board 74-109 has 2 con-
tacts, and plug board 74-110 has 6 contacts 
in which any or all may be used. Contact 
rating is 0.5a. at 1000v. RMS. Dimensions 
of components: 74-109 is 0.200 x 1.475 x 
3/32 in.; 74-110 is 0.410 x 1.475 x 3/32; 
and the 74-111 receptacle is 0.830 x 1.900 
x 0.163. Amplienol Microelectronics, 2801 
S. 25th Ave., Broadview, Ill. 

Circle 287 on Inquiry Card 

DUAL-LATCHER RELAYS 

Two relays are mounted on a common 
base connected by a latching mechanism. 

With the 25BL, momentary impulse on 
the unlatched coil causes the contacts to 
close and remain latched until the other 
coil is pulsed. Mechanical life exceeds 20 
million operations. Electrical life depends 
on load characteristics. Pull-in voltages: 
dc, 75% nominal voltage; ac, 78% of 
nominal voltage. Designed for heavy duty, 
2PDT, 4PDT, or 6PDT switching on 
ac or dc inputs, it is rated at loads of 5 
or 10a. @ 115vac. Weight is 4.5 oz. E. 
W. Bliss Co., Eagle Signal Div., Daven-
port, Ia. 

Circle 288 on Inquiry Card 
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". . . advancing the STATE-OF-THE-ART in Components & Equipment." 

AMPLIFIER TRANSISTOR 

Delivers 15w. output at 1001« 
with 7111, typical pozver gain. 

The 2N3818 VHF, NPN silicon power 
amplifier transistor is designed for Class 
C amplification from 25v. supplies. Uses 
include drivers for high-power varactor 
multiplier chains, and a single sideband 
amplifier for freqs. through the 74mc 
band. It is rated at 2a. continuous col-
lector current and 80v. minimum pulse-
breakdown voltage. Transistor is pack-
aged in the TO-60 can and uses an inter-
digitated-type geometry. Motorola Semi-
conductor Products Inc., P.O. Box 955, 
Phoenix, Ariz. 

Circle 289 on Inquiry Card 

REFERENCE TUBE 

Maintains its 100v. reference 
voltage within ±--1v., or 1%. 

Reference voltage for the Z100R12 is 
3rna. It is particularly useful where divi-
sions by 10 or 100 are desired, such as in 
digital voltmeters. As a voltage regulator 
it exhibits less than lv. change in regulat-
ing voltage from 0.6 to 12.0ma. Its temp. 
coefficient is — 9mv/°C. The tube has an 
average ignition voltage of 140vdc. Max. 
operating current is 14ma. Minimum op-
erating current as a shunt regulator is 
0.7ma, and in parallel with a capacitor it 
is 1.8ma. Signalite Inc., 1933 Heck Ave., 
Neptune, N. J. 

Circle 290 on Inquiry Card 

POWER SOURCES 

R-F sources cover the freq. range from 
1 to 11Gc. Power output above 30mw. 

The Velocitron® r-f sources feature r-f 
shielding on the klystron base leads to 
prevent radiation and non-contacting low-
noise tuning short. They do not require 
forced-air cooling and have a rugged me-
chanical structure. Cavity life is practi-
cally unlimited. The sources can be used 
as highly stable local oscillators, bench 
oscillators, or signal generators or sources 
with CW, FM, and pulse modulation 
capability. Polarad Electronics Corp., 
34-02 Queens Blvd., Long Island City, 
N. Y. 

Circle 291 on Inquiry Card 

ROTARY SWITCHES 

Provide > 50,000 cycle opera-
tion for loads to 100vdc, 0.25a. 

The series 1 switch line have independ-
ently sprung, dual, balanced moving con-
tacts. Improved switching action reduces 
cross tracking between contact and in-
sulation materials. The stators are keyed 
and nested for positive deck alignment. 
Other features include: adjustable stops 
(with 25 in./lb. stop strength ratings), 
identified terminals, silver or gold plated 
current carrying parts, and integral 

molded in terminals and contacts. Voltage 

breakdown is 1000v. RMS. Shallcross Mfg. 

Co., Selma, N. C. 

Circle 292 on Inquiry Card 
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ITT Heat-Shrink Tubing 
mee tougher new Mil-spec 

New ITT Heat Shrink Tubing easily fits 
over coax connector, yet, because it 
shrinks to 50% of its original size with 
the application of heat, the tubing forms 
a tight insulating bond around both the 
coax and the connector. 

Specify ITT 50% Shrinkable 
Tubing for Assured Perform-
ance... it conforms to revised, 
and now far more stringent, 
specification MIL-I-23053A. 
Ideal for use in military elec-
tronics, and for general indus-
trial applications, the tubing 
shrinks to half its original size 
upon application of heat. ITT 
tubing is fluorine- and chlorine-
free, can't cause corrosion. It's 
especially suitable for use di-
rectly on contacts, even those 
in the millivolt signal range. 

ITT Heat- Shrink Tubing 
vibration-proofs and weather-
proofs electrical connectors, 
mechanical and hydraulic 
couplings, and other metallic 
fittings. It is tight, form-fitting 
insulation for connections, 

splices, wire harnesses, cables, 
and wear points. Available 
from stock in 14 diameters 
from 3/64 to 4 inches, clear 
and in five permanent colors. It 
retains its flexibility and form 
stability from —65° to +275°F, 
and is highly resistant to im-
pact, perforation and abrasion. 

For detailed specifications, 
technical assistance with ap-
plications, or engineering sam-
ples, write: Dept. E, ITT Wire 
and Cable Division, Interna-
tional Telephone and Telegraph 
Corporation, Clinton, Mass. In 
Canada,write or call ITT Royal 
Electric Company ( Quebec) 
Limited, Pointe Claire. 

Iwire and cable division 
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Collet clamping action compensates for off-center con-
ductor, irregular insulation. 

Die severs insulation and strips slug. Never touches 
conductor, can't nick or scrape. 

NO-NICK, NO-SCRAPE WIRE STRIPPING 
With Ideal's Custom Stripmaster you can 
production strip both stranded and solid 
conductor wires to aerospace precision 
specifications. Even under 40-power mag-
nification wires show no nicks, scrapes, or 
scratches. That's because insulation is re-
moved with dies rather than knife blades. 
These dies sever insulation with a collet-
ing action that automatically compensates 
for off-center conductors and insulation 
irregularities. Special grippers hold the 
wire without crushing or marking insula-
tion as dies strip the slug without touching 
the conductor. Each pair of matched dies 
is individually machined on watchmaker's 
equipment to precision tolerances. 

dry transfer 
MARKING KITS 

for ELECTRONIC EQUIPMENT 
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"Instant Lettering" marking kits contain all the neceqsary elements 
for completely marking electronic equipment, drawings, prototypes, 
schematics, etc., in a fast easy-to-use form. 

Words, letters, numerals, switch patterns, arcs, etc., are printed on 
a special transparent carrier film. Rubbing over one of these ele-
ments with a ballpoint pen releases it from the carrier film and 
adheres it to your working surface. 

Reproduction quality " Instant Lettering" transfers are clean and 
sharp, leave no background naze or film, make prototypes look like 
finished production equipment and give all equipment and drawings 
a professional look. 

WRITE FOR FREE SAMPLE AND COMPLETE DETAILS 

THE D ATAK CORPORATION 
63 71st Street Dept. 625 Guttenberg, N.J. 

Circle 64 on Inquiry Card 

There are standard Custom Stripmaster 
models for Type E Teflon, Type EE Teflon, 
and for general-purpose insulation in wire 
sizes 10 to 14, 16 to 26, and 26 to 30. 
Custom Stripmasters with special dies are 
available for unusual stripping problems. 

If you are precision stripping any kind 
of wire on a production basis, you ought 
to know about the Ideal Custom Strip-
master. Write today for details. 

IDEAL INDUSTRIES, INC. 
5127-G Becker Place, Sycamore, Illinois 
IN CANADA: 

IDI Electric (Canada) Ltd., Ajax, Ontario 

Circle 51 on Inquiry Card 

High Quality Coil Forms For 
All Electrical Applications 

SQUARE AND RECTANGULAR TUBES— 

Choice of any dielectric material or combina-

tions. Any length, shape or size. Especially 

recommended for Class A, 8 and H tempera-

ture ranges. 

ROUND TUBES—Any decimal size up to 8". 

Fabricated from dielectric kraft, fish paper, 

acetate, DuPont Mylar, Johns-Manville Quin. 

terra, fibre glass, other materials or combi-

nations. 

RESINITE PHENOLIC IMPREGNATED 

Feature the highest resistivity of any resinated 

product. Furnished in any shape or size— plain, 

embossed or internally threaded, also in fly-

back transformer forms. 

BOBBINS—Molded or fabricated—to speci-

fication in all sizes, shapes and dielectrical 

materials for all electrical and corrosion require-

ments, Class A, Et and H tem-

perature ranges. 

Request catalog and prices. 
Ask about Precision's com-

plete coil form service. 

PRECISION PAPER TUBE COMPANY 
104 9 S. Noel Ave., Wheeling, Ill. 60090 (Chicago Suburb) 
TELEPHONE 312... 537-4250 TVVX 312... 537-5202 

Circle 65 on Inquiry Card 
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CERAMIC CAPACITORS 
Working voltage of 100vdc and meet 
or exceed requirements of Mil- C-11015. 

The CN series miniature monolithic 
ceramic capacitors have a range to 5.0µf. 

Packaged in transfer-molded plastic cases 
with non-polar operation, the units can 
be used over a temp. range of — 55°C to 
+125°C without voltage derating. Capaci-
tance will not change more than ±-15% 
over the temp. range. Gulton Industries, 
212 Durham Ave., Metuchen, N.J. 

Circle 278 on Inquiry Cord 

DIFFERENTIAL VCO 
Uses crystal referereed circuit to 
provide stability and linearity. 

The Model 503-100 low-level differen-
tial VCO has an input impedance greater 
than 100 megoluns. It uses no temp. con-
trolled oven. Center freq. and deviation 
sensitivity are determined by plug-in 
channel selectors that are available for 
all standard TRIG and constant bandwidth 
center freqs. up to 1 m c. The unit allows 
direct FM recording of mv-level trans-
ducer signals to be accomplished without 
intermediate signal conditioning equip-
ment. It is designed for uses involving 
thermocouples, resistance bridges, poten-
tiometers, and other low - level signal 

sources, as well as for medium and high-
level signal sources. Astrodata Inc., 240 
E. Palais Rd., Anaheim, Calif. 

Circle 279 on Inquiry Card 

CTS 
KNIGHTS 
OVENS 

Snap-Action Thermostat Ovens 

Proportional Control Ovens 

Single Crystal Ovens 

Multiple Crystal Ovens 

Printed Circuit Board Ovens 

In J K Ovens, reliability is no option. Its o built-in characteristic 
of every oven for crystals or components - -- the sum-total of outstanding design, 
competence in production, severe testing. Proved in thoLsands of applications. 
Pre-engineered, readily adaptable ---- with a variety of options for your special 
requirements: temperatures, voltages, configurations. 

JK043 Series: Proportional control oven for precise tempercrures. Advanced 
circuit design. Ideal where switching action of a thermostat cannot be tolerated, 
and where high stability is needed. JK044: reduced-cost version of JK043. 

JK014S Series: Rugged, large-cavity oven (n6" ID.) Stable operating preci-
sion. Adaptable for wide range of uses for large crystals or components. 

JK011 Series: Up to 10 miniature crystals may be plugged into this compact 
(1.3" h. max.) quality- built oven assembly. Hermetically-sealed thermostat. All 
crystals accessible from top. 

JKO4S & JKO4ST Series: Two sizes of ovens in compact packages. Superior 
performance and life. Sealed, snap- action thermostat. With/without circuit 

board mounting brackets. 

JK013S & JK026 Series: Large cavity ovens offering snap-actior thermostat re-
liability. Very narrow cycling stability. Variety of interral socket arrangements, 
sealed unsealed thermostats. 

JKO9S1 Series: For crystals and other electrical components. Snap-action thermo-
stats. Hermetically-sealed thermostats for explosion-proof and moisture- resistant 
applications, optional. 

Special Ovens: Ovens to hold Printed Circuit Boards. Special types of ovens 
to suit your individual design requirements. 

WRITE FOR DATA SHEET COVERING JK OVENS 

CTS Knights, Inc. 
(Formerly The James Knights Company) 

Sandwich, Illinois 
A Subsidiary of CTS Corporation, Elkhart, Indiana PRODUCTS 

ELECTRONIC INDUSTRIES • July 1965 Circle 52 cn Inquiry Card 123 



makes 
more kinds of 
mercury relays 
than anybody 

Send 
for a 
free 
catalog. 
A recent addition to the 

Adlake line: the polarized bi-

stable mercury wetted contact 

relay, pictured above, which 

delivers speeds up to 100 

operations per second. Others 

include:time delay; load (con-

tacts open or closed); wetted 

contact ( inducing epoxy en-

capsulated and sensitivP non-

bridging). 

THE ADAMS & 

WESTLAKE COMPANY 

Elkhart, Indiana 

Dept. P-8803 Relay Division 
Dial Area 219 COngress 4-1141 

Circle 53 on Inquiry Card 

ii 1P) I=1 Urg 

V-O-M 

Offers VTV1I2 sensitivity with all the 
convenient portability of a V-0-M. 

The Model 630-M features 20K(1/vac 
sensitivity, one million (2/vdc sensitivity, 
and ±3% ac accuracy. Sensitivity is de-
rived from the singular achievement of 
its basic 0-1 dc ¡La suspension movement. 
The unit has no amplifiers, no zero drift, 
no warm-up, and no power requirements. 
It makes current measurements from 20na 
and voltage measurements from 5mv. The 
Triplett Electrical Instrument Co., Bluff-
ton, Ohio. 

Circle 293 on Inquiry Card 

AC VOLTMETER 

Measures front 100gy to 300v. RMS 
and —72 to +52db on 12 scale ranges. 

This solid-state ac voltmeter uses a new 
taut-band indicating principle in the meter 
movement. This allows the use of a linear 
scale and results in more accurate read-
ings between scale markings and con-
sistent repeatability without meter tap-
ping. Accuracy is ±2% of full scale, 50 
CPS to 300xc. The amplifier output pro-
vides 1.4v. p-p, or 0.5v. RMS into 600i or 
more. Input impedance is greater than 10 
megohms on 1-300v. range, and 1 megohm 
on 1-300mv range. Freq. response is flat 
from 20 cycles to 1 mc. For indicating 
purposes, the instrument is usable from 
5 CPS to over 5mc. Motorola Inc., Com-
munications Div., Technical Information 
Center, 4501 Augusta Blvd., Chicago, Ill. 

Circle 294 on Inquiry Card 

ABOUT 
TIME! 

A fluid temperature 
chamber with 
phenomenally low 
gradients.,,. at a 
sensible price! 
Here's stability that only a fluid 
temperature chamber can provide— 
combined with Delta Design exclu-
sive Type III Control for program-
ming with ease and unmatched 
flexibility. All this at prices starting 
at $2910—less than half what you 
might expect to pay for a mechani-
cally refrigerated chamber. Result: 
new Series 5500 Fluid Chambers are 
the best buys in environmental test 
equipment. 

Temperature gradients of 5500 
Chambers average less than 0.05°C 
throughout the entire 14" cube of 
working volume. Rely on resett-
ability of ± 0.25°C for inspecting 
critical electronic components ... for 
calibrating transducers and sensors 
... for any application where such 
tight control as ±- 0.01°C is a must. 
Standard 5500 models provide tem-
peratures from — 30 to + 175°C; 
to — 73°C in one model. Special 
models are available for running 
"shock treatment" tests at high, low 
and ambient temperatures at the 
same time, in the sanie chamber. 

Get all the facts on Delta Design 
fluid chambers ... or tell us your 
requirements. Contact us directly or 
the Delta/Non-Linear Systems office 
nearest you—on any environmental 
control problem. It's our specialty. 

The Environmental Control People 

8000 Pletcher Parkway • La Mesa, Calif. 
Phone: (714) 465-4141 

Overseas Representative: Microwave International 
Corp, 420 Lexington Ave., New York, N.Y., U.S.A. 

Microken—N.Y, 

Circle 54 on Inquiry Card 

ELECTRONIC INDUSTRIES • July 1965 
124 



TAPE TRANSPORT 

Operates at any speed or combination 
of speeds between 75 and 150 ips. 

The TM-12 uses a single-capstan drive 
for high reliability. The single-capstan 
drive system requires less than 1/5 the 
moving parts of conventional, pinch-roller 
tape drives, thus needing far less main-
tenance. Data transfer rate is up to 120,-
000 characters/sec., suitable for high-speed 
computers. It has packing density of up 
to 800 cpi; either 7 or 9-track format is 
provided. This system can handle various 
tape formats, both shared and unshared, 
including IBM-compatible 7-track, IBM 
360-compatible and ASCII 9-channel. 
Ampex Corp., 401 Broadway, Redwood 
City, Calif. 

Circle 280 on Inquiry Card 

IMPEDANCE METER 
Impedance magnitude from 10 to 10 »fey-
ohms and phase angle from 0 to 360°. 

With the Type 4800A Vector Impedance 
Meter impedance magnitude and phase 
angle are instantaneously displayed on 2 
front panel meters. Analog outputs di-
rectly proportional to impedance magni-
tude, phase angle, and freq. are available 
so that, by single connection to an X-Y 
recorder, direct reading plots of vector 
impedance as a function of freq. may be 
conveniently obtained. These outputs may 
also be used to actuate limit switches or 
operate digital or expanded scale volt-
meters for special uses. The meter also 
functions as a direct reading L-C meter, 
covering ranges of lAth to 100Kh and 0.1pf 
to 10Ki.d. Boonton Radio Co., Green Pond 
Rd., Rockaway, N. J. 

Circle 281 on Inquiry Card 

EECo's 

PRICES 

JUST 
DROPPED... 

...21% on its 
welded/encapsulated 
Q Series 
digital circuit modules 

• 

It's like getting every fifth module free. That's the effect of a 
price cut—up to 21%—on EECo's reliable, solid-state 
Q- Series modules. In fact, this means you can now save even 
more money in making the conversion from electromechanical 
to dependable electronic systems. 

And Q's are surprisingly easy to use-99% of digital needs 
are answered with just four Q modules. One module makes 
five different flip-flops—another makes four standard digital 
circuits. Frequencies: 25 kc, 100 kc, 1 mc. Delivery: off-the-
shelf. Write, phone, or wire for complete information. 

Ask for our $5.00 flip-flop. 

ENGINEERED ELECTRONICS Company 

1441 East Chestnut Ave. Santa Ana, California 92702 
Phone: (714) 547-5651 TWX: 714-531-5522 Cable: ENGELEX 
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See single variables more clearly on charts 100 mm wide 

— or record two related variables simultaneously on 50 mm channels 

These portable oscillographs 
will save you valuable lab/field time 
For maximum resolution of traces rep-
resenting extremely small variations in 
the dc to 30 cps parameter being meas-
ured, the Sanborn 7701A single-channel 
oscillograph combines every time-proven 
advantage of reliable, heated stylus, 
rectangular-coordinate recording with 
the wide adaptability of plug-in signal 
conditioners of your choice (now 6 
Sanborn types to choose from). Chart 
speeds pushbutton-selected, 0.5 mm/ 
sec to 50 mm/sec; at min. speed, over 
30 hours of continuous recording are 
possible. Basic system, completely por-
table in 12" x 10" x 18" case, $ 1,075; 
interchangeable preamps from $75 to 
$600. 

When two conditions must be measured 
simultaneously — in the millivolt to 500 
volt range, or as low as 10 uy from AC-
excited transducers — the 320/321/322 

family of portable recorders offers dc-
125 cps response, individual-channel 
Range, Gain, Function, Stylus Heat and 
Position controls, 0.25 div. max. non-
linearity, four pushbutton chart speeds, 
low drift and high gain stability. Model 
320 designed for general-purpose dc 
to 125 cps recording, has 0.5 mv/mm 
max. sensitivity, floating input; price 
$1650. Model 321 carrier-type with 
built-in oscillator for ac transducer ex-
citation, 10 uy/mm sensitivity; price 
$1650. Model 322 for general purpose 
dc- 125 cps recording, 10 mv/mm sensi-
tivity; differential, balanced, high im-
pedance input; price $ 1395. Each system 
occupies only one cubic foot, may be 
used in portable case or rack-mounted. 

Call your local Hewlett-Packard/Sanborn field 
engineering office now for complete specifications 
or application assistance — or write: Sanborn 
Division, Hewlett-Packard Company, 175 Wyman 
Street, Waltham, Mass. 02154 

HEWLETT «-
PACKARD ze sANBoRN 

at DIVISION 

-\£51 UFO 

TIME INTERVAL COUNTER 

Features 6 ranges. Permits measure-
ments from 10µsec. to 99999 sec. 

Model CF-300R interval counter fea-
tures level gating. It provides a wide 
range of interval measurements such as 
pulse length, pulse spacing, and time be-
tween electrical events. The unit pro-
vides both single line and 2 line gating 
with separate ± slope and dc level con-
trols. Digital readout is displayed for an 
interval adjustable from 0.2 to 6 sec., or 
the display may be held indefinitely until 
reset. Anadex Instruments Inc., 7833 
Haskell Ave., Van Nuys, Calif. 

Circle 225 on Inquiry Card 

HYBRID CIRCUIT 

Consists of 4 diodes with precisely 
matched dynamic characteristics. 

The forward voltage among all 4 diodes 
is matched to within .±. 10mv from 0.1ma 
to 10ma in temps. from —55° to +125°C. 

Leakage currents are matched to ±20na 
@ 25°C and -±- lita @ 125°C. Diode offset 
voltage is matched to -L-10 and ..-1.:20mv 
at 10ma of diode current. The stored 
charge, turn-off time and turn-on time 
are also closely matched, thereby increas-
ing circuit predictability. The diodes are 
in a flat pack for easy mounting on PC 
boards, thin-film microcircuits, or in strip 
lines. The 50v. diodes have a capacitance 

of 2pf @ Ov. and a reverse recovery time 
of 2nsec. Power dissipation at 25°C is 
250mw. Steady-state forward current is 

115ma. General Electric Co., Schenectady, 
N. Y. 

Circle 226 on Inquiry Card 
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TRANSISTOR 
Handles up to 100w. RMS 
in class AB operation. 

The DTG-110B has such high power 
handling capabilities that only 2 instead 
of 4 are needed to handle up to 100w. 
lugs power in class AB audio power 
output applications. It offers low distor-
tion at high power levels. Linear gain 
(typically 125 at IL of 5a.) and trans-
conductance characteristics provide for 
very low amplifier distortion. Delco Radio 
Div., General Motors Corp., Kokomo, 
Ind. 

Circle 282 on Inquiry Card 

WIREWOUND RESISTOR 
Panel mount resistor requires 
only 1 terminal connection. 

This resistor uses a finned aluminum 
housing into which a precision wirewound 
element is molded. The housing contacts 
the chassis at a point adjacent to the hot-
test part of the resistor, thus giving a 
better heat sink. One major use for the 
panel mount design is as a drive line re-
sistor in letsec. core memory systems using 
a series termination technique. Resistors 
are available in 2 models: PH-10-5 rated 
at 10w. with a max. resistance range of 
0.1 to 47.11(ft; and PH-25-8, rated at 25w. 
with a max. resistance range of 0.5 to 
95Ka. Both are available in tolerances 
from 0.05 to 3%. Dale Electronics, Inc., 
subs. of The Lionel Corp., P. 0. Box 488, 
Columbus, Nebr. 

Circle 283 on Inquiry Card 

HOFFMAN NOW OFFERS STOCK LINES OF 

RH-
SHIELDED 
ELECTRICAL 
ENCLOSURES 
with all-welded seams and gasketed covers 

Two complete lines of RFI-Shielded enclosures are now 

available from selected Electrical Distributors. 

* NEMA type 12 ( oil tight, dust tight) 
electrical enclosure. RFI-Shielded— 
welded seams- 14 gauge cold 
rolled steel—cadmium plated sur• 
faces—monel and neoprene gas-
ketmg—no holes except the door 
opening-8 sizes, from 16" x 12" 
x 6" to €GO" x 36" x 8". 

I. Small JIC box (oil tight, dust tight) electrical enclosure. RFI-Shielded 
—welded seams- 14 or 16 gauge 
cold rolled steel— cadmium plated 
surfaces—monel and neoprene 
gasketing—no holes except the 
cover opening-8 sizes 4" x 4" x 3" 
to 16" x 14" x 6". 

gammin 
:1111.1111111.11111".. 

JIC Box: 4" x 4 ii 3" to 
16" x t4 u 6' 

Nema 12 
Enclosure: 

16"x 12"x 6"to 
60" x 36" x 8" 

Free-Standing 
Nema 12: 

72" 24. x 18" to 
90" x 36 x 24' 

Consoles, wireway and free-standing NEMA 
12's are examples of other Hoffman en-
closures which can be RFI Shielded at 
your request. 

• 

Consoles: 
50" u24" 

x 23" 
deep 

Wireway: 2 le sq.. 
4" sq., 6' sq.. 8" sq., 

l'-10' lengths 

The following features insure maximum RFI attenuation for your application: 
• Heavy gauge steel • Welded seams • Tightly clamped covers • Corrosion 
resistant gasket material and mating surfaces. 

Write for NEMA 12, RFI-Shielded Bulletin No. A-23 and 
JIC, RFI-Shielded Bulletin No. A-53. Let us quote on your * Nat'l. Elec. Mfr's. Ass'n. 
special RFI-Shielded enclosure requirements. t Joint Industry Conference 

"... has the experience" 
HOFFMAN ENG'NEERING COMPANY 

Division of Federal Cartridge Corporation 
Anoka, Minnesota, Dept., El-331 

ELECTRICAL 
ENCLOSURES 
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now there are 3 
time & tool-saving 
double duty sets 
New PS88 all-screwdriver set rounds out 
Xcelite's popular, compact convertible tool set 
line. Handy midgets do double duty when slipped 
into remarkable hollow "piggyback" torque am-
plifier handle which provides the grip, reach and 
power of standard drivers. Each set in a slim, 
trim, see-thru plastic pocket case, also usable 
as bench stand. 

PS88 
5 slot tip, 
3 Phillips screwdrivers 

WRITE FOR CATALOG SHEET N563 

PS120 
10 color 

coded nutdrivers 

sepoliso 

PS7 
2 slot tip, 
2 Phillips screwdrivers, 
2 nutdrivers 

XCELITE, INC., 28 Bank St., Orchard Park, N.Y., U.S.A. 

Canada: Charles W. Pointon, Ltd., Toronto, Ont. 

Circle 58 on Inquiry Card 

DIFFERENTIAL AMPLIFIER 

Offers a building block concept with 
5 options which provide flexibility. 

The 391 Series Low Level DC Differ-
ential Amplifier has a single gain between 
10 and 1000 and a single bandwidth of 
100xc. The 5 options are: 7 switched 
gains; 5 switched gains with full inter-
polating vernier; dual output; 8 switched 
bandwidth; triple output — high level 
multiplex switch for remote switching of 
2nd output. Redcor Corp., 7800 Deering 
Ave., P. 0. Box 1031, Canoga Park, Calif. 

Circle 227 on Inquiry Cord 

TIME DELAY SWITCH 
Uses unique principle to provide 
delays from 30 sec. to 350 hr. 

Model 701 uses a unique electro-chem-
ical principle to provide delays. The basic 
timing element is a microcoulometer con-
sisting of a capillary glass tube filled with 
2 columns of mercury separated by an 
electrolytic gap. Mercury is electro-plated 
across this gap at a very precise rate de-
termined by the dc current selected for 
the desired time constant. When the time 
period ends, the meter impedance rises 
sharply. This voltage rise is sensed and 
amplified through a 2-stage, silicon am-
plifier which drives a reed relay. The 
unit is entirely resettable although, for 
continuous symmetrical or asymmetrical 
cycling, 2 units are required. Running 
current is less than 10ita with a max. of 
2ma at time out. Curtis Instruments, Inc., 
351 Lexington Ave., Mt. Kisco, N. Y. 

Circle 228 on Inquiry Cord 

MANDEX 

Reduce Production Costs—Con-
nections can be made quickly and 
easily without experienced wrappers 
or solders. Training costs and 
losses due to rejected parts are 
greatly reduced. 

Increase Reliability—Gripping fin-
gers soak up solder for highest qual-
ity, long-lasting connections. Pre-
cutting of leads eliminates "stray 
wire" short circuits. Predetermined 
lead lengths reducecircuit impedance. 

Provide Easy Servicing—Advanced 
technical knowledge is not required. 
Component replacement is accom-
plished by simply heating connection 
to remove old lead and reheating to 
insert new lead. 

Call or write for facts 
concerning your ap-
plication. Request 
Bulletin WG-644 for 
detailed general infor-
mation. 

MANDEX 

M ANDE X 
M ANUFACTURING 
COMPAN V. I N . 
Specialists In Electronic Parts  

2618 West 48th Street 
Chicago, Illinois 60632, Phone: 312...254-4200 

Circle 59 on Inquiry Card 
ELECTRONIC INDUSTRIES • July 1965 128 



mighty mite of 
a lusty family 

pagins»../- 

New 120 watt METOHM 
conformal coated metal film resistor de-
signed to exceed MIL-R-10509E Specs. 

Engineered for sub- miniature cir-

cuitry, this sturdy little resistor has a 

rugged end cap construction consist-

ing of gold plated end caps and butt 

welded nickel leads for maximum 

strength and low contact resistance. 

And a hard, high temperature solvent 

resistant coating for ideal moisture 

protection and dielectric strength. 

Here's how the entire METOHM family rates: 

Metehm Type WI150 W1155 WLC60 WI.C65 WLC70 

Rated Watts 
(D125°C 1/20 1/10 1/8 1/4 1/2 

(41 70°C 1/10 1/5 1/4 1/2 1 

Resistance 
(Ohms) Min. 30.1 20 20 20 20 

Max. 100K 301K 500K 1.3Meg. 1.5Meg. 

Dimensions 
Max. I. .180 .280 .330 .540 .630 

Max. 0 .065 .098 .100 .160 .175 

Ward Leonard also supplies Vitrohm 

power resistors and S-coat (silicone 

coated) precision-power resistors. 

All Ward Leonard resistors are avail-

able at your local A- I- Distributor. 

Ward Leonard Electric Co., Metal 

Film Division, 94South Street, Mount 

Vernon, New York. 4.H 

111rAMIIIWIN 
WARD LEONARD METAL FILM DIVISION 

T311 Lia ftr 
DELAY LINE MEMORY 

For use in storing digiialied data 
for short or long intervals of time. 

Series FMS 5000 are all-solid-state, 
self-contained units which provide delays 
from 50 to 4200µsecipass-through. Max. 
pulse repetition rate depends upon the de-
lay of the unit, with 3mc available from 
the 50eisec. delay unit and 2mc available 
from the 42001/sec. unit. The memory 
systems are all "non-return-to-zero" types 
which accept an input logic signal of 6 
-±-2vdc ( logic level " 1") and 0 ±V2vdc 
(logic level "0") to provide an output of 
10ma at the same voltage levels as the 

input logic. Control Electronics Co., Inc., 
153 Florida St., Farmingdale, N. Y. 

Circle 229 on Inquiry Cord 

TUBE SOCKET 

Transmitter tube socket has low 
loss at very high frequencies. 

Type 444 tube socket has excellent 
heat, arc resistance and loss factor. These 
are provided by glass filled alkyd and 
ceramic insulations. Socket is vented to 
provide max. cooling of tube base and 
anode contact area by convection. Voltage 
breakdown characteristics are enhanced 
by appropriate barriers between contact 
positions, and all-molded construction in-
cluding mounting ears. Type 444 mates 
with Amperex DX245/8505, DX274/8603 

and tubes that have similar rnagnoval 
basing with offset anode contact. Con-
nector Corp., 6025 No. Keystone Ave., 
Chicago, Ill. 

Circle 230 on Inquiry Card 
Circle 60 on Inquiry Card Circle el on Inquiry Card 
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AMPERITE 
Thermostatic 
DELAY RELAYS 

Delays: 
2 to 180 seconds 
Actuated by a heater, they 
operate on A.C., D.C., or Pul-
sating Current . . . Being 
hermetically sealed, they are 
not affected by altitude, mois-
ture, or climate changes ... 
SPST only—normally open or 
normally closed . . . Com-
pensated for ambient tem-
perature changes from —55° 
to + 80° C.... Heaters con-
sume approximately 2 W. and' 
may be operated continu-
ously . . The units are 
rugged, explosion-proof, long-
lived, and— inexpensive! 

TYPES: Standard Radio Octal, 
and 9-Pin Miniature. 

List Price, $4.00 

Individual Inspection and double•checking 
assures tcp quality of Amperite products. 

AMPERITE 
BALLAST REGULATORS 

10 

VOLTAGE OF 24V 

SATTIRY 6 CHARGER 
VARIES APPROX 

V0114 AIIPERITI 
VOLTAGE VARIES 

ONLY 

Hermetically sealed, they are 
not affected by changes in alti-
tude, ambient temperature 
(-50° to +70° C.), or humid-
ity ... Rugged, light, compact, 
most inexpensive . 

List Price, $3.00 

Write for 4-page Technical 
Bulletin No. AB-51 

AMPERITE 
600 PALISADE AVE., UNION CITY, N.J. 

Telephone: 201 UNion 4-9503 

In Canada: Atlas Radio Corp., Ltd., 

50 Wingold Ave., Toronto 10 
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NORTRONICS 
SETS THE 

STANDARDS 
AGAIN! 

4-CHANNELS IN-LINE 
FOR 1/4" TAPE... 
AT LOW COST! 

Laminated Core 
"BOO" heads available 

"off-the-shelf"! 
Here's a low-coat compact instrument 
quality 4-channel in-line record/repro-
duce magnetic tape head that offers ex-
ceptional multiple-channel performance 
and long dependable service ... LOOK ... 

• 50 DB interchannel crosstalk rejection 
—each channel is completely isolated 
by shielding. 

• Outstanding high frequency perform-
ance—featuring Nortronics premium 
laminated low loss core structure and 
precision deposited quartz gaps. 

• Intimate tape-to-gap contact—from the 
unique Nortronics hyperbolic face 
contour. 

• Reduced oxide build up—only a highly 
polished all- metal face can provide this 
feature. 

• Superb shielding against external mag-
netic fields. 

• ... and delivery is fast! 

WILL FIT EXISTING 4-TRACK SYSTEMS 
Available in a wide range of impedances 
to match all types of circuits. Types 
include Record only, ltecord/Reproduce 
or Playback only—gaps from 50-500 
micro-inches. Ideal for Audio-Duplica-
tion, Background Music and 4-channel 
"in-line" stereo. 

The "BQQ" magnetic head is another 
result of the "engineering- in-depth" 
policy which has made Nortronics the 
world's largest manufacturer of lami-
nated core tape heads. 

Write for Form No. 7177A 
for complete information. 

710-zezonied£ 
8149-1 10th Ave. N., Minneapolis, Minnesota 55421 

Circle 62 on Inquiry Card 
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GOLD PLATER 

Deposits a uniform thickness of 

gold on both sides of PC boards. 

The Jet Plater deposits gold uniformly 
despite differences in surface areas. It 

eliminates the need for building up too 

thick a deposit of gold on one surface in 

order to accomplish the minimum thick-
ness on the other side. It can also be used 

for the simultaneous plating of equal 
thickness deposits on internal and exter-

nal surfaces of special parts where the 

current required for plating the separate 
areas varies. The Meaker Co., subs. of 

Sel-Rex Corp., 75 River Rd., Nutley, 
NJ. 

Circle 295 on Inquiry Card 

IC MOUNTING HARDWARE 

Developed for the specific problems 

associated with the support of ICs. 

The Series M hardware consists of 

nylon molded guides, spacers, ejectors 

and files, horizontal and vertical equip-
ment drawers all for support of minia-

ture mother boards. It includes mountings 

to attach baby boards to mother boards, 
and new concepts which permit multiple 

circuit connections without conventional 
connectors. Another design allows re-

moving circuit chips for testing without 

cutting wires or damaging glass insula-

tion. Scanbe Mfg. Corp., 1161 Monterey 

Pass Rd., Monterey Park, Calif. 

Circle 296 on Inquiry Card 

Schauer 
Heavy Duty 1/2 Watt 

Zeriers 
— are the highest quality, 

lowest priced in the industry! 
/Check the data below and compare Schauer Zeners with 
the units you are now using for quality and price. These 
10-watt silicon junctions in a 1/2 -watt package feature very 
low dynamic impedance and very high surge capacity — 
25-watt-ms surge from 1.0 to 10 ms. 

TYPICAL CHARACTERISTICS 

V2 @ 12 @ 12 IC 
25°C. 20 ma 100 ma %/° C. 

1-99 
price 

10%Tol. 
2.4 V. 14 ohms 
3.0 17 
3.6 18 
4.3 17 
5.1 10 
6.2 2.0 
7.5 1.5 
9.1 4.0 

3.2 ohms 
3.9 
4.1 
3.9 
2.3 
0.5 
0.4 
0.9 

—0.54 
—.055 
—.050 
—.037 
—.019 
¡. 018 

.044 

.053 

81c 
64c 
64c 
64c 
64c 
64c 
64c 
81c 

T +4 1101tery 0-,P1091 
a; limbo 5.55810 V 

TU , 

Tachometer Circuit 

In addition to the communications industry, a wide range 
of products incorporate Schauer semiconductors in their 
circuitry. Shown above is the circuit for an inexpensive 
automobile tachometer. 

Contact your local distributor or write direct 
for prices and Catalog No. 621. 

Semiconductor Division 

SCHAUER MANUFACTURING CORP. 
4518 Alpine Ave., Cincinnati, Ohio 45242 

Circle 63 on Inquiry Card 
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1N703A 1N497 1N461 2N722L1 1N270JAN 1N427 1N663 

1N128 1N348 IN702 1N625 1N277JAN 1N702 1N625 1N90 

1N709 IN627 1N338 1N86 1N140 1N740 1N127 1N276JAN 

1N192 1N345 1N598 IN598 1N255 1N626 1N341 1N959A 

2N3305 1N283 1N117 1N89 1N349 1N699 1N254 IN128 

1N69A 1N276 IN597 1N126A 1N711 1N181A 1N465 1N470 

1N95 1N710 1N347 1N706A 1N139 1N332 IN468 IN957 

1N712 1N816 1N714 1N908 1N715 1N768 1N837 1N3243 

1N344 1N253 1N497 1N96 1N905 1N751 1N771A 1N916B 

IN914 1N818 1N726 1N891 1N720 1N915 1N7521N1990 

IN755 1N773 1N914 1N746 IN719 1N904 1N931 1N4371 

1N917 1N750 1141958 1N848 IN758 1N812 1N9571N3053 

1N813 1N749 1N879 1N844 1N746 1N840 IN3468 1N4370A 

1N7424 1N949 1N772 IN930 1N757 1N706 1N724 1N3244 

1N716 1N840 1N781 1N194 1N815 1N769 IN25782N1034 

1N811 1N777 1N906 1N756 1141954 1N775 1N717 2N1132B 

1N810 IN929 1N761 2N1224 1N811 1N748 1N959 2N1035 

1N725A IN954 IN774 1N358 1N3062 1N388 1N2530 1N759 

11413727 1N3287 1N1940 1N2582 1N395 1N90 1N981N1986 

IN287 1N2872 1N1991 1N3056 2N329A 2N1239 1N3604 

1N3052 IN100 1N709A 1N960 1N764 1N713A 1N723 1N770 

1N1935 1N1315 1N1410 1N969 1N932 1N762 IN954 1N91 

2N1132 2N3306 1N69NA 11413914 1N3914 1N3060 IN3666 

1N4321 1N3068 1N4372 1N3055 2N328A 1N3991 1N2571 

2N2721 1N1990 1N3205 IN2065 1N1987 1N3592 1N2572 

1N933 1N2532 2N1131 1N763 2N3225 ETC ETC ETC . . . .  

Over 1,000 types available for off- the- shelf delivery 
from your nearest Hughes distributor—or direct from 

Hughes, Newport Beach. We promise prompt delivery. 

! HUGHES ! 
HUGHES AIRCRAFT COMPANY 

MICROELECTRONICS DIVISION 

NEWPORT REACH. CALIFORNIA 

ELECTRONIC INDUSTRIES • July 1965 Circle 84 on Inquiry Card 131 
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MINIATURE ZENER 

Replaces stud zeners. Capable 
of handling 250w. transients. 

This zener is 0.145 in. in dia. and has 
a continuous rating of 5w. It can substi-
tute for stud-mounted types many times 
its size. Voltages available are 6.8 to 400v. 
It features low dynamic impedances for 
all voltage ratings combined with ex-
tremely sharp knees. These zeners remain 
completely stable in electrical character-
istics, even after overload or exposure to 
extreme environments. Unitorde Corp., 

580 Pleasant St., Watertown, Mass. 
Circle 297 on Inquiry Card 

POTENTIOMETER 
Twenty-turn unit is shorter 
than many 10 - turn units. 

The D20-09 unit is 1.460 in. long. Avail-
able in resistances from 1K-200K, stand-
ard resolution runs to 0.0003%; absolute 
linearity of the units is to 0.01%. Total 
equivalent noise resistance level is 1000 
max. Up to 4 cups can be ganged on the 
same shaft, each cup after the first adding 
1.235 in. to the length. Technology Instru-
ment Corp. of Calif., subs. of Bomar In-
strument Corp., 850 Lawrence Dr., New-
bury Park, Calif. 

Circle 298 on Inquiry Card 

DISK CAPACITORS 

For manual or automatic inser-
tion in printed-circuit boards. 

Flat bottom disk capacitors prevent 
rock or roll on PC boards because they 
seat perfectly every time. They eliminate 
electrode exposure normally encountered 
with bare bottom disks. The new configur-
ation permits lower circuit board height 
without kinked leads, as well as com-
plete control of Durez on wire leads. 
They may be used in applications up to 
and including 500v. Hi-Q Div., Aerovox 
Corp., Myrtle Beach, S.C. 

Circle 299 on Inquiry Card 

NEW ELECTRONICS SLIDE RULE 
WITH PROGRAMMED INSTRUCTION COURSE 

Professional, all- metal 10" slide rule . . . designed specifically for engineers 

and technicians. Comes with four lesson AUTO- PROGRAMMED Instruction 
Course. Carries special scales to speed solution of reactance and resonance 

frequency problems. Has handy decimal point locater plus widely used formu-

las and conversion factors not found on any other rule. Can be used for 
conventional computation, too. Made to our rigid specs by Pickett, Inc. Rule, 

AUTO- PROGRAMMED Instruction Course and top grain leather case . . . a 
$50 value for less than $20 I Send coupon for FREE booklet. Cleveland Institute 
of Electronics, 1776 E. 17th St., Dept. ER- 102, Cleveland, Ohio 44114. 

SEND COUPON FOR FREE BOOKLET! 
Cleveland Institute of Electronics 

1776E. 17th St., Dept. ER•102, Cleve., Ohio 44114 

Please send FREE Electronics Slide Rule Booklet. 
SPECIAL BONUS: Mail coupon promptly . . . get 
FREE Pocket Electronics Data Guide too! 

ELECTRONICS 

111+111. 
SLIDE RULE 

NAME 

ADDRESS  COUNTY— . 

CITY   STAT _2IP 

(Plebes Print, 

A leader in Electronics Training.. . Since 1934. 

Model 
7 DC07450 
transducer 

MEASURE 

DISPLACEMENTS 

of ± 0.050" to ± 3" with 

6 VDC EXCITATION, 

N.It1i.h dram. DC OUTPUT 

Now you can have all differential trans-
former transducer advantages in linear 
displacement measurements — without 
external carrier systems or phase shift 
and balancing problems. Sanborn 7 DCDT 
Series are miniature, hermetically sealed 
units with carrier systems built-in. Fea-
tures include unlimited resolution, high 
accuracy and high sensitivity. Delivery 
from stock. Modifications available on 
special order. 

MODEL 
FULL 
SCALE 
STROKE 
(inches) 

FULL 
SCALE 
OUTPUT 
MC) 

OUTPUT 
IMPED. 
t tt ohms) 

FRED' 
RESP. 
(3 db 
down 

PRICE 

(FOB 
Waltham, „„ , 

7 DCDT-050 ±0.050 ±1.5 2.2 350 $ 99 
-100 ±0.100 ±2.8 3.0 170 104 
-250 ±0.250 1.5 5.0 120 119 
•500 ±0.500 ±3.3 5.3 135 132 
•1000 ±1.000 4.8 5.5 114 141 
-2000 ±2.000 ±4.6 5.2 128 155 
-3000 ±3.000 ±5.0 5.0 100 162 

Lillie" better*" " HEWLETT 7 - 
PACKARD diî SANBORN 

DIVISION 
175 Wyman St., Waltham, Mass. 02154 

132 

Circle 67 on Inquiry Card Circle 66 on Inquiry Card 
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SWEEP GENERATOR 
Provides sweep-generator plug-ins over 
an extended range of 20 CPS to 1000 MC. 

The 860-F may be used whenever freq. 
marking is obtained from a central sys-
tem, or where marking is obtained from 
external oscillators. All 860-F plug-ins 
function as voltage controlled oscillators 
over its full range. Sweeps include: 0.2 
to 60 CPS, log and linear, external input 
and manual control. The sweep may be 
varied continuously from 0.2 to 25 CPS, 

going slowly enough through the pass-
band to permit sweep alignment of very 
high Q circuits. Kay Electric Co., 14 

Maple Ave., Pine Brook, N. J. 
Circle 300 on Inquiry Card 

DECADE COUNTER CIRCUIT 

Storage temp.: —55°C to +150°C; 
operating temp.: 0°C to +75°C. 

X 

1,1 
Ina •••••=-.1 ,É, 

IMUnIiitImitml./IIIMIC/111“1111111111111111111VMMIr..m , 
-1.••••••••rnmoommealmemmu” 
••• •••••• me «moves D,1.11. m.a• • e 

9,fle 

hi 

tl 

39fi I-1 
-e5 

The Cm", 958 is a complete decade 
counter containing interconnected resis-
tors and transistors integrated into a 
single silicon planar epitaxial chip. The 
circuit consists of a cascaded set of 4 
binary-triggered flip-flops with feedback, 
so that a count-by-ten circuit is realized. 
Four inputs are available, with numerical 
weights of 1, 2, 4 and 8. The Ci.(1., 958 
can be preset for an arbitrary count by 
resetting to count 0, returning the reset 
pin to a low level and grounding the ap-
propriate outputs. Fairchild Semiconduc-
tor, div. of Fairchild Camera and Instru-
ment Col p., 313 Fairchild Dr., Mountain 
View, Calif. 

Circle 301 cri Inquiry Card 

the price 
of systems 

power supplies 

Just Mined 100 
(Con Avionics has another new line) 

See it at Wescon, Booth 1520 

When we cut $ 100 from the going market price for systems power supplies, we kept 
all the features you need most. 

For example, Con Avionics' new line carries an unconditional five year guarantee. 
It has a Mean Time Between Failure of 30,000 hours, calculated according to Mil Hand-
book 217. We use silicon transistors exclusively, so the units operate to 75°C. They are 
designed and manufactured to meet specifications under the worst possible combination 
of operating conditions. 

The secret to maintaining all this quality at a low price lies in designing a systems 
power supply right from the start. Most modules used in high power systems applications 
are just modified lab units. 

But when you design a supply just for systems use you worry about things like panel 
space. So Con Avionics new HS supplies are available in rack and half-rack size. You 
can pack 12 volts at 20 amps 
into 51/4 " of panel height and 
8" of width. 

And in a system supply you 
design-in optimum air flow, for 
both vented and forced air cab-
inets. Our units are self-cooled, 
too. 

Before you buy another power 
supply for a systems applica-
tion, remember that the price 
is now $ 100 lower than it used 
to be. Call, write, wire or TWX 
Mr. Gerry Albers at Con Avi-
onics for all the details. 

PARTIAL SPECIFICATIONS 
Input: 105-125 VAC, 47-63 cps 
Regulation: (Line and load combined) ±- 0.05% 
Ripple: 1 mv RMS max. 
Response time: 25 microseconds 
Temperature Coefficient: 0.015%/ C or 

1.8 mv/°C., max. 
Temperature: 75 C max. 
MTBF: 30,000 ( Est.) 
Semiconductors: Silicon 
Dimensions: FS: 51/4 " H x 19" W x 161/2" D 

HS: 51/4" H x 83/4 " W X 161/2" D 
The entire voltage range between O vdc and 51.0 
vdc is covered in twenty-six models. Currents 
range from 8.0 amps to 46.0 amps. Wattages from 
104.5 to 816 

CONSOLIDATED AVIONICS 
A Division of Condec Corporation 

800 Shames Drive, Westbury, L.I., New York ( 516) ED 4-8400 TWX: 516 333-1097 

For complete details and visit with engineering representative, circle number 68. 
For product data and general information, circle number 78. 



HERE'S HOW 
TO CLEAN THOROUGHLY 
TRANSISTORS, DIODES, 

MICRO-CIRCUITS, 
RECTIFIERS, PRINTED 
CIRCUIT BOARDS, ETC. 

BARNSTEAD TRANSISTOR WASHER 
COMPLETE WITH HOOD 

Above, Barnstead Transistor Washer 
enclosed in an isolation hood equipped 
with operator's Neoprene gloves to 
insure maximum cleanliness in work 
area. Unit consists of 5 compartment 
rinse chamber with final rinse water 
having resistivity of 15 to 18 megohms. 
Separate single rinse compartment 
equipped with tin lined draw off faucet. 
Parts brought into work area through 
special loading door. Free Bulletins 
#166 and #170 tell the complete story. 
Write for yours today. 

BARNSTEAD 
TRANSISTOR WASHER 
FOR SHORT RUNS 

Barnstead Model TW-30 mounted on casters may 
be moved about to any location in your plant. 
Provides a more efficient and faster rinsing of 
transistors. diodes and other semi-conductors. 
Another example of Barnstead versatility. 

etarristead 
STILL AND STERILIZER ( O. 

22 Lanesville Teri-ice, Boston 31. Mass. 
Circle 69 on Inquiry Card 
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MULTI-FUNCTION COUNTER 
Compact solid - state 2mc counter 
makes a wide variety of measurements. 

• e • • 

With a built-in crystal time reference, 
Model 3734A measures freq., makes period 
observations, calculates the average of 
multiple periods up to 100K, and meas-
ures time intervals. It will indicate the 
ratio of 2 freqs., or multiples of ratios. 
The unit totalizes random events over 
long or short periods by local or remote 
control. Readout storage provides con-
tinuous display of the most recent meas-
urement, even while the instrument is 
making a new measurement. It makes 
accurate measurements of signals as low 
as 100 mv. Hewlett-Packard, 1501 Page 
Mill Rd., Palo Alto, Calif. 

Circle 302 on Inquiry Cord 

MICROCIRCUITS 
Packaged in 1 standard case 1.0 x 0.4 
x 0.2 in. to facilitate compact packaging. 

The UC-1000 family of Ceracircuite 
Logic Modules consists initially of 6 cir-
cuits: NAND/NOR gate; SCT flip-flop; 
high fan-out NAND/NOR gate; exclu-
sive OR/half adder; 8-diode gate; and 5-
diode gate. They all are 5mc DTL logic, 
thin-film microcircuits. All logic modules 
in this series operate from —55°C to 
+125°C. These DTL units basically con-
sist of thin alumina plates with planar 
metal-film resistors and film capacitor ele-
ments as well as interconnections. On 
these are mounted glass-encased miniature 
diodes and epoxy encapsulated miniature 
transistors. The circuit wafers are then 
encased in epoxy-filled standard epoxy 
shells. Sprague Electric Co. 233 Marshall 
St., No. Adams, Mass. 

Circle 303 on Inquiry Cord 

PHASE 
SHIFTERS 
1 KCS TO 200 MCS 

CONTINUOUS 
0° thru 360° 

NILSEN MEG. CO. 
Box 127, Haines City, Fla. 33844 
(Area Code 813) • 422-1197 

Circle 70 on Inquiry Card 

Specified>, Eng rieered for 
RF COMPONENTS 

A-27 Superfine 

ax 
EXTREMELY LOW-LOSS 

RF LACQUER 
't11  

11-max 
5.27 

RADIO FREQUENCY 
LACQUER 

0 -MI. comeort•Tuart 

Q-MAX impregnating and coating 
composition penetrates deeply, 
seals out moisture, provides a 
surface finish. Q-MAX imparts ri-
gidity and promotes stability of the 
electrical constants of high fre-
quency circuits. Effect on the "Q" 
of RF windings is negligible. 

Write for catalog today. 

Q- max Corporation 
MARLBORO, NEW JERSEY 

Telephone: 462-3636 (Area Code 201) 

Circle 71 on Inquiry Card 
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rugged 

CDS-5 (T0-5) 

reliable 

CDS-7 

top 
performance 

CDS-9 

POWERMASTER 
PHOTOCELLS 

Outstanding construction and design 

of Pioneer Photocells assure long- life 

and top performance. New heavy base 

(.080) allows compression glass to 
metal seal on leads, eliminates danger 
of air leakage and cell deterioration. 

Available in one inch, half inch and 
To-5 sizes over a wide sensitivity 
range. 

Consult us on special applications of 
photo sensitive layers. 

Photocells pictured are actual size. 

The Pioneer 
Electric & Research Corp. 

Subsidiary of 0131i1E1 Controls, inc. 
743 Circle Avenue • Forest Park, Ill. 
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PMEOLTO 

TRANSPONDER DELAY LINE 

Delay is 21.3µsec., -±-0.03p.sec. @ 25°C; 
tapped in equal intervals of 1.45psec. 

The CTC-2665 plug-in type transponder 
delay line has an impedance of 3009 
(±10%). Accuracy of each tap referred 
to input is ±-30nsec.; figure of merit is 
70; temp. excursion: operational — 55°C 
to 125°C; storage, — 65`C to 150°C; 
temp. coefficient of delay: 50 ppm/°C; 
attenuation is — 3db. Columbia Technical 
Corp., Woodside, N. Y. 
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FIVE DIGIT DVM 

Has 22msec. reading time; 0.005% 
accuracy and high CMR capabilities. 

The Model 5600 has a 0.005% accu-
racy based on a percentage of reading 
(from 1 to 999.99v.). The high reading 
speed is made possible by solid-state 
switching and a unique direct-coupled 
input. The common mode rejection is 
130db ( filtered) and 120c1b ( unfiltered), 
even when the instrument is connected to 
a grounded electrical-output device. A 
fast-setting ac converter provides ac 
measurements to rated accuracy in 0.4 
sec. Data Laboratories, Inc., Irvine, Calif. 
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CLASSIFIED 

10,000 RADIOS 
Top quality table models, AM-FM, Clock, 
Snooze Alarm, Wood and plastic cases 
. . . in shipping cartons, PLUS—Electronic 
Component Parts, A fantastic value for 
volume buyers. 

Metropolitan Supply Co., 443 Park Ave. S. 
New York, N. Y. 10016. Tel. 212 MU 6-2834 

NEW Coaxial Pulse Connectors 
15 KV RMS 

This new feed-thru and associated 15ky AC 
cable connectors are designed for corona-free 
performance with no derating even at altitudes 
of 15 miles. Engineered to keep noise tran-
sients/radiation and dielectric degradation to 
minimum levels. 

Typical characteristics of this series are: 
Corona-free level 20ky RMS; Hi- Pot test, 40kv 
DC; current capacity, 20a average; tempera-
ture range — 65°F to 250°F; 50 ohms nominal 
impedance. 

Write or call Ken Weast, Sales Manager or 
Louis Galambos, Engineering Director for 
details. 

ROWE Industries, Inc. 
CABLE DIVISION 

1702 AIRPORT HIGHWAY • TOLEDO, OHIO 43609 
TWX 419-379-0186 
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McLEAN 
CENTRIFUGAL 
BLOWERS 

Dual or Single 

Low Cost • Fast Delivery 

Ideal for general purpose use. Also 
meet Mil Specs. Nine models available 
with air deliveries of 10, 80 or 200 CFM 
(single), and 160 and 800 CFM (dual). 
Quiet, compact, lightweight, easy and 
quick to install. Blowers can rotate to 
blast in any direction. Motors are made 
by McLean to precision tolerances in 
McLean's 40,000 sq. ft. plant. Built to 
provide thousands of hours of guaran-
teed service-free life. Blower housings 
of welded steel, gray hammertone 
finish. 

McLean Engineering Laboratories, 
P. 0. Box 228, Princeton, N. J. Phone 
609-799-0100, TWX 609-799-0245, 
TELEX 083-4345. 

Send for 1965 Catalog 

See Us At The WESCON Show, Booth 1310 
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RELIABILITY 
TOTAL CAPABILITY IN 

PRECISION RESISTANCE 

"DALE Metal Films 

have sure solved 

our reliability 

problems, Ed." 

No need to scrap reliability for low price 

...get both with DALE METAL FILM RESISTORS 

LOW NOISE CONSTRUCTION. Maximum for 

standard resistance range: 0.10 micro-volt per volt 
over a decade of frequency. Low a. nd intermediate 
values: below 0.05 micro-volt per volt. Terminating 
band of low-resistance metal alloy is deposited in 
same vacuum as metal film element resulting in 
oxide-free, low-noise contact area between film, 
terminating band and press-fit cap. 

CONTROLLED T.C. Ten standard T.C. codes from 

150 ppm/°C to 0 ± 25 ppm/°C available in 
operating temperature range of —55°C to +175°C. 
Close matching between pairs or sets available. 

GOOD HF CHARACTERISTICS. Low reactance 
gives excellent stability at high frequencies. Non-
helixed or laterally adjusted units supplied for 
extremely critical applications above 100 mc. 

SPECIAL REQUIREMENTS. Special terminals, 
special matching, special pre-conditioning, special 
networks and mountings can be quickly supplied 
by our Special Film Products Department. 

WRITE FOR CATALOG A 

DALE ELECTRONICS, INC. 
1304 28th Avenue, Columbus, Nebraska 

Also Sold by Dale Electronics Canada, Ltd., Toronto, Ontario, Canada 

MFF Epoxy coated. Meets electrical 
environmental requirements of Char. 
MIL-R-10509E, but is dimensionally smaller. 

MFH Hermetically sealed in ceramic 
Meets  requirement G; MIL-R- 10509E. 

MF Transfer molded in epoxy. Meets 
requirements of Char. B, C, D, E; MIL 

1 ----   .-...«......} 
and 

B, C. D. E; 

tube.  0 -,---."--  

all gall> 

R- 10509E 

DALE 
TYPE 

MIL 
TYPE 

125 C 
RATING 

RESISTANCE 
RANGE 

DIMENSIONS 
11x0.1 

MF 50 RN-50(Proposern 1/20 watt 49.9 St to 60K S2 .140x.065 

MF-1 10 RN-55 1/10 watt 49.9 S2 to 200K St .250x.093 

MF-1,8 RN-60 1/8 watt 30 St to 550K 12 .406x.140 

MF-1/4 RN-65 1/4 watt 30 12 to 1 Megohm .593x.203 

MFS-1/2 RN-70 1/2 watt 49.9 S2 to 2 Megohms .750x.250 
MF-1 RN-75 1 watt 49.9 2 to 6 Megohms 1.093x.375 
MF-2 RN-80 2 watts 100 S2 to 15 Megohms 2.188x.375 

Tolerance: + 1% standard; +.5%, +.25%, +. 1% available. 

ENVIRONMENTAL SPECIFICATIONS ' 

Dale MF resistors are manu- 
factured to the environmental 
specifications of MIL- R-
10509E. Characteristics D, C 
or E apply depending on T.C. 
Code specified at purchase. 

DALE T.C. CODE Applicable Char. of 
MIL-R-10509E 

T-1 ( 100 P.P.M./°C) D 
T-2 (50 P.P.M./°C) C 
T-9 (25 P.P.M./°C) E ' 

*Specifications for MFF and MFH are similar, but vary dimensionally. I 
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A totally new memory technology from RCA 

NEW 
BATCH-FABRICATED 

HIGH-SPEED 
MONOLITHIC F 

Each monolithic array contains 4096 "virtual cores" with 

an effective diameter of only 5 mils within a single, 
solid, sintered ferrite wafer only 1 in. by 1 in. by 0.005 in. 

RCA monolithic ferrites offer all the 
proved advantages of ferrite tech-
nology plus: 
111 Potentially much lower cost than wired 

core-memory planes because RCA mono-
lithic ferrites can be mass-produced with 
standard ceramic processing techniques. 

C. High-density packaging. Type MF 2100 
unit, as shown, is complete with two mono-
lithic memory wafers, and an integral diode 

matrix assembly. It requires only 3.75" x 4.5" for a memory ca-
pacity of 4096 bits in two -"core"- per bit linear-select opera-
tion. 

Very high speed. Full cycle time ( read, delay, write), as low 
as 0.2 usec for 64 x 64 array. 

El Low drive current requirement. Less than present small-core 
memories: only 400 ma read, 120 ma write for 45 mv output 
and 35 nsec switching time. 

D High output voltage. Equal to con-
ventional cores. Trace indicates over 

50 mv each for differential 1 and 0 
output. Compare this with other 
bulk-fabricated systems having out-
put voltages of only 1 or 2 mv. 

and no stringing 

READ CURRENT 

TYPICAL PERFORMANCE IN 64 4 64 ARRAYS 

TYPICAL 
WRITE CURRENT DIGITS OUTPUTS T, 

I 
ma 

T, (50%) 
- ns 

T, 1.1 
ns 

I 

ma 

T, (50%) 

ns 

I T, (50%) 

ma ns 
1 8. 0 
mv 

nsec 

400 110 45 100 120 30 200 35 60 

400 80 30 120 100 30 200 45 35 

400 60 30 150 30 30 100 30 35 

Available now in developmental 4096-bit arrays for testing and evaluation. Call your 
local RCA Sales Office or write today for information to: RCA Electronic Components 
& Devices, Memory Products Operation, 64 "A" Street, Needham Heights, Mass. 
(617) HI 4-7200. 

The Most Trusted Name in Electronics 
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