


























































































































































































































































































































































































































































































































































































SLIP RINGS 
These assemblies provide a 
means of transferring electrical 
energy from stationary to 
rotating elements. They are 
used in rotating radar antenna 
systems, fire control systems, 
missile guidance and tracking, 
gyroscopes, rotary components, 
stress and temperature 
analysis, power transmissions, 
and in many other applications 
where electrical connections 
must be maintained between 
stationary and rotating units. 

GYRO 
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"I DON'T MIND PAYING A LITTLE LESS" 
With An Airways Businessman's Credit Card He'll Save Even More Money 

Being a practical man and a business traveler, this man knows he qualifies for a 
special Rent-A-Car discount by presenting his AIRWAYS BUSINESSMAN'S CREDIT 
CARD at any of over 200 AIRWAYS offices. He knows AIRWAYS regular rates are 
lower than other rent-a-car com panies including their 20% corporate discounts. 
With an AIRWAYS BUSINESSMAN'S CREDIT CARD he knows he'll enjoy even 
greater savings. He knows AIRWAYS provides 1967 Chevrolets, Buicks, Pontiacs 
-even Cadillacs. He also knows he'l l save time because he simply call s when he 
arrives at the airport and AIRWAYS will probably arrive before his luggage. We 
have downtown offices, too. He knows it - AIRWAYS knows it - now YOU 

CARD now. Write to: Dept. 000 l"I 1"11 
know it. Send for your free AIRWAYS BUSINESSMAN 'S a 

;;a;a AIRWAYS RENT-A-CAR 
-U _ 5410West Imperial Highway iO:id!llJ!jj 

Pon1,., l e Mans Los Angeles, Cal1forn1a 90045 •• •, • -·--••, ® 
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Ol'UA110IW. AMPllFIERS 
AllD FUNCTION MODULES 

• 

• 

Op-amp and function modules 
This 16-page illustrated catalog 

describes analog and hybrid plug-in 
modules along with twenty-two op­
amps, a line of instrumentation 
amps,. seven . function modules, a 
line of active filters and eleven pow­
er supplies. It includes 50 op-amps 
which are available in various pack­
age styles. The instrumentation 
amp line includes transducer amps, 
preamps, and · galvanometer amps. 
The epoxy-encapsulated line of 
function modules includes · squaring 
modules, a quarter-square multi­
plier, a noise generator, logarithmic 
amps, an analog comparator and 
electronic switch modules. Burr­
B rown Research Corp. 

CIRCLE NO. 489 

82-page instruments catalog 
An 82-page catalog entitled 

"Modular Instruments" is avail­
able. It contains specifications on 
modular nuclear instruments. Also 
included is a guide to assist the user 
in selecting the proper combination 
of modules for a specific applica­
tion. A separate section describing 
input and output accessories which 
are used to complete the modular 
system is contained. Nuclear-Chica­
g-o Corp. 

CIRCLE NO. 490 

CO, laser applications 
"On the significance and use of 

C02 lasers" is an 8-page report 
covering theory and applications. A 
complete rundown on lab experi- . 
ments is included. Seed Electronics 
Corp. 

CIRCLE NO. 491 
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A 28-page book covers silicon and 
germanium transistors for mili­
tary, industrial and commercial ap­
plications. Each family of transis­
tors is presented in a separate sec­
tion and includes typical h FE • V uE 

and V cE curves, along with spec­
ification charts and outline dimen­
sion drawings. Suggested applica ­
tions are included. Solitron Devices. 

CIRCLE NO. 492 

Wire marking brochure 
A 12-page brochure describes a 

line of wire/ cable harnessing, mark­
ing and accessory products. In­
cluded in the booklet are three types 
of harnesses, adjustable P-clips, 
three types of markers and grom­
met strip. Illustrations with dimen­
sional drawings and tables provid­
ing physical properties, chemical 
properties, applications, ordering 
data and specifications are included. 
Electrovert, Inc. 

CIRCLE NO. 493 

Coaxial switches 
A 12-page technical discussion 

completely covers coaxial switches. 
Included are principles of opera­
tion, descriptions of basic design 
types and relative merits, contact 
arrangements and switching ac­
t ion s, operational differences, 
definitions of terms and perform­
ance characteristics, drive methods, 
t rade-off characteristi cs and a guide 
to specification. The di scussion in­
cludes a comparison of the merits of 
electromechanica l switches vs solid­
state switches. Sage Labs. 

CIRCLE NO. 494 

R e m e m b e r to return your 
ELECTRONIC DESIGN renewal 
card . Don't miss any issues in 
'67. 
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Straightening and cutting wire isn't as simple as it looks. 
Especially when you need a surface on which to 
weld or solder. Here's what we've developed on a 
typical .018 diameter lead. 

Cut Surface - 80% minimum cut (See "A" above) 
Cut Off Burr - Maximum .0005" above wire diameter 

(See "B" above) 
Flatness - Within .0003" 
Overall Length Tolerance - ±.002" 

Ask Art Wire. Send a print or a part for a quotation. 

Write for catalog and samples. 

ART WIRE & STAmPIDG EOmPARY 
17 Boyden Place, Newark, N. J. 07102 
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POSITION ........... PRESS ............... PEEL 

TRANS-PAK Dia-cut SYMBOLS 
THE FASTEST METHOD OF 

PREPARING PRINTED CIRCUIT MASTERS 

NOW IN 
A NEW 

Yes, here Is the original TRANS-PAK " Position • •• Press .•• 
Peel " method with a brand new twist • •• a new, hand)'. 
dispenser that makes the preparation of printed circuit 
masters easier than ever before. No inking, no cutting, 
no stripping. One convenient package gives you terminal 
pads, elbows, connectors, teardrops or any other sym. 
bol, die-cut to exacting tolerances for dimensional 
stability and distortion-free placement. Just reach for 
the dispenser and "press down" a perfect symbol •. 
Takes just seconds. 

TRANS-PAK pressure-sensitive die-cut symbols are 
available in black crepe paper and red translu· 
cent material . Never a die-charge for special 
orders. r-----------1 Chart -Pak Inc. A subsidiary 

of Ave ry Products Corp. 344 1 Rive r Rd. , Leeds, Mass. 01053 

-, 
® 

I Please send catalog describing TRANS· 
I PAK Printed Circuit Symbols. 
I D I am interested in Deca·Dry Electronic 
I Marking Kit! 
I Name ..................................... Title ..•.•••....•.... 

Kit contains all the stan- I Company ·•••··· ············•···•·····•·····••·········•·•·•· ••·•• 
dard titles, codes , words , I Address •... ..................................•.......•.•.••....... 
l'etters and numbers in dry transfer form. Rub lightly with a pen- . . 
cil and instantly they transfer onto schematics , terminal boards, I City .......................... State ············ Zip ···· ·····• 
printed circuit masters with ease. Elements appear crisp, sharp I Lo" In lhe Yellow ..... under Ad Supplies, Oroftl na 
• ' . look just l ike the finest printing. Won't move, crack or peel . L'"•""· Charts/ Business, Tapes tor""' dealer's name . 

Produce razor sharp copies In most reproduction processes. ---------------
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Our precision resistors are aged to 
improve reliability, and we guard the 
process like a vintage champagne 
maker. Ageing is just one of many 
extra steps that make our precision 
components the most reliable you 
can specify. A few of our components 
are described briefly below. 

1. Precision Wire-Wound Card Resistors 
Consider ESI resistors whenever 
small changes in the resistive element 
can affect the performance of the final 

to ±0.0015%. Yearly . 
assembly. Initial accuracy ~ 

stability to ±I 0 ppm. I 

2. Dekastat® Decade Resistors 
Designed for use with de and at audio 
frequencies, these multi-decade 
resistors feature an accuracy of 
±0.02%. All units carry 
a two-year guarantee. 

3. Dekapot® Resistive Voltage Dividers 
These rapid-setting potentiometers 
have a terminal linearity up to 
0.002 % . Kelvin-Varley circuitry 
provides constant 
input impedance. 

4. Dekatran Transformer Voltage Divider 
The patented coaxial dial is easy to read 
and adjust. Accuracy of 0.001 % and 
long-term stability are achieved through 
gapless toroidal cores of 
very high permeability. 

eisli@ 
Electro Scientific Industries, Inc. 
13900 NW Science Park Drive 
Portla.nd, Oregon 97229 
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Union Carbide Electronics, Mountain View, 
California has just placed the largest 
exclusive advertising campaign in maga­
zine publishing history. 

Their objective: To become an even greater 
factor in the fast-paced twenty-one billion 
dollar electronics industry. 

Their campaign: 138 pages over the next 
12 months. 

Their magazine: Electronic Design. 

Union Carbide Electronics and their agency, 
Hal Lawrence, Inc. , decided the best return 
on their advert ising investment would be 
achieved by concentrating in the magazine 
read by the greatest number of their prime 
customers and prospects. 

They backed up their decision by sched­
uling multi-page semiconductor advertise-

- ..... ,, _ _ _ ~u ... . ........... , .................. ... ............... __ , .. ::::.-::.:·:::.-: == .. 7~ 

Electronic Design 
MOST READ BY THE MEN WHO SPECIFY 

ments in every bi-weekly issue of Electronic 
Design. 

Advertisements that will be selling 
the men who specify what goes into what 
the sales department sells, the accounting 
department accounts, the production 
department produces. 

138 pages over the next 12 months . .. 
that's impact. 

Winner of Industrial Marketing and Jesse Neal Awards for Editorial Excellence in 1966 

Hayden Publishing Co., Inc., 850 Third Avenue, New York 10022 
Publishers of Electron ic Design and Microwaves Magazines . .. Hayden, Rider and Ahrens Books 
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Jroo Conv1C1i1on I Compact Conduction 

Both the 2700 and 2800 series Astro­
dyne heat sinks provide easy, secure 
mounting of transistors for printed cir­
cuit board and other applications. Model 
2700 series have a thermal resistance 
of 10 to 30° C /watt. Fins permit opti­
mum free air flow and minimum conduc­
tion losses. This series is well suited 
for close card packaging. 
Model 2800 units provide sufficient sur­
face contact with chassis or other metal 
mounting surface to assure good heat 
dissipation not provided by conventional 
transistor mounting clips. They offer a 
temperature difference between transis-

--. . 

tor case and chassis of 2 ° C /watt per 
transistor. 

Both the 2700 and 2800 series feature 
split mounting hole with screw clamps 
to permit compensation for transistor 
case tolerances and maximum effective 
contact area between the case and sink. 
The units, as pictured, will accommodate 
both T0-5 and T0-9 transistor cases. 
Mounting holes for other transistors can 
be made to customer specification. 

The black-anodized aluminum units are 
available from stock. Technical data and 
price information will be sent on request. 

astrodyne1 inc. 
SUBSIDIARY OF ROANWHL CORP. 

207 CAMBRIDGE ST., BURLINGTON, MASS. (617) 272-3850 
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----"REGULATED"---... 
HIGH VOLTAGE POWER SUPPLIES 
Operate PHOTOMULTIPLIER and MICROWAVE tubes 

with Line and Load Regulation ±0.001 % 

Output Ripple: 2 Millivolts PEAK to PEAK 

VECTOR ENGINEERING INC.' s Model PM-1 K-01 A 
provides a highly regulated stable source of D.C. Power. Either output 

terminal may be grounded thus providing a plus or minus output voltage. 

Output Voltage: 200-1800 

Output Current: 0-1 O~A 

Ripple: 2MV Peak to Peak 

SPECIFICATIONS: 

Line Regulation: 0.001 % 

Load Regulation: 0.001 % 

Stability: 0.01 % / HR 

Dimensions: 31/:i"Hx19"Wx141h"D 
Guaranteed to operate continuously in an ambient temperature of 0 to 50°C. A pair 
of 2°/0 accuracy (full scale) meters are mounted on the front panel to monitor both 
voltage and output current. 

For further information concerning this supply or other " CUSTOM DESIGNED " high voltage, reg· 
ulated, low ripple, low T.C. power supplies, contact Vector Engineering , Inc. directly. 

'VECTOR engineering inc 
58 BROWN AVENUE . SPRINGFIELD. NEW JERSEY 07081 • TEL. 201 379 780 
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TWX: 710-983-4448 
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Electronic Design 
ELECTRONIC DESIGN'S aims are fourfold. It 
aids progress in the electronics manufac­
turing industry by promoting good design. 
It gives the electronic design engineer con­
cepts and ideas that will make his job easier 
and more productive. The magazine serves 
as a central source of timely, up-to-the­
minute electronics information. And finally 
it seeks to encourage two-way communica­
tion between manufacturer and engineer. 

Want a subscription? ELECTRONIC DESIGN 
is circulated free of charge to qualified engi­
neers and engineering management doing 
design work, supervising design or estab­
lishing standards in the United States, 
Western Europe and the United Kingdom. 
If you think that you are entitled to a free 
subscription, use the postage-free applica­
tion form that you will generally find inside 
the back cover. When it is not included in 
an issue, write to us direct for an applica­
tion form. 

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

If you change your address, send us an 
old mailing label and your new address. 
If you have been receiving ELECTRONIC 
DESIGN free of charge, you will have to re­
qualify to continue doing so. 

We strive for aceuracy. We take the ut­
most pains to ensure the highest standard 
of accuracy throughout the magazine. A 
single mistake in practical design informa­
tion can have serious_ consequences. But to 
err is human, and for all the care we take, 
an occasional error slips through. Whenever 
this occurs, we publish a correction at the 
earliest opportunity. You will find these 
corrections printed at the end of the Letters 
column. If you should spot an error, be sure 
to let us know. You may save your col­
leagues heartaches. 

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

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

Howard Bierman, Editor, 
ELECTRONIC DESIGN, 
850 Third Avenue, 

New York, N.Y. 10022. 
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Design Data from Manufacturers 
Advertisements of booklets, bTochuTes, catalogs and data sheets. To oTdeT use Reader-Seroice Card. 

(Advertisement) 

New "Tape Lift" Printed Circuit Drafting 

•

.····-. Aids 
No engineer or draftsman should be without the 
most up-to-date cross-reference guide to better 

- 9- ' Printed Circuit Drafting Catalog. It is complete 
~ / with prices and illustrations of over 1200 sizes of 
~.- JI "Tape Lift" pads, shapes and other aids for faster, 

more accurate, distortion-free printed circuit mas­
ter drawings. Wrlte for FREE catalog. 

By-Buk Company 
4326 West Pico Blvd.. Los Angeles, Calif. 90019 

Telephone: (213) 937-3511 

Engineers' Relay Handbook 

178 

A definitive work that is fast becoming a standard 
reference text for the relay user. Prepared and 
edited by the National Association of Relay Man­
ufacturers, this book is a complete guide to the 
principles, properties, performance characteris­
tics, application requirements, specifications, and 
testing of relays. Systems and product engineers 
will find the Handbook an indispensable help in 
determining the correct types of relays for their 
applications. For further information about this 
unique sourcebook, write Dept. ED 

Hayden Book Co •• Inc. 
116 W. 14th Street 

New York. N. Y. 10011 179 

Bulletin ST-166 describes a complete line of PEM 
self-clinching solder terminals for permanent 
mounting on thin panels. Information discloses 
data on PEM spline and concealed head types as 
well as the regular type ST. These solder termi­
nals provide permanent electrical connections, re­
sistant to vibrations and environmental disturb­
ances and are electroplated with tin and stearic 
acid wax for ease of soldering and resistance to 
oxide development during storage. Bulletin ST-166 
includes dimensions, installation suggestions and 
design limitations. 

Penn Engineering & Manufacturing Corp. 
Box 311 

Doylestown, Pennsylvania 18901 180 
275 



IC PACKAGING PANELS 
for high density packaging 

LOW COST 
HIGH PERFORMANCE 
FAST DELIVERY 

PANELS For14 and 16 
Lead Plug-In IC's 
• 30 and 60 patterns standard 
• Double-sided board witH power 

and ground planes at each pattern 
• Wiping-action contacts assure high 

reliability 
• Wire-Wrap® or solder pot terminations 
• Custom designs invited 
®Trademark Gardner-Denver Co. 

Request Catalog 364 describing our complete line of integrated circuit 
products for Testing, Breadboarding and Packaging. · 

AU6AT.NC. 31 PERRY AVE., ATTLEBORO, MASS. 02703 
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RFI /EMI Detection 

-~­

With CEl's unra-sensmve New VLF-LF Receiver 
CEl's new Type 355 Receiver is designed for RFI and EMI detection, covering the 
1 kHz to 600 kHz frequency range in a single band. Selectable IF bandwidths (1 kHz, 
6 kHz, 20 kHz, 50 kHz) assure detection of both wideband and narrowband signals. 

276 

All solid state, the Type 355 is unusually sensitive, with an 
excellent noise figure and high image and IF rejection. A 
modified version is also available, Type 355-1, which provides 
X-Y outputs to record on ar1 X-Y plotter. For complete 
specifications, please contact: 

CE/ 

COMMUNICATION ELECTRONICS INCORPORATED 
6006 Executive Blvd., Rockville, Md. 20852 · Phone (301) 933-2800 · TWX : 710-824-9603 
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Designer's 
Datebook 

MAY 
S M T W T F S 

123456 
7 8 9 10 11 12 13 
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For further information on meet· 
ings, use Reader Service card. 

May 1-3 
Commercial UtilizatiOn of Space 
Meeting (Dallas) Sponsor: Amer­
ican Astronautical Society; P. 0. 
Box 1415, Grand Prairie, Tex. 
75050. 

CIRCLE NO. 495 

May 3-5 
Electronic Components Technical 
Conference (Washington, D.C.) 
Sponsors : IEEE, EIA; W. S. Hep­
ner, Jr., Electronic Ind. Assoc., 
2001 Eye St., Wash., D. C. 20006. 

CIRCLE NO. 496 

May 4-5 
American Society of Naval Engi­
neers Meeting (Washington, D.C. ) 
Sponsor: ASNE; Miss R. Leon­
ard, ASNE, Suite 507, 1012 14 St., 
N.W., Washington, D. C. 20005. 

CIRCLE NO. 497 

May 9-11 
Frontiers of Energy Conversion­
IEEE Region 6 Conference (Albu­
querque, N. M.) Sponsor: Region 
6 IEEE; B. D. Trembly, Barnhill 
Assoc., Albuquerque, N . M. 87101. 

CIRCLE NO. 498 

May 16-18 
National Telemetering Conference 
(San Francisco) Sponsors: IEEE, 
AIAA, ISA; Lewis Winner, 152 W. 
42 St., New York, N. Y. 10036. 

CIRCLE NO. 499 

May 18-19 
Midwest Symposium on Circuit 
Theory (Lafayette, Ind.) Sponsors: 
IEEE, Purdue University; G. F . 
Lee, Purdue University, Lafayette, 
Ind. 47907. 

CIRCLE NO. 600 
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new disciplines in DC 

take the NEWEST CONCEPT in Bench DC Power Supplies 
Advanced fabrication techniques result in higher quality at lower cost 

Two Compact Models Available 

0-25V @ 0-400 MA ... 0-SOV @ 0-200 MA • 0.01 % Regulation 

Two extremely compact, well -regulated DC power supplies designed 
especially for bench use have just been added to the hp power supply 
line. New fabrication techniques have been employed for these supplies 
to minimize manufacturing costs while retaining component and circuit 
quality. Reliable, yet low cost, these " hand-size" battery substitutes have 
over-all performance features ideal for circuit development, component 
evaluation, and other laboratory applications. 

The all-silicon circuit uses an input differential amplifier to compare the 
output voltage with a reference voltage derived from a temperature ­
compensated zener diode. These stable input and reference circuits are 
combined with a high gain feedback amplifier to achieve low noise, 
drift-free performance. Output voltage is fully adjustable down to zero . 
Special design precautions prevent output overshoot during turn-on or 
turn-off, or when AC power is suddenly removed . 

The front panel meter can be switched to monitor output voltage or 
current. Constant Voltage/Current Limiting insures short-circuit-proof 
operation, and permits series and parallel connection of two or more 
supplies when greater voltage or current is desired. 

The molded, impact -resistant case includes an interlocking feature for 
stacking several units vertically, thus minimizing bench space required 
for multiple supplies. Alternatively, up to three units can be mounted side 
by side on a standard 3%" H x 1 9 " W rack panel. 

DC Output, Model 6215A, 
0-25V at 0·400 MA 

Model 6217 A, 
0 ·50V at 0-200 MA 

Either positive or negative output terminal may be grounded, or the 
supply may be operated "floating" up to JOOV off ground. 

AC Input, 105-125 VAC*, 50-400 Hz 

lood Regulotion, 0.013 + 1 MV 

l ine Regulotion, 0 .013 + 4 MV 

Ripple & Noise, < 200 µv RMS 

Temperoture Coefficient, < 0 .02% + 1 MV/° C 

Stability for Eight Hours 
After 30 Minutes Worm-up' < 0.1% + 5 MV 

Transient Recovery Time: 

Output Impedance: 

< SO µs for output recovery to 
'Within 1 0 M V following a full 
load change 

< 0.03 ohms from DC to 1 KHz 
<.5 ohms from 1 K'iz to 100 KHz 
< 3 ohms from 1 00 KHz to 1 MHz 

Maximum Ambient Operating Temperature: + 55°C 

Size, 3 1A" (8.26 cm) H x 5\4 " 

Price-Model 6215A, 
Model 6217 A, 

(13.34 cm) W x 7" (17.78 cm) D 

5 \4 lbs (2,38 kilograms) 

$90.00 
$90.00 

•210· 250 VAC input also available 

Contact your nearest Hewlett-Packard Sa les Office for full specifications 

HEWLETT 
PACKARD HARRISON 

DIVISION 
100 Locust Ave., Berkeley Heights, NewJe1sey 07922 TELEPHONE 201 -464-1234 TWX 710-984-7972 
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From RCA 
"overlay:' .. 
first high-reliability 
RF-power transistors 
available 
off· the-shelf 

RATINGS FOR RF SERVICE 

40305 40306 40307 

Vcso (max) 65 65 65 

VcEv (max) 65 65 65 

VCEO (max) 40 40 40 

le (max) 1.0 1.5 3.0 

Pour (min) 2.5W@ 7.5W@ 13.5W@ 
175 MHz 100 MHz 175 MHz 

RCA, originator of the revolutionary "overlay" tech­
nique, introduces another new concept in rf-power 
transistors ... high-reliability units available off-the­
shelf. Designed primarily for critical aerospace and 
military high-frequency applications, RCA 40305, 
40306, and 40307 transistors go beyond the high 
standard of reliability established by RCA "overlay" 
to assure a new level of confidence ... confidence for 
those designs where device failure cannot be tolerated. 

Available now, these three "overlay" transistors 
drastically reduce the time and effort normally de­
manded by hi-rel specs ... response time is kept to 
minimum with no delivery problems. And because 
they are part of a formal RCA high-reliability pro­
gram, the high cost of "customizing" is eliminated. 

Electrically similar to RCA types 2N3553, 2N3375, 
and 2 3632, these hi-rel devices are designed to 

' 
Units 

Volts 

Volts 

Volts 

' 
Amperes 

meet MIL-S-19500. (Hi-rel selections of "overlay" 
types 2N3733, 2N4012, and 2N4440 are also avail­
able.) Each transistor is subjected to strictly con­
trolled pre-conditioning tests including: 

• Fine Leak, 1 x 10-s cc/ sec/ max. 
• Gross Leak, 70 psig, 16 hours min. 
• Acceleration Test (2006 of MIL-STD-750, 

10,000 G, Y1 axis) 
• Temperature Cycling (MIL-STD-202) 
• Power Age ( 168 hours) 
• X-ray Inspection, RCA Spec 1750326 

For more information on RCA's "overlay" high-relia­
bility capability, consult your RCA Representative. 
For technical data on 40305, 40306, and 40307, 
write: RCA Commercial Engineering, Section 1G4-4, 
Harrison, N.J. 07029. 

ALSO AVAILABLE FROM YOUR RCA DISTRIBUTOR 

• 
RCA Electronic Components and Devices 

The Most Trusted Name in Electronics 
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