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as primary) 20.5’; output voltage

SIZE 11 RESOLVER TRIMMED FOR 
ZERO PHASE SHIFT CONTAINS ALL 
COMPENSATION IN 24 LENGTH

systems theorizing

phase shift (stator 
primary) 1 1°; phase 
shift (rotor primary) 
1.9°; Zso (nom.) 
990 + ¡13500; Zro 
(nom.) 1150 + 
¡13500.

These size 11 resolvers incorporate an integral 
transformer which simulates a resolver function 
at maximum coupling They are used in the typical 
chain application indicated below for angular data 
transmission In this particular application, the 
output information can be servoed at either end 
of the chain.

Quick disconnect allows ease in harnessing.
Accuracy: ±5' of arc or less; winding perp 

±5 Electrical characteristics Input to EITHER 
rotor or stator. Input voltage 115vl600 -; output 
voltage HOv both stator and rotor as primary;

cal characteristics: Input 
15v400- (stator); output 
13.7v (rotor); phase shift

These resolvers are designed for 
use with transistorized amplifiers 
and permit the solution ut sphen 
cal triangles in a size 8 cascaded 
resolver chain.

Functions of the spherical tri­
angle which can be produced are 
indicated in the schematic below 
More complex trigonometric func­
tions, as well as systems involving 
coordinate axis transformation, can 
be generated with the use of these 
resolvers.

Accuracy: Functional error .1% 
or less; winding perp. ±5'. Electri-

LAT a 
cos b

f A’ HtW

Next issue, complete listing 
commercially available fro 
Classification system first by c 
and then by increasing orde* 
important characteristics w 
this list the most valuable p 
anywhere. Another ELEC 
DESIGN first.

The YZC-ll-E-1 precision 
computing resolver has been 
developed for use in a cas­
caded, amplifierless resolver 
system at 900 *.

These units have been 
trimmed to provide zero phase 
shift and compensated for 
transformation ratio stability, 
under temperature, when 
working into their iterative 
impedance

Accuracy: Functional error 
.1% or less; winding perp. 
± 5'. Electrical characteris­
tics: Input voltage (stator) 
40v900 -; output voltage 
(rotor) 33.2v; phase shift 0; 
max. null voltage 1 mv/v.

Also ready for delivery is 
an equivalent, compatible 
pancake resolver. By its use, 
differential information from 
an inertial platform may be 
obtained and introduced into 
the system.
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A new plug-in component, the 
Quadratron, produces nonlinear 
functions cheaply and simply. The 
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pies only 0.004 cubic feet.

Charts for Fast Checking of 
Guidance System Accuracy 22

Six basic motions affect the Fight 
of a missile. Working charts are 
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Doers in Engineering...........54

Too much engineering talent is 
being wasted, says a young elec­
tronics executive, Bernard M. Gor­
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advises reorienting engineers from
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laboratories to traditional, practical 
design work.
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Hermetically sealed, miniature 
relays that combine compactness, 
dependability, ruggedness with 
minimum weight. Type M relays 
meet all critical military and com­
mercial specifications.
Type M relays bring you all these 
features:
Heavy Duty Contacts

a-120 V. A.C.-10 amps, 
non-inductive

b—28 V. D.C.—5 amps, 
inductive

c-28 V. D.C.-10 amps, 
non-inductive

Rotary Action
dynamically balanced armature

Special Contacts
for dry circuit applications 

Special Mountings available 
Wids Variety of header types
Basic Dimensions

l%"xl"x 1-3/16" dia.
Contacts: %" x W x .047".
Weight: 4 oz.

Write for full details. Kellogg will 
gladly design relays to meet your 
own specifications and operating 
conditions.
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—S56C to +135.°C 
volts

Ave Rectified 
Current 

135°C 
| Amos

Reverse Current 
(Max.) at 25°C

mA at votts

JAN 1N253
JAN IN254 
JAN 1N255 
JAN 1N256

1024A
989B
990B
991B

95 
190 
380 
570

0.4
0.2

10 75
10 150
10 350
20 500

Wire m 
Type

Specification 
«T* IL ’t If

Peak Operating 
Voltage

—65°Cto + 165°C 
volts

—
Ave. Rectified 

Current 
25°C 150°C
mA mA

Reverse Current 
(Max.) at 25X

mA at volts

JAN 1N538
JAN ÍN540
JAN 1N547

1084A
1085A
1083A

200
400
600
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750
750

¿ '■ & < j
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250
250

10 200
10 400
10 600
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All types available now in production quantities. Write for Data Sheets.
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...
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U. S. Army 2N467 Audio, G.P. 52B (Sig. C.) -35 180 0.6
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Japanese Electronic Imports Challenge
American Designers
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□TRONIC DESIGN NEWS

ear 
ies.

the need to innovate. As the lag between new 
products and copies or improved versions of them 
narrows, American management will lean more 
heavily on new-product engineers to stay ahead 
of Japanese competition. Some electronic com­
panies may soon operate in the “innovate or die” 
climate facing segments of the Swiss watch and 
novelty industry.

Still another effect has already involved some 
American electronics engineers: their companies 
are closely working with Japanese concerns. Some 
of the largest U.S. manufacturers—General Elec­
tric, Western Electric, Motorola, Radio Corpora­
tion of America and others—have working agree­
ments with major and minor Japanese companies. 
Some American manufacturers buy components 
for assembly here under a “Made in the U.S.A.

Voriety of products at the Japanese Electronics Show in New 
York ooint up Japan's interest in the U.S. market, where Japanese 
transistor radios are already entrenched.

Others now import finished units and do no 
more manufacturing. Still others exchange tech­
nical information, buy specially designed parts or 
work with the Japanese under licensing agree­
ments. In 1956 Japan paid over $5 million to U.S. 
companies for patent rights and technical assist­
ance.

Most Japanese companies, prefering to avoid

U.S. resistance to their exports, are seeking tie-ins 
with American manufacturers. And more and 
more U.S. companies are trying to establish some 
working arrangement with suppliers of electronics 
in Japan.

Eventually U.S. engineers who design for ex­
port may be as harried by Japanese advances as 
are German photo-equipment designers, now 
fighting to stay abreast of the Japanese in a field 
Germany once dominated. Japan seems bent on 
playing a major role in the world’s electronic 
market.

THE JAPANESE Electronics Show held two 
weeks ago in New York raises a pointed ques­

tion: How will steadily rising electronic imports 
from Japan affect American designers?

Some industry observations can be summar­
ized this way:

First, so many new parts and products are now 
available from Japan (and other countries) that 
designers must follow new-part specs with mi­
nute care to make sure that competitors are not 
the first to incorporate them in cheaper products.

Then, designers in some fields, like low-priced 
consumer products, can expect an increasing flow 

I ideas from Japanese engineers. Considerable 
design attention in Japan is concentrated on prod- 
cts tailored for the U.S. market, and the growing 

numbe r of Japanese designers could easily be- 
^ome a major source of design know-how.

Observers report that many of Japan’s engi- 
■eerin facilities are equal to the best in the U.S. 
-ome »mpanies in Japan employ hundreds of 
n?ine rs and scientists in electronics R&D.

opt al design, Japanese engineers and scien- 
's h e already become important sources of 

design velopments.
Also, ising Japanese imports add pressure to

U.S. Not Main Target

The U.S. can absorb a fair amount of imports 
from Japan—mainly cheaply shipped finished 
products requiring much hand labor—and last 
year did buy about half of Japan’s electronic ex­
ports. But the less-developed nations of the world 
are Japan’s main market. These countries in Asia, 
Africa and Latin America are the targets of our 
own export-minded companies.

American manufacturers concede that in gen­
eral Japanese electronic exports are made with 

(Continued on next page)
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UP HERE

Products Made By Exhibitors 
Japanese Electronic Show.

at

Airborne DF—45
Amplifiers—6, 7, 25, 42

Portable—10
Automatic voltage sta­

bilizers—29
Batteries, dry cell—17
Broadcast equipment—

41 
Capacitors—17, 20,

24, 25, 31, 34, 39
Ceramic—13, 15, 

36

23,

20,

Metallized—13, 23, 24, 
34, 39

Mica—13, 24, 34
Paper tubular—13, 23, 

31

I raes 
I Filte 

I Gene 
I Hi F

I v
Un
Par 

I Inter;

Kits.
Mega 
Micro

Veh
Phono

41
Mot 

Cartri 
Pick-u 
Phono 
Public

TYPE 64 564 SPOT ”
Nominal operating voltage 14 to 29 VDC
Contact Load at 29 VDC 15 Amp Res
Temperature ... 65”C to + 120 C
Hermetically sealed, potted leads

TYPE TD 100 SERIES. SPOT. 2P0T and 3POT 
Transistorized Time Delay.
Time Delay ... 30 millisecs to 3 mins • 5%
Nominal voltage range 28 VDC Standard; 

other voltages on request.
Contact Load at 29 VDC 2 Amp Res
Temperature . . 65’C to +85’C
Reset Time Instantaneous tor SPOT and 2POT 

reset time for 3POT depends upon delay period. 
Hermetically sealed, potted leads optional.

TYPE M 101 and M1O2, 2POT 
Magnetic latch or Standard 
Crystal case size.
Voltage . 28 VDC Standard, 

other voltages on request.
Contact Load at 29 VDC 2 Amp. Res.
Temperature ... to 125’ C. 
Terminals and mounting optional. 
Hermetically sealed.

CONTROLLED 
PRODUCTION

DOWN HERE
In new contaminate-free laboratory 
and production-facilities, U.S. Relay 
tests and produces complete 
lines of relays and “customerized” 
control systems. Here, under dust­
free, electrostatically filtered 
conditions, the unkind extremes of 
temperature, humidity, altitude 
and random-noise vibrations are
anticipated, and provided for, in 
highly dependable products for an 
ever-changing space age.

For information write to
U.S. Relay Company, the Electronic 
Division of A • S • R Products Corp.

717 N. Coney Avenue , Dept. ED 
Azusa, California

U S. RELAY

Tantalum—23, 39 
Variable—14

Clock, transistorized- 
41

Coils—Choking—29 
Oscillator—6

Communication equip. 
—10, 16, 18, 25, 41

Computer analog—11,
41

Connectors—32
Cross-over networks— 

4, 8, 41
Crystals—20
Diodes—16, 17, 25
Earphones, magnetic— 

1, 3, 19, 43
Crystal—1, 3, 19, 43

good workmanship and good mate­
rials and are well-designed, whether 
with American or Japanese ideas. 
These products are solid competi­
tion for any country’s designers. 
Backed by low prices and good sales 
service, they could mean major 
changes for export designers here.

What is available from Japan? 
Showing their wares at the Elec­
tronics Show were 45 of the roughly 
100 electronics companies that ex­
port from Japan. The 45 account for 
about 80 per cent of that country’s 
electronic exports—mainly tri istor 
radios and tubes. The accoi pany- 
ing table shows what the exl litors
are offering U.S. buyers.

Not all products may be line­
diately available—many of t con­
cerns exhibiting were int sted 
mainly in testing the U.S. m et

For design highlights of t: how 
see pp. 106-9 of this issue c lec- 
tronic Design. • ■
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10, 16, 35,

19, 43
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«00 A 
400 K 
406 K 
400 K 
400 K 
400 K
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Lbitors
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K'ts,

Facs
Filter
Gene

Multi-band- 
42, 45 

Transistor-

1 rnate- 
vhether 

ideas.
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signers. 
5(1 sales 

major
■s here. 
Japan? 

e Elec-

low reverse leakage 

high current capabilitie

Tuners, AM—6, 7, 29
FM—6, 29

Exhibitors at Japanese Electronic Show 

.mbers refer to table above.
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:hat ex­
aunt for 
ountry’s 
ansistor

Chicago, 6120 West North Ave.; Chicago 39, 111.; NAtional 2-0283
Philadelphia, I Bala Avenue; Bala-Cynwyd. Penn.. MOhawk 4-8365
Los Angeles, 690 N. Sepulveda: El Segundo, Calif ; OR 8-6125
Or write, Hughes Products, Marketing Department,
SEMICONDUCTOR DIVISION, NEWPORT BEACH, CALIFORNIA.

or, signal—26 
not listed else 
re here)
—6, 7, 41, 42

10, 11, 16, 19. 21, 22.
25, 28, 30, 33, 35, 40, 
42, 43, 44, 45

Repeating equipment,

ita Sales Co., Ltd., c/o Hirasawa Bldg.,7 
kamakura-cho, Chiyoda-ku. Tokyo

TV sets—10, 11, 16, 17, 
18, 22, 41, 42, 44, 45

Components, other—17, 
22, 25, 32

100 mA Min. IV Forward Current...0.3 Msec recovery...4 mmF 
at —2V...that’s what you get with the new Hughes computer 
diodes. With these characteristics, these diodes will cover practically 
every major computer switching requirement.

You can always count on them for top performance. Hermeti­
cally sealed in glass envelopes, these Hughes computer diodes 
have been engineered for extreme reliability under adverse envi­
ronmental conditions.

For additional information concerning these unique Hughes 
diodes call or write the Hughes sales office nearest you. They are 
located at:
Boston, 4 Federal Street; Woburn, Mass.; WObum 2-4824
Newark, 80 Mulberry Street; Newark 2, N. J.; MArket 3-3520
San Francisco, 535 Middlefield Road; Palo Alto, Calif.{ DA 6-7780 
Syracuse, 224 Harrison Street; Syracuse 2, N. Y.; GRanite 1-0163

in JAM test circuit and switched from 30mA <mws*d curront to - 35V.
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Microwave, TV—11 
Resistors, carbon film— 

12, 27 
Composition—12 
Variable—12, 14, 38 

Scintillation counters— 
16. 32 

Speakers—3, 4, 7, 8, 41,

®Hokc ku Denki Kogyo Co., Ltd., 6-1300 Kamime-
-iro, Meguro-ku. Tokyo
Kan.' nii Works Co., Ltd., Nishinotoin Shijo, 
Nah o-ku, Kyoto,
Kata- a Electric Co., Ltd., 247, Yukigaya-cho, Ota-

Coaxial—8
Tweeters—4, 7, 8
Woofers—4, 7, 8

Stereo—6. 10, 41, 45
Switches, rotary—14, 38

Slide—14
Tape—25
Tape recorders—9, 21,

25, 33, 42, 45
Telecommunication 

equipment—17, 25
Test Equipment—11, 17,

26, 30, 41
Transformers—17, 19,

27, 37
Transistors—11, 16, 17,

25, 33, 41
Tubes—11, 16, 18, 25,

ns—10, 22, 25

Creating a new world with ELEC TRONIC'S
I HUGHES PRODUCTS

TYPICAL CAPACITANCE C_w-2 M 
Operating Tama Range -65*C to rl50*C

Reverse Receve^i^' 
Reverse Maiimum 

Resistance R, Recovery 
(ohms) Tims (^oec)

Mega' hones—10, 25
Microphones, dynamic

—33, 41
Velocity—1, 33, 41

Phonos—2, 9, 10, 17, 21, 
41, 42

Motors—-1, 17, 19
Cartages—43
Pick-ups—1, 42, 43
Pho no-radios—5
Public address systems

—17, 41
Radar—18
Radio-phone—19, 45
Receivers—10, 11, 16,

17, 18, 22, 41, 44
All-wave—21
AM-FM—21
Automobile—¡16, 41

TYPICAL SPECiFICATim
Min. Forward 

Mm. Ea Curant to 25 X Max Revsrse Current ^A)
fe25~C

Olto 40V 
01 to SOV 
0 1 to 120V 
0.1 to 200V 
0.1 to wv 
0.1 to 160V

to 100“c
15 to 40V
I5to aov 
15 to 120V
15 to 200V
15 to 60V
15 to 160V

1 Aiko Electric Co., Ltd., 4, Motosakuma-cho, Kanda 
Chiyoda-ku, Tokyo

- Asahi Radio Co., Ltd., 38 Suehiro-cho, Kanda 
Chiyoda-ku, Tokyo

3 Ashida Sound Co.. Ltd., 217,3-chome, Higashi-osaki, 
Shinagawa-ku, Tokyo

1 Foster Electric Co., Ltd.. 384 Shimorenjaku, Mitaka- 
shi, Tokyo

5 Fuji High Frequency Radio Laboratory Co., Ltd., 
387 Shibasaki-cho, Chofu-city, Tokyo

‘ Fuji Seisakusho Co., Ltd., 5,1-chome, Mita, Shiba. 
Minato-ku, Tokyo

* Fukuin Electric Works, Ltd., 5 Otowa-cho 6 chome, 
B-uAyo-ku, Tokyo

* Fukuyo Sound Co. Ltd., 2-25-3 Horifunecho, 
Kitaku, Tokyo

’ Global Mfg., Co., Ltd., 13, Shiba Sakaecho. Minato- 
ku. Toy ko
Hayakawa Electric Co., Ltd., 232, 1-chome, Nishi­
lanabe, Abeno-ku, Osaka
Hitachi, Ltd., 4, 1-chome, Marunouchi, Chiyoda-ku.

Type
IN 840 
IN83/A 
1N841 
1N843 
1NS44 
1N845



Tiny Temperature 
Compensated
VOLTACE REGULATING DIODES

701* Silicon Alloyed 
Junction

LOW POWER ZENER DIODES

Silicon Single 
Diffused Junction
MEDIUM POWER ZENER DIODES

703’ Medium Power
Silicon Junction
DOUBLE ANODE ZENER DIODES

Silicon Single 
Diffused Junction
HIGH POWER ZENER DIODES

704* Silicon Alloyed 
Junction
LOW POWER RECTIFIERS

707*

Silicon Diffused
Junction
HIGH VOLTAGE RECTIFIERS

706* Silicon Single 
Diffused Junction 
MEDIUM POWER RECTIFIERS

709*

Ml 708*
Medium Power 
Diffused Silicon 
HEX MOUNT RECTIFIERS 

1N253 through 1N256
Silicon Single 
Diffused Junction 
HIGH POWER RECTIFIERS

710’ Low Priced 
Silicon Junction 
COMMERCIAL RECTIFIERS

711« Solid Electrolyte tantalum capacitors

REPRESENTATIVES
ALABAMA Birmingham Emory Design and Equipment Co. CALIFORNIA 
Les Angeles Kittleson Company Palo Alta Kittleson Company CANADA 
Doudas E. E. Whittaker Ottawa E. E. Whittaker COLORADO Lakeweod 
Brown Technical and Associated Sales FLORIDA Bradenton Emory Design 
and Equipment Co. ILLINOIS Wheaton David R. Hausten IOWA Cedar 
Rapids Engineering Services Company JAPAN Tokyo Industrial Imports 
Limited KANSAS Wichita Engineering Services Company MASSACHUSETTS 
Lexington Palioca Company MINNESOTA Minneapolis Marvin H Kirkeby 
MISSOURI Kansas City Engineering Services Company St Louis Engi­
neering Services Company NEW MEXICO Alamogordo Kittleson Company 
NEW YORK Mineola Comtronic Associates Syracuse I. A Hotze Company 
OHIO Columbas McFadden Sales Company Oklahoma Taisa C. D. 
Daniels PENNSYLVANIA Philadelphia Victor S Malta WASHINGTON 
Seattle Seatronics, Inc.

•CIRCLE HO. ON READfR-SERVICI CARD

OF S. SEMCOR RELIABILITY

SEND
YOUR
TEST
PLES

DIODES... RECTIFIERS... 
SOLID TANTALUM CAPACITORS

Semiconductor devices today... for the Electronics of tomorrow!

There’s just one sure proof of performance: Test it! We invite you to send for test samples of our ub- 

miniature solid state devices. You’ll find they stand on their own merits ... and you’ll take pride ir our 

products made with reliable U. S. SEMCOR cor^onents. Write, phone, or wire today!

US

our neartut Field Engineering Rep- 
for complete technical data—write 
Engineering Department.

■■■■■■■■■■■■■■■■■■■■■■■■■
U. S. SEMICONDUCTOR PRODUCTS, INC
3540 West Osborn Road, Phoenix, Arizona • Applegate 8-5591

CHECK U. S. SEMCOR’S RELIABLE PERFORMANCE BEFORE YOU SPECIFY ANY SOLID STATE DEVICES
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1EWS
Kogyo Corp., 5, Wadayama-dori, 1-chome,

?-ku, Kobe 
ishita Electric Industrial 
a, Pref.

Co., Ltd., Kadoma,

18 Mr ibishi Electric Mfg. Co., 
no ni, Chiyoda-ku, Tokyo

19 M. ioka Electric Mfg. Co., 
K, lya-cho, Kita-ku, Osaka

3, 2-chome, Maru-

Ltd., 8, 1-chome

20 Mutata Manufacturing Co., Ltd., Hino-oka, Yama- 
shr a, Higashiyama-ku, Kyoto

*1 Nanao Radio Co., Ltd., 1054, 4-chome, Shimome- 
guro. Meguro-ku, Tokyo

22 Nippon Alpha Electric Co., Ltd., 6, Azabu-Fujimi- 
cho. Minato-ku, Tokyo

3 Nippon Chemical Condenser Co., Ltd., 1306, 2- 
chome, Yutaka-cho, Shinagawa-ku, Tokyo

24 Nippon Communication Industrial Co., Ltd., 260, 
Kitamikata Kawasaki City, Kanagawa Pref.

25 Nippon Electric Co. Ltd., 2, Shiba-Mita-Shikoku - 
machi, Minato-ku, Tokyo

26 Ohmatsu Electric Co., Ltd., 2596, 5-chome Kamime- 
guro, Meguro-ku Tokyo

*7 Riken Dengu Seizo Co., Ltd., 4-6, Azusawa, Ita­
bashi-ku, Tokyo

28 Sanritsu Electric Machine Co., Ltd., 91, Kamiakat- 
suka. Itabashi-ku, Tokyo

29 Sansui Electric Co., Ltd., 460, Izumi-cho, Suginami- 
ku, Tokyo

3» Sanwa Electric Instrument Works, Ltd., 1069, 
Koigakubo, Kokubunji-machi, Kitatama-gun, Tokyo

21 Shizuki Electric Works Co., Ltd., 233, Nagai-cho, 
Imazu Nishinomiya

2 Showa Musen Kogyo Co., Ltd., 24, 5-chome, Higa- 
shitogoshi, Shinagawa-ku, Tokyo

2 Sony Corp., 351, Kitashinagawa-6 Shinagawa-ku,
I Tokyo
U Soshin Electric Co., Ltd., 2, Nishi-Magomemachi 4- 

chome, Ohta-ku, Tokyo
£ Standard Radio Corp., 53, Mukoyama-machi, Shi- 

buya-ku, Tokyo
pi Taiyo Yuden Co., Ltd., 1, Kanda Kamezumi-cho. 

Chiyoda-ku, Tokyo
p Tamura Seisakuscho Ltd., 689, 4-chome, Kashiwagi, 

Shinjuku-ku, Tokyo
p Teikoku Tsushin Kogyo Co., Ltd., 335, Nishinaka- 

machi, Kariyado, Kawasaki
P Tokyo Denki Co., Ltd., 2, Kanda Kaji-cho, 1-chome, 

Chiyoda-ku, Tokyo
p Tokyo Optical & Radio Mfg., Co., Ltd., 407, Nukui- 

cho, Nerima-ku, Tokyo
p Tokyo Shibaura Electric Co., Ltd., 2 Ginza Nishi
I 5-chome, Chuo-ku, Tokyo
r Victor Co. of Japan, Ltd., 1-1, 4-chome, Nihonbashi-
I Honcho, Chuo-ku, Tokyo
p Yamada Electric Industrial Co., Ltd., 3, 6-chome,
I Shiba-Shimbashi, Minato-ku, Tokyo
p Yamamaka Electric Co., Ltd., 198, 2-chome, Omori,
I Ota-ku, Tokyo
p Yaou Electric Co. Ltd., 2776, Ooi, Sakashita-cho,
I Shinuawa-ku, Tokyo

Mar Mapping System Studied

hi a 'vanced radar mapping system is being 
bei‘)r d for Army by Goodyear Aircraft
«p. i 
ínsine:

Litchfield Park, Ariz. Airborne radar-
nd data-reduction procedures are being 
o establish design parameters for inte- 
»ilitary topographic mapping.

Available from stock...MICROWAVE GENERATORS
Now available for immediate delivery are 
several high-performance Hughes microwave 
tubes ... including the Model LOU-2 pictured 
above. This Ku band backward oscillator is com­
pletely ready for insertion into a system. The 
prepackaged LOU-2 tube gives you power out­
put of from 10 to 60 milliwatts over the band 
...and tunes the frequency range of 12.4 to 
18.0 kmc/sec.
Since the tube is housed in a self-contained 
permanent magnetic focusing package, no sepa­
rate power supply for a focusing electromagnet 
is necessary. Result: you get a lighter and more 
compact package.

Reliability has been engineered into the tube— 
and has been proven in more than 2 years of 
life tests. The package is completely sealed and 
magnetic structures are potted in epoxy resin.

Developed by the famed Hughes Research & 
Development Laboratories, the LOU-2 helps 
solve your problems associated with microwave 
signal generators, panoramic receivers and 
spectrum analyzers, frequency scan radars, 
navigational radars, microwave links, and 
countermeasures.

Hughes also offers you from stock these other high 
performance microwave tubes:

S-band traveling wave 
amplifier-Periodically 
focused,the type MAS-1A 

I has a peak power output 
■ of one kilowatt over a 
■ band of 2-4 kmc at 
P duties up to 0.005. The 

tube has a gain of 30 to 
33 db, giving an excess 
of one kilowatt over 
most of the band.

S-band backward wave 
amplifier-Type PAS-2, a 
voltage-tuned amplifier, 
features: frequency 
range 2.4-3.5 kmc, tube 
noise figures of less 
than 5 db, crystal pro­
tection, spurious input 
signal elimination, cold 
isolation greater than 80 
db and image rejection.

X-band backward wave 
amplifier-Featuring a 
noise figure of 4.5 db, 
the PAX-1 tube, also of­
fers a 12 MC bandwidth 
which is electronically 
tunable over the X-band 
spectrum.

For additional information please write: Hughes Products, Electron Tube Sales, 
International Airport Station, Los Angeles 45, California. For export write: Hughes International, Culver City, California.

Creating a new world with ELECTRONICS HUGHES PRODUCTS

O 1*90. HUGHE* AIRCRAFT COMPANY

SEMICONDUCTOR DEVICES • STORAGE AND MICROWAVE TUBES • CRYSTAL FILTERS • OSCILLOSCOPE* • RELAYS • SWITCHES « INDUSTRIAL CONTROL SYSTEMS
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Enlarged photograph of raw crystal

BULOVA CRYSTAL CONTROLLED ULTRA-STABLE SHIFT OSCILLATORS
Bulova shift oscillators are all that any electronics engineer 
could ask for in miniature crystal controlled packages!
Consider this new Bulova custom designed 18.5mc shift 
oscillator. Here's an assembly of two oscillators operating 
at 18.5mc. One is fixed, with a 1 pp 107 stability. The other 
is a variable with equal stability, 1 pp 107. The shift is 
accomplished by means of a variable air capacitor. How-
Department A-1S 61, Electronics Division,

ever, the same shift, at the same frequency, can be affected 
with a varicap.
This new ultra-stable shift oscillator is only one of many 
recent advances made by Bulova Electronics. For informa­
tion on these specific units, or on how Bulova experience, 
in mastering component and system reliability, can help 
your program, write —

Bulova, 40-06 62nd Street, Woodside 77, New York

NEWS
Space-Probe Telemetry System 
Designed for 25,000 Samples/Sec

A proposed system for very-long-range te. 
metry involves use of advanced coding technique 
and digital mechanization to meet outer-spa« 
communication problems of high-signal-to-nois 
ratios and ranges of over 100 million miles.

Space Electronics Corp, expects its proposed 
Digilock system to transmit data at rates varyd 
from 100 samples per second to a maximum J 
25,000. The system will be designed to trade j 
between transmitting power and the amount ad 
accuracy of the data to be transmitted. This j 

• to cut down power requirements, estimated to M 
on the order of three to five watts.

The company reports that a new method oi 
modulation plus phase lock at the receiver vvil 
also be used to cut power requirements.

Communication efficiency is expected to close I 
approach the best value possible, accordins I 
information theory, the company claims.

Electricity to Be Sought 
in Strontium 90 Decay

Conversion to electricity of the heat of dttd 
of Strontium 90 will be investigated by the \L 
tin Co. of Baltimore under a contract from N 
Atomic Energy Commission.

Studies will be made of the properties I 
strontium compounds and the fabrication of r 
liable, corrosion-resistant strontium heat element! 
The project aims to develop compact devid 
capable of turning out 100 electrical watts.

Designs will be sought of land and sea app’ 
tions, such as ocean buoys, emergency mark'd 
and remote weather telemetering equipment.

Sputnik Radio Logs 8000 Hours
A radio transmitter aboard Sputnik III has bed 

operating continuously for more than 8(MX) hour 
the Soviet Union has reported.

Solar batteries have powered the unit for moi 
than 6000 hours, chemical power for the n 
mainder of the time.

The transmitter was described as a nsistiq 
of two units: a main and a reserve trai 
and a commutating device and power
Provisions have been made for switching 
the reserve transmitter in case of failure 
far this has not been necessary, the Sov

over 
but 
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When the solar batteries are lighted b\ the
their voltage exceeds that of the chemic po"a
source, conserving chemical power for \ ten W
solar cells are in the shadow.
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Trace Retention with MEMO-SCOPE recorder. Application No. 2

ngi tew

radioactive isotope

VENTFACE PLATE

which traceG ASK GASK
ELECTRODE

MEMBRANE

transient?ELECTRODE
GASK GASK

VENTFACE PLATE

being developed 
mild be fired by 3

10-pound unit generates 100 watts, using a 
e flame burning at 850 F, and can be modi-

Many unique problems have been solved with the memo-scope 
recorder through trace retention. Refer your problems to us 
by writing: Hughes memo-scope recorder, Hughes Products, 
International Airport Station, Los Angeles 45, California.

of gasoline and kerosene. It 
1 an advanced version that

n Details Released 
More Power Sources

H has bet 
$000 boni

Data reduction systems have long been plagued by false 
signals from intermittents and transients — particularly those 
using digital bits and words. With the memo-scope* recorder 
you can locate this false information with comparative ease.

For example, the above display shows b traces—one showing 
a non-recurrent transient pulse. The memo-scope recorder 
freezes this transient information on the face of the tube until 
intentionally erased. Therefore, transients can be retained 
for study, regardless of the fact that they are intermittent in 
nature and last only a few microseconds. For more information 
concerning this application, write for Data Sheet msad-a2.
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d t permit the use

TGyGEN ENTRY gas chamber

eDROGEN ENTRY GAS CHAMBER

the Air Research and Development Com- 
<unes word of a Westinghouse thermo­
generator described as the most powerful

sourd 
oxer

^ESCON Design Competition 
rawing Many Entries

As of last week, the committee handling the 
pustr d-design competition for the Western 
Mn c Show and Convention had received 
p । 150 entries. About 30 will win awards, 
khh 0 will receive a WESCON Award of Ex­
knet for Industrial Design, and the rest a 
PC> \ Award of Merit for Industrial Design, 
pov the judges have not been announced 
r a < expected to be industrial design con- 
pots he competition is planned as an annual 
pre the WESCON show.

hematic of fuel cell exaggerates proportions 
r clarity Working model is a plastic disc three inches 
¡diameter about one-half inch thick.
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A new memo-scope recorder accessory. . . the Multitracer 
... makes it possible for you to automatically program up to 20 
different traces on the tube face.

In addition to data reduction trouble shooting, the memo­
scope recorder makes it possible for you to save time and 
money in problems associated with:
• Ultrasonic flaw testing • Transducer testing
• Drift measurements • XY plotters
• Ballistics, explosives research • Medical diagnosis problems
• Switch,relay contact studies • Physical testing
■ Welding • plus many more

SPECIFICATIONS:
Sweep Speed for Storage 10 microseconds per division to
10 seconds per division (0.33*).
frequency Response: DC to 250 KC down 4 db

e” . • oif ID r - uo". ' *r vol'-, ne' division •' wi»'< np
•>! .1- . : ‘e UO1! II • .'.n

per division

At the same time additional details have been 
leased on General Electric’s hydrogen-oxygen

iperties I 
tion ol r 
t element' 
et devk 
vatts.
ea applic

In this suggested power source, with a predicted 
otential of 2 kw per cu ft, hydrogen ions carry 
charge through an ion-exchange membrane that 
its as an electrolyte. Use of the membrane and 
ents solve problems of ion leakage, electrolyte 
ilution and collection of water at the fuel elec- 
tode. \\ ater can be disposed of by evaporation. 
GE states that more than 60 per cent of heat 
leased by combustion is converted to electricity’ 

nd that some tests have been conducted at densi- 
k $ of 30 ma per cu cm.

nethod
•eiver w

SEMICONDUCTOR DEVICES * STORAGE AND MICROWAVE TUBES * CRYSTAL FILTERS * OSCILLOSCOPES * RELAYS • SWITCHES • INDUSTRIAL CONTROL SYSTEMS
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MINIATURE TRANSISTOR

1-yqDM «valíame lor immeuiaie uenveiy num nanumsc oiutnmg uiìihuuiuiì.

DC-DC CONVERTER
All Items Designed for 13.6V. Except 8034 which is for 

28V Input.
TYPICAL DC DC CONVERTER 

CIRCUIT

TRANSISTOR DRIVER

♦
 Designed specifically for 

transistor, servo 
and audio

Frequency response 70-20K
Size AF mill through AH Hermetically 
sealed to MIL T-27A.EPOXY MOLDED See catalog for exact sizes and weights.

M8034
M8035
M8036
M8037

Part Total V. A D.C. Output
Number Output F. W Bridge 1 C.T. Full Wave 

Volts Ma. j Volts Ma.
18
20
15

ORDER ONLY 
Part I 

Number | Application
Pri.
Imp.

Sec.
Imp.

Pri O.C. 
Unbal 
Ma.

Lovol 
Watts

7 
.75

400 C.T.
100 C.T.
600 C.T.
320 C.T.

6,500 C.T.

.15
1.5 
.075 
040 
.005

560
625 

V00 
7,000

M8002* Coll to P.P Emit 
M8003* Coll, to P.P. Emit 
M8004 Coll, to P.P. Emit 
M8005 Coll, to P.P. Emit.
M8006 Coll, to P.P. Emit 10,000

'Bi-Filar wound to minimize switching transients

TRANSISTOR 
OUTPUT
Frequency Response

200 15,000 ~
See catalog for case size

LOW LEVEL CHOPPER

Application
M8008 P.P Output to Spkr.
M8007* P.P. Auto Transí.
M8009 P P Output to Spkr
M8010 P P Coll to Servo
M8011 P.P Output to Spkr 
M8012* P.P. Coll, to Servo
M8013* P.P. Output to Spkr
M8014 P.P. Output to Spkr 
M8015 P.O. Coll, to Servo
M8016 P 0 Output to Spkr.

Pri.
Imp.
25
30 C.T.
48 CT
120 CT
125 C.T
140 C.T.
250 C.T
400 C.T 
1.600 C.T.
2.550 CT.

34
4
3.2 8 
1,000 
34 
500
34
11 
800 
12

’Bi-Ftlar wound to minimize switching transients

RECTIFIER

Circuitry Primary 105 115 125 Volts**. 
Hermetic sealed to MILT-27A
See Catalog for additional information.

*3801600 Cy *'DC output wits stated are for resistive or 
♦5060 Cy inductive loads Capacitor input may bo 

used rf RMS AMPS is not eiceeded

Part 
Number

Secondary 
AC 

Volts

Rectifier Circuit
RMS. 

Amperes
C.T.** 

Full Wave
FW 

Bridge
M8018* 18 5 C.T. 1 7V. 14V.
M8019* 18.5C T 3 7 14
M8020* 35 C.T. 3 14.5 29
M8021* 70 C.T. 1 30 60
M8022’ 18 5 C.T. 3 7 14
M8023* 35 C.T. 3 14.5 29
M8024’ 70 C.T. 1 30 60

Efficiently transfers 30 tc 500 cps. Trans­
ducer or Thermocouple signals to instru­
ment amplifiers. Signal level range from 
,5mV. to .5 volts. Resin impregnated to 
minimize mechanical vibration noise sig 
nal Low hum pick up assured by 3 mu 
metal and 2 copper shields.

Part

Turns Rat»
Ind. of 

Full Pri.
Imped of 

Full Pri.
Pan Full Pri. % Pri. @ 5V @.5V

Number To Full Sec. To Full Sec 60 Cycles 60 Cycles
W525 nr
M8026 1:3.2

N—bor|Pri. Sac.________________________
M8025 365 4140 90 DB l«/32 P/8D 4.5
M8026 455 3500 90 DB l»/]2 13/|D 4 5

1:15417.5 6.600
1: 64 60 Hy 22,500

DC. Resistance 
Full Mag 

Shield. HKht Dia.
Wt 
Oz.

ULTRA MINIATURE 
TRANSISTOR

Wt 08 oz. size H" x H" x n/j2
Nylon Bobbin, Nickel Alloy Core 4 color 
coded leads, resin impregnated.
Encapsulated on special order

Part 
Number Application

Primary 
Impedance (D. C)

Secondary 
Impedance

UM 21 F 
UM 22 F 
UM23-F 
UM 24 F 
UM 25 F 
UM 26 F 
UM 27 F
UM 28 F

100.000
20.000
20.000

1,000
400
400
400 C.T.

1.000
1,000
1,200 C.T.

50
50
11
11

Input 
Driver 
Driver 
Output 
Output 
Output 
Output 
Choke 10 Hy (Ode) 8Hy(.5ma)650

MCROTRflD^S
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NEWS

Survey Finds Capacitor Makers
Split On Major Trends

CAPACITOR manufacturers differ on 
subjects that affect their branch of 

the electronics industry. This was brought 
out in a recent Electronic Design sur­
vey in which 20 leading manufacturers 
were interviewed personally or by letter. 
They were asked among other questions:

“Is the number of orders for cus­
tom capacitors too high, about 
right, or too low?’’
Of those who ventured a judgment, 

seven thought it was too high, eight con­
sidered it about right and one said it was 
too low.

Several who thought there was not 
enough standardization blamed the cus­
tomer. One engineering executive of a 
leading concern, said:

“We’ve got hundreds of thousands of 
different drawings to turn out that many 
different capacitors for our customers. 
It’s a terrible waste. Most of the fault lies 
with young whippersnappers out of 
school a year or two. These engineers 
specify a new varnish, a new marking, a 
different terminal without getting any 
attendant benefit. It means we have to 
change our procedures and turn out an­
other special capacitor for them.

“Radio and TV manufacturers could 
standardize on less than 100 different 
types of capacitors. If they did, we could 
automate around here and cut unit cost 
by 50 per cent. Everyone would benefit. 
But this will only happen when all users 
get together and decide what they need 
and want.”

The engineering head of another firm 
said:

“Sure standardization is good because 
it cuts costs, unclutters stockrooms and 
has other advantages. But there is one 
danger in standardization: it impedes 
progress. W hyr should a user be limited 
in his choice of units? If he can get a 
special product that does his job better, 
he should specify* it.”

Another capacitor man felt: “It’s their 
money; if the customer wants to spend

more on special units, who are we to 
argue. We make our profit, and they get 
their product.”

EIA and MIL specifications werd 
praised for the effect they have had in 
standardization. Those in favor of morel 
standardization listed these areas where] 
more work was necessary: Physical sizej 
Capacitance values, Temperature coeffi-] 
cients, Leakage currents.

“How big is the market?”

Only7 four manufacturers ventured to 
estimate the total 1959 electronic capaci­
tor market. But they agreed roughly 
One estimated it at $230,000,000. Twd 
pegged it at $200,000,000, and the fourth 
said $190,000,000.

Other figures included:
$100,000 for layer-wound-type units id 
1959; $15,000,000 for ceramic types id 
1959. One manufacturer reached out IH 
predict a $500,000,000-year in 1968.

Outlook of a company was ofted 
closely connected to its size. Thi 
medium-sized companies seemed optil 
mistic about their future. They stressed 
their new products and high sales. Bud 
most of the larger companies, havinl 
already been in contact with all segment! 
of the market, were not as cheerfil 
though still hopeful. 1

An executive of one large compani 
said: J

“Radio and TV sales last year haven! 
been hot at all. The market is just aboJ 
saturated. Another thing is that the use cl 
transistors means that lower-voltage cA 
pacitors are being used. And th» -e lo\A 
voltage capacitors cost less money. I

“A capacitor company will ha to cj
versify if it wants to stay large, 
big thing were looking forward 
introduction of color TV sets.

“Will foreign competition h

On the question of capacitoi 
tion from abroad, 14 companie

ic ne’
is th

,9"

in pel 
d the

we 
Sor 
of i 
esti 
mar

ped 
wh< 
che; 
adv
com 
U.S.

Tl 
offer

ules.’
“Sc 

and i
‘Tl 

want
Am 

to be 
other

Mo 
kind c

con

I mylar, 
I paper
I The 

| each c( 
I In mei 

manufi 
whethe 
fair. ‘T

Anot
I toward 
plained

“This 
any ma 
major t 
be mad 
be low( 
size”

Very 
miniatur 
explainer 
fbe units

Cost a 
°ften me

"It’s a 
tveryon 
üble q 
^y fc H
Who , 

The 
^¡nec e

ELECTRONIC DESIGN • July F 195' Sect o



rs

oftei

pompan

BALANCED DUPLEXER: DUAL TR, SHUTTER

1 .c nei

,9”

CIRCLE 10 ON READER-SERVICE CARD1951

we to 
hey get

wer 
Son 
of e 
esti

ured tc 
capaci- 

roughly 
0. Twc 
e fourtl

m^t 
d the

68.
is

; were 
had in 

it more 
» where 
al Sl/e, 

• cotffi-

' i.

I. > o
' < a

iow

not concerned and four said they were, 
said the foreign units they had tested were 

od quality. Others said “not so good.” One 
ated that 10 per cent of the capacitors being
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mai ted in the U.S. today were foreign-made. 
V. 11 imports increase in time? Nine firms ex­

pect d them to increase, and four did not. Those 
wh< >aid “yes’ mentioned the low cost (through 
cheap labor) as the foreign manufacturer’s chief 
Vantage. Another explanation was that foreign 
companies were becoming increasingly aware of 
U.S. needs.

Those who believed imports would not increase 
offered these explanations:

“You can’t be sure they’ll meet delivery’ sched­
ules.”

“Someone in Congress will raise the import tax 
and reduce the quantity brought in.”

“They won’t ship too many, because they don’t 
want to offend anyone.”

American capacitor manufacturers do not seem 
to be tieing into foreign companies as much as 
ther U.S. component companies are.
Most every’ manufacturer mentioned a different 

kind of capacitor when asked:
“Is there a trend for any types to be­

come especially popular?”
Types mentioned were ceramic disk, tantalum, 

mylar, polystyrene, metallized teflon, glass, mica 
paper and epoxy-resin impregnated units.

The answers seemed to reveal more of what 
each company was working on than anything else. 
In mentioning the growth of plastic types, one 
manufacturer said he seriously questioned 
whether the prices of some plastic materials were 
fair. “Highly suspect,” he said.

Another trend often mentioned was that 
toward miniaturized units. One engineer ex­
plained:

This miniaturization won’t be the result of 
any major breakthrough. There hasn't been a 
major breakthrough in years. Smaller units will 

made because the voltage requirements will 
he lower. And as voltage goes down, so does 
size.”

Very few companies are engaged in micro­
miniaturization programs at present. The reason, 
«plained one executive: “The people who need 

units make them.”

“What about testing problems?”
Cost and time were the two problems most 

mentioned in testing.
It’s a headache,” one manufacturer said. 

^ver\ me seems to want a high-quality and re- 
ipacitor these days, but no one wants to 

Mo it.”
"Ti? makes the cost high? Respondents’ fac- 
’S; ie need for expensive test equipment, 

echnicians and many parts; lack of stand-

Guaranteed protection in Ku band!

BALANCED DUPLEXER: DUAL PRE TR- DIODE PROTECTOR, SHUTTER

New Microwave Associates 
Ku Band duplexers give you 
guaranteed crystal protection 

- for life - at full rated power 
and elevated temperatures.

For the first time, Ku Band users are enjoying 
crystal protection never before attained in this band!

New, highly successful gas tube and ferrite devices 
of proven design but previously produced for L, S 
& X bands, are now in actual production for Ku 
Band . . . and available for immediate delivery.

These new duplexers developed by Microwave’s 
Switching Devices Laboratory under the direction of 
Dr. Lawrence Gould are guaranteed to solve pre­
mature crystal burnout problems. One of these sys­
tems will bring you optimum duplexer performance 
and reliability. All three use the MA-760 shutter for 
standby receiver protection.

If you work with the Ku Band, you owe it to your­
self to see how these latest developments from 
Microwave will bring you new concepts in receiver 
performance and crystal protection. Write or call 
our application engineering department.

FERRITE DUPLEXER: DIODE PROTECTOR, SHUTTER
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HANDY & HARMAN
General Offices: 82 Fulton St., New York 38, N.Y.

companies from making a decent profit 
A smaller company answered: “The big

For your free copy of this new and cash-provoking bulletin, 
write to Refining Division, Handy & Harman, 82 Fulton 
Street, New York 38, N.Y. Your biggest dividend will come 
when you send a refining lot to Handy & Harman and see 
for yourself the cash benefits you get from the country’s 
leading refiner of precious metals waste.

■ort of 
d by

Refining Plant* 
A Cellectlng Station*:
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El Monte, Calif. (Los Angeles) 
330 North Gibson Road
New York 38, N.Y.
82 Fulton Street
Toronto 2!< 
141 John Street

Chicago 22, III. 
1900 W. Kinzie Street
Providence 3, R. I. 
425 Richmond Street

Your No. 1 Sourc« of Supply, Refiner and Authority 
on Precious Metals Alloys

fust produced by Handy & Harman—this new Refining Bul­
letin describes the great cash potential in precious metals 
industrial waste... lists many possible sources. Types and 
forms of refinings are illustrated photographically and de­
scribed in text. Equally important, the bulletin calls atten­
tion to the fact that much of industry’s valuable waste is 
truly wasted.

panies have a name, a reputation and many cus­
tomers they’ve developed over the years. Our only 
way of competing is by keeping our prices down. 
How else could we stav in business? ■ ■

of an
• trong

♦ Pricing seemed to cause some rancor between 
some of the large and small manufacturers. A 
top executive in a large company complained:

“Today's capacitor prices are essentially what 
they were 10 years ago. That’s because shoe­
string companies are holding prices down. 
They’re making just enough money to keep then- 
heads above water, and they’re stopping other

ardization, and the simulation of operating c idi- 
tions.

To cut costs, one manufacturer has automated 
some of his testing procedures.

All manufacturers said they were testing their 
capacitors fully before shipping them. And the 
trend is for purchasers to take the manufacturer’s 
word that the units meet the levels specified 
Customers used to re-test the units. Now they 
seem content with a certificate of compliance.
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Antenna Pattern Unchanged 
by Mylar Guys

Mylar makes an effective rope for sup 
this 110-foot telescoping antenna desifi 
Sylvania Electronic Defense Lab for th< 
Corps. The synthetic, fashioned into thre 
guy wires one-quarter and three-eighth 
inch thick, is reported more than twice a 
as Manila rope of the same size. And uni 
guy wire, Mylar’s electrical properties 
change the antenna pattern.
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Important factors in 
specifying toroidal inductors

The Sangamo design engineering department is ready to 
discuss your inductive components problems. Typical ex­
amples of specialty components designed and produced by 
Sangamo are described in engineering bulletin series IC-260. 
Address: Sangamo Electric Company, Inductive Components 
Section, Springfield, Illinois. >

From the above equation one may deduce that anything 
which increases the distributed capacitance must necessarily 
reduce the Q.

The powdered molybdenum permalloy toroidal inductor is 
finding increasing use in today’s complex electronic equip­
ment. Excellent magnetic stability, superior temperature sta­
bility, high Q values, and small physical size are but a few 
of the outstanding features which explain the popularity of 
molybdenum permalloy toroids. To fully realize the advan­
tages of these inductors, the components application engineer 
must accurately specify those parameters which are of criti­
cal importance in a given application. “Under-specification” 
may result in a component which fails to give adequate per­
formance in the circuit. “Over-specification ”, on the other 
hand, may result in a component of extremely high cost. An 
understanding of the factors involved in the design and manu­
facture of toroidal inductors at Sangamo will enable the 
components application engineer to effectively judge the 
consequences of his specification in relation to the cost and 
performance of the final product.

THE EQUIVALENT CIRCUIT of a toroidal inductor is il­
lustrated in figure 1.

1 - w2 Cd Lt

Inductors for single frequency or resonant circuit applica­
tions are usually specified in terms of apparent inductance. 
The standard tolerance on La is 1% or one turn whichever 
is greater.

THE Q FACTOR is usually specified in lieu of R since 
most applications are concerned with the ratio of inductive 
reactance to equivalent resistance. The accepted method of 
specifying Q is to set a limit on minimum Q at the operating 
frequency or over a range of frequencies. Normally, the Q 
of a given design at a given frequency will vary some 20% 
between units. Where direct current flows through the in­
ductor it may sometimes be desirable to set a limit on the 
d-c resistance as well as on Q Analysis of the equivalent 
circuit, assuming constant R, shows that:

DISTRIBUTED CAPACITY becomes most important in 
wide band or multiple frequency applications, since Cd will 
determine the variation of La with frequency. The majority 
of users do not find it necessary to specify Cd- Where Cd 
must be specified, the accepted method is to set a limit on 
the maximum allowable distributed capacitance. An alterna­
tive method of specifying Cd is to set a tolerance on the 
apparent inductance to be measured at two different fre­
quencies (usually corresponding to the upper and lower fre­
quencies encountered in a given application). The, design 
engineer controls the Cd by varying the method of winding 
the inductor. In decreasing order of capacity he miy choose 
1) random continuous windings; 2) progressive winding, or 
segmented winding. Unfortunately, winding costs increase 
as distributed capacity decreases. Wax or varnish impregna­
tion will increase the distributed capacity. In applications 
where it is necessary to insure that La be reasonably con­
stant over a wide frequency range, it is also usually desirable 
that La be reasonably constant with temperature and with 
time. These features are best achieved using a stabilized core, 
a low capacity winding, and an unfilled hermetically sealed 
enclosure. In this way, the undesirable effects of impregna­
tion may be avoided.

REQUIREMENTS FOR STABILITY OF INDUCTANCE 
with temperature, with a-c voltage level, and with direct cur­
rent are additional factors which will influence the cost and 
the size of a given inductor. Temperature stabilized cores 
are available only in certain core sizes and are, of course, 
more expensive than the standard unstabilized cores. High 
values of a-c voltage and direct current will lead to larger 
cores and increased cost.
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SANGAMO ELECTRIC COMPANY, Springfield, Illinois 
--designing towards the promise of tomorrow

detected to better than ±1 db by observ 
Tressions in the record.

near the shot at even ultra-high frequencies. 
Clutter from the shot-caused aurora would also 
be of concern to some radar operations in the 
vicinity of the shot for as long as half an hour.

“After the Orange detonation, the major ef­
fects were delayed until after sunrise, when 
apparently the sun’s radiation caused photo-dis­
sociation of the remaining negative ions. This 
created a great increase in ionization and absorp­
tion of the lower layers of the ionosphere.”

An increase in absorption—but more moderate 
-was also noted after sunrise with the Teak shot.

“Shots Teak and Orange were also observed 
using two uhf airborne radars,” the agencies 
continued. “The radar of lower frequency de­
tected strong returns from both bursts for a 
period slightly under an hour. The other radar 
rec< ived returns from both shots but substan­
tially weaker and of shorter duration. Stronger 
ret1 ms were received from the lower-altitude shot 
Or nge) at both frequencies."

1 »meters (relative ionospheric opacity’ meters) 
dt »hnston Island, French Frigate Shoals and 
Ha- iii provided a constant measure of the 
intt rated cosmic noise overhead. Since this 
noi is constant from day to day, absorption

markedly different degrees of 
communications channels were 
times.

“Absorption on the order of

Rc J io and Radar React Erratically 
tc Stratospheric Atom Blasts

icky interruptions to radio and radar re­
d from the first two megaton devices ever 

ex -ded in the stratosphere by the United States.
le devices, detonated over Johnston Island 

in lie Pacific Ocean last year, disrupted com- 
iin i ¡cations in an area of 1500 mile radius under 
th. blasts, according to DOD and the AEC. The 
first shot, Teak, was detonated July 31 at 11:50 
P.M. at an altitude higher than 200,000 feet. The 
second, Orange, was exploded Aug. 11 at 11:30 
P.M. at about 100,000 feet.

Ionizing radiation from the blasts so upset 
the ionosphere that some radio waves were ab­
sorbed or scattered. Auroras that resulted clut­
tered radar reception. But the disruptions were 
not uniform. Such factors as height of explosion, 
time of day, channel of communication and dis­
tance from Ground Zero appeared to vary the 
reactions.

“When altitudes such as that of Shot Teak 
are reached,” the Government agencies noted, 
“high-frequency communication blackout occurs 
on some but not all channels within the affected 
region. For example, operators working similar 
frequencies through the same areas experienced

FIGURE I

Lt is the so-called “true inductance” of the toroid and is 
assumed to be constant at all frequencies. R represents the 
sum of copper losses and core losses which increase with 
frequency. Cd, the distributed capacitance, approximates the 
capacitance between turns of the winding and between the 
winding and core. Due to the fact that the dielectric constant 
of the insulation on the windings and on the core itself is not 
constant with frequency, the distributed capacity will also 
vary with frequency. This variation, however, is usually small 
and may be neglected in the following discussion.

THE APPARENT INDUCTANCE (La) is the equivalent 
inductance between terminals (a) and (b). As might be ex­
pected, the apparent inductance varies with frequency. If R 
is neglected the expression for La becomes:

REFERENCE 
DATA FILE



New from Fairchild
LOW STORAGE SILICON TRANSISTORS

CIRCUIT USED IN COMPARING 
2NBB7 ANO 2N1251

TENTATIVE SPECIFICATIONS, 2N12S2 ANO 2N12S3
ABSOLUTE MAXIMUM RATINGS (25 C)

- *BB

*C£R 
*CBO 
VEBO

Collector to Emitter Vottage (■ i 10 a)
Collector to Base Voltage
Emitter tn Base Voltape

Total Dissipation M Case Temperature 25* C 
at Case Temperature 100* C 
at 25* C Fran-Air Ambient

2natts

Qi watts

ELECTRICAL CHARACTERISTICS WO

SYMBOL CHARACTERISTIC MIN. TYPICAL TEST CONDITIONS

T
- - ts + tf for 2N1253

r* ts + tf for 2N697

h,E DC. pulse 2N12S2 
current gam 2N12S3

VBf SAT. Base saturation »ottap»
Vqj SAT. Collector saturation xcltage

•C -15ftnA VC=10Y

NOH

Vqb is adjusted to make Vj 30V dun ng 
turn-on and V| -10V during turn-off

Cob 
'cao

Small signal current gain 
at t=20mc

Collector capacitance
Collector cutoff current

Tiarvoff time

1OV 
o«v

3M 
QUA 

UXMA
75m«

UMA 
UMA 
150m«

>C=150mA 
lc=150mA 
IC= 50mA

lB = 15mA 
lB=15mA 

Vc=10V

If“ 0mA
VC= 20V
Vc= 20V 
lc = 150mA

VC=10V 
T = 25* C 
T =150*C 
lB1 = 15n»A 
'82= Sm*

A L=40D, 10m» pulte

Compariion of «torago-and-fall-tim« performance between the new Fairchild 
2N1253 and Fairchild's 2N697 The 2N1253 has performance otherwise equiva­
lent to the 2N697 plus the additional advantage of low storage. An actual 
Polaroid photo is shown. Scale is O^nsec. per oscilloscope division. Scope Fairchild’s
was • Tektronix 543 with 53/548 plug-in giving • riM time of ISmesec

2N1252 and 2N1253 provide the guaran-
teed shorter total switching time necessary for direct- 
coupled transistor logic circuits (DCTL) in combination 

with the inherent reliability and power dissipation that 

silicon mesa construction affords.

75 mAseconds is typical storage-plus-fall time at 150 ma col­
lector current on these new devices; 150 m^s. is guaranteed. 
For low level operation, typical storage time is 35 m^s. for 

ma- Th’s Performance makes them usable 
for saturating type logic circuits and high-current-level satu­
rating switching circuits. A few of the many applications are 
magnetic core drivers, drum and tape write drivers, high-cur- 
rent pulse generators and clock.amplifiers. They also provide 
extra safety factor in less critical applications.

To achieve high reliability, these transistors are preaged at 
300 C, a temperature that would destroy most other types. 
This preaging time at 300° C accomplishes a stabilization of 
characteristics equivalent to thousands of hours of operation 
at junction temperatures as high as 175° C.

For full information, write Dept, b—6.

SSMICONDUCTOH COftPOftATtOM

844 CHARLESTON RD. • PALO ALTO, CALIF. • DA 6 6695

NEWS
Transistorizing 2-Way Mobile Set 
Gets 0.04-Amp Stand-by Drain

According to G.E. its transistorized Progress­
line mobile radio receiver can deliver full-volume 
output when switched from a stand-by state that 
draws only 0.040 amp.

GE’s engineers report start-from-scratch design 
for miniaturization gives the set its performance 
figures. Crystal ovens have been replaced by mod­
ule heaters that supply heat only when needed, 
and the receiver and power supply are completely 
transistorized.

New circuit design provides 0.0005 per cent 
frequency stability despite the absence of crystal 
ovens, the company asserts.

Output of the four-tube, high-band transmitter 
is 75 watts. Later, GE may produce low-band sets 
with outputs higher than 75 watts.

Plated-through circuit boards, modular construction, 
separate power and control units, and waffle-type heat 
sink are design features of 75 w, high-band mobile line.

Rad Backed as Radiation Unit

Use of the rad as a national standard unit for 
reporting radiation dosage has been recommended 
by a study group of the American Society for 
Testing Materials. The rad, representing 100 
ergs of energy absorbed per gram of material, 
differs from most other units used to measure 
radiation in that it is independent of the type of 
ionizing radiation in use as well as the material. 
It was adopted in 1953 by the International ' >rn- 
mission on Radiographic Units for measui'ng 
radiation.

New Bus Equipment on Way

Two electronic improvements under de’ p- 
ment for motor coaches promise benefit 
operators and passengers. One is a millioi 
maintenance-free generating system. The ot 
experimental transistorized fluorescent light
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ie generator was described to a Seattle meet­
in >f the AIEE by its developer, the Delco-Remy 
Di sion of General Motors. It is an alternating 
tyj with built-in silicon rectifiers, is brushless, 
Im permanently lubricated bearings and is “free 
of nvironment to prevent damage from dirt and 
otl < r foreign matter. It is designed for a minimum 
cai acity of 200 amp, with 125 amp available at 
en ine idle speed. The regulator is completely 
static.

GE’s high-frequency fluorescent lighting system 
utilizes a transistorized electrical inverter that 
converts de to 3000-cycle ac It can operate 16 
fluorescent lamps on a bus from the vehicle’s bat­
tery.

GE says its test installation produces three to 
nine times the light of a filament system while 
consuming three-fourths the wattage.

THOMAS A.

sealed thermostats 
feature close control 

lasting stability

jetion, 
g heat 
e line.

Over-the-Horizon Radar Tested

A radar guidance system that can deliver com­
mands over the horizon has been demonstrated 
for the Air Force.

The new microwave system, built by Sperry 
Gyroscope uses a ground-air link to achieve its 
great range. The ground director station originates 
the radar signals, and a second station in a high- 
altitude aircraft relays the signals beyond the 
horizon.

The system is intended to control, track and 
monitor pilotless drone aircraft and missiles over 
hundreds of miles. A single radar frequency band 
commands and tracks the pilotless vehicles and 
telemeters flight data. Formerly three systems were 
needed to do this, Sperry said.

Antenna for Space Ship Tested
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Edison Sealed Thermostats are widely used in crystal ovens, electronic ovens and 
oscillator compartments—and many other electronic components adversely affected 
by temperature variations. Capable of maintaining temperatures within 0.2° C, Edison 
sealed thermostats offer these special features:

• Slow-make, slow-break principle, insures small temperature differential.
• Protective gas atmosphere minimizes effects of contact arcing under heavy 

loads, resulting in high stability.
• Radiant energy, and conducted or convected heat is rapidly transmitted to 

the bimetal by the highly conductive gas fill.
• Long bimetal arm is highly sensitive to temperature changes and assures 

accurate control, predictable performance.

Moe-- up of antenna designed for the Project Mercury 
"ar ed space vehicle is inspected by officials of the 
Col ns Radio Co. who say the company has finished 
c|l esign work on the project's antennas and is now 
testi g and evaluating them.

ELECTRONIC DESIGN • July 8, 1959

For complete data on Edison Sealed Thermostats, write for Bulletin No. 3009B.

Thomas A. Edison Industries
INSTRUMENT DIVISION *

55 LAKESIDE AVENUE, WEST ORANGE, N.J.
EDISON ENGINEERING OFFICES ARE LOCATED IN: CHICAGO: DALLAS; DAYTON. LOS ANGELES
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WASHINGTON
REPORTM»

Ephraim Kahn

Military Presses Program 
To Standardize Equipment

Changes are being made in military proce­
dures for stocking and buying that will eventually 
have a considerable impact on the electronics 
industry. The Defense Department has set a tar­
get date of December 31, 1961, for completing 
its Accelerated Item Reduction (AIR) program, 
designed to cut to a minimum compatible with 
supply support requirements the number of items 
in the military supply systems. The Air Force 
has apparently decided to standardize on high- 
quality electron tubes. A report examining the 
question of having a single buyer for all electron 
tubes for military use has been turned in to the 
office of the Assistant Secretary of Defense for 
Supply and Logistics.

The AIR program is already well under way. 
Its objectives include systematic reduction in 
the varieties of types and the number of sizes of 
items stocked, an inventory clean-up, and estab­
lishment of controls to assure that the minimum 
practicable number of items remain in the military 
supply systems.

Electric Supply Limit Planned
Net effect of the AIR program for the elec­

tronics inventory will be a form of standardiza­
tion. A limited range of types and sizes of elec­
tronics components will be stocked for support, 
and an effort will be made to standardize on 
things that can be used by all the Armed Services. 
Purchase of items which are not listed as stand­
ard approved types will be banned. Defense 
Department officials will not, of course, prohibit 
purchase of items that deviate from an existing 
standard when this is necessary to the function­
ing of an electronic device. Instead, they will set 
up a new category (and Federal Catalog System 
number) to take care of the need.

For example, some military electronic equip­
ment now may include resistors of a stated capac­
ity and tolerance. Other devices might include 
resistors of the same capacity but with different 
tolerances. In the past, each has been assigned a 
different stock number since the catalogers were 
not in a position to judge whether slightly dif­
ferent tolerances made a significant difference 
in the end-use of the part or not. Under the AIR 
program, a decision will be made on this point.

1Ó

THERMOCOUPLES MADE PRACTICAL
...or how a completely floating and isolated differential DC amplifier can be of assistance in obtaining o ver­
all system accuracies of 1% to 0.1% when measuring the output of grounded thermocouples or strain ga^es.
Designers and users of data-handling 
systems, particularly systems for evalu­
ating high-performance rocket or jet 
engines, are constantly under pressure 
to provide higher and higher measure­
ment accuracies. According to recent 
statistics, a large percentage of these 
measurements involve narrow-band 
data from grounded thermocouples. 
Even on a bench, the measurement of 
temperature in a DC to 100-cycle band­
width with 1% accuracy isn’t too easy, 
and 0.1% measurements get pretty 
messy. Now, if you have fifty thermo­
couples and they happen to be or have 
to be grounded at the source, and the 
source is a rocket or jet engine sepa­
rated from your amplifiers by, say, 300 
feet of interconnecting cable, and the 
amplifiers are driving a load such as a 
large data-handling system that must 
be grounded, you are probably in trou­
ble. In fact, with a system anything at 
all like this, it’s likely that you had 
great difficulty getting 1 % system accu­
racy and found 0.1% accuracy virtually 
impossible to obtain.

5 more microvolts of trouble from out­
side causes, or a little less than 2 micro­
volts RMS AC at 60 cycles. Can we ex­
pect 2 microvolts of trouble from 
ground loops? You bet we can! The nor­
mal, average common mode voltage at 
installations we know of is approxi­
mately 1 volt RMS at 60 cycles. In a 
number of cases, this common mode 
potential is as high as 4 volts at 60 cps.

In an attempt to better this situation 
by a rather common remedy, we shall 
tie a big fat bus bar between the rocket 
engine and the amplifier case ground, 
as shown in Figure 1. Our bus bar will 
be an eight-inch pipe filled with water, 
300 feet long, with an impedance of 
about 0.2 ohms at 60 cycles. (An actual 
installation.) The common mode voltage 
generator showm in Figure 1 will have 
some impedance associated with it, and 
the ratio of this impedance to the bus 
bar impedance will determine how much 
we reduce the common mode voltage. If 
the impedance of the common mode gen­
erator is 0.2 ohms, we will reduce 1 volt

Rocket Reference

WHAT’S THE PROBLEM ?
In Figure 1, we see a grounded thermo­
couple with a reference couple, 300 feet 
or so of shielded input leads from the 
couples to the amplifier, and a single- 
ended DC amplifier driving a grounded 
load. (For the moment, we will ignore 
the bus bar.) This is a typical system. 
It doesn’t give very good accuracy. Nev­
ertheless, it is a typical system. In our 
experience, the problem with such sys­
tems has aiways been noise, noise which 
results from ground loops. The trouble­
some part of this noise will consist of 
hum at the power line frequency. It will 
be random in magnitude and phase at 
the amplifier, precluding accurate can­
cellation. This noise, this difference in 
potential which exists between the ther­
mocouple ground point and the ampli­
fier ground point-since it is common to 
both input leads—is called common 
mode voltage, as shown in Figure 1. 
And any noise voltage appearing here 
will be applied directly to the input of 
the amplifier.
Let’s examine the magnitude of the 
problem. A typical thermocouple will 
have a peak output of about 10 milli­
volts. If the system resolution is to be 
0.1%, then the maximum peak error 
caused by noise, drift, non-linearity and 
what-have-you can’t exceed 10 micro­
volts. Good single-ended amplifiers 
(such els KIN TEL’s 111 series) will 
contribute less than 5 microvolts of 
equivalent input error from all of these 
causes. This means we can tolerate only

of common mode voltage to 0.5 volts. If 
the common mode generator impedance 
is 20 ohms, the common mode voltage 
will be reduced to 5 millivolts, or a little 
more than two thousand times greater 
than the 2 microvolts RMS we said we 
could stand. Even if the common mode 
voltage had been 1 millivolt instead of 
1 volt, with 20 ohms of common mode 
generator impedance, the bus bar would 
reduce the common mode voltage to 
only 5 microvolts. This is still too much. 
Unfortunately, most of the figures we 
have chosen are a little on the favorable 
side. More than likely, the common 
mode voltage will be 1 volt, more than 
likely the common mode generator im­
pedance will be less than an ohm, and 
more than likely you won’t have a bus 
bar with as little as 0.2 ohms impedance 
at 60 cycles. In fact, there’s even more 
to the big bus bar fallacy than this, for 
if the generated common mode voltage 
is partly caused by electromagnetic 
pickup from high-voltage power lines 
or other sources, it may actually in­
crease after the bus bar is installed. 
Admittedly, the bus bar may be far 
removed from power lines, but it’s not 
even safe to be in the same world with 
high-voltage, high-current power lines 
when only 2/xv of noise will ruin you. 
The bus bar may also short out part of 
the input signal. We show the thermo­
couple as a device with 100 ohms each 
side of the point at which it contacts the 
rocket engine. If this is true, and our

bus bar is connected through the rocket 
engine to the exact center of the ther­
mocouple, the input signal will be re­
duced to half. If the thermocouple im­
pedance (or, more accurately, the emf 
generating part of the thermocouple) is 
all in series with the ground (low) side 
the signal would be almost zero. You 
can see now why we said that obtaining 
1% accuracy was difficult and 0.1 ac­
curacy virtually impossible.
Are we completely whipped? Yes and 
no. If our system must look exactly like 
that of Figure 1, we probably are. If we 
can change the system somewhat, per­
haps not. What we need to beat this 
common mode voltage problem is some 
impedance in series with our ground 
loop. If we can float the amplifier, or 
the thermocouple, we can solve or at 
least improve the situation. It’s actual­
ly impossible to float a thermocouple 
bonded to a rocket or jet engine. Even 
if the whole stand sits on concrete, there 
will still be a big potential difference 
between engine and amplifier. This 
leaves the amplifier end to work on.
You have probably noticed that we show 
a grounded load, but not a grounded am­
plifier in Figure 1. This is realistic. It is 
possible, for example, to float our 111 
series single-ended DC amplifiers by 
about 500 kilohms at 60 cps. This would 
be enough to keep us out of trouble 
with up to 10 millivolts of common 
mode voltage, since, in this case, we 
would produce only 2 microvolts of 
noise (100, 500k x 10 mv). We are as­
suming that the load can be floated 
sufficiently so that the impedance of the 
low side of the amplifier to ground is 
the only consideration. However, if the 
load must be tied to ground as in Fig­
ure 1, either directly or through the low 
impedance of long cables between am­
plifier and load, then we cannot use a 
single-ended amplifier. Or, even with 
the load floated, if the common mode 
voltage is too high, we cannot use a 
single-ended amplifier.
THE DIFFERENTIAL AMPLIFIER
In the foregoing discussion we have 
pointed out that single-ended amplifiers 
can severely limit the performance of 
systems employing both grounded trans­
ducers and grounded loads. The differ­
ential amplifier (sometimes called float­
ing amplifier), if it meets certain re­
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E: and E3 would be equal, input 
nal 2 and output terminal 4 are 
ommon. The output of the true 
ential amplifier is only equal to 
iifference in potential between in- 
erminals 1 and 2, times the gain 
e amplifier, and is not affected by 
voltage between terminal 1 and 
nd or terminal 2 and ground. Thus, 
ne common mode voltage, does not

aff» t the input. The major figure of 
me t of a differential amplifier is com­
mo mode rejection, or how much of 
the common mode voltage, E2, is con- 
ver ed to normal mode voltage, trans- 
dui r signal E,. For example, if com­
mon mode voltage of 1 volt produces 1 
microvolt of equivalent input signal, 
the common mode rejection is 1,000,000 
to 1 (120 db).
There are two basic types of differen­
tial amplifiers. The most familiar is 
probably the balanced amplifier shown 
in Figure 3. This amplifier requires an 
exceptionally well-balanced input if com­
mon mode rejection is to be good. Fig­
ure 3 can be redrawn as the bridge cir­
cuit shown in Figure 4- From this it

Veitoge E E out

Common Mode Voltage I Volt

Figure 3

Common Mode

Generator

rrrrrr

can be seen that the common mode re­
jection is determined by the equality of 
R,/R3 and R2/R4. With no transducer 
input signal and 1 volt of common 
mode voltage, an unbalance of only 2 
ohms will introduce 20 microvolts of 
noise, which is a common mode rejec­
tion of 50,000 to 1. Even a simple sys­
tem employing only a measurement 
thermocouple and a reference thermo­
couple may well have a resistive unbal­
ance of a 100 ohms or more. Consider­
ing the reactive component of the im­
pedances involved and the fact that 
most large installations employ calibra­
tion or level-setting potentiometers in 
the transducer circuit, it is desirable 
to have an amplifier that will provide 
high common mode rejection with up 
to several thousand ohms input unbal­
ance. This the balanced-input differen­
tial amplifier cannot do. Internal limi- 
tations-such as the necessity of having
carefully balanced feedback circuits —
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common mode rejection can be 
ed. Since good input to output 
>n cannot usually be obtained in 
ed amplifiers, the load must be
too. Considering all of these fac-

tors, it is difficult in practice to obtain a 
common mode rejection of more than 
1000 to 1 with the balanced amplifier. 
Nevertheless, it will improve system 
performance in the few cases where 
common mode voltage is low, but still 
too high to provide adequate perform­
ance with no common mode rejection 
at all. If common mode voltage is low 
enough, it is probably better to use a 
single-ended amplifier. Balanced ampli­
fiers are generally more expensive than 
single-ended and, except for common 
mode rejection, their performance isn’t 
usually as good.
All of our common mode voltage prob­
lems could be solved with an amplifier 
that had nearly infinite impedance be­
tween input circuit and amplifier case 
or chassis ground, and, further, had only 
magnetic coupling between input and 
output with virtually no stray capaci­
tance. Then the input would be isolated 
from the output and it wouldn’t make 
any difference whether the load were 
grounded or not. Is there such an ampli­
fier? Yes.
KIN TEL’s 114A Differential DC Am­
plifier meets all these requirements 
and more. Common mode rejection of 
the 114A is 1,000,000 to 1 or better for 
60 cps voltages, and practically infinite 
for DC. And it provides this rejection 
with up to 10,000 ohms unbalance in 
either input lead. To obtain this kind 
of performance, it can be seen that R3 
and R4 in Figure 4 would have to be 
100,000 megohms, and, at 60 cps, leak­
age capacity to ground could not ex­
ceed about 0.3 micromicrofarads for 
each side of the input. In order to meet 
these tough isolation requirements, the 
KIN TEL 114A employs guard shield­
ing similar to that used in fine AC 
bridges. These guard shields surround 
the entire input and output circuits and 
are extended out to the transducer and 
load by means of input and output cable 
shields. Figure 5, a considerably simpli­
fied version of the 114A, illustrates this 
principle. (The transformers are given 
DC response by means of input chopper 
and output demodulator circuits which 
are not shown.) If the guard shields 
were perfect, there would be no capaci­
tance and therefore infinite impedance 
between input and output signal leads 
and chassis ground for the common 
mode voltage.
In practice, the KIN TEL 114 A provides 
10,000,000 megohms and less than 0.3 
micromicrofarads impedance between 
each input signal lead and the amplifier 
case or chassis ground. Output circuit 
impedance to chassis ground is almost 
this high, and input and output are com­
pletely isolated from each other. In 
other respects-linearity, gain stability, 
noise, drift—the 114A closely equals the 
performance of the very best single- 
ended DC amplifiers. However, band­
width is forfeited for common mode re­
jection. This is a penalty the present

state of the art requires of all com­
pletely floating and isolated differential 
amplifiers that are capable of providing 
high common mode rejection with an 
unbalanced input. Fortunately, the 100- 
cycle bandwidth of the 114 A is more 
than adequate for bonded thermocou­
ples, which cause most common mode 
voltage problems, and is usually ade­
quate for strain gage measurements. 
The advantage of using the 114A with 
strain gauges is that it eliminates the 
necessity of having exceptionally well- 
isolated power supplies and permits us­
ing one supply for a number of gauges.

IN SUMMARY
When you are designing a large, fairly 
complex narrow-band data-handling 
system with long lines between a 
grounded transducer and amplifier and/ 
or amplifier and load, you will have 
ground loop problems. To determine the 
magnitude of the problem, measure the 
voltage, electromagnetic field strength, 
and earth impedance between trans­
ducer and amplifier ground points. 
From this information you can roughly 
calculate whether installation of an ex­
pensive bus bar between amplifier and 
transducer will provide enough reduc­
tion in common mode voltage. Examine 
power sources and loads that may be 
generating unwanted currents. Perhaps 
they can be ungrounded. If common 
mode voltage is still too high to provide 
desired system resolution (it probably 
will be), use a differential amplifier.
If you Jiave a common mode voltage prob­
lem, and you need a differential ampli­
fier, it must have very high common 
mode rejection at 60 cps. If 60-cycle 
rejection is only marginal, you may be 
in serious trouble at slightly higher fre­
quencies. The amplifier must be capable 
of providing this common mode rejec­
tion with whatever input unbalance is 
present. If calibration or level-setting 
potentiometers are used to permit com­
mutation of multiple channels, this un­
balance can be several thousand ohms. 
To retain common mode rejection in the 
quite likely event that the load is 
grounded, the input circuit of the ampli­
fier must be well isolated from the out­
put circuit. And, if long output cables 
are used, the amplifier output circuit 
must be isolated from ground to almost 
the same degree as the input. Other­
wise, the common mode voltage between 
output and load can cause trouble. All 
signal cables and shields must be ar­
ranged to provide both adequate shield­
ing and maximum ground loop imped­
ance for minimum ground loop current. 
Finally, call your nearest KIN TEL En­
gineering Representative, you’ll want a 
demonstration of the 114A Differential 
DC Amplifier.

COHU
lay for descriptive literature or demonstration. 5725 Kearny Villa Road, San Diego 11, California
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H it appears that such a variance is not really 
important to function, then both types of resis­
tors would be issued interchangeably under a 
single stock number.

At present, it does not appear that there is in 
the offing any sharp cutback in buying from the 
electronics industry. In the middle distance- 
after the program has been completed—there may 
be a tendency on the part of purchasing officers 
to buy a more limited number of ty pes of elec­
tronic components than there is now, when the 
line of least resistance is to duplicate as a spare 
the item chosen by the manufacturer for incor­
poration into original equipment.

Minimization of electronic equipment failures 
caused by electron tubes is being sought by the 
Air Force through upgrading. In the future, only 
tubes listed in MIL-STD-200() or MIL-E-4682() 
will be used in connection with Air Force design, 
development, modification, or procurement of 
electron-tube-using equipment. A specific waiver 
will be needed for use of any other tubes. MIL- 
STD-200 lists the preferred types of tubes to be 
used by designers and makers of military elec­
tronic equipment. “Improved” and “high qual­
ity” tubes are found in MIL-E-4682.

Inventories of non-conforming tubes are to be 
used “until exhausted or disposed of in the most 
efficient and economical manner.”

Air Research and Development Command is 
to make sure that all technical requirement docu­
ments specify use of approved tubes. The ARDC 
will also check contractor compliance with the 
tube standards in the case of equipment devel­
opment contracts.

Single-Buyer Concept Studied
Feasibility of having a single buyer for elec­

tron tubes for military use has been examined in 
an unpublished report that has been submitted 
to E. Perkins McGuire, Assistant Secretary of 
Defense. It is believed that the group that made 
the report failed to agree completely, and com­
ments now being formulated by the individual 
Armed Services are expected to show a lack of 
unanimity on the practicability of such a move 
at this time. After the Defense Department has 
completed its program of standardization of com­
mon-use items for the Services, it is possible that 
the single-buyer concept might meet with a more 
friendly reception. A policy decision by the De­
partment, however, could force the individual 
services to accept such a move now. In this con­
nection, it is worth noting that the Comptroller 
General is conducting an investigation of supply 
and procurement of electronics by the military. 
The study, requested by the Majority Leader 
of the House, John McCormack (D., Mass.), will 
undoubtedly recommend changes in the mili­
tary’s present methods of buying, stocking, etc.
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search, General Electric

Instrumentation Engineers, Ambassador H'.te' 
Los Angeles, Calif.
ASME-AICE Heat Transfer Conference. Univer­
sity of Connecticut, Storrs, Conn.
National Ultrasonics Symposium (PGUE), Stan­
ford University, Stanford, Calif.
WESCON Show and Convention, Cow Palace, 
San Francisco, Calif.*
AIEE, 6th Electrical Conference of the Petro­
leum Industry, Wilton Hotel, Long Beach. Calif. 
Semiconductors Conference Metallurgical So­
ciety of AIME. Statler Hotel, Boston, Mass.

WESCON Show and Convention, August 18-21

The show w ill feature numerous exhibits icL
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lasting effect or impression their firm has made when the time comes 
to select and specify each class of products.

If you receive the questionnaire, please look it over carefully, and 
consider your answers in the light of the valuable results obtained. 
Every one concerned with electronics benefits when statistically 
reliable, original, factual information of this type can be assembled, 
and published without promotional bias.

Your assistance in this program is very much appreciated.

... 1 he Publishers

Pennsylvania, Philadelphia. Pa.
14th National Meeting. Association of Comput­
ing Machinery, MIT, Cambridge, Mass.
6th Annual International Meeting, The Institute 
of Management Sciences (TIMS), Paris, 
France.
Engineering Writing and Speed Symposia, IRE, 
Boston, Mass, and Los Angeles. Calif.
3rd Technical Symposium, Cedar Rapids sec­
tion IRE, Sheraton-Montrose Hotel, Cedar 
Rapids, Iowa.
8th Annual High Fidelity Show, International 
Sight and Sound Exposition, Inc., Palmer H »use, 
Chicago, III.
14th Annual Conference and Exhibit, Instrument 
Society of America, Chicago, III.
Standard Engineers Society 8th Annual Meet­
ing, Boston Section, Hotel Somerset, Boston. 
Mass.
4th Annual Special Technical Conference on 
Non-Linear Magnetics and Magnetic Amplifiers, 
AIEE, IRE, Shoreham Hotel, Washington, D.C. 
National Symposium on Telemetering, IRE. 
Civic Auditorium and Whitcomb Hotel. San 
Francisco, Calif.
3rd Annual Industrial Film and A-V Exhibition. 
New York City, N.Y.
American Welding Society Meeting. Sheraton­
Cadillac Hotel, Detroit, Mich.
Industrial Electronics Symposium. Mellon Insti­
tute, IRE, AIEE, Pittsburgh, Pa.

15-17 Radio Technical Commission for Aeronaut.es, 
RTCA, IRE, Ambassador Hotel, Los Angeles, 
Calif

will fill the Cow Palace in San Francisco 
plementing the product lines will be papers 
ing all phases of professional group inter 
“new look” in the technical program is 
planned this year which will limit each 
usual 40 daytime sessions to three full 
papers in each. A second innovation will

Once every year, a random sample of approximately 4,000 Electronic 
Design subscribers is selected to furnish information of extreme value 
to the entire electronic industry.

This information is tabulated and published under the title of 
Hayden's "Continuing Audit of Brand Recognition". It is made avail­
able without cost to the sales and marketing executives of any 
electronic firm desiring a copy.

Your role in this audit is all important for only you can answer 
the questions it asks. Every electronic firm, regardless of its specific 
advertising or promotion programs, wants to know how their prod-
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Speaker manufacturers are building thinner, more 
efficient loudspeakers requiring far less magnet vol­
ume and simplified, lower-cost soft steel return paths.

The heart of these speakers is a new General 
Electric dual-diameter magnet made from improved 
directional grain Alnico 5. By combining outstand­
ing permanent magnet properties with a new shape, 
it is now possible to locate the magnet within the 
area of voice coil travel and obtain efficiency and 
compactness never before attainable in hi-density 
level structures.

luction of a “panel of peers, a group of ex­
in the field, invited to comment on the group 
pers at the completion of each session. Regis- 
s will be able to obtain and review all papers 
to their presentation through the Conven- 

Record.

14t । ACM National Conference, September 1-3
( nference of the Association of Computing 

Ma hinery will be held at the Massachusetts Insti­
tute of Technology, Cambridge, Mass. Technical 
papers to be presented will cover numerical 
analysis, data processing, automatic programming, 
language translation, digital and analog devices, 
and various applications of computers. Chairman 
of Local Arrangements is: Frank M. Verzuh, Com­
putation Center, MIT, Cambridge, Mass.

Dual-diameter directional grain magnets are just 
one of the exciting new applications made possible 
by General Electric magnetic materials. Each mag­
net is designed to do a specific industrial job . . . 
and do it better. And even more advanced magnetic 
materials are on the way from General Electric 
that will soon give you a freer hand in new product 
design. If you would like the design assistance of a 
G-E engineer to help with your product, write: 
Magnetic Materials Section, General Electric Com­
pany, 7820 N. Neff Road, Edmore, Michigan.

11 L II • Smaller, G-E dual-diameter 
magnet assembly gives same gap en­
ergy . . . weighs far less.

i om
ver

U L U ■ Conventional magnet assem­
bly is larger, heavier, and has a more 
complex soft steel pole tip.

CARBOLOY» CEMENTED CARBIDES • MAN-MADE DIAMONDS • AAAGNETIC AAATERIAIS • THERMISTORS • THYRITE» • VACUUM MELTED ALLOYS 
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Paper Deadlines

July 15: Paper deadline for the Fourth IRE 
Instrumentation Conference and Exhibit to be 
held November 9-11, 1959 at the Atlanta Bilt­
more Hotel, Atlanta, Ga. An informative abstract 
of approximately 200 words is required. Earlier 
submission of papers is requested although final 
deadline for acceptance of abstracts is July 15. 
Send titles of abstracts to W. B. Jones, Jr, School 
of Electrical Engineering, Georgia Institute of 
Technology, Atlanta 13, Ga.

\ugust 15: Submit by this date four copies of a 
100 word abstract and a 1000 word summary 
of papers on any phase of computing for the 
1959 Eastern Joint Computer Conference. The 
Conference will be held December 1-3, 1959. 
Forward abstracts to: J. H. Felker, Chairman, 
EJCC Program Committee, Bell Telephone Lab­
oratories. Mountain Ace., Murray Hill, N.J.

August 3: Deadline for an original and four copies 
and an informative abstract of approximately 200 
words for papers for the 1959 Electron Devices 
Meeting, IRE, Shoreham Hotel, Washington, 
DC., being held October 29-30. Papers to be 
presented should deal with material of an applied 
or developmental nature in the broad field of 
electron devices. Emphasis should be on the de­
vice itself, or important new device technology7. 
Send abstracts to: Dr. J. R. Hornbeck, Bell Teie- 
phone Laboratories, Murray Hill, N.J.

October 23: Deadline date for papers for the 
I960 IRE Convention to lx? held March 21-24, 
Waldorf-Astoria Hotel and New York Coliseum, 

Xf'u )ork. Send a 100-word abstract in triplicate, 
ichi ling title of paper, name and address, and a 

M-’ ord summary in triplicate, including title of 
napi name and address to: Gordon K. Teal, 
Chai nan, 1960 Technical Program Committee, 
^he nstitute of Radio Engineers, Inc., 1 E. 79 
SE ? ?w York 21, N.Y.



FEED-THRU CAPACITORNEW PRINTED CIRCUIT RELAY

COMPONENTS ELECTRONIC COMPONENTS
SPECIFIED WITH

CONFIDENCE CORPORATION
12838 Saticoy Street, North Hollywood, California 
Tel. Stanley 7-8181
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module relay 0.200 grid ■ maximum module height,0.400 inches ■ 25 g vibration to 2000 cycles ■ integral part of printed 

circuit ■ ideal for dip soldering ■ long life, feed-through capacitor thermal shockproof« up to 2200 uuf ■ temperature 

range, -55C to 150C ■ 200 WVDC ■ 0.590 inches maximum height ■ 0.155 inches mounting diameter. Write, wire, or phone!

HIGH TEMP

EAST COAST

KENNETH E. HUGHES COMPANY

MID WEST

R. EDWARD STEMM COMPANY

0.200 GRID

SOUTHWEST

WM. G. MAYS COMPANY

WEST COAST

MGRROLAND KING, SALES

4808 Bergenline Avenue 
Union City, New Jersey 
Phone: Union 7-3204 
TWX: UN CY NJ 797

(Northern California)
LONG & ASSOCIATES

324 Brooklea Drive 
Fayetteville. New York 
Phone: Neptune 7 9531

These highly reliable components » 
are available in the following cities?

123 S Third Street, Room 1137 
Minneapolis 1, Minnesota 
Phone: Federal 5 7172

(All other West Coast 
Areas Contact)

SALES REPRESENTATIVES 

ELECTRONIC COMPONENTS 

SUBSIDIARY OF 

TELECOMPUTING 

CORPORATION

5681 W Lake Street 
Chicago 44, Illinois 
Phone: Estebrook 9 2700 
TWX:CG 3104

Brewster Warren Sts Bldg.
Redwood City, California 
Phone: Emerson 9 3324
TWX: Redwood City. Calif . 32

Lone Star Life Bldg.
22331 Gus Thomasson Avenue
Dallas. Texas
Phone: Davis 7 6803
TWX: DL 703

101 N. 33rd Street 
Philadelphia 4. Pennsylvania 
Phone: Evergreen 6-3130 
TWX: PH 1012

Electronic Components 
Subsidiary Telecomputing Cor| 
12838 Saticoy Street
North Hollywood California
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American-brand watches have

INVERTRON

INVERTRON

INVERTRON

INVERTRON
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Specifications for all standard mode In include 1% 
maximum distortion, I % regulation no load to full load, extremely 
low output impedance, and essentially zero response time.

The Invertron features extreme frequency accuracy 
and stability, exceptional regulation against both line and load, and 
low harmonic distortion and noise.

Models are available with single phase, two phase 
or three phase output and with either fixed and variable frequencies.

tier their own name

A wide range of power ratings are available in 
standard models with other power ratings on special order.

Representatives in all principal cities and Canada

For further information 
write or call
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The Behlman Invertron is a completely electronic 
A.C. Power Source widely used in research and development, pro­
duction testing, test consoles, electronic systems or wherever A.C. 
Power other than that obtainable from the 60 cycle line is required.

Swiss movements, our American-brand radios may soon have 
Japanese chassis. Forty-five Japanese firms are now actively 
exporting to the I SA, as the articles on pp. 3-5 and pp 106-109 
reveal.

is available 

in a choice of

power and 

frequency ranges

Modulir construction techniques 
employed to provide low cost 

custom as well as standard units.

We Need a Radio to Export to Japan

One of the best buys” in transistor radios today is a Japanese 
inport. To meet the competition, some American manufacturers 

are incorporating low-cost Japanese components, such as ca­
pacitors and speakers, into their sets. We also hear of American 
manufacturers importing complete Japanese radios to sell un-

The Behlman

INVERTRON

Japan is able to undersell American manufacturers only be­
cause of her low-cost labor. A typical hourly pay of a Japanese 
laborer is 19 to 20 cents, compared with an American rate of 
$1.65 (less fringe benefits). Although Japanese design is good, 
it is not more clever than American.

What can our electronics industry do to survive the competi­
tive onslaught of imports? American foreign-affairs experts say 
that we must have free world trade for free-world survival. 
Without the protection of an import duty, American business­
men are inclined to join the Japanese rather than try to beat 
them. Licensing agreements, stock-acquisition plans and other 
trade agreements are not uncommon.

But instead of defensive action against imports, American 
businessmen should be on the offensive by being exporters 
themselves. Outstanding managerial ability coupled with tech­
nological advances have made it possible for the U.S. to get the 
greatest productivity per hour of human labor. This nation’s 
brainpower resources are the best, because of its policy of edu­
cating everyone, not just a select few.

We can go a long way toward meeting the challenge of low- 
price labor by intelligent use of machines and investment in 
R & D. An automatically’ produced molecular-electronic radio 
can certainly be less costly than the cheapest import made with 
hand labor.

Great Britain’s electronics industry, which has to export to 
survive, realizes that it must automatize to produce competi­
tively priced products. American companies, even in a tech­
nologically-oriented country* like Germany, find U.S. labor can 
<>ut-produce lower-priced German labor when we have the 
dge on know-how and experience.

If the American consumer electronics industry’ is to remain 
ealthy, it must push ever more toward greater production per 
our of labor. As a measure of our success, we might some day 

< xport radios to Japan.

fSGISHUSG COM'iH
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This article presents a series of simplified charts designed to show the maximum ex­
pected error introduced into a guidance system by any one component.
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Charts for Fast Checking of

Guidance System Accuracy

Richard F. Scharmann

U. S. Naval Air Development Center OVERALL accuracy of an inertial guidance 
system for missiles may be quickly evaluated 

Johnsville. Pa. using a series of simplified charts. Based upon 
maximum tolerances of individual components, 
these charts enable the systems designer to predict 
accuracy based upon the maximum error intro­
duced into the system by any one component.

Five charts are given from which performance 
requirements may be determined. These charts 
cover performance of instruments or components 
designed to measure four variables of motion.
Tney are (1) angular acceleration, (2) angular ve­
locity, (3) angular displacement and (4) linear ac­
celeration. Each chart gives the maximum allow­
able error in the measuring device for the chosen 
time of flight of the missile for a target error of up 
to 1 nautical mile. Table 1 gives six basic motions 
with possible method of determining position and 
possible instrumentation. As noted, linear velocity 
and linear displacement are unmeasurable for the
reasons given.

To use the charts, pick the time of flight of the 
missile, project this to the “1 nautical mile error 
line, then read the maximum allow able component 
error from the other axis.

Or, locate the component manufacturer’s adver­
tised error and determine, with the known time of 
flight, whether the missile will hit the target with­
in 1 nautical mile. If it doesn t, the component 
does not fall within the designer s specifications.

On the charts given, the diagonal line represents 
an error at target of 1 nautical mile. Other errors 
may be plotted on the charts if desired. In fact, 
the system designer may desire to equip his set 
of working charts with an entire family of lines 
representing a wide range of errors.

Assumptions
In deriving these charts, several assumptions, 

which would not be justifiable in a rigorous study 
of any particular system, have been made. The 
effect of these assumptions is to make the accuracy 
requirements of these instruments somewhat less 
stringent than would actually be required. It has

■ The vehicle is to be guided over an appre­
ciable fraction of the earth’s surface.

■ Inertial systems operate without information 
either from or through the atmosphere through 
which the vehicle travels. Reference to in rtial
space by celestial observation is prohibited

■ The acceleration of the earth’s gravit Honal 
field is invariant and is 32.2 ft sec2 over the < rth s

■ The earth is round.
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■ The length of a mean solar day is 24
■ There is no uncertainty in the position 

vehicle with respect to the earth at time ot

■ The error contributed by the inaccui
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the i rticular instrument being discussed is the
Onlv ror in the system, the errors in all other in-
stnu nts are zero.

■ ie maximum allowable uncertainty in the 
posit m of the vehicle being guided is one nauti­
cal ri le or 1 minute of arc.

Angular Acceleration

Angular displacement of a body as a function 
f time and angular acceleration is given by the 

expression:

0 = 1/2 at2 (1)

where 0 = angular displacement

a = angular acceleration

2 0 
i2

t = time (2)

If the maximum allowable error in determination 
of displacement is to be taken as 1 nautical mile 
then will be 1 minute of arc = 0.29 x IO-3 ra­
dians — 1 nautical mile (by definition). From 
Equation 2:

, 0.58 X 10-3A a = -------------------------------  
(flight time in secs.)2

= max. allowable acceleration error 
in radians/sec2 (3)

Fig. I is a plot of Equation 3 showing the maxi- 
In fact, ■ mum allowable error or uncertainty' in the meas- 
his set ■ urement of angular acceleration vs. time of flight 

of lines ■ for a maximum allowable position error of 1 mile. 
■ For a 1 hour flight this error is not to be more 
■ than 45 x 10-12 rad/sec2. This is indeed a small 
■ mgular acceleration. Angular accelerometers have 

options, ■ ken known to be built having an uncertainty of 
is stud) ■ approximately 5 x 10-3 radians/sec2. Such an un- 
le. The ■ certainty is a few hundred million times greater 
cc uraev maximum allowable.

An idea of the magnitude of this acceleration 
be realized from the fact that a shaft starting 

iom rest and accelerating at the rate of 45 x 10-12 
rad/sec2 would require more than 10,000 years to 
«thieve an angular velocity of 16.2 radians/sec. 

Meh is not quite 3 revolutions per second. Such 
*n instrument is beyond practical achievement at 

time in the foreseeable future using presently 
®own techniques.

Angular Velocity

Ang dar displacement can be established by the 
B^gr; ion of angular velocity with time. If the 
®axiiri m allowable error in the measurement of 
^ar isplacement is to be 1 mile then the maxi- 
- im t owable error in the measurement of angu- 
* dis lacement will be 0.29 x 10-3 radians. The

ELECTRONIC DESIGN • July 8, 1959 

maximum allowable error in the measure of angu­
lar velocity’ A W will be:

a ir = 0.29 X 10"3
time of flight in secs.

Fig. 2 shows the maximum allowable error or 
uncertainty’ in the measurement of angular veloc­
ity versus flight time for a maximum position un­
certainty of 1 nautical mile. Using 72.9 x IO-6 
radians/sec as the angular velocity of the earth

the maximum allowable uncertainty in the meas­
urement of angular velocity can be expressed as a 
fraction of earth’s rate. This has been done in 
Fig. 3.

From these figures, the maximum allowable un­
certainty in the measure of angular velocity for a 
1 hour flight is 1.1 x 10-3 of earth’s rate or 0.081 x 
10-0 rad/sec. A body rotating at this velocity 
would require approximately 1000 days or nearly 
3 years to make one revolution. This velocity is 
also about 0.0167 degrees/hour. High perform-

Basic Motion

Angular Displacement

Angular Velocity

Angular Acceleration

Linear Acceleration

Linear Velocity

Table 1—Six Basic Motions in Space 

Possible Method of Position Determination

Angular displacement and the radius (earth) 
about which displacement occurs, yields position

Integrate once and treat as angular displacement

Integrate twice and treat as angular displacement

Integrate twice to obtain linear displacement

Integrate once to obtain linear displacement

Possible Instrumentation

Free gyroscope

Constrained gyroscope

Coupled linear accelerometers

Pendulus devices

Linear velocity with respect to 
inertial space is unmeasurable 
because of the fundamental 
law of restricted relativity
which states that there is 
such thing as an absolute 
unique inertial space

no 
or

Linear Displacement (Yields position directly) Meaningless because of the 
striction on linear velocity

re-

Fig. 1. Inertial guidance performance requirements of angular acceleration measuring instrument vs flight time 
based upon a maximum allowable position uncertainty of one nautical mile.

23
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Linear Acceleration

The control of a moving body by the measure­
ment of linear acceleration is based upon the fun 
damental pnnciple that all departure or displace­
ment from a predetermined line in space is asso-

j instru- 
lauticai

^CTRONIC DESIGN • July 8, 1959

c iem-
1 the

displacement I = 1 2 at2

where a = acceleration and t = time.
If the maximum allowable error in the deter­

mination of position is to be 1 nautical mile, then 
the maximum allowable error in the measurement 
of linear acceleration expressed as a fraction of the 
acceleration of gravity is 300/f2.

Fig. 5 is a plot of this value as a function of 
time. From Fig. 5 it can be seen that for a flight 
time of 1 hour the maximum allowable error in 
the determination of linear acceleration is 2.9 x 
10”5 gravitation units. ■ ■

1 maxi- 
(Gyro

Fig. 5. Inertial guidance performance requirements of linear acce'erometers vs flight tirre 
based upon a maximum allowable position uncertainty of one nautical mile.

lated om equation 7 and plotted in Fig. 4 for 
gvros< Jpes with various angular momentums. As­
sume iat a gyro wheel weighing 1000 grams is 
spinn» g at a velocity such that its angular mo­
ment' n (It Wt) is 106 gram cm2/sec. From Fig. 4 
we d< termine that for a flight time of 1 hour and 
a maximum allowable uncertainty in position of 
ne mile that the maximum allowable torque un­

certainty in the spinning mass suspension system is 
about 0.081 dyne cm. There are 1.02 x IO-3 grams 
per dyne. This torque is equal therefore to

0.081 x 1.02 x IO-3 = 0.0826 x 10-3 gram cm.
If all of the allowable uncertainty torque to be 
assigned to a mass unbalance in the wheel as­
sembly due to mass shift from bearing end play 
then the allowable bearing end play would be 
equal to 0.0826 x 10-3 gram cm divided by the 
weight of the wheel or 1000 grams. This is then 
0.0826 x 10~6 centimeters. It is clear that this is a 
frightfully small amount of allowable end play in 
bearings supporting a 1000 gram wheel. This small 
tolerance poses some special problems in the de­
sign of gyros as angular displacement measuring 
devices for inertial guidance work.

Torque uncertainties in inertial gyroscopes are 
largely the result of:
i Shift in the location of the center of gravity 

of the spinning mass usually called mass unbal­
ance. It may be caused by end play in bearings, 
temperature changes, material creep and wear.

■ Friction in the gimbal bearings. There is no

perfect bearing, i.e. a bearing having zero fric­
tion. From Fig. 4 again one observes that the 
maximum allowable torque uncertainty level can 
be increased by increasing the angular momentum 
of the wheel. This can be accomplished by:

(1) increasing the size and weight and hence 
the moment of inertia of the wheel

(2) increasing the spin velocity of the wheel
(3) increasing the density and hence the mo­

ment of inertia of the w heel
There are practical limitations on the size and 

weight of an airborne gyro which set a limit on 
(1). The spin velocity of the wheel is limited by 
the strength and dimensional stability of the ma­
terial of which it is made. In addition all of the 
energy used to drive the wheel is ultimately dissi­
pated in the form of heat which raises the tem­
perature and the friction levels in bearings. These 
factors place a limit on (2). Increasing the density 
of the wheel (3) is only desirable when it can be 
done without dictating a reduction in spin veloc­
ity. A lead wheel w’ould be unsatisfactory be­
cause of a very7 low limit on its velocity dictated 
by the low strength of lead and the poor dimen­
sional stability of this material.

’9- 4 nertial guidance performance requirements of free gyroscope allowable *orque un 
dainties vs flight time based upon a maximum allowable error in determination of pesi 
00 of cne nautical mile.

ciated with an acceleration the first integral of 
which is velocity and the second integral of which 
is displacement.
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1952, The Rand Corporation
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Precision Synchros
Checked Faster

United

NWL WATER-COOLED SOLENOIDS

ESTABLISHED 1920

959 electELECTRONIC DESIGN • July 8,26

SIGNAL
GENERATOR

Fig. 1. Diagram showing how capacitor plates detect eccentricity in 
the test stand (a), and schematic (b) of eccentricity compensation connec­
tion to the ionization transducer.

These water-cooled Solenoids produce high-intensity 
magnetic fields. Nothelfer Solenoids are especially designed 
to develop 140,000 ampere-turns and dissipate 50 kilowatts 

of DC power in continuous operation.

To supply DC power for these and similar applications, NWL 
furnishes polyphase transformers, rectifiers, saturable reactors 

and manual or automatic control, as required.

These Solenoids are built by Nothelfer and designed by 
Magnetic Specialties Inc., (a NWL associate). We shall be glad to 

receive your specification and quote you accordingly.

SAY: NO-TEL-FER

NOTHELFER WINDING LABORATORIES, INC., P. 0. Box 455, Dept. ED7 Trenton, N. 1
Specialists in Custom-Building

CIRCLE 21 ON READER-SERVICE CARD

Production time and money 
is saved using this superaccu- 
rate angular indexing head for 
testing synchros and resolvers.

PRODUCTION testing of synchros and resolv­
ers to accuracies of 2 seconds of arc is accom­

plished with a specially designed indexing stand. 
Designed under the direction of Werner Theil-
heimer, Norden Div., Ketay Dept of
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Fig. 2. Angular indexing stand showing eccentricity compensation.
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id resolv- 
is accom- 
ng stand, 
er Theil- 
f United

of arc with no backlash. Rack-type teeth engage 
perpendicularly so that 360 teeth (1 degree in­
tervals) engage simultaneously. Mechanical wear 
does not affect the accuracy of the head. Thus, the 
first two problems are overcome.

IONIZATION
TRANSDUCER

ELECTRICAL 

PANEL WITH 
DELTA BANK

FIXED PLATE
CAPACITOR

PLATES

SYNCHRO SHAFT
SYNCHRO

HOLDING FIXTURE

INDEXING

MOVEABLE 
BEAM

HEAD

Fig. 3. Eccentricity in the synchro mounting is detected by lateral movement 
of the triangular-shaped arm. Moveable capacitor plates are the disks shown 
at the upper left.

Aircraft Corp., Commack, L.I., N.Y., the device is 
automated to provide quick readings with re­
peatable accuracy.

Synchros and resolvers have become increasingly 
accurate. And the test procedures, to keep up 

'«ith these accuracies, have involved more complex 
equipment. This takes time and, of course, costs 
money. The test could conceivably cost more than 
the unit being tested. Benjamin Sachs, Ketay’s 
planning manager feels that to maintain adequate 
standards, an ideal system would require an ac­
curacy ten times better than the units themselves. 
And the test equipment must be capable of oper­
ation by a relatively unskilled operator with a 
minimum of time per test.

Many unique features are combined to provide 
I this economical and precise method of testing 
precision synchros. This system solves the prob- 

m of errors introduced by the positioning device 
and the human operator.

Simply, these are the problems encountered in 
positioning device:

• Basic built-in angular accuracy limit
1 Inaccuracies caused by mechanical wear, or non- 
repeatability
1 Eccentricity introduced by the mounting of the 

i in the test stand
1 Length of time for making each test and human 
:perator error.

To achieve basic built-in accuracy of angular 
^asur ment a precise indexing head is necessary. 
*etay purchased theirs from AA Gage Co., De-

It is designed to be accurate within 0.5 sec

Eccentricity Troublesome

In 1 inch, an eccentricity error of only 0.000005- 
in. results in an angular error of 1 sec of arc. An 
error of 0.0003-in. results in an angular error of 1 
min of arc. The only possible solution to the ec­
centricity problem is to correct for it at each 
reading.

One method of compensating for these angular 
deviations is the use of the autocollimater. This is 
a telescopic device using optical methods of meas­
urement. But it takes too much time.

Werner Theilheimer has devised a unique 
method of automatic compensation utilizing the 
Decker T-42 Ionization Transducer. The basic 
circuit is shown in Fig. 1. When both capacitors 
are adjusted to equal capacity, the output is zero. 
Sensitivity of the device is about 2 volts of output 
per 1 puf change in capacity.

Application of the Decker T-42 to the indexing 
stand is shown in Fig. 2. Obviously, when the 
beam is parallel to the fixed plate, the capacity 
between the two moveable plates is equal.

As the synchro is rotated by the indexing head, 
the eccentricity in mounting results in an un- 
parallel condition. Consequently, the spacing of 
the capacitor plates becomes unequal, with a re­

suiting output voltage. Movement of the bar by 
the operator or the servo back to a parallel posi­
tion corrects the error, and reduces the output 
voltage to zero. A trimmer is provided on one of 
the capacitor plates to correct for stray capacity.

To reduce time in making a test, two operations 
can be mechanized. First, the indexing head is 
rotated by a system of air cylinders and a ratchet 
drive. Movement of the synchro under test in 
increments as fine as 1 degree may be had. Thus, 
readings at each 1 degree of rotation may be 
taken automatically.

Reference Voltage Provided
A separate delta bank of precision resistors 

provide the reference output voltage for each 
angular position. Comparison of the output volt­
age from the synchro at each test position with 
the delta bank voltage gives the error of the unit.

In Ketay’s test stand (Fig. 3), precise mounting 
is essential. There must be no deformation or 
stress in the device. At the present time only one 
of these test setups has been constructed. Even­
tually they will be provided to handle all of the 
inspection at accuracies not previously possible.

In future units, a servo system will be incorpo­
rated to balance the output of the ionization trans­
ducer and thus automatically correct for eccen­
tricity. Further, the error voltage resulting from 
comparing the output with the delta bank may be 
tied to a printing readout. Thus, the complete 
operation, including a permanent record will be 
achieved automatically. ■ ■
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Fig. 2. Effect of R4 on pulse shape at cathode of VI

George M. Walls

Senior Engineering Technician 
Packard-Bell Electronics Corp. 

Technical Products Div. 
Los Angeles 64, Calif.

AUXILIARY TEST STATIONS... PSM 102 &202 

may be used with all CEC Leak Detectors for 
hooding, probing, and inside-out leak testing 
techniques. PSM 102 is a semi-automatic or 
manual unit. PSM 202 is fully automatic. Write 
for Bulletin CEC 4-62.

Today CEC 24-210A Leak Detectors are in 
continuous operation sampling corrosive 
atmospheres... for example, from an 
iodide-type silicon purification system. 
Although large quantities of corrosive 
iodine collect on the instrument’s cold trap 
and silicon dust coats the manifold, rated 
accuracy is unimpaired and background 
remains virtually non-existent. This is true 
because (I) stainless steel is used for the 
sample carrying manifold, (2) good vacuum 
geometry is employed, and (3) a liquid ni­
trogen cold trap is part of every 24-21OA.

Capable of detecting one part of helium 
tracer gas in 300,000 parts of air, this mass­
spectrometer instrument measures leaks 
as small as 10 9 atm cc/sec of air. An 
accessory mobile workstand facilitates in­
plant operation ... one filling of the large- 
volume cold trap lasts fora complete eight 
hour shift. I or more facts, write for Bulletin 
CEC-183O-X38.

Pulse distortion caused by varying receiver gain can be eliminated 
by using a gain-control video pulse cathode follower.
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FOR EMPLOYMENT OPPORTUNITIES WITH THIS PROGRESSIVE COMPANY, WRITE DIRECTOR OF PERSONNEL

CIRCLE 23 ON READER-SERVICE CARD

25 % MAX, Ea

50% MAX, Es

MAXIMUM,E|

Fig. 1. Gam-control video pulse cathode follower. Diode CR1 which shunts 
RI, prevents any dc shift at the grid of VI.
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 )EO PULSE cathode followers can be 

signed to control pulse amplitudes and 
reni e baseline noise. At the same time, the out­
put ilse width is reduced instead of stretched, 
then jy increasing individual pulse definition. 
The circuit is particularly useful in detector 
stag1 ; of receiving equipment and with pulse- 
shaf ng amplifiers.

Preventing DC Shift at the Grid

K
A video pulse cathode follower used as a gain 
control is shown in Fig. 1. Positive pulses are 
applied to the grid of VI through dc blocking 
capacitor Cl, and grid leak resistor RI. Restorer 
diode CR1, which shunts the grid leak, conducts 
any negative dc potential from the grid of VI to 
ground. This potential could be negative-going 
noise spikes or pulse undershoot. However, the 

most important function of CR1 is to prevent dc 
hift at the grid of VI. Such shift can result from 

high pulse repetition rates, long duty cycles, and 
!ong pulse trains. In this manner, the grid of VI 
is clamped to ground with respect to any nega­
tive dc shift which might occur.

The value of plate load resistor R3 is deter­
mined by the average dc plate current limitations 
of the tube selected, in this case, one-half of a 
type 5687 medium-mu miniature twin triode. 
This triode was chosen because of its 65-ma 
cathode current rating.

Plate bypass capacitor C2 places the plate of In at ac ground potential, and in conjunction 
with R3, forms a decoupling network between 
VI and the power supply. The signal applied to 
the grid of VI is conducted through VI, appears 
across cathode load resistor R2, and is coupled 
through electrolytic capacitor C3 to output load 
Rl in this case, a 75-ohm resistor for matching 
impedance to a coaxial cable. R6 is a 1 K resistor 
for protection of C3 in the event that the external 
load is disconnected while the circuit is in oper­
ation. R4 and R5 form the amplitude control in 
conjunction with R2 as follows.

The dc voltage developed across R2 will be 
I the resultant of the bleeder current through R2, 

R5, and R4, and the cathode current of VI. 
^hen the arm of R4 is set to the maximum re­
sistance position, the bleeder current through 

B5, and R4 is small compared to the tube’s 
plate current and therefore has little shunting 
effect on VI. When the arm of R4 is rotated to a 
>wer resistance position, the shunt bleeder cur- 
^t increases. This current is drawn through R2 

l causing an increase in cathode voltage due to the 
I IK drop across cathode resistor R2. The increase 
I ® cathode voltage in effect lifts the dc baseline 
J^the cathode of VI, thereby reducing the am- 
| Plitudc of the pulse above the baseline. See Fig. 
■ ~Thi baseline shift is not seen across the load I Pecans? of dc blocking capacitor C3. The effect

, . . . Actual size,
3-inch ultrahigh-resolution tube

of information 
in r0 Square Im

12 CBS UHR TUBES IN PRODUCTION
These tubes offer a choice of four resolution levels ... three screen sizes .. . and three 

screen phosphor characteristics. They are even more rugged and dependable than standard 
oscilloscope tubes. And they can be supplied with interchangeable yoke, focus coil and video 
driver stage to achieve maximum resolution. Check the table for summary data. Write for 
complete technical Bulletin E-330 and information regarding your particular application.

TYPE 
NUMBER

RESOLUTION 
(Lines per Inch)

SPECTRAL 
COLOR

PERSISTENCE 
TIME

3AVP5 1500 Blue Very Short
3AVP11 1000 Blue Short
3AVP16 500 Near UV Very Short
3AWP5 2000 Blue Very Short
5CQP5 1500 Blue Very Short
5CQP11 1000 Blue Short
5CQP16 500 Near UV Very Short
5CRPS 2000 Blue Very Short
7AVP5 1500 Blue Very Short
7AVP11 1000 Blue Short
7AVP1S 500 Near UV Very Short
7AWP5 2000 Blue Very Short

New CBS ultrahigh-resolution tubes, for example, can compress 
into 0.047 square inch all the detail on a 21-inch picture tube screen. 
This is twice the resolution previously attainable ... resolution far 
beyond the capabilities of the unaided human eye and modem 
printing. And the closest yet to the resolution of modem photo­
graphic film.

MANY APPLICATIONS NOW POSSIBLE Many new and advanced 
applications become practical in strip radar • photo reconnaissance 
• visual indication • photo reproduction • information transfer 
• industrial and medical closed circuit TV • remote data pick-up 
• information conversion • etc.

FCßS] tubes
CBS ELECTRONICS, Danvers, Massachusetts 
A Division of Columbia Broadcasting System, Inc.

CIRCLE 24 ON READER-SERVICE CARD

More reliable products through
A dvanced-Engineering

8, 19591 ELECTRONIC DESIGN • July 8, 1959



BASEUNE NOISE

Fig. 5. Outputs of VI depending on cathode level E
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With R4 connected to the plate of VI, there

R4 ADJUSTED FOR 
THIS LEVEL AT 
CATHODE OF VINO PULSE _ 

SEPARATION 
BELOW THIS 
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PULSES WHICH APPEAR 
ACROSS R6 ARE 
REDUCED IN AMPLITUDE 
BUT HAVE RESTORED 
DEFINITION AND SEPARATION
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Another Type of Pulse Cathode Follower
A further modification of the circuit can yield 

the often desirable condition of both positive and 
negative pulses from the same source and in 
exact time relationship. Fig. 4 shows plate ^ad 
resistor RP added for the negative output .pulse. 
Here the amplitude of the pulse at the p te of 
VI is determined by the value of resistor ? and 
the peak pulse plate current through 1 The 
output impedance at the plate, however, con-

seen across R6 is a decrease in pulse amplitude 
and a narrowing of the output pulse with the 
pulse positive-going with respect to ground.

Because all pulses do have rise and fall times 
other than zero, the pulse is narrower at the top 
than at the base. In Fig. 2, with R4 set to maxi­
mum resistance, the output pulse will have an 
amplitude Ei with the baseline width A. Widths 
B, C, and D at the intermediate points represent 
other corresponding settings. When R4 is re­
duced to 75 per cent of maximum, the baseline 
width will become the w idth at point B, and the 
amplitude corresponds to Eo. By further reducing 
the value of R4, the baseline is lifted progres­
sively and the output amplitude and width re­
duced. This effect is actually observed on de 
input to an oscilloscope. The pulse can be dis­
played on expanded sweep to study the change 
in width for various settings of R4.

is, however, an additional effect on the output 
pulse with the adjustment of R4. The baseline 
will still lift as R4 is decreased in value, but there 
will also be a compression downward on the tip 
of the pulse. In other words, amplitude is re­
duced by simultaneously lifting the baseline and 
pushing the top of the pulse down. The amount 
that the.top of the pulse is moved downward is a 
function of the value of R3. This reduction in 
amplitude is caused by inverse de feedback due 
to the shunting of the bleeder network applied 

directly between plate and cathode of VI.

12A1 
cuit < 
to fu

Baseline Clipping
The results obtained when pulses of poor 

definition are applied to the gain-control cathode

follower are shown in Fig. 3. Here baseline clip­
ping improves separation of pulses that actually 
overlap at and above the baseline as well as re­
moves noise peaks and any other baseline irreg­
ularities.

In Fig. 3, R5 is a minimum amplitude limiting 
resistor. When R4 is set to minimum resistance, 
an output indication of some small amplitude 
will prove circuit operation. This small feature 
will preclude an erroneous “no output” condition 
w hen R4 has been set to minimum resistance and 
the fact “forgotten " or not noticed by operating 
personnel. As shown in Fig. 1, R4 is returned to 
B+ and the power ratings of R2, R4, and Ro 
must be taken into account. To reduce the extra 
powrer requirements of the above arrangements, 
R4 can be connected to the plate of VI as shown 
by the dotted line in Fig. 2. This connection 
reduces the voltage applied to the bleeder from 
300 v to 100 v approximately, and therefore re­
duces the wattage requirements for R2, R4, and

tain 
to a 
inerì 
man

4-3OOV

IOO K

0.033

47K
2700a.

CRI
3.3M

0.033180a

INPUT TO VI

INPUT TO SEMICONDUCTOR

Fig. 3. Gain-control cathode follower pulse reshaping print pie. 
Baseline clipping improves separation of pulses and removes oise 
peaks.

Fig. 4. Another type of video pulse cathode follower.
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side? bly higher than that at the cathode, being 
in tl order of 100 K. In this circuit, the output 
amp tudes of both the positive and negative 
puls' ; are controlled simultaneously and pro­
port. nally with adjustment of gain control R4. 
Selection of RP is governed by the pulse ampli­
tude desired at the plate of VI. In choosing RP, 
it must be remembered that VI is a low-gain 
stag' with variable feedback controlled by R4. 
In practice, when RP exceeds 1 K, stretching of 
the plate pulse will occur. With RP equal to 1 K 
and other component values as shown in Fig. 4, 
both output pulses were approximately 7 v 
amplitude with 15 v peak applied to the grid of 
VI. Higher amplitude output pulses can be ob­
tained by changing the values of R3, RP and R2 
to allow the flow of higher tube current. This 
increased current flow will place a heavier de­
mand on the power supply, but can allow more 
latitude for adjustment of R4. Such a condition 
might be desirable for the further pulse separa­
tion that could be gained by the higher clip­
level action possible with the gain control.

A value of 0.1 pf for C2 can be used depending 
on the repetition rate and densities of the pulses 
applied to the tube. In general, however, an 
electrolytic at this point is more satisfactory. The 
larger the value of C2, the smaller will be the 
negative staircase decrease in plate voltage which 
can occur with high repetition rates and long 
pulse trains.

The basic circuit described is noncritical and 
does not require a well-regulated power supply 
for operation. The tube could be a 12AU7, 
12AT7, 12AX7, 6C4, 12BH7, depending on cir­
cuit design requirements. The circuit lends itself 
to further versatility as a half-wave detector or 
amplitude demodulator. In this use, the cathode 
voltage is established such that output occurs 
above the desired reference level. See Fig. 5.

Another application of the circuit shown in 
Fig. 4 is as a peak clipper. Here only the desired 
portion of the peak is clipped depending upon 
the cathode level established. The peaks are 
clipped cleanly as compared to the more or less 
typical sloping effect produced by a semicon­
ductor diode. This sloping effect is caused by the 
change of resistance across the semiconductor as 
the current through it varies according to the 
voltage applied, and the change of capacitance 
"hich becomes quite noticeable at higher fre- 
juencies. When the applied voltage is reduced 
4fter conduction, forward resistance begins to in­
crease. At the point considered to be recovery 
t a diode, still only perhaps 400 K ohms, current 

••duces sufficiently for the resistance to rise 
and a fully nonconducting state is 

bached. This characteristic causes stretching in 
case of pulses, and incomplete detection or 

ttific ttion in the case of ac signals, Fig. 6. ■ ■
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TOUJOURS

L’AMOUR

Seven 1-megacycle video channels on a single half-inch tape — that’s why there’s an affectionate 
reaction everywhere to the new Mincom Model CV-100 Video Band Magnetic Recorder 

j er. Tape speed of 120 ips, plus special recording and playback heads, produces 
reliable frequency response from 400 cycles to 1.0 megacycle (each track). Only 12 moving 
parts, four simple adjustments. Only 0.1% flutter and wow. No mechanical brakes. All plug-in 
assemblies, carefree maintenance. Interested? Write for specifications.

. . . WHERE RESEARCH IS THE KEY TO TOMORROW

MINCOM . J^INNESOTA JOINING AND ^MANUFACTURING COMPANY

2049 SOUTH BARRINGTON AVENUE • LOS ANGELES 25. CALIFORNIA
CIRCLE 26 ON READER-SERVICE CARD
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INSTRUMENTS

CIRCUIT ANALYSISFOR PRECISION

Precision Parts

MODEL 400 DISTORTION METER

MODEL 600 DIP METER

ents

HEC32

• Covers 1.75 to 260 me in 5 bands.
• Monitoring jack & 8+ OtF switch.

places.
• Sturdy, color coded, plug-in coils.
• Adjustable. 500 microamp meter

mental conditions.measurements.

• Residual Distortion : .05%—30—15,000 
cycles.
Residual Noise: .025% or less

Bendix-Pacific

MODEL 300 FREQUENCY METER

• Sensitivity 0.25 volts minimum input.

form with peak ratios of less than 
8 to 1.

Use Silica Filler

MODEL 404
LINEAR DETECTOR

• RF detection and audio

• 400 kc to 30 me range with 
20-30 volt RF carrier

C'RCIE 2? ON READER-SERVICE CARD

MODEL 200 AUDIO OSCILLATOR

Frequency Range. 30 to 30,000 cycles

ohm load.
Stability: Better than 1%.
Calibration: ±3.0% of scale reading.
Voltage Output: 10 volts into 500 ohm 
load.
Distortion. Less than .2% at 5 volts
output.

ELECTRONIC DESIGN

Proved in every type of serv­
ice, these quality instruments
are used by experts for FCC
“proof-of-performance ‘ tests
and supplied as original equip-
ment with many broadcast
station installations.

Frequency Response. Getter than 
+1 db. 30 to 15,000 cycles with 500

Frequency Range. 0 to 30.000 cycles
m 6 ranges

Wave Form: Operates on any wave

Calibration When referenced against
60 cycle line frequency, all other
frequencies will fall within 5%.

bridging circuits.
• 40 db pad adjusts m 10 du

steps.

• Flat frequency response 
from 20 to 50,000 cycles.
Approx. 1 db insertion loss
Impedance as bridging 
transformer approx. 6,00 
ohms; with single-ended 
input, approx. 10,000 ohms.

Frequency Range. Fundamentals from 
30 to 15,000 cycles. Measures Har­
monics to 45,000 cycles.
Sensitivity: .3 volts minimum input 
required for noise and distortion

Calibration: Distortion measurements
± .5 db. Voltage measurements: 
± 5% of full scale at 1000 cycles.

• Shaped for use in hard-to-get-at

Canal Street & Beaver Dam Road, Bristol, Penna.
Specialists m Designing and building equipment to operating specifications

RAW ulte dutign and manufactura filter« far: ANTENNAS* RADIO NTER FERENCE »RADIO RANGE» UHF and VHF
OS well ci mony spec ol typas designed Io performance specification«. Available to commercial or military standards.

c Positions

W. A. Fitz Maurice
Ass t to the General Manager

N. Hollywood. Calif.

An epoxy casting resin used by
Bendix-Pacific is an essential in­
gredient in a telemetry commuta-
tor now in use on ICBM missiles.
It makes and breaks 3600 contacts
per second under missile environ-

HIGHLY FILLED epoxy resins have a 
unique combination of properties,

making the design of a precision high­
speed commutator plate feasible. Each
of 120 segments shoyvn in Fig. 1, is sep­
arately embedded in epoxy. Of a total
segment length of 13/32-in., 11/32-in. is
held in the plastic. Connection to the seg­
ment is made either by means of a yvire
or through interconnection between seg­
ments yvith both operations taking place
prior to casting in the epoxy. Brush
bounce at high rotational speeds is
eliminated by minimizing variations in
height between adjacent segments.

This latter requirement has been met
so successfully that height variations of
this sort are held to less than ten millionths
of an inch over operating temperatures
varying from —60 to 4-212 F.

In addition to the stability require­
ments, the rotating brush assembly re­
quires a relatively stable plane at the
contact surface in order to maintain
constant contact orientation. In spite of

the problems introduced by the com-
bination of metal and plastic parts sur­
rounded by a heavy metal ring, dishing
has been contained within a few thou­
sandths over the operating temperature
range. The entire bearing assembly for
the rotor is held in place in the plate bv
the epoxy resin. The perpendicularity ot
the rotating shaft to the contact plane is
held to 0.001-in. per inch.

These close tolerances are necessarv in
order that the pulse width be held within
the narrow limits demanded by telemetry

The initial attractiveness of the epoxy’
series was the high stability obtainable in
a pourable plastic combined with the
chemical resistance necessary’ to allow
immersion in a rhodium plating solution
Silica was found to produce the best
stability characteristics. A 67 per cent fill
(two parts silica to one part of resin by
weight) was determined to be a practica’
fill limit to avoid lamination.

Silica also provided the best character­
istic with regard to the coefficient of
thermal expansion of the cast material,
approximating that of aluminum. The 
higher heat conductivity available vith
the silica nil minimizes tempe; ire
gradients across the plate yvhen t is
subjected to the temperature chan .

The choice of a hardener presente me
problem with respect to the requr

July 8, 959
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Commutator face showing how the segments are positioned in the plastic.
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of low mold shrinkage, high heat distor­
tion temperature, heat controllable 
exotherm and reasonably long pot life. 
One of the aromatic amines, p,p’-methyl- 
enedianiline proved to be the most 
satisfactory. A two-stage cure was found 
to give optimum results.

The assembly is cured at 200 F for 2 
hours followed by 250 F for 4 hours. A 
heavy' metal rack acts as a heat sink to 
avoid sudden temperature changes during 
and after the curing process. In spite of 
the two-stage cure, it was noted that 
internal stresses caused slight dimensional 
shifts during immersion in the heated 
plating baths. This problem was over­
come by a 16 hours soak at 230 F fol­
lowing the cure.

Prior to casting, the metallic assembly 
is continuous across the contact area with 
leads and internal wiring completed. 
Because standard vapor degreasing proved 
unsatisfactory due to the tendency of 
trichlorethylene to inhibit curing, the 
entire assembly is anodically cleaned. In 
addition, the anodic cleaning provides an 
etched surface which takes maximum 
advantage of the exceptionally high bond 
length of the resin. A complex struc­
ture at the rear of the plate, involves 
over 120 soldered connections and re- 
Quires that the resin be highly fluid for 
deqv Je penetration. Both the resin and

the metallic assembly are preheated, and 
subsequent to the pour, the assembly is 
subjected to a vacuum deaerating operat­
ing at an elevated temperature. The cast­
ing is done with the contact side down. A 
vinyl gasket extends the segments beyond 
the resin surface.

Following the cure, the metal is 
machined down to expose and separate 
the contacts. The vinyl is dissolved out 
with tetrahydrofuran, leaving a com­
pletely unmachined, recessed surface of 
epoxy with a glossy finish. Another condi­
tion requiring almost ideal penetration 
arises from the numerous plating baths 
to which the finished plate is subjected 
following the casting and final machin­
ing. Any small cracks or voids in the 
vicinity of the individual contact seg­
ments tend to entrap plating solution and 
carry it into subsequent operations with 
a consequent fault in the plating. The 
vacuum impregnation completely elimi­
nated difficulties of this sort.

This plate, now in production at 
Bendix-Pacific’s North Hollywood plant, 
shows an order of magnitude improve­
ment over prior commutator plates in 
both performance and reliability. Electri­
cal noise has been reduced over anything 
previously available. While the plate’s 
life is rated at 1000 hours in actual use, 
3000 hour life spans are common. ■ ■

,n I400 and 60°. KINNkT ■
pW Pachas*** Pumpinfl 
Sy.um. «•••’•’ °’ “ 1
o^ins .»I '

and two-**°9c

’olv««uum pump«' 9h 
viability ‘"“""""Z 
p.n.1 with Ul «•*£

I ,ions wi»«n

Get the greater utility and versatility built into these KINNEY 
PW Series High Vacuum Pumping Systems which users call 
"the workhorse of the modern laboratory." These units will 
evacuate altitude chambers, tanks, furnaces, ovens, tubes, bell 
jars or other laboratory equipment, attaining pressures in the 
order of 5 x 10 * mm Hg without coolant in the cold trap and 
substantially lower when coolant is used. These units are 
mounted on casters so that they can be moved readily to serve 
a variety of facilities, especially those which are fixed installa­
tions. A unique and exclusive High Vacuum Valve design en­
ables the operator to rotate the Valve and position the suction 
connection horizontally, vertically, or at any angle in between. 
Thus, it is possible with a base plate assembly to quickly con­
vert to an Evaporator.

Bulletin 4000.1 fully du- 
»cribinfl the KINNEY FW

tum* Is yours FREI. Moil 
the coupon today.

Bring your file of new developments in 
High Vacuum up-to-date. Write today.

THE HEW YORK AIR BRAKE COMPANY

3SA1G WASHINGTON STREET . BOSTON 30 • MASS

Please send me Bulletin 4000.1 □ I am also in­
terested in Mechanical Pumps □ Oil Diffusion 
Pumps □ Vacuum Furnaces □ Evaporators □
Name___  
Company. 
Address_
City_____ Zone State.
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Simple

Generator

Gives

More F(x)

Per Dollar

ONLINEAR FUNCTIONS can be
generated cheaply and easily with a

FANSTEEL HP TYPE 
TANTALUM CAPACITORS
For High Temperature (125°C.) Applications

new component called a Quadratron. An 
octal-plug-in device, it costs about $40, 
replaces equipment priced up to $3500. It 
weighs three ounces and occupies 0.004 
cubic feet, compared with equipment 
weighing 65 pounds and taking up three 
cubic feet.

It can be used in control systems, auto­
mation, analog computing, instrumenta­
tion, simulation, data reduction and med­
ical electronics. The designer, Douglas 
Aircraft Co., El Segundo (Calif.) division,

The Quadratron (from L quadrare to square) 
enables engineers to set up nonlinear prob­
lems easily on the analog computer and study 
them. Octal-plug unit weighs only three 
ounces, occupies only 0.004 cubic feet and 
costs about $40.

One of the most acute electronics problems today is the failure of 
components to operate efficiently under severe environmental con­
ditions of temperature extremes and high shock and vibration.

When electrolytic capacitors are called for, Fansteel engineers 
have licked the problem with the HP Type Tantalum Capacitor. 
Designed expressly for reliable operation with unexcelled stability 
over a wide temperature range —55°C. to -f-125°C. The rugged 
construction of the HP is also especially adaptable for circuitry 
where exceptional resistance to vibration and shock is required.

Fansteel HP Type Tantalum Capacitors have unlimited stor­
age life . . . are hermetically sealed . . . and still have the most 
capacitance in the smallest package.

Write for Bulletin 6.111-1

C594A

FANSTEEL METALLURGICAL CORPORATION North Chicago III., U S.A.

CIRCLE 29 ON READER-SERVICE CARD
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POTENTIOMETER

-H VARISTOR 
Rv

T ) THERMISTOR

Fig. 1. Box holds only passive elements. Non­
linear characteristics of varistors are used. In­
accuracies and temperature coefficients are 
compensated for by a network of resistors and 
thermistors. Quadratrons are factory-set, need 
no adjustments.

reports that some units have already been 
used:
• To simulate the nonlinear characteris­
tics of a control valve on the Trisonic 
Wind Tunnel.
• To reduce flight-test data on the DC-S 
jet airliner.
• To remove an unwanted nonlinearity’ 
from a transducer.

In medical electronics, which abounds 
in nonlinearities, many applications have 
been found. An expression for the square 
root of the sum of three squares-the 
three orthogonal components of the elec­
trical vector of the heart—is easy to obtain 
with three Quadratrons and one amplifier 
—a large gain in simplicity and economy 
over the special-purpose computer now 
being used.

Transcendental, trigonometric, exponen­
tial, hyperbolic and algebraic functions, 
like x2 x2/3 and x1,27, can all be produced 
easily by combining one or more Quadra­
trons with one or more dc operational 
amplifiers. Dr. Ladis Kovach and W illiam 
Comley of Douglas, co-designers of the 
Quadratron, suggest the use of little am­
plifier packages, like the Philbrick, costing 
around $25.
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What’s Inside?
A varistor is the heart of the ( idra- 

tron. Since the current-voltage r tion- 
ship of this silicon-carbide ele nt is 
I = k(en), for years multipliers ha1 been 
designed by summing squared 
from the varistor (with n = 2).
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FanftMl IN Serie* «ilicon rectifier« avail 
abla with ar without a flexible terminal,

(—x2), sinh x, cosh 
and cube roots of x

FULL SCALE Ci =100 V

ELECT ONIC DESIGN • July 8

angle and the divide function.
For further information on this multi­

function generator turn to the Reader 
Service Card and circle 101.
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square is shown in 2(a); a symmetrical 
square could easily be produced by feed­
ing in the absolute value of The mul­
tiply circuit of 2(b) uses the least number 
of amplifiers for a four-quadrant multi-

ractens-
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Fig. 2. Circuits used 
to obtain some basic 
functions: (a) antisym­
metrical square; (b) 
multiply in four quad­
rants; “P" in Quad- 
ratron symbol stands 
for ' parabolic"

Some nonlinear functions are produced 
in the usual manner by using a truncated 
Taylor's series. Others are obtained by 
using new and unusual methods of ap­
proximation. If the terms ax3 and bx5 ap­
pear in a series, for example, both of 
these can be replaced by a single term 
(kx* sign x) with no loss of accuracy. The 
factor “sign x,” which stands for x/ x| 
maintains the necessary odd symmetry. 
Dr. Kovach and Mr. Comley remark that 
procedures of this type may have far- 
reaching mathematical possibilities.

Other functions easy to obtain with a 
few Quadratrons and amplifiers are: sin x

It carri*^ a full 35-amp. load—up to 105 amp«, in brid' e circuit»— 
with rated pefk inverse voltages bom 30 to 400 V. in bv volt 
multiples. It will operate m ambient temperatures up to 165 C 
and witbiit'nd storage temperatures up to 200 C.

The F unsteel Type 4A rectifier, rug redly constructed .with a 
true hermetic gb"s-*o-metaJ seal, is designed part darly for 
magnetic amplifiers, industrial controls, d-c motor opera on, 
battery charging equipment, utility, communication equipment, 
etc where «mall sise and high reliability are important

It can be mounted in any position and is available with or 
without a flexible terminal

ibounds 
ns have 
j square 
ires—the 
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o obtain 
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ter now

gì there have been considerable inac­
etirà s. Varistors are not ordinarily sup­
plied in close tolerances; they have a 
large negative temperature coefficient, 
and there is a slight degree of semicon- 
ductiv ity.

The Douglas Quadra tron contains as­
sorted resistors and thermistors, as in 
Fig. 1, to compensate for these errors. 
The result is a device capable of a basic 
squaring accuracy of better than 99.6 per 
cent of 100 v full-scale (better than 99.8 
per cent of 200 v peak-to-peak—as com­
mercial equipment of this type is com­
monly rated). This 0.4 (or 0.2) per cent 
error is known exactly. A correction 
cune is supplied with the device. Fre- 
,uency response is good to 400 cps.
Another model of the Quadratron will 

mmish the cube of an applied voltage. 
With these basic operations of squaring 
nd cubing, many other functions can be 
Stained.

_ 5QGAtN I
ALTERNATE” CONNECTION

Most Nonlinear Fix) Generated

Two squaring operations give the 
fourth power of an applied signal; a 
square followed by a cube yields the sixth 
power. See Fig. 2. An antisymmetrical

FANSTEEL METALLURGICAL CORPORATION North Chicago III USA

He's talking 
about the 
Fansteel (Type 4A) 
IN Series 
Silicon 
Power Rectifiers

Fansteeis new 35 amp. 
Silicon Rectifier will be 
perfect for this job”
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Save Weight Eliminate Pottin

BASIC MODUL
HE CONVENTIONAL approach of potting
electronic assemblies to meet extreme condi­

tions of shock and vibration is not without dis­
advantages. To name just a few, potted units
generally weigh more, are not inexpensive, and
component replacement is impossible.

Westinghouse technical associate, Kenneth D.
Cowan, took a hard look at the problem and

Fig. 1. (left) Schematic diagram of basic amplifier circuit
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Fig. 2. Exploded view of module assembly
Fig. 3. Module layout sheet
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'his month’s news fromRaytheon

with a

APPROACH

faster tube delivery -Raytheon Dis­
tributors’ inventory backup pro­
gram has been extended to

nneth D. 
»lem and

f potting 
le condi- 
hout dis- 
ted units 
sive, and broadest tube coverage—Raytheon 

now offers the broadest line of 
industrial tubes and electronic 
hardware available anywhere... 
1967 Raytheon types! You now 
get complete coverage on all 
your tube requirements through 
your Raytheon Distributor.

Machlett tubes. This means 24- 
hour local delivery of any tube 
when you need it. Simply list 
your tube requirements with 
your Raytheon Distributor.

RAYTHEON DISTRIBUTORS 
SERVING KEY MARKETS INCLUDE

added engineering help—Raytheon 
field engineers are available to 
provide applications assistance 
on Raytheon and Machlett 
Tubes. Just call your Raytheon 
Distributor.

Con° • , 
Wot

and 
Money

ELEC RONIC DESIGN • July 8, 1959

What the Raytheon-Machlett 
Story Means to You Baltimore, Md

Wholesale Radio Parts Company 
Birmingham, Ala.

Forbes Distributing Company
Boston, Mass.

DeMambro Radio Supply Company
Burbank, Cal.

Valley Electronic Supply Company
Chicago, III.

Newark Electric Company
Cleveland, Ohio

Pioneer Electronic Supply Corporation
Denver, Colo.

Ward Terry & Company
Detroit, Mich.

Ferguson Electronic Supply Company 
Inglewood, Cal.

Newark Electric Company
Kansas City, Mo.

Burstein-Applebee Company
Los Angeles, Cal

Kierulff Electronics Corporation
Milwaukee, Wis.

Electronic Expeditors, Inc.
Mobile, Ala.

Forbes Electronic Distributors, Inc.
New York City

Arrow Electronics, Inc.
H. L Dalis, Inc.
Milo Electronics Corporation

Oakland, Cal.
Elmar Electronics

Philadelphia, Pa.
Almo Radio Company

Phoenix, Ariz.
Radio Specialties & Appliance Corporation 

Portland, Ore.
Lou Johnson Company

Tampa, Fia.
Thurow Distributors

Washington, D C
Electronic Wholesalers, Inc.

This is a partial lifting only. Names of other 
Raytheon Indu »trial Di »tributar» on request 
to Raytheon Distributor Products Division 

55 Chapel St, Newton 5®. Mom.

Circuit Simplification
Starting with the schematic diagram, the com­

plete unit is reduced to groups of simple circuits, 
each consisting of a single tube with its associated 
components, as shown in Fig. 1. The overall ar­
rangement is then formulated into a sketch, as 
shown in Fig. 2, which includes the tube and its 
component plus four additional parts.

Layout
The simple tube circuit is redrawn on a mod­

ule layout sheet, shown in Fig. 3. Printed circuit 
firing is applied on both sides of the upper and 
•wer plates for simplicity in assembly and ease 

of component replacement. The appearance of 
‘he upper side of the top plate is shown in Fig. 4.

assembly instruction sheet is prepared to 
serve as a guide for component placement during 
final onstruction.

on 
Industrial 

Tubes

RAYTHEON COMPANY • DISTRIBUTOR PRODUCTS DIVISION 
CIRCLE 31 ON READER-SERVICE CARD

About Machlett Quality ...
by John Hickey, 

Raytheon Industrial Product» Manager.

Merger of Machlett and Raytheon 
means that Raytheon Tube Distribu­
tors now offer fast local delivery of the V
finest quality power tubes for your in­
dustrial heating and communications
sockets. Machlett Laboratories’ people JB
have a watchword: “What is good, 
stays good.” They back it with 100 per cent inspection and the 
finest quality control in the industry. If you have equipment or 
designs which can use one of the more than 100 Raytheon- 
Machlett types, I believe you will see measurable improvement in 
performance, reliability, and tube life. Just specify “Raytheon- 
Machlett” as the brand, “Local Raytheon Distributor” as the 
supplier.

Module Construction
O' rail dimensions of 1 in. diameter and 2-1/8 
k gth are specified for the particular design, 

^ght components are included in the circuit al-

came up with a simple method that is worth 
noting. Standard components, resistors and ca­
pacitors, are used as supporting members for 
two printed card plates which form a basic mod­
ule. Although this approach is by no means new, 
a primary advantage of the unit is its adaptabil­
ity to automatic assembly. Compared with a 
similar molded unit, the module weighs (depend­
ent on the type of potting material used) from 
60-85 per cent less, requires 60 per cent less 
space, and costs six times less to manufacture. 
Better heat dissipation, simplified testing, and 
easy component replacement are additional ad­
vantages.

(rAYTHEOn

rAYTHEOn



CIRCLE 32 ON READER-SERVICE CARD

38 ELECTRONIC DESIGN
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ters. What other medium

What other kind of record

it is used? “Scotch br\nd

realized?

© 1959 3M Co.

BOTTOM PLATE OF MODULE

(b)

INSTRUMENTATION

USE LOTS OF TAPE?

'Scotch" brand Instrumentation Tapes cut operating costs

Let’s develop our own small theory of relativity. 
For everything’s relative, after all—even economy. 
Clearly, an economy effected now and corrected 
later is no economy at all. In instrumentation tape, 
there’s only one genuine economy—reliable per­
formance. And in performance, the last two words 
for any acute tape-user are “Scotch” brand.

First to last, “Scotch” brand Magnetic Tapes 
offer uniformity and reliability—born of the ex­
perienced 3M technology that created the first prac­
tical magnetic tape and continues to advance the 
art of tape-making day by day.

But let’s look at economy from another viewpoint 
—in terms of some things around the periphery that 
might not come so readily to mind—storage, use, 
waste, and time saved.

What other kind of record is so permanent it may 
last a lifetime, yet requires so little space for stor­
age? Three reels of “Scotch” 
brand like those at the right
contain” 30 million charac­

serves input, output and mem­
ory functions at such high 
speeds? Accepts both digital 
and analogue data?

is not consumed, even when

Magnetic Tape is run and rerun for analysis, erased 
and used again, permits retaping with corrections,
editing and new data.

Last, but far from least—in these days when time 
is money, what other medium speeds up data acqui­
sition, reduction and control programming in a 
way that keeps critical projects rushing forward at 
full tilt? Or cuts production lead time and human 
error to a point where a 1000% saving may be

At any cost, Scotch brand Magnetic Tapes 
would be a good buy. And in every application,

Scotch” brand Tapes offer that greater economy 
—reliability. “Scotch ” brand High Resolution
Tapes 158 and 159 let you pack more bits per inch, 
offer extra play reels. “Scotch” brand Sandwich
Tapes 188 and 189 end rub-off, build-up, cut head 
wear to an absolute minimum, show little wear in 
50,000 computer passes. “Scotch” brand High 
Output Tape 128 offers top output at low frequen­
cies, even under ambient temperature extremes.

Scotch” brand Instrumentation Tapes 108 and 
109 offer top performance at lowest cost.

Where there s no margin for error, there’s no 
tape like “Scotch” brand Magnetic Instrumenta­
tion Tape. For details, write Magnetic Products 
Div., 3M Company, Dept. MBQ-79, St. Paul 6, 
Minn., or mail the reader inquiry card.

"Scotch is a registered trademark of 3M Company St Paul 6, Minnesota.

Export: 99 Park Avenue. New York, N.Y. In Canada London. Ontario.

SCOTCH BRAND MAGNETIC TAPE

TMINNISOTA TRININO ANO J^ANUEACÌURINO COMPANY
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Fig. 6. Tube base adapter

though provisions exist for a maximum of sixteen.
Potting of the unit is not required, resulting in 
lower weight, cost and size. In addition, testing
is simplified and component replacement ie to
defects or design changes is not difficult,

Top and Bottom Plates

The top plate, shown in Fig. 5A, cc- ‘■ams 
sixteen slots equally spaced around the I riph- 
ery to accommodate the component lead and 
eight pins to mate with a standard loctal -ket
Groups of loctal sockets with interconr ting 
wiring are mounted to a main chassis and cept
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Tests

43 attractive solution. ■ ■

Tube Hood

sink.

e Regatron is a registered trademark of Electronic Measurements Company of Rod Rank. Patents rending.
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BANKRED
EATONTOWN NEW JERSEY

their ’ spective modules. Both upper and bottom
plates are molded of a ceramic or thermosetting 
plastic with high strength characteristics.

The bottom plate, shown in Fig. 5B, has no
oins or external connections but has a hole to
accommodate the tube adapter. There are eight
radial channels to receive the leads from the tube.

Tube Adapter

• short circuit proof

Teflon or a similar plastic is used for fabrica-
• super* regulated

tion of the tube adapter, shown in Fig. 6. The
tube leads are accepted bv the eight holes in the
adapter and the eight radial channels bring the
leads to the corresponding section of the bottom
plate. A slight taper and undercut on the minor 
diameter of the adapter permit it to be snapped 
into place on the bottom plate. A key is incorpo­

• low output
impedance

rated on the adapter to mate with a keyway in POWER SUPPLIES
the bottom plate for proper tube orientation.

Here’s reliability
lowest ripple

The tube hood is used to shield the tube, con-
duct heat from the module to the chassis, and 

introduction, over 18 months ago,
orient the module in its socket To permit cool­ not one Regatron has lost a series transistor •gulation

ing air to flow around the tube, a hole is included 
at one end. A key in the tube hood mates with

due to short circuits or overloading
the keyway in the top plate and the loctal socket
to insure proper orientation. One end of the hood 
is a heavy walled section which, when plugged
into the loctal socket and chassis, acts as a heat

Final Assembly
Resistors and capacitors connected between

the bottom and top plates serve as supporting 
members. Protection against humidity and salt 
spray may be achieved by application of a varn-
ish or resin coating during final assembly.

Modules constructed along the above design 
were subjected to vibration tests with peak accel-
erations of up to 30 g with no resonance or dam-
age noted. A shock test with 62 g impact along
the radial axis likewise produced no failure.

To check the heat transfer ability of the mod- 
'Je, Tempilac spots were placed on the tube to

Regatron Semiconductor Power Supplies are available in various ratings up to
0 to 60 V de and 0 to 30 amperes, depending on model. Write for Bulletin 721.

indicate maximum envelope temperature. With
an air flow of 0.0022 Ibs/min/watt at a pressure 
of 0.09 psi, a temperature rise of 70 deg C re-
dted For the application involved, this figure 

is well below the critical level.
Test data thus substantiated the validity of the

module design approach.
Wit i the increasing demand in airborne and

missile applications for more complex circuitry 
13 mor^ compact packaging, module design offers

^CTRONIC DESIGN • July 8, 1959
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Transient Behavior of

Transistor Pulse Amplifiers
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Richard C. Dorf*
University of New Mexico 

Albuquerque, N. Mex.
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for the base current we have

Calculating Rise Time

Sw itching circuits using transistors as the active 
elements are difficult to analyze since an equiva­
lent circuit applies only in a single operating 
region. However, approaches to the problem use 
the double diode equivalent circuit and develop 
the relations for the transistor currents.1

If we assume the load resistance is small, so 
that we may neglect the effect of the collector 
capacitance, then the output pulse rise time for

OtN 

normal current gain (C.B ) 

normal alpha cutoff frequency 

base current applied 

limiting value of collector =

ELECTRONIC DESIGN • July 8

miniature - precision - wire wound

POWER RESISTORS

ELECTRONICS CÒWff
P. O. BOX 3926, ROCHESTER 10, N. Y. 
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Typical Pulse Amplifier

The relation for the rise time and relations for 
decay and storage time will now be used to analyze 
a typical pulse amplifier shown m Fig. 1. In order 
to have the rise time approaching a minimum.

the common emitter emplifier circuit can be cal­
culated:

we select Tr = toy as a desirable value. Then from 
(1), we must have:

LARGE signal transient behavior of a tran­
sistor pulse amplifier can be determined 

with a few handy equations. Several pitfalls of 
improper biasing can, however, trip the unwary 
designer. One common mistake is attempting to 
achieve minimum rise time by making the input 
base current pulse a maximum allowable value. 
However, this biasing causes excessive storage 
time. A compromise is necessary in order that rise, 
time, storage time, and decay time are approxi­
mately equal. By a practical example it will be 
seen that satisfactory* operating conditions are 
achieved when the base current is approximately 
one half the maximum collector current.

Actual Size

Now, to the famed “built-in” reliability of Sili- 
cohm Resistors, Sage adds clip mounting assem- 

h bly protection Around a fully insulated resis­
» tor, Sage shrinks a nickel plated metal sleeve 
r by its own specially developed process*. This 

shrinking process causes the sleeve to conform 
exactly to the resistor body, giving Sage Clip- 

k pers these unique advantages over other metal 
sheathed units . . .
SMALLEST IN SIZE • Because the metal sleeve 

I is shrunk around the resistor rather being filled.
MOST POWERFUL • Because the close adherence 
of the sleeve to the resistor conservatively 
doubles Clipper power rating when heat sink 
mounted.
COOLEST • Because heat transfer to the metal 
shell is through a single medium of solidly 
packed insulation.
TOUGHEST • Because of Sage TOO* silver brazed 
construction. * patent applied for

PLUS ADVANTAGES include precision to 05$ toler­
ance, stability to within .5% for life, T.C. of -‘-20PPM/ 
°C. dielectric strength of at least 1000 V-RMS.

Ready for delivery now in
3, 5, 7, 8 and 10 Watt Ratings

Let us consider an amplifier which uses ' 
pnp alloy junction transistor which has a rr imunl

SPECIFICATIONS
Model Power 

Rating
Mai. 

Resistance Length Diameter

CS3W 3 Watts 30,000 Ohms 1/ n “FX«
4 —s»

CSR5W 5 Watts 60,000 Ohms 1*±X»

CSS7W 7 Watts 80,000 Ohms 1’4 "±K* » n +JÛ
-Ht

CSR7W 8 Watts 125,000 Ohms

CS10W 10 Watts 200,000 Ohms 1%*±X.



Fig. 1. Common emitter pulse amplifier.
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H wever, the storage time becomes excessive as 
¿result of a large input pulse. The storage time

= r«

elector current of 20 ma, 
c = 1.985.
Then :

vncy of ay; IBv Ib2 = base current before, after 
m off step is applied;
1^ = initial collector current.

A suming IB„ = 0 and the initial currents IB} = Ic 
ti the previous calculation, then,

a
n \imum

CIRCLE 35 ON READER-SERVICE CARD
41

L

0.015
Therefore, in order to have the rise time one-half 
: a microsecond, one must introduce a base cur­

rent pulse of 20 ma. If the supply voltage is re- 
duced, then the maximum collector current 

tturated) is reduced proportionately.
The decay or fall time of the output pulse will 
approximately twice the magnitude of the rise 

ne and may be expressed as:

tions for 
? analyze 
In order 
linimum.

e oj cutoff is inversely proportional to the base 
-th, we may assume that <dj = 1/2 w.v which 
> been justified experimentally.
n Ts = 2.34 In av/l —ay = 9.8 psec which is 

-ntx- times the rise time and ten times the fall 
- storage times are approximately equal, when 

• * 1 2. For this case the rise time is 1.15 psec, 
fall time is 1.5 psec and the storage time is 1.5

■ B

Reference
J xrs and J. L. Moll, “Large Signal Behavior of 

Transistors,” Proc. IRE, pp 1761-1772, Dec. 
•$4.
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Some Ideas for your file of practical information on drafting 
and reproduction from

--------------- KEUFFEL &L

Frankly, we hope you’re a fusspot. If you 
are fussy about the way you work, and 
proud of it, we think you'll enjoy knowing 
about three K&E items which reduce the 
effort required to get pin-neat results. Our 
first suggestion is ...

A Better “Mattress" 
for Your Drawing Board

For effortless drafting, a good board cover 
is about as important as a good mattress is 
for sound sleep. Which is why so many 
draftsmen swear by LAMINENE® (N 70), 
the only laminated board cover material 
made. An exclusive, patented K&E process 
gives LAMINENE several very practical 
advantages over plastic coated papers. You 
can stretch it, drumhead-tight, over your 
board. All you do is wet the back, then 
secure the ends by taping or stapling to the 
underside of the board. After drying. 
LAMINENE grips the board as if cement­
ed—there’s no rippling, no stretching with 
the weather, no slack to take up. Its “draft­
ing feel” is perfect: just the right balance 
of firmness and resiliency. LAMINENE’S 
non-glare surface makes it easier on the 
eyes, too, even under fluorescent lighting. 
You can expect to leave the board feeling 
fresher, even after a long day.
What’s more, LAMINENE won’t crack or 
scar like a plastic coating. Its laminated 

Stickers With Delayed Action

Want to eliminate a time-consuming chore? 
You can cut down on tedious repetitive 
lettering by having title blocks, specifica­
tions. and other symbols or legends printed

— clearly and sharply — on DULSEAL-1 M 
(74). This tissue-thin film has a delayed- 
action adhesive on the back, and a dull- 
finish face for easy writing or printing. 
Stickers made of Dulseal can be firmly po­
sitioned—and re-positioned hours later, just 
as firmly. The adhesive takes 24 hours to 
set. Once it does set, a permanent bond is 
formed with the paper or cloth beneath. 
Dulseal is chemically stable, and the adhe­
sive will not bleed, even in hot copying 
machines.
Repeated erasures on Dulseal will not af­
fect its “take.” Produced by an exclusive 
process, the “tooth” is built into the sur­
face. Transparent and low in reflectivity.

film surface is flexible, and stays that way 
— no crevices form to pick up workaday 
grime. It’s easier to clean, too. A little soap 
and water is all it takes to keep LAMI­
NENE looking like new.

LAMINENE is available in White or Eye- 
Ease Green; plain or with 4x4, 8x8 and 
lOx 10 grids to the inch, which act as per­
manent two-way tracing guides. A free 
sample can be yours in a few days if you 
write us today. If you’ve never tried a lam­
inated board cover, we promise you a new
experience!

Dulseal stickers will not affect the trans­
parency or printing speed of your drafting 
medium. K&E supplies Dulseal in sheets, 
rolls (printed to your specifications if you 
wish), and as a mending tape in a handy 
dispenser. Try a sample, on us!

Best way to keep your tracings clean: don’t 
let them get dirty. A mighty easy way to 
achieve this is to sprinkle the tracing lightly 
with gum eraser particles, while working. 
Then, triangles, T-squares, and scales stay 
clean, and clean the surface automatically, 
as they are moved back and forth. The 
particles will not dry out or harden —they 
contain no grit or abrasives. They’ll actual­
ly improve the ink taking qualities of your 
drafting surface.

For this purpose, K&E supplies cleaning 
particles put up in three different ways. 
We think the new plastic squeeze-bottle 
(3036C) is the handiest of all. The shaker- 
top can (3036) has also been a drafting­
room favorite for some time. And, for 
double-duty cleaning, we suggest the ABC 
Dry-Clean PadT M (3037), which holds 
slightly coarser granules that sift through 
soft mesh. The ABC Pad also comes in 
handy for wiping a complete tracing after 
it is finished, or for preparing certain sur­
faces for ink work. Or for an overall pre­
cleaning. since the best way to insure clean 
tracings is never to let soil build up.
The proverbial ounce of prevention is 
worth the traditional pound of cure!

Thew K&E product1», and others 
that can make life easier for you, 

are available from your nearby 
K&E dealer. See him soon ... 

or send us the coupon below for 
further information and samples

Please send me samples of LAMINENE - Drawing Board Surface Material, 
and DULSEAL™- Tape... plus information on K&E cleaning powders.



Measuring Capacity of A

Two-Conductor Cables

or Cc = C,

IDEAS FOR DESIGN

Cc —

tution method. The capacitance thus measured 
can be referred to as Co.

Place the short between the two conductors and 
measure Cb. The cable capacitance, Cc, can now 
be computed:

Fig. 2 

^plif

Fig.

« th i

'pac 
this

T 

nrst 

irSS 

Rk- 
prov 

R2.

MEASUREMENT of the capacity between the 
conductors of a balanced coaxial cable is 

often complicated by the fact that one side of the 
measuring device is grounded. When using a 
standard “Q” meter, a fairly accurate reading can 
be obtained by simply connecting the two con­
ductors to the “Q" meter terminals and keeping 
the shield far from any associated grounds.

But, this method has an inherent error since it 
is affected by the stray capacitance between the 
cable shield and ground, and this error becomes 
intolerable when long cables are to be measured.

The following procedure overcomes this prob­
lem in symmetrical two-wire cables:

Connect the cable shield and one conductor to 
the “Q” meter as shown in Fig. 1. With a short 
between the other conductor and the shield, meas­
ure the capacitance, using the conventional substi-

Fig. 1.

C__ C bc —
Referring to Fig. 2, it can be seen that there is 

a capacitance between each conductor and the 
shield in addition to the capacitance between 
conductors. Thus the total effective capacitance 
Cc, between the conductors will be:

Co = Ci 4—2^“

In the case of the first reading, with C2 shorted, 
the effective capacitance to Y is:

In the second case, with Ci shorted, the effec­
tive capacitance to X and Y is:

Cb — 2 C2

By substitution:

c, = c. -
_ Cb

U2 — 2

and it follows:

Cb Cb
2 4

Cb
4

J. M. Tewksbury, Aviation Electronics Engi­
neering, Bendix Radio, Baltimore, Md.

(left) The measurement called Ca results when
one conductor and the cable shield are shorted. The 
measurement Cb requires a short between the two 
conductors.
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T o-Tube High Gain Amplifier

Vith Low Output Impedance
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Ports distributors in all major cities stock Mallory 
standard components for your convenience.

rk
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A : _h gain, low output impedance voltage am- 
lifi«.. was required for equipment with limited 

■pact available. The circuit in Fig. 1 shows how 
his as accomplished using only two tubes.

Tli ■ low output impedance is obtained in the 
r>t place by a modified cathode follower having 
xi than 100 per cent feedback and a low value of 

One arm of the feedback voltage divider is 
provided by Ra of the first tube VI, the other is 
R2

the effec-

Fig. 1. This amplifier provides a gain of about 1500 
* th an output impedance no more than 9 K.

6AM6

Engi-ics

R2
n
e

rk

Kg. 2. Equivalent circuit of the high gain, two-tube 
^plifier.

SERVICE UFE CURVES 
(NOURS or SERVICE VS. CURRENT MAIN)

NOURS OF SERVICE

END POINT 
0.9 V

However, the ac load presented to VI is very 
^§h, being the input impedance of the same 
•athode follower with full feedback, since the 
^uivalent generator of VI is applied in series 
ith R2-Ra as shown in Fig. 2. In practice, using 

‘ bes f the 6AM6 type, a gain of about 1500 may 
* obt ined with an output impedance of 9 K or 

less.

Andrew S. Williams, Electronics Engineer,
'omherg Carlson Co., Rochester 9, N.Y.

Smallest
Battery!

World’s

Here’s the world’s smallest commercially 
available battery . . . and it comes from 
Mallory, pioneer of mercury battery de­
velopments. This micro-miniature cell, 
the RM-312, measures only .305" in 
diameter by .135" thick, and weighs only 
.022 ounce. It is rated at 36 milliampere­
hours, and has a no-load rating of 1.4 
volts. Applications include the military's 
new micro-miniature module program, 
hearing aids, radiation detectors, missile 
systems, and other sub-miniature devices.

A new Technical Data Bulletin and engi­
neering samples are available on request. 
A Mallory battery expert will assist in 
solving your own specific application 
problems.

MALLORY BATTERY COMPANY • CLEVELAND, OHIO 
a division of

Serving Industry with These Products:
Electromechanical—Resistor» • Switches • Tuning Devices • Vibrators 
Electrochemical—Capacitors • Mercury und Zinc-Carbon Batteries 
Metallurgical—Contacts • Special Metals “ Welding Materials

In Canada, Mallory Battery Company of Canada, Limited, Toronto 4, Ontario
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Cable Tester

Uses Pilot Lamps and Light Bulbs
To short-test a cable it was decided to connect 

#44 pilot bulbs (6-8 v) between each wire and 
the next, and then connect the cable to the line. 
The problem was to connect these bulbs through 
some suitable element so that in case all bulbs lit 
(no shorts), they would be brilliant enough to see. 
On the other extreme, if only one bulb lit, the 
voltage would be limited so as not to turn the 
bulb out. Thirteen bulbs were involved.

NO. 44 PILOT LAMPS

60W 
LIGHT BULB

CABLE

Light bulb in cable tester protects pilot lamp indi­

cators.

motors for commercial applications

HIGHEST TORQUE FOR SMALLEST SPACES

The dropping element chosen was an incandes­
cent bulb. The resistance of this device varies with 
current. At a high current, the resistance is high 
and, conversely, when the current is low the re­
sistance is low. By the proper choice of bulb the 
voltage across each bulb was maintained at about 
5 v when all bulbs were lit. This provided ade­
quate light. The voltage across a bulb when only 
one was ht did not exceed 9 v.

Arthur M. Goldschmidt, Moorestown, N.J.
Missile designers are well acquainted with the extremely high torque available 
from a planetary geared precision miniature Globe motor. Units similar to 
the one pictured can produce up to 150 inch pounds of torque!

And more and more designers are finding that these motors offer out­
standing advantages for commercial applications as well. Universal, a.c., or 
d.c. types are available from to 2%" in diameter. They can replace 
larger, ordinary motors at competitive cost, and deliver important bonuses 
too. They perform reliably under conditions that would soon ruin ordinary 
motors —high humidity and temperature, jarring shock and vibration, dust 
and fume-laden atmospheres.

Globe speed reduced motors are engineered to fit your specific appli­
cation as no “off the shelf” motor can. Standard component design is the 
secret; for example, 83 even ratio planetary reducers are available to give 
the speed and torque you need. Many parts are inventoried. Design and 
production efficiency will save you money. If you have a commercial 
application that demands a smaller, more powerful, more reliable and com­
petitively priced motor, then consult Globe first. Write for Bulletin ACG. 
Globe Industries, Inc., 1784 Stanley Avenue, Dayton 4, Ohio.

Measure Gain of Operational 
Summer

Measuring the closed loop gain of an opera­
tional summing amplifier without the use of a digi­
tal voltmeter can be quite simple. The theoretical 
closed loop gain of the operational amplifier of 
Fig. 1, where Ko approaches infinity, is

K, = Zf/Zt
Since Ko is actually finite, the actual closed loop 
gain differs from the theoretical.

M 
com] 
on a 
iace-

T1 
cut t 
and I 
appr

Rc

INPUT OUTP T
GLOBE INDUSTRIES, INC. GLOBE
PRECISION D.C. MOTORS ACTUATORS
TIMERS. GYROS. STEPPERS. BLOWERS. MOTORIZED DEVICES

Fig. 1. A typical operational summing amp

Masi
soarc
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of a digi- 
eoretical 
plifier of

CMC now offers original equipment makers no less 
than 28 standard DCU models, including the new 
transistorized Model 100T. That's the most com­
plete line available from one source. In most cases, 
you're supplied from stock in a matter of days.

ncandes- 
ries with 
î is high 
i the re- 
bulb the 
at about 
led ade- 
hen only

There’s no excuse for making an inferior DCU. We 
don’t. Your local CMC engineering representative 
has the facts to prove it.

CMC gives you a double price break. First, you pay 
less for CMC equipment to start with. Second, you 
get a special OEM discount on quantity orders. 
Prices on request.

■ connect 
vire and 
the line, 
through 
bulbs lit 
;h to see. 
> lit, the 
turn the

Our new DCU catalog gives 
you prices and key specs at a 
glance. If you don’t have it, 
write, wire or call and we will 
mail it to you free. Please ad­
dress Dept. 197.

CMC can supply you with bet­
ter DCV's at lower prices, plus 
off the shelf delivery. It will 
pay you to check with us first.

Computer 
Measurements

Division ofV# U III P Cl n J Pacific Industries, Inc.

5528 Vineland Avenue, North Hollywood, Calif.
Rhon« STonhy 7-040) • TWX: N HOL 8290

Fig. 2. The ratio of the decade resistors Rb/Ra gives 
the c osed loop gain of the amplifier.

To measure the actual gain, a signal is fed into 
the amplifier as shown in Fig. 2. Use is made of a 
null indicator and two precision decades and 
Rb. Ra is adjusted relative to Rb until a null is ob­
tained on a null detector. The gain of the amplifier 
Kf is then given by Kf = Rb/Ra.

The method may be used for ac or de summing 
amplifiers. The accuracy of the measurement de­
pends on the precision of the decades used and 
the sensitivity of the null detector. The sum of Ra 
and Rb must not load the amplifier. This condition 
is easily met since the output impedance of this 
type amplifier is inherently very small.

Irving Berner, Electrical Engineer, Radio Corp, 
of America, Camden, N.J.

Masking Tape 
For Small Parts I ayout

Masking tape can save lots of time in small 
component layout. Strips of tape are laid, face up, 
on a sheet of cardboard. They are held down by 
face-down strips of tape serving as a margin.

The actual components, or pieces of cardboard 
cut to size, can be laid out on the masking tape 
and can be switched around readily to give a close 
approximation of the final layout.

Ray Antelman, ITT Labs., Nutley, N.J.

'959

tasking tape strips serve as convenient layout 
for small components.
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You can count on CMC for all your DCU needs

CMC DCU’s fill almost every conceivable circuit re­
quirement for digital data handling systems, count­
ers, scalers, frequency and time interval meters and 
preset counter-controllers. CMC’s units are inter­
changeable with most existing counting equipment. 
Including our own.

Tòodif/or SolidStok?
CMC is now in production on transistorized DCU’s. 
These compact units incorporate decade readout and 
coded output matrix. No separate cards and plugs 
required. Available with vertical number pane) or 
Nixie readout.

Coficise. Onfalty doMle.



IDEAS FOR DESIGN

100 K

IOK

How big is a dropout?

RESULT

one

neer

RG58U

LOAD

Let Sonotone help 
solve your tube 
problems, too.

High Speed Pulser 
From Slower Generator

6SN7
I2AU7

PULSE 
GEN.

The Sonotone AF4 
family of reliable 
tubes has been 
accepted by the 
industry as standard 
for initial production 
and replacement.

First, Sonotone set 
up extremely tight 
controls on all 
materials going into 
the 6AF4 components. 
Second, Sonotone 
used a more thorough 
exhaust process.

A dropout can be measured more than one way. 
Physically, the surface imperfection that causes a 
dropout is microscopic — often quite invisible to the 
naked eye. Financially, though, this molehill can 
become a mountain — may cost you thousands of 
dollars from a single error.

That’s why our customers invariably demand per­
fection from our EP Audiotape, the extra precision 
magnetic recording tape. They just can’t afford 
dropouts.

Audio Devices’ battery of Automatic Certifiers 
is one of the unique means used to make sure EP 
Audiotape always meets customer specifications. 
The Automatic Certifier records and plays back 
every inch of the EP Audiotape under test. These 
tests can be so demanding that if the tape fails to 
reproduce just one test pulse out of the 40 million 
put on a single reel, the entire reel is rejected. 
There are no ifs, ands, or buts.

This is one of many special quality-control opera­
tions to which EP Audiotape is subjected. From raw 
material to hermetically sealed containers, every 
reel gets individual attention.

EP Audiotape quality is so well verified bv instru­
ments like the Automatic Certifier that every reel 
is guaranteed to be defect-free! For more informa­
tion write for free Bulletin T112A. Write Dept. TD, 
Audio Devices, Inc., 444 Madison Avenue, New 
York 22, N. Y.

Paralleled coax delay lines deliver 5 me pulses 
from 1 me generator.

Cathode coupled limiter is independent of tube 
clamping effect. Limiting is always due to tube cutoff.

Circuit Data for a 
Cathode Coupled Limiter

When the 6AF4 tube 
was replaced in UHF 
TV tuners, servicemen 
sometimes got a big 
surprise. Reason: 
the tubes were not 
standardized, and a 
replacement was 
likely to bring in one 
channel where another 
should have been.

For readers who like to apply the circuit with­
out calculations and experimenting, I am enclos­
ing practical circuit data. With the values marked, 
amplification is approximately 6 times; clipping 
level (peak-to-peak amplitude of square wave) 
90 v.

Klaus H. Jaensch, Stromberg-Carlson Co., 
Rochester, N.Y.

SONOTONE
SOLVES IT:

TUBE 
PROBLEM

In your February 18, 1959 issue, you published 
this circuit configuration from a German Abstract. 
From my own experience, I can recommend the 
circuit as a clipper and square w’ave generator 
because it is efficient, simple, and extremely un­
critical. 1 employed it frequently in new designs 
after I found it in pre-w'ar U.S. Air Force equip­
ment.

AUDIO DEVICES, INC.
444 Madison Av«., N. Y. 22, N Y.
In Hollywood: 840 N. Fairfax Ave.
In Chicago: 5428 Milwaukee Ave.
Export Dept : 13 East 40th St., N. Y, 16
Rectifier Division: 620 E. Dyer Rd., Santa Ana, Calif.

CIRCLE 39 ON READER-SERVICE CARO CIRCLE 40 ON REAOER-SERVICE C RD

ELECTRONIC DESIGN • July 8, 9'

In testing pulse circuitry it is sometimes neces­
sary' to have a high speed pulse generator to check 
the operation of high speed multivibrators, 
diodes, and other fast circuits and components.

For instance, we recently had occasion to check 
the operation of a one-shot multivibrator at a five 
me pulse rate. We w’ere stymied because our gen­
erator only operates up to one megapulse per sec­
ond. Looking over the industry we found that not 
only are five megapulse generators scarce but they 
are also costly. But we found a simple and inex­
pensive solution.

Electronic Aoolicotions Division. Deo*
ELMSFORD, NEW YORK

Leading makers of fine ceramic cartridges. spea^e ■ 
phones, electronic tubes.

In Canada, contact Atlas Radio Corp., Ltd., I 1

«« i RG58U 
50n< 

TERMINATING > 
RESISTOR I
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25K

ZENER
2N497

17V
200pf
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RELAY 
240a 
24VDC

4-24 
VDC

DID YOU EVER THINK 
OF BECOMING AN ED­
ITOR?

Relay delay circuit uses standard relay and combi 
nation of R, C, and the Zener diode.

Design Tips... 
on liquid cooling
NO. 3: DESIGN MINIATURIZATION

James A. Lippke 
Managing Editor 

ELECTRONIC DESIGN

830 Third Avenue 
\ew York 22, New York 
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PROBLEM: Increase heat dissipation 
capacity of cooling system and reduce 
its size and weight.

We asked this question of 

the first four engineers we 

saw.

SOLUTION: Choose liquid cooling 
with Coolanol 45.

We took two pieces of coax cable instead of one 
and connected them in parallel between the gen­
erator and load. Now we get pulses from both 
cables with the space between pulses equal to the 
difference in propagation time of the two cables.

Incidentally with RG58U the propagation veloc­
ity is approximately 600 feet per psec. Oh yes. re­
flections are no problem and attenuation for a 
0.1 psec pulse over 220 feet (0.3 psec delay) of 
cable is only about 10 per cent.

Gerald F. Dulin, Engineer, Applied Science 
Laboratory, Stromberg-Carlson Co., Rochester,

If you have a BEE degree, 
a year or two of design engi­
neering experience, and a 
8air for writing, why don't 
you inquire? Send resume to:

Simple Circuit 
Delays Standard Relay

We had to delay a standard low-resistance-coil 
aircraft relay. Closing of the relay was to be de­
layed about a second. The relay was to be reset 
almost instantaneously.

The circuit shown in the figure solved the prob­
lem simply. The C and R elements provide the 
delay with the Zener diode providing further delay 
of the trigger signal to the base of the transistor.

The transistor does not turn on till the capacitor 
has charged to the Zener breakdown voltage. The 
variable resistance is used for fine adjustments of 
delay.

FORCED AIR vs. COOLANOL 45 COOLING 
h = Film Coefficient (BTU/hr/’F/ft*) 
D = Diameter of Channel (ft) 
V = Velocity (ft/sec)

Tins graph shows how liquid cooling with Coolanol 45 can make pos­
sible smaller, lighter, more efficient cooling systems than forced air. 
Coolanol 45 requires less heat-transfer area for the same heat load, a 
volume flow rate as much as 25 times lower, smaller cooling channels, 
and no bulky fins, fans or blowers. When you need to standardize, 
simplify or miniaturize a cooling system design, choose Coolanol 45 
.. .efficient heat transfer coolant-dielectric and hydraulic fluid from 
-65° F. to 400° F.

This reply is not at all star­
tling except for the fact that 
the four people asked are now 
ELECTRONIC DESIGN ed­
itors. Their answer was true 
right up to the time they read 
one of our help wanted ads. 
It never occurred to them 
there was a career in editing. 
There is.

Rapid reset is obtained by discharging the ca­
pacitor through the 100 ohm shorting resistor on 
one of the normally open relay contacts. The relay 
is held closed by another pair of contacts which 
serve as locking contacts.

W. L. Rumple, Senior Engineer, Ampex Corp., 
Redwood City, Calif.

SEND FOR NEW DESIGN BOOKLET
“Design Tips on Liquid Cooling with Coolanol 45“ discusses static 
and dynamic cooling methods, how to apply the package concept to 

. cooling design, how to simplify and standard­
ilE ize cooling and hydraulic units. It gives you a
1 step-by-step solution of a typical cooling prob-
1 lem to show you how to apply principles of 

«• heat transfer in actual practice. For your copy 
of this new booklet, circle the reader-service 

JI number ... or write direct:
Coolanol Monionto T M U S. Pot Off.

MONSANTO CHEMICAL COMPANY, Organic Chemicals Division 
Aviation Fluids Department, St. Louis 66, Missouri

When you need a synthetic fluid, come to Monsanto-creator of fluids for the future 
CIRCLE 42 ON READER-SERVICE CARD
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SHIELDED ENCLOSURES
PRINTED 
CIRCUITS

O£j»asi

cm-/ 
vices

Our Specialty Is The De­
sign And Manufacture Of 
The Highest Quality 
Printed Circuits.

In all sizes and shapes
ACE Shielded Enclosures are designed to bottle up r-f noise or shield 
it out in any application ... in any size or shape ... whether portable, 
mobile, or permanent... in screen or in solid sheet metal... in copper, 
galvanized steel, bronze or aluminum . . . for research, production, 
field testing, heavy equipment installations, or military applications.* 
All units are made to provide the highest attenuation for their type 
... over the greatest frequency range.
NEW.' Write for literature on ACE's complete

shielded enclosures and for qvali- 
fled application assistance.
Be sure to ask about ACE’s new ACELL Une of 
ventilating grills for computer cabinets and ■SBBsiSIKB similar equipment.

* Exceeds attenuation requirement* of MIL~E~4957A {ASG}

First and Finest in Shielded Enclosures

ACE ENGINEERING & MACHINE CO., INC.
Tomlinson Road • Huntingdon Valley • Pennsylvania 
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Microwave Pulse Generator

Patent No. 2,873,370. Robert V. Pound. 
(Assigned to Levinthal Electronics Prod­
ucts, Inc.)

Impulsing a ferrite with a magnetizing 
field normal to the polarizing magnetic 
field generates, by magnetic resonance 
high peak power; this can be applied to 
radar transmission at millimeter wave-

lengths. The intensity of the applied 
pulsed field producing the processing 
magnetic vector is proportional to the 
frequencies in the pulse to be generated. 
At 1.0 mm (300 kmc) the applied field 
should be about 100,000 gauss. The req­
uisite large applied field is generated 
by the discharge of a capacitor through 
a single turn coil of very low inductance

Electronics Division
CLEVELAND METAL 
SPECIALTIES CO.
1783 EAST 21st STREET 
CLEVELAND 14. OHIO 
PRospect 1-4186



MICRO-MINI/
precision wire-wound

RESISTORS

500
with radial and

Ask for a technical representative to call. Booklet 202 on request

■EMC
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CERAMIC SERIES “CB

The 0.15W miniature tj e CB-05 is 
ohms maiU* dia. x Ioni 

resistance. A vaila1 
axial lead wires.

applied 
rocessing 
1 to the 
enerated, 
lied field 
The reg­
enerated 

through 
luctance.

INTERNATIONAL 
ELECTRONICS 
MANUFACTURING 
COMPANY

INTERNATIONAL 
offers R & D in
Antenna Development 
Antenna Multicouplers 

Antenna Tuners 

Waveguide Filters 

Frequency Preselection
Networks

Special Power Supplies

fixed, noninductive

newly developed Kelvin “RELAXED WIND­
ING” techniques practically eliminate resist­
ance drift with age and "shorts' or “opens* 
due to thermal shock.

Standard resistance tolerances to 0.1% 
(specials to 0.01%). Environmental 
temperature range: —55°C to -|-85 C.

OFFICES: 1000 Connecticut Ave., N.W., Washington 6, D.C , RE public 7-6660 
PLANTS: Washington, D.C. and Annapolis, Md.

You’ll find us highly experienced on interference 
reduction and control. We can help you design 
interference-free equipment, plan compatible sys­
tems, and eliminate interference at existing facili­
ties-quickly, and at feasible cost.
Working with you at the design stage, for ex 
ample, we avoid the need for elaborate suppres­
sion techniques or corrective measures- We cut 
down the size and weight of your equipment, and 
increase its efficiency. We insure compliance with 
interference specs.
Fully equipped for the work. International's 
facilities include every required type of environ­
mental and test equipment, plus the latest tech­
niques for measuring lower and lower levels of 
interference. Our engineers have extensive knowl 
edge of solutions to interference problems. The 
company has successfully completed hundreds of 
interference projects for the military and indus­
try. We’re ready to help you.

contact with the resistance body.
The semiconductor 1, located with its 

plane surface normal to the field B, has 
current leads connected by contacts 2 and 
3. Hall voltage UH exists at the terminals 
of the twisted pair of wires connected at 
midpoints 6 and 7. An insulated section 
of wire continuously in contact with the 
center of the upper surface joins the out­
put lead to terminal 6. By this means, un­
equal current surfaces on either side of the 
line joining the Hall electrodes are no 
longer possible and the difference reduces 
to zero.

PLASTIC ENCAPSULATED SERIES “EP"

The 0.05W micro-miniature type EP-00 is .080* dia. 
x 325 long, 50K ohms max. resistance. Available 
with radial and axial lead wires.
ALL CONNECTIONS ARE WELDED. High tem­
perature i*pox> plastic is used in an exclusive vacuum 
-ncaprulation process. Standard resistance tolerances 
to 0 1% (special* to 0.01%). Environmental tempera­
ture range: -65 C to 4-125’C.

A rrite pellet, volume about
¡5 lc ited in cavity 1 and the pellet is 
subj* red to the polarization field pro­
duce by coil 15. Coil 9 is a single turn 
loop onnected to capacitor 17 by means 
jf s irk gap 13 — 13'. After the capaci­
tor i fully charged, the trigger breaks 
do" the spark gap region and the capaci­
tor rapidly discharges through loop 9.

The sample must be a dielectric since 
otherwise the processing fields would set 
up circulating currents and dissipate in 
PR losses the energy which should radi-

do you have

RF INTERFERENCE PROBLEMS?
—within a system... between 
systems... on new or in-service 
equipment-call INTERNATIONAL

Hall Effect Device

Patent No. 2,877,394. Friedrich Kuhrt. 
Assigned to Siemens, Berlin.)
Semiconductor compounds having high 

Hall constants (carrier mobility ss 6000 
cm2/v sec) can be used to drive power de­
rices directly since the component due to 
the time variable magnetic field is effec­
tively cancelled. The design permits mass 
production of high-quality Hall effect de­
rices with current electrodes in surface

—ELECTRIC COMPANY
■■■ I 5907 Noble Avenue, Van Nuys, California

Vi.it us at the WISCON, booth« L-2, L-4. 
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HELI-COIL INSERT

Hfneon
resis

the unit Heli-Coil Screw-LOCK Inserts

• meet government specs for locking torque and vibration

TITLE

LOCKING 
COIL

TO VACUUM

Initially both relay 22 and solenoid 19 
are not excited. Microwave energy from 
the oscillator splits equally at the hybrid 
junction with half to resonator 14 and half

Heli-Coil® Screw-Lock Inserts* lock screws against impact 
and vibration and permanently protect critical tupped 
holes in this transducer assembly.

• permit repeated disassembly and 
reassembly

• can be used in standard proportion 
bosses without need for redesign

• save assembly time, space, weight 
and cost

HELI-COIL CORPORATION, w Shelter Rock Lane, Danbury, Connecticut 
Send complete design data on Heli-Coil Screw-LOCK Inserts

ZONE____ „STATE

to induce oscillations at a frequenc set 
by the molecular response and c ity 
geometry. Useful output couples through 
aperture 15.

As an amplifier, fewer ammonia mole­
cules are allowed to enter the cavity but 
provision is made for inserting signals 
into the cavity to trigger and control the 
oscillations. This produces amplification 
of the control signal as useful output.

DYNAMIC GROWTH IN 
MAGNETIC TAPE RECORDING 
HEAD PRODUCTION

Microwave Frequency Discriminator 

Patent No. 2,883,533. Clyde L. Ruthrof. 
(Assigned to Bell Telephone Labs., Inc.)

The discriminator comprises a single 
detector insensitive to ambient tempera­
ture change and the phase comparison is 
properly adjusted to avoid spurious modu­
lation; adequate and fast response are 
provided. Operation of the device de­
pends upon the k/8 path difference in 
guide 11 compared to the length in guide 
12 and also to the k/4 phase shift result­
ing when ferrite 17 is excited by solenoid

Production of Electromagnetic Energy 

Patent No. 2,879,439. Charles H. Townes.
A magnetic or an electric field separates 

oscillating particles which normally exist 
in thermal equilibrium in at least two dis­
crete energy states. The higher energy 
state induces oscillations in a high-Q cav­
ity’ and the frequency stability of the out­
put is about one part in 1010. If there are 
fewer particles than necessary to sustain 
oscillations in the cavity, a signal from a 
separate source at the specified frequency 
will trigger the oscillations, and in effect, 
the signal will be amplified. When the 
cavity temperature is kept low’, the ampli­
fier noise figure is less than unity.

A typical working system is shown 
wherein, for example, ammonia molecules 
at 10^ mm Hg stream through aperture 6 
and the lower energy particles are de­
flected aside by the magnets 9-11. The 
higher energy molecules enter cavity 14

Electronic control devices for aircraft and missiles, 
like this angle of attack vane transducer made by 
U. S. SCIENCE CORPORATION, LOS ANGELES, 
CALIF., have to withstand severe vibration, impact, 
corrosion and temperature change. They must be 
made of light materials and still have strong threads 
— able to hold fasteners tightly and stand frequent 
assembly and disassembly.
U. S. SCIENCE insures rock-solid screw assemblies 
by protecting vital tapped holes with one-piece

internal-locking Heli-Coil Screw-LOCK Inserts. These precision formed, 
stainless steel wire inserts eliminate thread wear, lock screws securely — 
without resort to clumsy, external lock nuts and lock wiring.

Simple Installation Procedure
U. S. SCIENCE finds it easy to install Heli-Coil Screw-LOCK Inserts. 
Drilled holes are tapped with a Heli-Coil tap and the Inserts wound in with 
a prewinder inserting tool. Conventional screws are used in assembling
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Principle of Heli-Coil Screw­
LOCK Insert. Locking center coil 
grips mternolly. holds screw 
firmly.

• positively lock fasteners against loos­
ening under impact and vibration

• prevent thread wear, stripping, corro­
sion, galling and seizing

• eliminate lock nuts, lock wiring, 
other supplementary locking devices

MICHIGAN MAGNETICS, INC 
Vermontville, Michigan

IN CANADA: W. R. WATKINS CO.. Ltd., 41 Kipling Ave., S., Toronto 18, Ont. 
CIRCLE 47 ON READER-SERVICE CARD

NAME__

FIRM____

ADDRESS.

CITY____

•Patented

HELI-COIL CORPORATION 
DANBURY. CONNECTICUT

A dependable source serving the 
industry with precision quality 
magnetic heads created individually 
to your exact specifications and 
quantity requirements. Let our design 
engineers and production people 
solve your tape recording head 
problems . . . write, wire or call 
for details.
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the shorted terminal 18. After reflec-to
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DIRECT CURRENT CHARACTERISTICS

Leakage Resistance (at high humidity) . . 100 megohms

4- 5-volts in 6,000 hoursAt .3 m.a

518, 1 ’5’

one reliable source

HYBRID 
JUNCTION

PULSE 
GENERATOR

50-volts d-c
0.4 m.a. d-c

enoid 19 
rgy from 
le hybrid 
and half

DISCRIMINATOR 
OUTPUT TO
D C. VOLTMETER OR 
OSCILLATOR 
CONTROL CCT.

NI-81
72 i 8-volts d-c
50 to 60-volts d-c

ia mole- 
vity but 

signals 
xtrol the 
lifìcatìoD 
put.

NI-76
72 ± 4-volts d-c
57 + 4-volt* d-c

me set 
1 cl ity 
through

50-volts d-c 
0.3 m.a. d-c 
100 megohms

Starting Volts.......................
Operating Volts..................
Extinction Volts (in series with 

.25 megohm or more)
Design Current..................

ator
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a single 
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in guide 
ft result­
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—16
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T 25

SAMPLE OF 
OSCILLATOR 

OUTPUT

FERRITE 
PHASE SHIFTER

tion, two signals, now \/4 out of phase, 
drive detector 20 and charge capacitor 25. 
Subsequently generator 29 switches to ex­
cite solenoid 19 and to trip relay 22 con­
necting the detector output to capacitor 
26. Micro wave energy now reflected from 
shorting plate 18 is shifted an additional 
/. 2 and the detector output charges ca­
pacitor 26. As a result the voltage across 
resistors 23 and 24 follows in phase and

G-E Glow Lamps 
that have

magnitude any frequency shift of the oscil­
lator. Resonator 14 senses the frequency 
change in the oscillator. Thus the reactive 
component of the resonator impedance 
increases with frequency deviation being 
capacitive above center frequency and in­
ductive above this frequency. This phase 
shifts the signal reflected from the reso­
nant cavity 14 and thereby changes the 
magnitude of the resultant signal seen by 
the detector.

for all your
clip, block and

starting 
voltages

Two components of predetermined and stable 
characteristics for your circuit designs

G-E NE-76—Pre-aged, stabilized glow 
lamp has closest starting voltage toler­
ances of any General Electric Glow Lamp 
(+4-volts d-c). Same tolerance is held 
on operating voltage. G-E NE-76 will 
perform well in: Switching circuits, logic 
matrices, gating circuits and similar ap­
plications. The leads are plated for easy 
soldering and the lamps are treated by 
the G-E Dri-film process for high leak­
age resistance in humid areas. A red dot 
near the anode lead indicates polarity.

G-E NE-81—Similar to the G-E NE-76 
— has slightly wider starting voltage 
tolerances (±8-volts d-c). Has plated 
leads to permit easy soldering and the 
G-E Dri-film process insures maximum 
leakage resistance under high humidity 
conditions. The same mild radioactive 
additive used in the NE-76 is used here 
to reduce dark effect. A white dot near 
the anode lead indicates this glow lamp’s 
polarity.

G-E GLOW LAMPS 
AS MULTIPLE 

VOLTAGE INDICATORS

HARNESS STRAP
needs!
ADEL offers the widest variety of LINE 
SUPPORTS in the World... 19,000 different 
types and sizes for safe, vibration-free, 
positive support in all types of aircraft, 
missiles, rockets, ordnance, automotive and 
original equipment of all kinds.
SAFETY ... FLEXIBILITY ... DURABILITY... 
ECONOMY... SERVICE FITTED ... SERVICE 
TESTED ... SERVICE APPROVED
Illustrated are but a few of the World's most 
complete line of Line Supports that meet 
or exceed all applicable specifications and/ 
or requirements. Whatever the application — 
STANDARDIZE ON ADEL-the leader in 
completeness of line, service and reliability.
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SPECIFICATIONS ARE AVAILABLE TO AIRCRAFT, 
MISSILE ANO ORIGINAL EQUIPMENT MANUFAC­
TURERS . . . WHAT ARE YOUR REQUIREMENTS?
Direct inquiries to Huntington Division 
1444 Washington Ave., Huntington 4, W. Virginia 
DISTRICT OFFICES: Burbank • Mineola
Dayton • Wichita • Dallas • Toronto
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NE-76 Life To stay within above specification* for at least 1,000 hours when operated at 0.4 m.a.
NE-81 Life Change in Starting and Operating Voltage

For further information write for free booklet entitled "Glow Lamps as Circuit 
Control Components ’. General Electric Co., Miniature Lamp Dept. M-901, 
Nela Park, Cleveland 12, Ohio.

progress Is Our Most Important Product
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Improved Service For 
Radio Interference Control

Fast-growing Department of Sprague Electric Company 
Greatly Expands its Measurement, Control, and Consulting 
Engineering Facilities to Provide Fast Service.

Contractors responsible for 
the design and manufacture of 
electric/electronic equipment 
and weapon systems which must 
conform to military interference 
requirements will get a major 
assist from Sprague Electric’s 
expanded industry service in the 
held of r-f interference and 
susceptibility.

KEEP 
TRANSISTORS

COOL
Keep transistors at or 

below maximum 
operating temperatures 

with these new
Birtcher Transistor 

Radiators. Provides the 

transistor with its 
own heat sink and a 

greatly increased 
radiating surface. Easy 

to install in new or 
existing equipment.

Modifications to fit 
hundreds of popularly 

used transistors.

The service includes

FOR MOST JETEC 30 TRANSISTORS 
(Jetee Outline TO-9)

FOR CATALOG 
and 
test data 
anta :

224 Leo Street, Dayton 4, Ohio; 
or 347 Marshall Street, North 
Adams, Massachusetts.

chines have been touched upon only to 
the extent necessary to answer questions 
that occur naturally to inquiring students.

There are outstanding line drawings- 
particularly those involving connection 
diagrams, which reduce crossovers to a 
minimum and can be easily followed by 
the eye without confusion and uncer­
tainty.

Since the time now* devoted to courses 
in dc machinery’ in electrical engineering 
curricula is in general limited, the length 
of this text has been correspondingly re­
duced. All line drawings are new, while 
halftone illustrations are based on new, 
up-to-date photographs supplied by van- 
ous manufacturers. Illustrative problems, 
with solutions, have been inserted at 
various points in the text. The problem 
material at the end of the book is en­
tirely new.

Principles of Direct-Current Machines 
Alexander S. Langsdorf, McGraw-Hill 
Book Co., Inc., 330 W. 42 St., New York 
36, N Y„ 363 pp, $8.50.

This text presents a compact analysis 
of the operating characteristics of direct­
current generators and motors based on 
the necessary relations between the mag­
netic and electrical circuits which consti­
tute their structural design.

The basic principles of electromagne­
tism which are needed in developing the 
characteristics of rotating machines are 
presented in the opening chapter, to­
gether with a full discussion of the sys­
tems of units in which magnetic and 
electrical quantities are expressed. The re­
mainder of the book is concerned with 
the properties and construction of the ma­
chines themselves. Design considerations 
which determine the dimensions of ma-

and decoupling techniques be­
fore cases and layouts are final­
ized. Space allow’anees for 
suppression components can be 
made with proper attention to 
economy of w’eight and cost.

Once the equipment reaches 
the prototype stage, Sprague 
specialists will conduct tests 
either in the manufacturer’s own 
plant or in one of Sprague’s in­
terference laboratories. Sprague 
will also direct compatibility 
tests on end equipment or com­
plete weapons systems, and rec­
ommend solutions to any inte­
gration problems which might 
develop.

Sprague Interference Control 
Laboratories are located on the 
Pacific (.oast, in the Mid-West, 
and on the East (.oast. These 
laboratories are staffed by top 
interference and susceptibility 
control specialists, and are 
equipped w ith the most advanced 
instrumentation and model shop 
facilities.

For further information, write 
to Interference Control Field 
Service Manager. Sprague Elec­
tric Co. at 12870 Panama Street,

10,000 mc; complete analysis of 
all test results; and comprehen­
sive recommendations of appro­
priate control techniques to 
bring about a suppression system 
having the lowest weight, the 
lowest cost, and the greatest re­
liability.

Sprague’s consulting service 
applied at the design stage al­
ready has proven to be the best 
approach to interference and 
susceptibility control. Experi­
enced Sprague engineers invari­
ably save valuable time in the 
preparation of test plans and 
their subsequent approval. 
Sprague engineers prefer to 
work from the design concep­
tion, analyzing original schema­
tics and equipment drawings. 
I his permits them to recommend 

optimum shielding, isolation,

|< BIRTCHER CMLIRC AR» RETEHTIBH •(* 
■ > VICES ARE HBT MLB THRSBCH BISTBIB- 

fTBBS. TREY ABE AVAILABLE BHLY 
FUN THE BUTCHER CSBFCRATIBH ABB 

------------- TNEII SALES BEPBESEHTAT1VES.

THE BIRTCHER CORPORATION
industrial division

4371 Valley Blvd. Loa Angeles 32, California
Sale* engineering representatives in principal cities.
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I courses
dneermg VU arid Volume Indicator Meters; Vac-

You could do all this

70-ohm resistance, types

you don t have to

SPECIFICATIONS:
Frequency range is de to 3000 me, 50 or

Techniques;
Motors, and 
Attenuators; 
Transformers

6644 SANTA MONICA BOULEVARD 
HOLLYWOOD 38. CALIF., HOIlywood 4-9292

Constant-Speed Devices, 
Generators; Microphones; 

Equalizers; Wave Filters; 
and Coils; Sound Mixers;

<o Cyclopedia .
M. Tremaine, Howard W. Sams 
tc., The Bobbs-Merrill Co., Inc.,

tll- 
INLY 
Alt

num Tubes, Transistors, and Diodes; 
Audio Amplifiers; Disc Recording; Cut- 
tng Heads; Recording and Reproducing 
Styli; Pickups; Magnetic Recording; Opti­
cal Film Recording; Motion Picture Pro­
ection Equipment; Loudspeakers, Enclo­
sures, and Headphones; Power Supplies; 
Test Equipment; Audio-Frequency Meas­
urements; Installation Techniques; Gen­
eral Information, Charts, and Tables;

Here s one of our pure pots the 500 Acepot Highest resolution. 
0 5% independent linearity. l/2" size, sub miniature. Special proto­
type section insures prompt delivery
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ELECTRONICS ASSOCIATES, INC.
► 99 Dover Street, Soeier**lle 44, Mom.
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Resistive elements of these units are made of thin platinum films fired at high 
temperatures on ceramic forms and treated with a protective coating of silicone 
varnish. These elements do NOT become superconductors at temperatures at 
least as low as 4.2 Kelvin. Due to the temperature coefficient of the element, 
however, a unit having a resistance of 60*ohms at room temperature will become 
a 50-ohm element at this low temperature.

Temperatures as high as +440‘F may be induced inside the terminations by 
an electrical overload of at least 3 times the rated average power dissipation, 
which is 1 watt. No permanent damage to any part of the termination is pro­
duced when subjected to such rigorous treatment.

w, while 
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k, N.Y., 1269 pp, $19.95.
Thi omprehensive reference on audio 

1 d covers every phase of the sub­
let ir hiding the latest data on stereo. 
Mthou ,h written by and for the audio en­
gineer. this volume is clear enough to be 
appre< iated by the amateur audiophile. 
More than 3400 topics are included and 
accompanied by over 1600 illustrations.

Organization of topics covers: Basic 
Principles of Sound: Acoustics and Studio

Want the purest in potentiometers'* Nothing to it — just put on a 
surgical mask, lock yourself up in a sealed room, and start winding’ 
Of course, you ¡1 need an air conditioning plant to keep the moisture 
controlled, and the air dust-free And you'll have to work out some 
pretty elaborate assembly techniques to keep the whole works un­
contaminated Petty details . . .

female connectors, VSWR is less than 1.2 to 
3000 me and average power dissipation 
is 1 watt.

Send for literature on complete line of coaxial 
line terminations, coaxial attenuators and 2, 
6 and 10-position turret attenuators.

Immediate delivery

Stereophonic Recording and Reproduc­
tion of Disc Records.

A unique indexing system, including 
chapter and paragraph numbering, facili­
tates the reference usage of this volume.

Molecular Science and Molecular 
Engineering
Arthur R. von Hippel, The Technology 
Press of M. I. T., and John WUey 6- Sons, 
Inc., New York, N.Y., 446 pp, $18.50.

Third and final volume in a series on 
modem materials research, this book pro­
ceeds from classical to molecular science. 
The chapters advance in a unified way 
from the structure of the atoms and mole­
cules and the behavior of charge car­
riers in gases to the formation and struc­
ture of condensed systems, and to dipoles 
and their spontaneous alignment in ferro­
electrics and ferromagnetics. Final chap­
ters are devoted to ions and electrons in 
liquids and solids.

Twenty-two contributing editors have 
written on a number of topics including 
molecular concepts producing masers 
and memory’ systems, transducers, tran­
sistors, parametric amplifiers, ion-ex­
change resins, etc. There are ample illus­
trations and tables to supplement the text.

STODDART
AIRCRAFT RADIO CO., INC.

Ace goes to all these extremes of quality control 
and morel So why not take advantage of our 
sealed room and our advanced techniques — and 
eliminate all the fussin ? You 11 get the accuracy 
and reliability you have a right to expect Irom 
Ace So do it the easy way — get Ace pots. See 

your ACErep now*



ELECTRONIC ENGINEERS DESIGNING YOUR FUTURE

Wanted:

Fewer Dreamers, 

More Doers 

in Engineering
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ANOTHER OF THE MANY ADVANCED PROJECTS 
ATTRACTING ENGINEERS TO GENERAL ELECTRIC'S 

LIGHT MILITARY ELECTRONICS DEPARTMENT
Light Military is developing a new concept in Airborne Early 
Warning and Control which will provide protection for a mobile 
unit by detecting enemy aircraft at unprecedented ranges, track­
ing, adapting itself to changing combat situations, and trans­
mitting tactical data automatically to combat information centers. 
The system will match a 3-Dimensional radar with novel corre­
lation techniques and an automated data handling system which 
— for the first time — will practically eliminate Man from the 
control loop.
AT LIGHT MILITARY CAREER OPPORTUNITY SPANS 
THE EM SPECTRUM - FROM AUDIO TO INFRARED 
Automated AEW is but one of the many advanced programs 
you will find at Light Military. Projects such as Polaris Fire 
Control and Guidance Computers, ICBM Atlas Guidance, Air­
borne ECM, and Airborne Navigation Systems offer creative 
engineers and scientists unmatched opportunities to apply imag­
inative and novel approaches toward resolving formidable engi­
neering problems. There are immediate openings in these areas:
CIRCUIT DESIGN 

MICROWAVE DEVICES 

IF AMPLIFIERS 

RADAR RECEIVERS A 
TRANSMITTERS

DISPLAY DEVICES A 
VIDEO INDICATORS

SERVOMECHANISMS 

TRANSISTOR CIRCUITRY 

TRAVELLING WAVE TUBES

AERODYNAMICS

DATA PROCESSING A 
DIGITAL TECHNIQUES

INFRARED

VIBRATION A SHOCK

Forward an outline of your experience or
your resume in strict confidence to: Mr. W. Gilmore, Dept. 76-MB

LIGHT MILITARY ELECTRONICS DEPARTMENT

FRENCH ROAD, UTICA, NEW YORK

“Where are all the engineers?” 
asks Epsco’s young president, Ber­
nard M. Gordon.

Too many, he concludes, are 
floundering in ivory “systems” 
towers — and wastefully. What 
industry needs, he says, is not 
more theorists but more hardware 
engineers — fast-thinking, profit- 
minded, competition-conscious en­
gineers to do practical design 
work. Train such men and give 
them responsibility. The result? 
Lasting dividends to both industry 
and the engineers.

To ease the engineering short­
age, Mr. Gordon says, reclaim the 
“lost” talent in the massive aca­
demic-oriented laboratories.

EVERY DAY the engineering “shortage” 
appears more acute. Yet the nation’s 

need for engineers to develop both indus­
trial products and weapons for defense,

Bernard M. Gordon, President 
Epsco, Inc.

constantly grows. Where are all the en­
gineers?

Some managers seriously doubt that 
there is, in fact, any real shortage. It has 
been estimated’ for example, that within a 
100-mile radius of Boston there are almost 
10,000 electronic engineers. What are 
they doing? An answer to this will help 
unravel the riddle of the so-called engi­
neering shortage.

Serious engineering has always in­
volved a wide spectrum of capabilities. 
Essential are the talents of the brilliant, 
mathematically inclined, searching-for- 
knowledge engineer; the creative devel­
opment engineer; the methods engineer 
and many supporting engineering per­
sonnel. But not all engineers are capable 
of original concepts. Nor need they be.

Few Scientists Needed

Relatively few scientists are needed to 
keep a large number of practical, re­
sourceful engineers working to produce 
products and machines for industry and 
defense. However, a major problem is that 
the excitement of the new technology 
coupled with “delusions of academic
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At 32, Bernard M. Gordon, president of Epsco, Inc., can look back on what—-for someone 
else—might easily pass for a lifetime of achievement. He has crammed his business success 
so far into five short years. His horizon is unlimited. (

He co-founded Epsco in January, 1954, with Joseph H. Davis Jr., now senior vice president o 
the company. Their first company address was the basement of Mr. Davis' home. ,

Orders have built up in a steadily rising wave since Epsco opened shop—from $150 90 ' 
1954 to $4 million last year. The current backlog is $7.5 million. Sales of $8.5 are antic pateo 
before the year is out. M

Epsco claims 40 “firsts” in data-control engineering. Its prescription for engineers s MM 
Gordon's credo: “Hard work and individual responsibility . . . practicality and reliabil /• _

The executive holds two degrees from the Massachusetts Institute of Technology: a E E-M 
and an M.S.E.E. He also has done graduate work at Tufts, Harvard and the Univer ty °| 
Pennsylvania. .

Last year he received national recognition when Esquire magazine named him an ou‘ ta"0' 
ing young business leader. I
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ELECTRONIC ENGINEERS

Republic Aviation

leer

■mie

tan^

Farmingdale, Long Island, New York
Please write direct to advertiser mentioning ELECTRONIC DESIGN

Hadóme A Antenna Design • 
Receiver A Transmitter Design

Studies • Ground Support Equipment

• Jamming and Anti-Jamming • 
Ranging Systems • Propagation
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Microwave Circuitry & Components 
• Airborne Navigational Systems 
Miniaturization-Transistorization •

Djnamicalfy 
Balanced Careers

telemetry, air-traffic control and auto­
matic checkout systems; nuclear-process 
monitors; analog-digital conversion sys­
tems and many instrumentation systems, 
along with the basic components and 
equipment for these systems. Nearly all 
of the work involves accomplishment of 
specifications and development techniques 
in advance of the known state of the art.

The company has had many successes, 
but there also have been a few’ real prob­
lems. However, nearly every major en­
gineering problem at Epsco can be traced 
to a case in which academically’ oriented 
personnel were assigned to tasks requir­
ing practical experience, competence and 
drive. The lessons learned have resulted 
in a formal program, under a central en­
gineering directorship, for the motivation 
of creative thinking and a “finish the job 
attitude.

We attempt to teach our engineers that 
they are truly valuable to the company 
only when the customer—either military or 
industrial—is satisfactorily using the 
equipment as originally conceived. We 
attempt to teach them that the time they 
take to accomplish a job is a primary' 
factor in the company’s evaluation of 
them.

Address your resume in strict confidence to: 
Mr. George R. Hickman

Engineering Employment Manager, Dept 12G-2.hepubuc AviATiaM

grande r,” as one educator has put it, 
^ve -ated an atmosphere in which a 
large i oportion of engineers are assigned 
to ad' nee, or ’systems" thinking. And 
¿is is lone whether or not their major 
talents can, in fact, be directed toward 
paginal concepts.

As more engineers are attracted to the 
passive academic-oriented laboratories 
operating on a cost-plus-fixed-fee basis, 
[ewer are available to do the practical 
design work. In short, there is not bal­
anced high-level engineering, directed 
toward both innovative thinking and 
practical design.
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THIS MEANS:
Choice of advancement in a scientific 
specialty or technical management, with equal 
benefits and recognition

Wide range electronic RAD programs that provide 
the opportunity you need to move ahead

All the added advantages that accrue from working 
with a prime systems contractor

Theory Overemphasized

The situation has been brought about 
by a combination of factors. In military 
kboratories, the job description “elec- 
bnic scientist” now defines what used to 
ft called an engineer. Leading academic 
fechnical institutions are emphasizing 
theoretical studies to the extent that some 
pi their potentially best students are 
King shunted from practical engineering. 
Many students are being taught that the 
reduction of a theoretical design to prac- 
tkability can be done by lesser-schooled 
technicians.

Regardless of the conceptive brilliance 
ci our leading scientists (and the nation 
does appear to have an adequate num- 

if our engineers do not devote their 
Hl experience and knowledge to the 
practical problems of equipment design 
id production, we will fail in the inter- 
itional race for scientific supremacy.

The solution to the engineering prob­
pn lies primarily in a “back to engineer- 
P?’ movement for engineers—and par­
t ularly for our most creative and 
rnpetent engineers.

Epsco’s approach has been to seek en­
ters who have an excellent record of 
komplishment but who, more often 
P n not, have recently become involved 
F activities not fully utilizing their true 
bents and experience. We try to con­

ice these men to assume practical re- 
ponsibility once again, including all 
[ ases of analysis, invention, fundamen- 
r des» in, reduction to practice and pro- 
Rction engineering.

At th same time the company has at- 
FW to motivate junior engineering 
psonr 1 by assigning them to senior 
rn as pprentices.
I Hie pproach we are taking is based 
f °ur xperience on building advanced

A multitude of projects in advanced electronics are now 
underway at Republic Aviation — projects that offer broad 
avenues to success for the ambitious electronic engineer. 
Republic has a program to match your interest, whether it 
be in space technology, missiles, manned aircraft or ground 
support equipment. And you will find your colleagues at 
Republic to be men of the highest ability and imagination, 
men who possess broad state-of-the-art knowledge that will 
add to your technical competence.
Facilities and equipment are of the most advanced type and 
will be supplemented later this year by a new $14,000,000 
Research Center.
Professional Opportunities at all levels in the following areas:
Inertial Guidance A Navigation • Digital Computer Development • 
Systems Engineering • Information Theory • Telemetry-SSB Technique

Pitfalls Complicate Task

Engineering is the art of combining 
knowledge with imagination and creating, 
through hard w’ork and skill, solutions to 
existing or foreseeable needs. The solu­
tions are in the form of practical and 
economically justifiable products. How­
ever, the road to successful engineering, 
particularly in the relatively new elec­
tronics industry, is often blocked by many 
practical factors. If these are not antici­
pated and overcome, complete frustra­
tion may result. Epsco aims to eliminate 
these factors through the education of 
newer engineers by those w’ho have been 
through the school of hard knocks.

Newer engineers are taught that their 
skill is the lifeblood of the company and 
that if the concern is to maintain technical 
leadership and create increasing oppor­
tunities for them and other employes, 
they must meet both the needs of cus­
tomers and the challenge of competitors.

It is our view that an engineer must 
be taught to:

■ Produce products that can be sold at 
a profit.

■ Contribute to national defense.
(Cont. on following page)



John Mitchell, Asst. Chief Engineer: Mobile and Portable Communications Products

"Growth: that’s why 
I changed to Motorola”
“Five and one-half years ago I decided to seek a more 
aggressive organization in order to take full advantage of 
the outstanding growth opportunities in the electronics 
field. My move up to Motorola has been extremely re­
warding. Within five years I have advanced from Project 
Engineer to Group Leader, then to Section Manager and 
now I am Assistant Chief Engineer with opportunity for 
continued growth.

“This persona] growth typifies Motorola’s policy of ex­
panding activities and promoting from within to keep pace 
with the rapid industry development. It is also very grati­
fying to be part of an organization that operates in a spirit 
of friendly teamwork, where even top officers are addressed 
by their first names; a company that appreciates and en­
courages ingenuity and capability. Throughout Motorola 
I have found everyone takes a keen, enthusiastic interest 
in his work and feels a strong pride in the company’s com­
manding position in the field and in its products.

“Living in the Chicago area is also very enjoyable. I 
bought a home in a small western suburb only a half hour 
drive from the plant, yet still well out into the fresh country 
air. It’s only one of dozens of pleasant, well planned com­
munities surrounding the city. Fine schools, shopping and 
recreation facilities are convenient everywhere.

“Motorola is continually growing, and every day I see 
this development opening constant advancement oppor­
tunities for individuals with talent and willingness. I’m 
proud to be a part of it.”
For engineering openings in Military electronics • Civilian 2-way 
radio and porta ble communications—WRITE. Mr.-L B. Wrenn,

Engineering Personnel Mgr.
. . DEPT. B

MOTOROLA INC.
4501 Augusto Blvd., Chicago 51,111.

ALSO SPLENDID OPPORTUNITIES IN 
PHOENIX, ARIZONA • RIVERSIDE, CALIFORNIA

DESIGNING YOUR FUTURE
■ Contribute to society.
■ Achieve creative satisfaction.
We believe that the successful engineer 

is endowed with creativity, imagination, 
and drive and that when these traits are 
combined with education and experience, 
the combination produces the complete 
engineer.

Responsibilities Listed

Becoming an engineer leader takes 
years of experience and industrious work. 
An engineer has many responsibilities. To 
name a few:

■ Customers to satisfy.
■ Products to conceive.
■ Circuits and mechanisms to design 

and invent.
■ Schedules to meet.
■ Budgets to beat.
■ Procedures to write.
■ Technical papers to present.
■ Test equipment to design and devise.
■ Production drawings to approve.
■ Support personnel to supervise.
■ Sales matters to attend to.
■ Reports to prepare.
■ Theoretical analysis to carry out.
The more of these an engineer can do

well, the more likely he is to ac ¿nee 
both professionally and with the cor <anv.

To develop correct attitudes an< com- 
petence in engineers, a company ould 
organize its engineering divisions into 
vertical project groups.

Full responsibility for all phases of a 
project, including development and 
management must be placed in the hands 
of the project engineer. It is our belief 
that the departmentalized, service group 
type of organization now becoming com­
mon in the electronics industry kills both 
the will to create and the desire to suc­
ceed—and particularly removes the needed 
sense of responsibility.

We believe, then, that the solution to 
the so-called engineering shortage lies 
primarily in motivating the nation’s en­
gineers to be “real engineers” and to 
derive creative satisfaction from true 
achievement. Once engineers have been 
“re-created” by a process of learning by 
doing, the solution to the engineering 
“shortage” will manifest itself.

It is probable that if only 10 per cent 
of the country’s would-be electronic sci 
entists can be motivated to return to the 
true purpose of engineering, the produc­
tive engineering force can be tripled. ■

Electri 
oquiry S< 
elp engir 
his new 
sts to tl 
st such s 
mies fiel 
To presi

MOTOROLA
CIRCLE 901 ON CAREER INQUIRY FORM

ENGINEER’S SUCCESS STORY

That opportunity awaits the ambitious in practical engineering is supported by this 
case history from the files of the Epsco Systems Division:

Richard Ferrero, 26, four years out of college with a B.E.E., was disgruntled. A 
member of a group of engineers in a large electronics organization, he was respon­
sible for the design of a small section of a large communications system. He had 
little or no contact with other phases of the project, such as purchasing of materials, 
customer liaison and packaging.

He felt he wasn’t advancing professionally. He wanted increased responsibilities.
When he joined Epsco, he was assigned to a senior project engineer. He became 

apprentice head of data-logging system projects, utilizing digital voltohmmeter input 
devices and paper tape perforator output mechanisms.

After six weeks of apprenticeship, he was designated full-fledged project engineer, 
assuming complete responsibility for completion of the systems. His duties included 
technical liaison with the customer, purchasing of components and materials, super­
vision of technicians, and design and engineering of all circuitry. The systems were 
delivered on schedule four weeks after he took full charge.

Two weeks prior to this, he had been assigned to a new project for a military 
data-logging system. This, too, was delivered on schedule.

He received full responsibility for the design and production of a digital dafa 
monitoring system for a movie-film process control application.

He designed, wrote the technical proposal and sold a data-acquisition system +c< 
medical research on psychopathological behavior. As project engineer on this systerr 
he is now completing it on schedule.

All this in less than a year with Epsco.
In spare moments, he writes technical articles, one of which was recently publisher
And recently he became a guide at Epsco, instructing new engineers on how 

assume responsibility. ■ ■
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YOUR CAREER
NEWS, NOTES, NOTICES

Look for that new job right now if you wantta 
show up well against other applicants. Reason: 
the job market is slow; most employed person 
are sticking with present positions until they get 
their vacations.

Small- and medium-sized companies offer eo 
gineers opportunities equaling those found amons 
the giants and “blue chips.” Young engineers fre 
quently don’t realize this, because smaller outfit 
don’t advertise or comb the campuses the wa; 
large employers do. Employment agents can oftei 
give applicants up-to-the-minute information a 
opportunities with many small companies.

Take plenty of resumes if you register for a 
job with an agency. According to Jobs in Ned 
York, applicants often don’t leave enough to per 
mit the agent to hit all likely employers. Havd 
6 to 12 resumes for each agency.

C. L. Hampton
Computer expert Chuck Hampton is a man with problems.

As head of our Avionics Division’s Computer Applica­
tions section, Hampton pits his analog and digital com­
puters against the mathematical intricacies of infrared 
research, optics, spectral background studies, feedback con­
trol, and weapon system design.

At thirty, with a BSEE from the University of Illinois,

Chuck Hampton is a Senior Engineer. He typifies the 
progress made at Aerojet by younger men of technical 
distinction, in electronics and many other areas.

We think the challenge is imposing, the opportunity 
impressive. May we see your resume? aerojet-general 
corporation, Box 296S, Azusa, California or Box 1947S, 
Sacramento, California. Attn: Director of Scientific and 
Engineering Personnel.

Demand for new electronic grads is greate 
than last year, according to the same publication 
Starting salary for EE’s is $500 to $550 a month

The heavy demand for electronic engineers a 
certainly not news to anyone exposed to the help 
wanted ads. Other engineers do not enjoy thu 
same popularity. Construction engineers, for d 
ample, are in poor demand.

Heavy bidding for EE seniors has lived up u 
predictions made last winter by the Engineering 
Manpower Commission of the Engineers Join 
Council. The long-term outlook for engineers i 
exceptionally bright, according to the EMC; id 
dustry anticipates the demand for graduates t| 
rise 29 per cent by 1962 and 40 per cent by 1961

Demand is being further accentuated by a dd 
creased enrollment of freshman engineers (11 pd 
cent in 1958). If this trend continues in 1959, thl 
manpower shortage may be extremely serious. I
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The Federal Government is not lessening it 
engineering recruitment effort, although it dil 
well in 1958. As the No. 1 employer of en gineel 
and scientists, it has much at stake.

Federal agencies have been told to sti ss pri 
mium job features found only in Go\ mmed 
scientific and technical programs. This ad\ ice wi 
given by several prominent scientists, en jineeri 
and personnel officials in speeches to the ; Govern 
ment-wide Conference on Scientific M 
held recently in Washington.

Speakers stressed that Federal scient c anl
ng] 
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technical programs offered new and ctk
opportunities and that the Government
spotlight its superior attractions. Among t
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fc lti s” cited in the Government’s career scien­
tific vice were opportunities to:
a D esearch on a wide variety7 of exciting and
chall« ging problems.
a Ei ige in basic research without production- 
relat 1 pressures.
a \\ k in the most modern and fully equipped 
facili os, without worry about the adequacy of re- 
searc 11 funds.
a Pa J cipate in pioneering work in science and 
technology.
a Publish research results without fear of compro­
mising the employer’s competitive position.
a Gain public recognition of professional achieve­
ments.
a Participate in work vitally important to national 
security and progress.

Although it is unlikely that Government pay for 
scientists and engineers can be made fully com­
petitive with that offered by industry, the gap is 
in large part offset by the attractions that only 
Federal service can offer.

Some of the problems that need solving:
■ Making the Government’s career scientific serv­
ice flexible enough to permit advancement to top 
rungs for scientists who wish to stay in creative 
work rather than transfer to administrative duties. 
■ Minimizing reliance on outside laboratories for 
new work, so that the morale of Government 
scientists will not be impaired.
■ Correcting erroneous concepts of public serv­
ice.
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Universal licensing of all engineers in the State 
of Washington has been proposed by the Seattle 
Professional Engineering Employees Association. 
They ask that all engineers making design and 
other critical decisions be registered. At present, 
engineers employed by a corporation which does 
not sell engineering services (as contrasted to 
products) are exempt from registration. SPEEA 
thinks licensing would increase the stature of the 
profession as it would indicate that engineers pos­
sess certain qualifications.
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Overworked or underworked? Being under­
worked can create anxieties, according to William 
E. Henry, associate professor of psychology at the 
University of Chicago. He commented on the 
^use of anxieties in executives in the May issue 
of the University magazine. Excessive stress, he 
said, may result if an executive [or engineer] is 
® a p sition beyond his skill and has to push hard 
■o accomplish the job. But a more deep-seated 
anxietthe psychologist reported, can stem from 

ev cutive’s dissatisfaction with a job beneath 
ois le el of responsibility and intelligence. Con- 
dusi< : pushing a little harder to measure up is 
tatter than not having enough to push at all. ■ ■
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for the forward-looking engineer!
The first radar system capable of simultaneously detecting 
range, bearing and altitude from a single antenna, trans­
mitter, and receiving channel...Frescanar is a major break­
through in radar technology.

Developed by Hughes Fullerton, the Frescanar antenna 
operates on a new electronic principle called frequency 
scanning: The position of the radar beam is changed by 
varying the frequency of electromagnetic energy applied to 
the antenna. Thus the beam can move at lightning speed to 
handle more targets with greater accuracy than with con­
ventional radar.

This unique concept opens entirely new fields for radar... 
including a great many as vet unexploited. Hughes Fullerton 
needs creative engineers who can step in and help develop 
these new military and civilian applications.

While Hughes Fullerton places emphasis on advanced 
development, it is a completely integrated engineering and 
manufacturing organization...whose activities cover a wide 
range of electronic and electromechanical applications.

Now expanding rapidly, Hughes is offering imaginative 
engineers a number of new positions. If you are interested 
in stimulating work with solid opportunity for personal and 
professional growth, we invite your inquiry. Please contact 
Mr. L. V. Wike at address below.

GROUND SYSTEMS
PERSONNEL SELECTION AND PLACEMENT
HUGHES AIRCRAFT COMPANY
FULLERTON 12, ORANGE COUNTY, CALIFORNIA
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Link

To the engineer who wants to get out of the 
traps, Link - Binghamton offers a clear shot at a 
good career and good living.

Link Aviation, a leader in flight simulation, has 
expanded its activities into a wide range of related 
systems fields, including optical and visual 
display, radar simulation, and industrial process 
simulation and control.

The advantages enjoyed by professional men at 
Link - Binghamton are many. Tuition-paid 
advanced study. Generous hospital, health and 
retirement plans. Excellent salaries. And a 
working atmosphere on a par with the finest.

If your qualifications include experience with 
radar simulators, automatic checkout equipment, 
optical systems, electronic packaging, analog 

or digital computers, contact us at once.

Write to Mr. A. F. Darrah
Link Aviation, Inc., Binghamton, New York

A 
GENERAL 

PRECISION 
COMPANY

LINK AVIATION, INC.
A subsidiary of
General
Precision
Equipment
Corporation

CAREER 
OPPORTUNITIES 
BROCHURES

GRID» MISSILE ELECTS jRK$ 
...Ml MORE

Bendix Aviation 
York Division

“Guided Missile Electronics and More” is de­
signed for use at the college placement offices for 
the junior engineering candidate. The most com­
monly asked questions of applicants are featured 
in interview form, stressing growth opportunities 
and challenges at this company for the young en­
gineer. Type of assignments available and project 
groups, operational activities, competitive advan­
tages and disadvantages and the major engineer­
ing objectives are covered. Facilities, on-the-job 
photos, and living condition within the York, Pa., 
community are illustrated and outlined.

Bendix Aviation Corp., York Div., Dept. ED, 
York, Pa.

CIRCLE 870 ON READER-SERVICE CARD

Hughes Aircraft 
Company

A coll 
this broc 
to Curre 
Baltin tor 
fields ol 
alphabet 
job desci 
positions

Mr. A 
U'estingh 
Box 746,

Texa 
Instrum 
Incorpor

The integrated organization of administration, 
engineering and manufacturing, keynotes the il­
lustrated, 10-page brochure, “Key Man ini 
Electronics Manufacturing: The Engineer ’. The I 
interrelationship of projects at Hughes is em-l 
phasized and a profile of the engineer his 1 
work are described and illustrated. Gene I H] 
cilities and overall advantages for the er meer ■ 
are delineated. The story7 is completed b\ lotesl 
on the active present and sound future wi this | 

company.
Hughes Aircraft Co., Dept. ED, P.O. Box 

Airport Sta., Los Angeles 45, Calif.
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Westinghouse
Electric Corporation

Power Through Solid State Physics
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A collection of categorized flip cards comprise 
this brochure which presents “A Detailed Guide 
to Current Job Opportunities at Westinghouse, 
Baltimore . The breakdown of openings separates 
fields of interest, and discusses within each 
alphabetically listed section job titles, and brief 
job descriptions. Offers a quick survey of current 
positions to the interested applicant.

Mr. A. M. Johnston, Employment Manager, 
Westinghouse Electric Corp., Dept ED, P.O. 
Box 746, Baltimore 3, Md.

CIRCLE 872 ON READER-SERVICE CARD

Texas 
Instruments 
Incorporated

Delco Radio is a world leader in automotive radio engineering 
and production. And, since our beginning in 1936, we have grown 
steadily, keeping pace with the rapidly expanding electronics industry.

Today, with this world of experience and knowledge accumulated 
through the years, it’s only natural that Delco would become deeply 
involved in the important missiles and allied fields.

NOW Delco Is Offering Engineers and Scientists 
Opportunities in Space Age Devices:

• COMPUTERS
• STATIC INVERTERS

THERMOELECTRIC GENERATORS
• POWER SUPPLIES

We have immediate requirements for:
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Particularly helpful for the applicant to Texas 
Instruments Inc. is a series of career charts that 
'list all positions available according to divisional 
breakdowns. Detailed career charts for each 
iutonomous division spell out the nature of the 
career, detailed functions, and qualifications. The 
Products divisions include: Apparatus, Semicon­
ductor-Components, Industrial Instrumentation, 
Geophysical Service, and Engineering Supply. 
The broad scope of opportunities in each of the 
Product divisions, Industrial Engineering, Manu­
facturing, and Quality Control are discussed. In 
addition, the overlapping opportunities that co­
exist in the Product divisions and company staff 
functions include: Marketing, Research and En­
gineering, Control and Finance, and Personnel.
Applicants will also obtain guidance to com­

pany benefits, a photographic description of the 
Mas and Houston areas, a brief analysis of com­
pany ties growth, facilities and employee expan- 

iii this 24-page illustrated brochure.
Tex s Instruments Inc., Dept. ED, 6000 Lem- 

a°n A e., Dallas 9, Tex.
CIRCLE 873 ON READER-SERVICE CARD

DELCO 
RADIO

ELCO

ELECTRONIC ENGINEERS to design transistor circuits . . . communication 
circuits ... radio circuits . . . servo-systems ... antennas ... or to do component 
and material specifications.

COMPUTER ENGINEERS for development of control type, special, or general 
purpose units. Experience in digital to analog and analog to digital converter 
design. Or magnetic core or drum type memory. Mechanical engineers for package 
design. Electronic engineers for test design, servo-analysis, and circuit design.

PROCESS ENGINEERS—Electronic and Mechanical for transistor and electronic 
production planning and follow-up.

SEMI-CONDUCTOR SALES ENGINEERS—Also customer assistance 
engineers. Prefer semi-conductor applications or similar experiences.

DRAFTSMAN—Minimum of 3 years experience in making complicated, 
detailed drawings and minor layouts.

If you are Interested in becoming a part of this newly-established 
GM team of specialists, send your resumé today to the attention of 
Mr. Carl Longshore, Supervisor—Salaried Employment.

RADIO DIVISION OF GENERAL MOTORS
Kokomo, Indiana

CIRCLE 904 ON CAREER INQUIRY FORM
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ASSIGCAREER OPPORTUNITIES

\V1

MATHE

OPEI

CAREERS AVAILABLE IN THESE AREAS

ba - kg»

Sylvania 
Electronic 
Systems

Analog & digital computers 
Applied mathematics 
Circuit design 
Communications theory 
Computer system design 
& analysis
Control system research

Experimental techniques
Field theory
Human factors engineering
Logic
Mathematical & numerical 
analysis
Operations research

Boeing Airplane 
Company

brief account of company location and

Qualifications: B.S., M.S., or Ph.D. in 
Mathematics, Physics. Statistics, Engi 
neering Science, or Electrical Engineer 
ing —and proven ability to assume 
important technical responsibilities in 
your sphere of interest.

enjoy unusual professional freedom and the support of
Comprehensive education programs are available, plus the assistance of specialists of many

rewarded. This is a unique opportunity for a career with a company that has an outstanding grow '

At IBM. creative mathematicians are discovering important, new applications of mathematics in 
electronic computer field. Long before actual construction of IBM’s unique Magnetic Charj 
Sensing Machine, for example, mathematicians were at work on a mathematical model, testing both 
over-all design and the logic circuitry needed for character recognition. In another project, mathematid 
employed large-scale computers to simulate, in a matter of weeks, eight years of engineering work w. 
have yet to begin. Currently under study are vehicular penetration problems involving thousand^ 
variables. Projects of this sort demand keen, discerning minds. If you have a flair for creative mat hemal 
you’re the man we want to talk to.

i member of a small team, your contributions are quickly recognize*

ELECTRONIC DESIGN • July 8

Research and development work of the Recon­
naissance Systems Laboratory is sketched along

organization. Emphasis is placed on a list of op­
portunities in applied mathematics and physics, 
physical design, electronic development, and 
project engineering. Professional advancement 
and benefits are discussed and the general living 
area is described.

Sylvania Reconnaissance Systems Lab., Dept. 
ED, P.O. Box 1296, Mt. View, Calif.

CIRCLE 874 ON READER-SERVICE CARD

Probability theory
Reliability
Scientific programming
Solid state
Statistics
Switching theory
Theoretical physics

Amply illustrated with photographs, Boeing’s 
brochure, “Environment for Dynamic Career 
Growth,’ emphasizes detailed descriptions of 
achievements in pace-setting products and in re­
search and development. Engineers are photo­
graphed in on-the-job assignments covering every 
phase of technical project. Boeing, today and 
tomorrow, sets the theme of env ironmental image, 
enhancing the applicant’s ability to picture him­
self in one of these settings. Facilities of the com­
pany in Seattle and Renton, Wash., Wichita. Kan., 
and Cape Canaveral and Elgin Air Force Base, 
Fla., are indicated. (Career advantages are pre­
sented in terms of professional environment, grad­
uate study, management development, recogni­
tion for advancement, and specific company

Mr. Stanley M. Little, Dept. RB-1, PO Box 
3822, Boeing Airplane Co., Dept. ED, Seattle 24, 
Wash.
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NOW OPEN INCLUDE

MATHEMATICIAN

STATISTICIAN:

MATHEMATICIANESEARCH
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IBM
CIRCLE 906 ON CAREER INQUIRY FORM

to handle mathematical analysis of advanced 
scientific computer programming for solution of 
systems problems, differential equations, prob­
ability-type problems, photogrammetry problems.

to investigate statistical problems in control sys­
tem research on digital computer; to study control 
problems of analog to digital conversion, with 
particular reference to matrix problems; to apply 
experience with networks, statistics, or communi­
cations theory to problems in computer design; 
to solve problems involving switching theory, 
probability and information theory, and coding

to solve analysis-of-variance and multiple-regres­
sion type problems; to design experiments for 
various engineering applications and select form 
of statistical analysis of greatest value; to give 
statistical support to engineering departments in 
such areas as reliability analysis and human fac­
tors engineering by developing statistical pro­
grams for the IBM 704. Statistical experience in 
engineering problems and thorough knowledge of 
statistical distribution functions necessary.

Mountain View Road 
Lynchburg, Virginia ,

The National Cash 
Register Company

to evaluate closed loop systems consisting of 
computers, radar displays, and inertial equip­
ment; to simulate advanced weapons systems in 
order to evaluate alternate design concepts; to 
analyze and design electromechanical systems, 
studying targets, tactics, and operational effec­
tiveness. Experience in applying advanced mathe­
matical techniques to weapons systems analysis 
and evaluation. Knowledge of probability and lin­
ear programming techniques.

Collins Radio 
Company

MATHEMATICIAN PROGRAMMER: to specify and program elements of a sophisti­
cated automatic programming system. Must have 
considerable experience in automatic program­
ming research.

ASSIG ¿ENTS

^or details, write, outlining 
kground and interests, to: 
R. E. Rodgers, Dept. 555 G-1 

IBM Corporation 
590 Madison Avenue 

New York 22, N. Y.

OPERATIONS RESEARCH 
MATHEMATICIAN

“A Career With Collins” is an illustrated bro­
chure describing the development of this company 
and outlining careers in three fields. Engineering 
opportunities exist in research and development, 
production and manufacturing, or industrial en­
gineering. Formal training programs are available 
for new engineers as well as engineering students 
still in school. A background in physical sciences 
could lead to career in research and development, 
analytical work, planning or administration. Busi­
ness management positions are also described.

’ PERATIONAL PROGRAMMER: to develop computer program techniques for real­
time military applications, using game theory and 
systems simulation.

APPLIED MATHEMATICIAN: to undertake assignments involving knowledge of 
feedback control theory, data systems theory, 
servomechanisms, information theory, statistical 
models, heat flow, circuitry, magnetics, probability.

Many on-the-job photographs show engineers in 
various project activities.

L. R. Nuss, Collins Radio Co., Dept. ED, Cedar 
Rapids, Iowa.

CIRCLE 876 ON READER-SERVICE CARD

COMMERCIAL 
& MILITARY
PRODUCT DESIGN 

PROGRAMS

Immediate 
Staff Build-Up 

on New, 
Integrated

Immediate openings for men 
with Project Engineering or 
Group Leading experience in 
these area»:

PARAMETRIC DEVICES • TUNNEL EFFECT 
DEVICES • MICROMINIATURIZATION • 
MICROWAVE CIRCUITRY AND PLUMBING 
• TIANSISTOW CIRCUITS • PIEZOELECTRIC 
AND ELECTROMECHANICAL FILTERS • 
DATA TRANSMISSION SYSTEMS • MULTI­
PLEX SYSTEMS • TROPOSPHERIC AND Ml- 
TEORIC SCATTER • PRINTED CIRCUITS

Write for data bheets on the De­
partment and literature describing 
the attractive residential city of 
Lynchburg. Address Mr. Arthur 
Guy, Section 76-MB.

at General Electric's 
Communication Products Dept, 

in Lynchburg, Virginia

Serving both industrial and mili­
tary customers, the Communication 
Products Department offers engi­
neers a unique type of professional 
stimulation -through participation 
in integrated design and produc­
tion programs in advanced commu­
nication systems.

Industrial products of Microwave 
Radio Relay, Mobile and Powerline 
Carrier Current communication 
systems comprise the major por­
tion of Department sales. These 
are often related to other project-t 
for the Department of Defense, 
such as our contract for design and 
manufacture of a 24 channel tro­
pospheric scatter system.

Engineers here frequently have 
the opportunity to contribute to 
both types of programs.

COMMUNICATION PRODUCTS DEPT.
GENERAL^ELECTRIC

INTERNATIONAL BUSINESS MACHINES CORPORATION

CIRCLE 905 ON CAREER INQUIRY FORM 
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The National Cash Register Company brochure 
“Where Will You Work?” indexes a variety of 
answers: opportunities, assignments, advancement, 
research, company history, engineering, benefits, 
recreation, Dayton area and how to apply. Of 
interest to the applicant particularly is a listing 
of typical assignments in the fields of physics, 
electrical engineering, mechanical engineering, and 
chemistry, as well as a listing of typical current 
fields of research interest. Within the engineering 
section, a structural diagram shows the relation­
ship of various engineering projects. Company 
facilities and community facilities are fully il­
lustrated.

Director of Scientific Placement, The National 
(.ash Register Co., Dept ED, Dayton 9, Ohio.

CIRCLE 877 ON READER-SERVICE CARD

Communication 
Engineers
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Flight Controls—fully automatic and reliable autopilots and landing systems

me
NEW
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Information Processing Equipment—including airborne magnetic tape recorders, transistor­
ized analog or digital computers for both the military and industry, and pace-setting numercial 
control systems for three-axis position and path control of machine tools for industry.

Two years ago a man took 10 minutes to write this letter. Today he enjoys the 
responsibility and professional standing in the Autonetics Division of North 
American that might have taken 5 years to achieve elsewhere.

GUIDED MISSILE 
ELECTRONICS

THE 20TH CENTURY’S MOST INTERESTING OPPORTUNITIES FOR THE CREATIVE ENGINEER
Now under way at Autonetics are over 100 projects—military and non-military—involving 
some of the most arresting and advanced work to challenge the engineering mind today.

WHERE IS YOUR FIELD OF INTEREST?
Inertial Navigation Systems—for aircraft and naval vessels with the organization that success­
fully flew all-inertial autonavigators more than eight years ago—and whose many-generation 
family of ever-improved inertial systems for manned and unmanned vehicles have made over 
800 successful flights.
Radars—like the lightweight, monopulse type that guides aircraft to targets through fog and 
darkness and provides all radar functions for both high and low level missions—air-search, 
automatic tracking, ground-mapping and terrain-avoidance.

ELECTRONIC
ENGINEERS

MECHANICAL
ENGINEERS

The U 
I innounce 
I the Arm] 
I qualified 

ironic sci 
peer, are 
chemical, 
industrial 
died are 

rhe Redst 
Ordnance 

Missile A 
Missile A; 
school. 1 
search, d 
racket m 
P°rt of m

Check 
®ent Xo. 
tonal ph 
foe p< ,iti

YORK
offers the opportunity 
and the challenge of 
key assignments in...

Here is your chance to prove your 
ability doing important work on mis­
sile fuzing, beacons, guidance, pack­
aging and related test equipment. We 
have key openings that offer you the 
opportunity to move ahead rapidly in 
your profession. At Bendix York, 
you benefit from the advantages of a 
small company atmosphere in a 
growing division of one of the 
nation’s largest engineering and 
manufacturing corporations. Also, 
you’ll enjoy the “good life” in our 
beautiful suburban community. 
Good salaries, all employee benefits.

At finger-tip nearness Autonetics has unique experience, advanced tools and techniques plus 
precision machine shops turning out work to millionths of an inch tolerances in both develop­
mental and volume quantities.

Opportunities have never been better—at every level of creative engineering from Preliminary 
research and design to Performance test—because Autonetics is one of the few companies 
in the world designing and quantity producing systems within the complete spectrum of elec­
tronics, electro-mechanics, control engineering and data processing.

Write today and tell us what kind of creative engineering interests you (please include high­
lights of your education and experience).

Write V. G. Benning, Manager, Employment Services.
9150 E. Imperial Highway, Downey, California

/ Qencf//
RATION CORPORATION

York Division
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Drop us a card, briefly stating 
your education * exped« 
onco. We’ll ad Im- , 
mediately to got to« J 
gather with you ADDRESS: 
ond talk It over. J PROFESSIONAL 
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Choose your pursuit from theseCAR ER OPPORTUNITIES

FIVE FACETS
Lin Aviation Inc OF PHILCO IN CALIFORNIA

UN*
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U. S. Civil Service

•WSt i>

Engineering Placement, OR SEE US AT WESCON

CIRCLE 879 ON READER-SERVICE CARD
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data processing 
conversion, analysis, presentation and 

storage of data received from space vehicles

• isnMcsaomi
• KUUME1

“Th» re’s a Place For You at Link” historically 
interprets this company for the new job applicant, 
points out engineering positions available in ad­
dition to research and development, manufactur­
ing, field service, sales or finance. Benefits to all 
personnel are summarized. A pictorial view of 
life in Binghamton, New York is given.

Link Aviation, Inc., Dept. ED, Binghamton,

The LTnited States Civil Service Commission 
announces examinations to fill top positions with 
the Army Ordnance Missile Command. Highly 
qualified applicants for the positions of elec­
tronic scientist, metallurgist, physicist, and engi­
neer, are invited to apply. Aeronautical, electrical, 
chemical, electronic, mechanical, general and 
industrial engineers are needed. Positions to be 
filled are located in Huntsville, Alabama with 
the Re dstone Arsenal, headquarters for the Army 
Ordnance Missile Command, the Army Ballistic 
Missile Agency, the Army Rocket and Guided 
Missile Agency, and the Ordnance Guided Missile 
School. The organization is concerned with re­
gard development, and industrial activities of 
rxket missile, and satellite programs, plus sup- 
P°rt ef missile systems in the field.

Check your requirements against Announce­
ment Xo. 5-35-7(59) which lists salaries, educa- 
jna physical and experience requirements for 

p sitions noted above. Bulletin free from:
1. S. Civil Service Commission, Bureau of PHILCO WESTERN DEVELOPMENT LABORATORIES

3875 FABIAN WAY, DEPT. D7 • PALO ALTO. CALIFORNIA 
A part of the Government and Industrial Division of Philco Corporation 

CIRCLE 909 ON CAREER INQUIRY FORM
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A PLACE FOR YOU awaits on Philco’s new team of senior specialists in California. 

Ultimate challenge is promised, plus our nation’s most fortunate living conditions on the 

San Francisco Peninsula. Your confidential inquiry is invited; please write H.C. Horsley,



ERINGTELE
EEDEDENGINEE

IN SOUTHERN CALIFORNIA

;

ENGINEERS

PHILCO

Send resume, in confidence, to T. A. DeLuca

Moy

CIRCLE 911 ON CAREER INQUIRY FORM

66 959

FIELD SERVICE ENGINEERS &
TECHNICAL REPRESENTATIVES

Please send resume to W. C. WALTER
ENGINEERING EMPLOYMENT MANAGER

AIR DATA INSTRUMENTS

jet programs.

navigation concepts.

•ODD 4St* AVENUE, ELMHURST, NEW YORK

INSTRUMENT CORPORATION

CIRCLE 912 ON CAREER INQUIRY FORM

& Scientists

COMMUNICATIONS SYSTEMS

WEAPONS SYSTEMS A RADAR

ELECTRONIC DATA PROCESSING

NORTH HOLLYWOOD CALIFORNIA

CIRCLE 910 ON CAREER INQUIRY FORM

the major source for telemetering systems and
components, offers you a unique opportunity to
fully use your ability with a rewarding future as
a qualified engineer.
Have you had two or more years experience in
the design of VHF or UHF transmitters?

... in airborne packaging?
... in transistor circuitry?
If you have, we want to talk to you.

Other High-Level Electronic Engineering Positions Available

FAMOUS FOR | QUALITY \ THE WORLD OVER

has immediate opportunities for
Electronic Engineers

IN PHILADELPHIA, PA

Systems Analysis, UHF & VHF Development, Receivers & Transmitters
Transistorization, Microwave Development, Telemetering

Pulse Circuit Techniques, IF & Video Circuitry, Miniaturization

Advanced Systems, Systems Analysis, Guidance & Navigation
Radar Development, Data Transmission, Display Development

Missile Fuzing, Aerodynamics, Applied Mechanics

Product Planning, Systems Analysis, Memory Development
Input and Output,Test & Evaluation, Production Engineering
Programming, Field Service Engineers, Instructors & Writers

Send Confidential Resume to Mr. J. R. Barr, Engineering Employment Manager

Government and 
■ Industrial Division
4780 Wissahickon Avenue, Philadelphia 44, Pa

ADVANCED CELESTIAL
NAVIGATION SYSTEMS
Senior Project & Staff Positions. Qualifications should 
include previous responsible experience in analog and 
digital computers, advanced electronic techniques and

Expansion of air data engineering department has created 
vacancies for engineers and designers (EE & ME) at all 
levels including Senior positions for especially qualified 
men in 1. pressure switches, 2. altitude and mach con­
trollers, 3. ground support equipment for air data instru­
ments—for advanced programs in supersonic and other 
classified instrument and control projects, as well as civil 

For field service work on night instrumentation. Re­

ci 
h

quires electronic background with knowledge of electro-
mechanical systems. Must be able to travel and/or relocate.

ko Isman

0
S) 
4 
0< 
al 
0< 
Ei

Ei
Ml 
Ei 
wi

ï

SUBSIDIARY OF giondafid COIL PRODUCTS CO. I'

ELECTRONIC DESIGN • July 8

CU
ELEC K



A FINER CLIMATE ADD A "NEW 
DIMENSION” 
TO YOUR 
CAREER!

TO WORK IN...

...TO LIVE IN

C
A

R
EER

S

Your career advances by degrees . . . profes­
sional degrees. At Westinghouse-Baltimore, you 
can enjoy stimulating project activities . . . 
plus the opportunity to advance your career in 
the Westinghouse Graduate Study Program. In 
affiliation with The Johns Hopkins University, 
the University of Maryland, and other leading 
universities, qualified engineers are assisted in 
their work toward graduate degrees. This pro­
gram is described in “New Dimensions”... the 
story of Westinghouse-Baltimore.

At Sylvania*s 
Mountain View Operations 

in California
(SAN FRANCISCO BAY AREA)

you*ll discover

more than just one 
kind of climate.

PROFESSIONAL CLIMATE-Advanced 
programs will challenge your techni­
cal creativity. Youll make major con­
tributions in the fields of electronic 
defense, radar, communications and 
data processing systems. Because 
Sylvania is one of the nation's fast­
est growing electronic: organiza­
tions, there are an unusual number 
of growth opportunities.

LIVING CLIMATE—You and your family 
will enjoy the healthful atmosphere 
and sunny climate of the San Fran­
cisco Peninsula. You’ll find plentiful 
housing, excellent shops, fine schools 
and year round recreation.
Openings in:
System Stidivs / Circiit DesIga / Compete» 
4 Data Handling / Elactranie Packaglog / 
Development Enjin*»ring / Concept & Plan­
ning / Advanced ECM Circiltry / Egeigment 
Development / Product Engineering / Tibs 
Engineering I Tobo Application Engineering 
I Mechanical Engineering / Tobe Prediction 
Engineering / Theoretical Physics / Experi­
mental Physics / Mathematics / Mlerawava 
Engineering / Engineering Writing / Tabs Re­

search Engineering

You may communicate in con/idence 
to Wayne L. Pearaon

MOUNTAIN VIEW OPERATIONS
Mountain View Operations SYLVANIA ELECTRONIC SYSTEMS 

4 Dyvwww of

^SYLVANIA rf
CCXERAL TELEPHONE t ELECTMONICS *1»

P.O. Box 188
Mountain View, California

Current Career
Openings Include:
Solid-State Physics 
Microwave Systems 

and Components
Radar Systems 
Network Synthesis 
Analogue and Digital 

Computer Design

Ferret Reconnaissance 
Electronics Instructors 
Communications Circuitry 
Field Engineering 
Technical Writing 
Electronic Packaging 
Human Engineering

Write for “New Dimen­
sions” ... the informative 
brochure that takes you 
behind the scenes at West­
inghouse-Baltimore today.

For a confidential 
interview, send a 
resume of your education 
and experience to: Mr. A. M 
Johnston, Dept. 929, West­
inghouse Electric Corpora­
tion, P. 0. Box 746, Balti­
more 3, Maryland.

Westinghouse

I BALTIMORE
CIRCLE 916 ON CAREER INQUIRY FORM
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GUARDIAN Noise Acceleration

Relays For Tube Microphonics Measurements

General Telephone
Purpose
Catalog B Catolog “C

yours with complete details

The appearance of new Guardian catalogs is always 
greeted with eager anticipation by the world's most critical

users of electromagnetic controls. For Guardian relays tradi­
tionally express the fullest measures of progress in relay engineer­

ing, design, and highly reliable performance. Now - the news about 
’ Guardian General Purpose and Telephone Type Relays commands 

the attention of those whose responsibility it is to specify or buy the 
most applicable relays. Completely detailed information por­

trayed in these catalogs will guide your selection with 
accuracy We invite you request Guardian Catalogs

"B" and "C” on your business letterhead.

ydAnJuL btp specification» of your application

for specific recommendations.

GUARDIAN^' ELECTRIC

1622-H W. Walnut St, Chicago 12, Illinois

THE SPECTRUM of tube microphonie noise 
is often obtained by first subjecting the tube to 

sinusoidal vibrations of adjustable frequency and 
then recording the output. Since the mechanical

Noise test set-up
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With Control Inductance

T IS well known that a saturable inductor in the
tank circuit of an oscillator can be used to 

construct a frequency modulated signal source.
The large modulating current and power require­
ments which powdered core coils demand, to-

Fig. 1. “Principle of Inductance 

elements in the tube generally have high Q, the
peaks of the spectrum are often within narrow 
bands so that this type of analysis may consume 
up to 15 minutes per tube. When coupled with 

gether with the associated biasing circuits, have 
placed this method in the realm of academic 
curiosities. The development of ferrite core coils 
which require lower control current amplitude, 
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Using 

Icons of c 
rings of 
re core 
ftcillator
In Fig.

is ir 
onal cha 
de mod

less space and can be biased with small permanent

IV. A(V. Ma

Fig. 2. The movement or inductance 
produces frequency survey and arr
plitude modulation. "

us for ' 
index

•me and < 
per, me
equeucy 
ed fm

ytfc al 
t ft Tit 
trol sig

ft ct<

Abst ict
1 eq 

7121

ELECTRONIC DESIGN • July 8,
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Higher permeability values now guaranteed
for Allegheny Ludlum's Moly Permalloy

lemic
including Silectron, well-known grain-oriented silicon 
steel, and other magnetic alloys.

Complete facilities for the fabrication and heat treat­
ment of laminations are available from Allegheny Ludlum. 
In addition, you can be assured of close gage tolerance, 
uniformity of gage throughout the coil, and minimum 
spread of gage across the coil-width.

If you have a problem relating to electrical steels, 
laminations or magnetic materials, call A-L. Prompt tech­
nical assistance will be yours. And write for more in­
formation on Moly Permalloy. Allegheny Ludlum Steel 
Corporation, Oliver Building, Pittsburgh 22, Pa.

Address Dept. ED-19.

i tude, 
anent

¡trobos >pic observation of the tube elements,

Molybdenum Permalloy nickel-iron strip is now available 
from Allegheny Ludlum, with higher guaranteed perme­
ability values than former typical values. For the buyer, 
this new high quality means greater uniformity ... more 
consistent and predictable magnetic core performance.

This higher permeability is the result of Allegheny 
Ludlum’s intensive research on nickel-bearing electrical 
alloys. A similar improvement has been made in AL-4750 
strip steel. A-L continues its research on silicon steels.

Abw icted from an article by W. Moortgat- 
I equenz, Vol. 13, No. 4, April 1959, pp 

ÎJ7

Means new, consistent and predictable 
magnetic core performance

Export distribution. Electrical Materials: AIRCO INTERNATIONAL INC., NYC 17

Export distribution, Laminations: AD. AURIEMA, NYC 4
CIRCLE 56 ON READER-SERVICE CARD

tL-> unif nn (white) noise is used since in that case 
j fre lencies in the band of interest are applied 
at tlie <me time.

The Mock diagram of a test system in which a 
noise source is used is shown in the figure. A noise 
source-low pass filter (10 kc)—power amplifier 
combination excites the vibrator. A transducer, 
K Barium titanate), furnishes a signal which is 
proportional to the total acceleration. The tube 
under test is connected to a standard test circuit 
and the total microphonic noise is measured. In 
addition, the microphonic noise signal is passed 
through a band pass filter (bandwidth 25 cps) 
whose center frequency» is adjustable (e.g. motor 
drive). The selected portion of the spectrum is 
logarithmically amplified and the frequency re­
sponse curve is displayed on the screen of an 
cilloscope. Experimental results show that re­

producible spectrograms are obtained when the 
frequency band is covered in 15 sec.
Abstracted from an article by H. Hellmann, 

frequenz, Vol. 13, No. 3, March 1959, pp 83-89.

JTOW 

suine

sight into the microphonic noise can be 
by this method, especially if the data is 

ented by shock excitation tests.
ime required to carry out the spectrum 
can be greatly reduced if acceleration due

magnets motivate a “new look” in inductance 
variation for fm signal generation.
Using inductance control, permeability varia­

tons of 30 per cent, corresponding to frequency 
stings of 15 per cent, can be achieved with fer­
le core toroids. The basic circuit of such an 
scillator is shown in Fig. 1.
In Fig. 2 a constant amplitude is produced if 

- rC is independent of frequency. For small frac- 
bnal changes in frequency, d = &f/f, the ampli- 
tide modulation produced is given by the index

mA = dVU+d2)
Ibus for 75 kc deviation, the amplitude modula- 
bn index is 47 per cent at 250 kc, 3.5 per cent at 
-me and only 0.8 per cent at 20 mc. In the original 
paper, methods of minimizing am as well as the 
equency limits of inductance-controlled modu- 

a«ed fm sources are treated. On the basis of 
-alyti- il and experimental results it is concluded 

ferrites are well suited for miniature and 
nntrol signal generators and compare favorably 
tith re ctance tube circuits.



Top to bottom: Tape wound cores, Silectron C, E and 0 cores, and bobbin cores.

SPECIAL MATERIALS

BARIUM TITANATI... A piezoelectric ceramic widely used in ac-

70

ÎV PERMENDUR ... a ferromagnetic alloy of cobalt, vanadium 
and iron that possesses high flux density saturation properties. 
Its magnetostrictive properties are useful in many transducer 
applications. Write for Bulletin EM-23.

Specify "ARNOLD”
for your MAGNETIC CORE requirements

Tup to bottom: Mo Permalloy powder cores, ir on powder cores, and Sendust cores.
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SILECTRON C-CORES, E-CORES and TOROIDS Arnold C 
and E cores are made from precision-rolled Silectron strip in 
1, 2, 4 and 12 mil thicknesses.

They are supplied in a wide variety of shapes, and in sizes 
from a fraction of an ounce to several hundred pounds. In 
addition to standard transformer applications, they may also 
be supplied for special applications such as saturable reactors, 
instrument transformers and pulse transformers.

Over 1,000 stock cores are listed in the Arnold Silectron 
catalog. A wide selection of preferred sizes are carried in stock 
for immediate shipment. For complete data on C and E cores 
and Silectron toroids, write for Bulletin SC-107 A.

TAPE WOUND CORES of High Permeability Materials 
Arnold tape wound cores are available made of Deltamax, 
4-79 Mo-Permalloy, Supermalloy, Mumetal, 4750 Electrical 
Metal, Silectron, or the new rectangular-loop material, Super­
mendur. All except Supermendur cores are available in stand­
ard tape thicknesses of J4, 1, 2, 4 or 12-mils.

Toroidal cores are made in 30 standard sizes with protective 
nylon or aluminum cases. Special sizes of toroidal cores are 
produced to individual requirements. Write for Bulletin TC- 
101 A. (TC-113A for Supermendur Cores.)

BOBBIN CORES Arnold bobbin cores are available in a wide 
range of sizes, tape thicknesses, widths and number of wraps 
to suit the ultimate use of the core in electronic computer 
assemblies. Magnetic materials usually employed are Delta­
max and Square Permalloy in standard thicknesses of 1, H, 
Ji and Vs mil. Bobbins are supplied in ceramic or stainless 
Hteel. Write for Bulletin TC-108A.

VIBRALLOY ... a ferromagnetic alloy of nickel, molybdenum 
and iron whose temperature coefficient of elastic modulus is 
controllable over a wide range. It has high ferromagnetic per­
meability, and a rather high coefficient of magnetostriction. 
Used in applications where a zero or controlled thermo-elastic 
coefficient is desired.

ABSTRACT S

Microwave

Polarimeter

Displays

Polarization Directly

Block diagram of the microwave po^rir ‘er.
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TRIMODE TURNSTILE 
dual balanced mixer

CIRCULAR WAVEGUIDE 
SIGNAL INPUT

I-F 
AMFL^teR

ÆCTF Db

MIXER 
CRYSTALS

AMPLIFIER

MO-PERMALLOY POWDER CORES Available in a wide range 
of sizes, from .260" OD to 5.218" OD. They are given various 
types of enamel and varnish finishes, some of which permit 
winding with heavy Formex insulated wire without supple­
mentary insulation over the core.

These powder cores are supplied in four standard perme­
abilities: 125, 60, 26 and 14 Mu. They provide constant per­
meability over a wide range of flux density, and in many 
cases may be furnished stabilized to provide essentially con­
stant permeability over a specific temperature range. Large 
warehouse stocks of preferred sizes are carried for immediate 
shipment. Write for Bulletin PC-104B.

Instantaneous viewing of micro­
wave polarization achieved with 
trimode turnstile.

IRON POWDER CORES A wide selection of cores is available, 
from simple cylinders to special cores of complicated design. 
The line includes all standard types of threaded cores, cup, 
sleeve, slug and cylindrical insert cores: for use in antenna 
and RF coils, oscillator coils, IF coils, perm tuning, FM coils, 
television coils, noise filter coils, induction heating and bom­
barder coils, and other low frequency applications. Preferred 
sizes are carried in warehouse stock for quick shipment. A 
standard series of iron powder toroids is also manufactured, 
conforming to the standard sizes proposed by the Metal 
Powder Industries. Write for Bulletin PC-109.

SENDUST POWDER CORES Available in a wide selection of 
sizes, ranging from .800" OD to 3.346" OD, and in perme­
abilities of 10, 13, 25. 30, 50 and 80, although not all sizes are 
available in all permeabilities. They possess magnetic prop­
erties generally superior to iron powder cores, but inferior to 
Mo-Permalloy powder cores in the audio and carrier frequency 
range. Write for Bulletin SDC-110.

INSTANTANEOUS viewing of the polarizatioi 
of an input signal is possible with a simple mi 

crowave polarimeter technique. Using a trimod 
turnstile junction in a precision dual balan 
mixer for circular waveguide, the polarimeter i 
capable of high accuracy over a wide frequen 
band, achieved through symmetry of the 
plumbing. Amplitude errors of less than 2 per 
over a 12-percent band are possible.

Used as a precision dual balanced mixer wi 
circular waveguide input, the trimode tumsti 
waveguide junction is the key to a simple mi 
wave polarimeter technique which pennits i

celerometers, phono pickups, microphones, ultrasonic grinding 
and cleaning devices and underwater signaling devices. For 
more information, write for Bulletin CM-l 16. wsw -»bo?

^ARNOLD
SPECIALISTS In MAGNETIC MATERIALS T-F

THE ARNOLD ENGINEERING COMPANY, Main Office MARENGO, ILL. 
BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES
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Use Commercial Oscilloscopes

The commercial availability of high-gain, direct- 
»upled, “X-Y ” type oscilloscopes with wide-band 
Kplifiers providing identical phase and gain 
iaracteristics in both x and y planes, simplifies 
be presentation problem for many applications, 
ho types of commercial oscilloscopes may be 
Bed, a Weston model 983, and a Tektronix type 
¿6. The Weston instrument has identical x- and 
faxis amplifiers with a 3 db bandwidth of 4.5 mc 
H relative phase shift within 2 deg to 1 mc. The 
■ ktronix 536 employs identical plug-in amplifiers 
ft both axes. For the polarimeter application, 
?e 53/54B, wide-band, high-gain amplifiers is 

Bed. Bandwidth is greater than 10 mc, with less
1 deg of phase error. Excellent presentations 

ûve b* m obtained using separate reflex klystrons 
ft sign al source and for L.O. These are tuned to 
Muct an i-f beat which is within the passband 
F the cope amplifiers.
fast-acted from U. S. Naval Research Labora­

N L Report 5214, An Instantaneous Micro­
be P larimeter Technique by P. J. Allen and 

0. Tompkins.

I $tanta ous viewing of input polarization. Through 
I jjear ¡ixing, the relative phase and amplitude of 

rtho aal components of an arbitrarily polarized
I ¿pUt gnal are preserved in the i-f outputs of the 
I nv0 n vers. After amplification, these two i-f sig- 
nak ai applied to orthogonal deflection planes of 

cathode-ray tube to obtain an accurate, in­
stantaneous picture of input polarization. Circular 
polari/ation generates a circle; elliptical polariza­
tion, an ellipse; and linear polarization, a line 
which indicates the plane of polarization. In cer­
tain applications, a variation of the method per- 
riits direct i-f recording of the polarization 
information. The polarimeter technique has applica­
tion in microwave communication, radar, counter­
measures, radio astronomy, antenna studies, and 
in laboratory measurements of polarization.

Under conditions of linear mixing, the phase 
Lad amplitude relationships of the orthogonal 
components of the input signal to the circular 

Laveguide will be accurately preserved in the i-f 
kgnal outputs of the two balanced mixers, regard­
Less of the i-f chosen. The high degree of accuracy 
of this conversion operation, which can be 
achieved because of symmetry of the trimode tum- 

Lnle mixer, is most important in its application to 
. precision polarimeter. The simple manner in 
liich these i-f signals are utilized to make visible 

the polarization characteristics of the input signal 
: illustrated by the block diagram. Typically, the 
two i-f signals are applied to orthogonal deflection 
planes of a cathode-ray tube, after the necessary 
> nplification, to obtain a Lissajous figure which is 

L pictorial representation of the input signal po­
larization.
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For more performance in less space it s 
the new Clarostat Series 57, 1/2" precision 
potentiometers. A precise rotor and brush 
assembly used in combination with the 
exclusive Clarostat “Hi Load' winding 
element results in a miniature potenti 
ometer of maximum resolution, stability 
and reliability. Nickel silver body with 
stable, thermally compatible cover Termi 
nals are exclusive Clarostat positive 
mechanical internal locking type

WRITE fOR COMPUTE DETAILS

Senes 57. units available from your Clarostat Industrial Distributor

DOVER, NEW HAMPSHIRE
In Canada. CANADIAN MARCONI CO., LTD , Toronto 17, Ont

For military and commercial applications

Resolution to 0.05%.

Dielectric strength: 1000 V ac for 
one minute a atmospheric pressure

Resistance range: to IOOK ohms.

Linearity: (Independent) 2% standard 
1% special

Rotation Mechanical 360 with stops 
available, electrical 320°, mm. 

standard, effective 300° 5% standard

Mountings. Servo and bushing.



PUTTING MAGNETICS TO WORK
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Magnetic amplifier manufacturers turn to Orthonol® tape cores 
for precise proportioning control or switching action

tube c 
but ii

Reliability Prediction and Ground 
Equipment

A progress report on the development of a pre­
diction technique which will enable a designs 
to predict the quantitative reliability his equip­
ment will achieve in the field. It is felt the results 
to date are sufficiently significant to be reported 
and indicate the technique is valid enough to b* 
used by engineers and scientists for analyzing and! 
increasing the reliability of their equipments. Thd 
report describes the development of a technique] 
for predicting ground electronic equipment re-| 
liability. Reliability Prediction and Test Results] 
on USAF Ground Electronic Equipment, Joseph] 
J. Naresky, Rome Air Development Center, Grifl 
fiss AFB, N. Y., July 58, 25 pp, $0.75. Order TB 
151041 from OTS, Washington 25, D. C.

better 
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Transistor IF and RF Amplifiers

Miniaturized transistorized if amplifiers whu. 
can withstand shock, vibration, and temperatun 
conditions between 0 C and 70 C have been de 
signed and constructed and have the following 
characteristics: Center Frequency, 1 me, 15 me 
6 db Bandwidth, 8.8 kc, 13.0 kc; 60 db Bandwidth 
21.2 kc, 25.0 kc; Power Gain, 80 db, 76 db. I 
30 me if amplifier breadboard with a 51.7 dl 
gain, a 6 db bandwidth of 150 kc, and a 60 dl 
bandwidth of 500 kc has also been constructed 
Three permeability-type miniature rf tuners ti 
track three tuned circuits in the frequenc range! 
of 1.5 to 5.0 me, 5.0 to 15.0 me, and 15 t 15 nJ 

have been designed and constructed. A tc hniqul 
of temperature compensating high-Q fern -cor J 
coils have been discovered. Radio Fr uenq 
Tuners and IF Amplifiers for Transistors, fowl 
A. Abbott, Emerson Radio and Phonograp Coty j 
Jersey City, N.J., Oct. 58, 28 pp, $0.75 
PB 151545 from OTS, Washington 25, D
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Orthonol is a switching material that can be turned all the 
way on—or part way on—with vast precision.
The rectangular B-H loop of the 50% nickel, grain-oriented 
alloy provides an amplifier output which is linear and directly 
proportional to control (reset) current. This response is so 
linear that the amplifier acts as a valve with an infinite (at 
least a billion) number of steps from full off to full on.
Full off and full on can he achieved with snap action, because 
the horizontal saturation characteristic of the B-H curve 
means a very low’ saturated impedance. Thus, when the am­
plifier is on, it is on; when it is off, it is off. On-to-off imped­
ance ratios of at least 1000 to I provide complete assurance 
of this absolute characteristic.

Electron Tube Shorts and Discontinuities

This investigation concerns the problem oi bort­
testing electron tubes. In the past, repeatability of 
short detectors was evaluated with tubes. This was 
not satisfactory because most temporary shorts, are 
by nature, not repeatable. A Simulated Short 
Generator was developed and an evaluation of 
different detectors was made. The Simulated 
Short Generator was also used to study the levels 
at which shorts become objectionable in electronic 
equipment. Study of Electron Tube Shorts and 
Discontinuities, William A. Barrows and Clarence\ 
L. Reynolds, General Electric Co., Owensboro, 
Ky., June 58, 188 pp, $3.00. Order PB 1514891 
from OTS, Washington 25, D.C.
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Orthonol in tape wound core form, you can still take ad­
vantage of this excellent material in laminations. An 
Orthonol laminated core has characteristics almost identical 
to those in toroidal form.
Like all Magnetics, Inc. products, Orthonol tape wound 
cores and laminations are Performance-Guaranteed. Full 
details await your inquiry. Magnetics, Inc., Dept. ED-60, 
Butler, Pennsylvania.
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Imprc ed Guns for Cathode Ray Tubes

Thi ontract calls for the development of a 
r!be ( ectly interchangeable with the 10UP14A, 
h it ir roved with respect to focus quality and 
Jianc of focus with drive. Line widths much 
better ‘ban those specified for the 10UP14A were 
•ttaint i. but difficulty was encountered in focus- 
ing sc: en currents of the order of one ma. The 
chief < mses were focus lens distortion and space 
charge defocusing. Development of Improved 
Guns i or Cathode Ray Tubes, D. W. Clark, 
Radio Corp, of America, Harrison, N.J., Oct. 58, 
JI pp, 80.75. Order PB 151503 from OTS, Wash­
ington 25, D. C.
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High-Power Traveling-Wave Tubes

In the cloverleaf traveling-wave tube project, 
the most recent tube built, after some modifica­
tion. operated at a small-signal gain approaching 
I) db without serious instability. A maximum 
power output exceeding 3 megawatts was ob­
tained, with an efficiency of approximately 33 
per cent, and a gain of almost 35 db. The observed 
bandwidth under these conditions was 9 to 10 per 
cent. In the high-power, broadband tube struc­
tures project, a tube is now in design and con­
struction of some components has started. This 
tube uses the 24-Ioop section of the “centipede” 
design as the basic structure. Development of 
High-Power Traveling-wave and Hybrid Tubes, 
H. Chodorow, Microwave Lab., Stanford U., 
talif., May 58, 29 pp, Microfilm $2.70, Photocopy 
450. Order PB 136050 from Library of Congress, 
Washington 25, D. C.

AUTOMATIC TRANSLATION
Computing machines aid language research at Ramo ■ Wooldridge

; whicl

>eratun

tadio-lsotope Thermoelectric Generator

This report consists of five sections, each of 
«hich is part of a predevelopment feasibility

een de radio-isotope thermo-electric genera-
llowini Pr°gram 1S described in general, and
15 me ^HH^ectric design considerations, radio-isotope

¿width
i db. .1

iHirce design and shielding are examined in de-

tructed 
ners N 

range]
» 45 nJ 
liniqtj 
-cord

. dwori 
Corp

U. The design of a handling facility is described 
- 1 a ty pical electronic application of the device 

H discussed. The conclusions of this feasibility 
My are that it is possible to build a practical 

>del of the radio-isotope thermoelectric genera- 
। r and that such a device will have certain unique 
M desirable performance characteristics not 
kesently attainable by conventional methods. 
Mgn Considerations for the Radio-isotope 
f ¡erm electric Generator, F.+ B. Brauer, J. L. 
r1^ nd others, Rome Air Development Center, 
rfe \FB, N.Y., Jan. 57, 87 pp, Microfilm $4.80, 
hotoc. py $13.80. Order PB 135315 from Library 
Fi on ress, Washington 25, D. C.

To formulate rules for automatic language translation is 
an enormously subtle and complex project. Yet significant 
progress is being made. During the past year of research 
at Ramo-Wooldridge over 60,000 words of Russian text 
have been translated and analyzed using an electronic 
computer. From the beginning several hundred syntactic 
and semantic rules have been used to remove ambiguities 
that are otherwise present in “word for word” translation. 
Our present computer program for automatic translation 
is a considerable improvement over earlier attempts.

Apart from the question of translation itself, electronic 
computers are invaluable for language research. The 
expansion of existing knowledge of the rules of language, 
through statistical analysis, is made practical by mecha­
nized procedures. A clear symbiosis between linguistics 
and computer technology has emerged.
Automatic translation research is one of many R-W 
activities addressed to problems of communication of

scientific information. These problems are increasing at 
an accelerating pace. In this area, as in others, scientists 
and engineers find at Ramo-Wooldridge challenging 
career opportunities in fields important to the advance of 
human knowledge. The areas of activity listed below are 
those in which R-W is now engaged and in which open­
ings also exist:

Missile electronics systems
Advanced radio and wireline communications
Information processing systems
Anti-submarine warfare
Air navigation and traffic control
Analog and digital computers
Infrared systems
Electronic reconnaissance and countermeasures 
Basic and applied physical research

For a copy of our brochure or other information, write to 
Mr. Donald L. Pyke.

44 RAMO-WOOLDRIDGE
I . f PO. BOX 90534, AIRPORT STATION • LOS ANGELES 45, CALIFORNIA 

a division of Thompson Homo Wooldridge Inc.

Please write direct to advertiser mentioning ELECTRONIC DESIGN
PONIC DESIGN • July 8, 1959



REPORT BRIEFS Teflon

THE CUBIC
TALKING METER

OTS, Washington 25, D.C

$ at lov

Diode), R 11 Rediker and D E. Sau yer ^striai 1

CORPORATION
5575 Kearny Villa Road, San Diego 11, California

NEW DIMENSION IN DIGITAL “READOUT

■ bp«*'
I * rn s'
I * 1

of cathode-ray tubes with reduced phosp

Lab., MIT, Lexington, Mass., 27 Nov. 5' 2S p 
Microfilm $2.70, Photocopy $4.80. Or er * 
130878 from Library of Congress, Washi ¡.Jon 
D. C.

ELECTRONIC DESIGN • July 8 l95WCTROb

Instrumentation with two sensory dimensions 
an edge-lighted digital readout 
and a clear human voice!

Vocameter—the Talking Meter—is the newest 
addition to Cubic Corporation’s line of quality 
Digital instruments. Write today for information 
about the Talking Meter and these other pre­
cision instruments: Voltmeters, AC Converters, 
Ohmmeters, Scanners, Ratiometers, Printer 
Controls, Preamplifiers.

THE 
INSTRUMENT 
THAT READS 

ITSELF!

Conversion of any phenomenon of science to a 
DC voltage . . . pressure, temperature, depth, 
volume, salinity, countless weights and mea­
sures ... provides a typical application for the 
Cubic Talking Meter, the instrument that reads 
itself!

A world of exciting applications with a dimension 
never before engineered into precision digital instrumentation 

A METER THAT TALKS!

^ofil I $.
Lil rar

The low forward-voltage drop and high-frequen®,^. 
capacity make this switching diode uniq»^. 
Punch Thru Diode (Operation As A Narr^w-B^^ nj

hole-storage effects. A switching-diode desi' 
that switches at speeds up to 5 M cps is describe

A new and improved method for the design Bfte suc< 
certain ty pes of electronic power transformers A,p0V 
described. Satisfactory designs can be obtaine»e-stag€ 
with little or no repetitive trial procedures. Tl»t(Te un 
following types of transformers have been invesAjfh a p< 
gated during the current contract: (1) Tran™ 140 [ 
formers with unbalanced magnetization: (2) CuiB>£;m/ic 
rent-limiting or high-reactance transformers; iBjiiwanA 
Current-limiting transformers with unbalance M 54 p 
magnetization; (4) Vibrator-supply transformerBi^/^g/ 
(5) Low-capacitance transformers; (6) InstrumerB 
transformers. Research and Development of NeBccelerc 
Design Method for Power Transformer, G. ■ 
Forster, Armour Research Foundation, C/iiracB Data a 
III., Mar. 56, 305 pp, $5.00. Order PB 131968 frot" of sp

flec tion obtained by incorporation of the phosphoBtenipei 1 
in a glaze of close refraction index match. ResuMealuau- 
ing tubes provide an improvement of two and »dures, 
half times in ambient light reflection. ReducetK^i/ All 
Reflections in Phosphors: Theory and Experiment}'., Ju 
John F. Dreyer, Polacoat, Inc., Blue Ash, Oh» .py 84 
Oct. 58, 12 pp, $0.50. Order PB 151486 from OTSBCengrcsi 
Washington 25, D. C.

Rapid R
I Devele

With a Dimension for the Future 

CIRCLE 61 ON READER-SERVICE CARD

/ Where physical set-up factors prevent line-of-sight meter readings
/ Where safety requires that the eyes stay on the work area
/ Where voice "readout” creates previously unknown convenience
/ Where a combination of sight and sound gives impression impact

Punch-Thru Diode B l by th«
The punch-thru diode is a planar junction dioB a^ona 

with a very’ narrow base width. Three techniquB '' ' 
which have been used to manufacture puncM ‘ ' 
thru diodes are described. The currcnt-volta» ( 
relationship of this diode is a function of the dB 7 ’

1 pu
gree of imperfection of the ohmic contact. B» 
cause of its narrow base w idth, the diode is ■' 
high-frequency device both for small-signal an 
plications and for switching applications. SmaWdustria 
signal applications at uhf are discussed. In switcWower Tr 
ing applications the reverse recover}' time ■ study 
limited as much by junction capacitance as »of pre

Reduced Reflections in Phosphors

The theory’ and process are given for prep iratic
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accelerometer Shake Tests
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Portland 7, Oregon
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dustrial Preparedness Study on 
»wer Transistors
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Data are presented for operational investiga­
n of specified manufacturer’s characteristics for 

> types of acceleration transducers. The test 
^ta presented indicate that the performance of 

transducers tested only approximates that speci- 
by the manufacturer. The great desirability of 

i brational calibration of accelerometers just prior 
i use is clearly indicated. Results of Accelerome- 

r Shake Tests, Max I. Rothman, Air Force Mis- 
p Development Center, Holloman AFB, N. Mex., 
k. 58, 11 pp, Microfilm $2.40, Photocopy $3.30. 
vderPB 136055 from Library of Congress, Wash­
won 25, D.C.

LOW INPUT CURRENT
NPN transistor collector current 
vs collector voltage with con­
stant current base steps Collector 
sweep is 0 to 1.5 v, base current 
I microamp/step Vertical de flee 
tion is 10 microamp/div, hori­
zontal 0.1 v/div.

rmc-w 
. Linrfl 
5. 28^

HIGH INPUT CURRENT
PNP transistor, collector current 
vs collector voltage with base 
grounded and constant-current 
emitter steps. Collector sweep is 
0 to 15». emitter current 200 
ma/step Vertical deflection is 
200 ma div, horizontal 0 1 v, div. 
Zero voltage is at center scale

A study has begun on the low voltage opera- 
■n of present power transistor types with a view 
changing designs slightly to improve perform­

** at low voltages. Equipment has been set up 
making silicon alloy junctions. This equipment 

now n operation and initial results on the few 
les i;nd transistors made so far look promising. 

vustrial Preparedness Study on Power Transis­
Ti P. W. Erickson and J. F. Battey, Transistor 

wt Inc., Waltham, Mass., July 55, 27 pp, 
^ofiUi $2.70, Photocopy $4.80. Order PB 136090 

Ui rary of Congress, Washington 25, D.C.

Rapid Response Magnetic Amplifiers

Development of rapid response magnetic am- 
ifiers and their associated supplies are reported, 

he successful development of two static mag- 
tic power supplies is described: that of a 64.8-kc 

r e-stage cascaded unit and that of a 6-kc single- 
kge unit. A rapid response magnetic amplifier 
kith a power gain of 20,000 and a time response 

140 psec was constructed. Rapid Response 
piinefic Amplifiers, Peter H. Sawitz, American 
Kisearc/j and Mfg. Corp., Rockville, Md., Sept. 
h 54 pp, $1.50. Order PB 151458 from OTS, 
Wiington 25, D.C.

P.O Box 831 
Phone CYpress 2 261 1 •

HIGH COLLECTOR CURRENT
PNP transistor, collector current 
vs collector v >ltoge with con­
stant-current base steps. Collector 
sweep is to 5 v with a 0 25-ohm 
load, base current is 50 ma/step. 
Vertical deflection is 1000 mo/ div,

Teflon Hook-Up Wire

The bject of this program is the evaluation of 
mni. cially available Teflon insulated hook-up 

Lrc t enable the establishment of specification 
Lquir- icnts for the procurement of such wire. 
ke pbvsical and electrical properties within the 

rnpei iture range of —65 to -(-250 C have been 
Evaluated in accordance with prescribed test pro- 
Ltlun Evaluation of Teflon Hook-Up Wire, Le­
" 7 Allen Mullin, Research Inst., Syracuse U., 
VÏ.. June 56, 269 pp, Microfilm $11.10, Photo- 

Lpy 840.10. Order PB 136002 from Library of 
Congres, Washington 25, D.C.
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20-Ampere Collector Displays
(10-ampere average supply current)

2.4-Ampere Base Supply
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TEKTRONIX HELD Off ICES. Albertson, 1.1., Ni* Albuquerque • Adonta, Ga. * Bronxville, 
N.Y. • Buffalo • Cleveland • Dallas • Dayton • Elmwood Pork, III • Endwell, N Y. • Houston 
Lathrup Village, Mich. • East Los Angeles * West Los Angeles * M nneapolis * Mission, Kansas 
Newtonvdle, Mats • Orlando, Fla. * Polo Alto, Cold ' Philadelphia • Phoem« • San Diego 
St Petersburg, Fla. • Syracuse • Towson, Ms • Union, NJ.* Wosh.ngton, D.C. * Willowdale, Ont

TEKTRONIX ENGINEERING RÍPRIMNTATIVES: Hawthorne Electronics, Portland, Oregon., 
Seattle, Wash.; Hytronic Measurements Denver, Colo., Salt Lake City, Utah

Teklron.« is represented in 20 overseas countries by qualified engineering organizations

No production dolayl Shipmanti within a vary faw day» of ract.pt of ordt» 
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TYPE 575 CHARACTiRISTICS '
Positive or Negative Collector Sweep

Collector supply—0 to 20 v, 10 amperes average current.
—0 to 200 v, 1 ampere average current.

Dissipation limiting resistors—0 *c 100-kilohms in 17 steps.
Positive or Negative Base Stepping

4 to 1 2 steps per family, repetitive or single family display
1 7 current per step positions, I pa/step to 200 ma/step.
5 voltoge-per step positions, 0.01 v/step *o 0 2 v/step, with 24 

series resistance values from 1 ohm to 22 kilohms
Calibrated Display

Vertical axis—
Collector current, '6 steps from 0 01 mo/div to 1000 mo/div
Pushbutton! are provided for multiplying each current step by 2 and 

dividing by 10, mcreas.ng the current range to 0.001 to 2000 ma/div.
Horizontal axis —

Collector volts, 11 steps from 0.01 v/div *o 20 v/div
Both axes—

Bose volts, 6 steps from 0 01 v/div to 0 5 v dtv.
Base current, 17 steps from 0 001 mo dtv to 200 ma/div.
Bose source volts, 5 steps from 0.01 v/div to 0.2 v/div

Test Condition Selector
Select either common-emitter or common base configuration.

200 MILLIAMPS STEP

with input current 
from

1 MICROAMP STEP

ract.pt
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This Metet Cu HdpHANDBOOK

CONTAINS
*«WI EVERYTHING

YOU SHOULD
KNOW ABOUT

PERMANENT MAGNETS

CRUCIBLE STEEL COMPANY OF AMERICA
CIRCLE 63 ON READER-SERVICE CARD

FOR TIMELYMEET ANOTHER L & R PRECISION PRODUCT
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Sensitive Phase Meter

CIRCLE 64 ON READER-SERVICE CARD

learity, 
liformit

INDUSTRIAL PRECISION 
CLEANING MACHINE
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This meter is capable of measuring the very 
small time difference that exists between corres­
ponding pulses of two nearly coincident pulse 
chains. This method utilizes electronic switching 
techniques that periodically reverse the two input 
connections to a phase indicator. The output of
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The most comprehensive manual of its kind! 
It contains all the data you need to design 
permanent magnets into generators, meters, 
compasses, hi-fi and TV systems, etc. It ana­
lyzes 60 different magnet materials — dis­
cusses measurements, ferromagnetism, 
electromagnetic theory, etc. For your copy of 
this Permanent Magnet Handbook, send check 
or money order for .$10* to Crucible Steel 
Company of America, P. O. Box 2518, The 
Oliver Bldg., Mellon Square, Pittsburgh, Pa.
*11 you ore located in Pennsylvania, add 35c lor state sales lox.
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UdH MANUFACTURING COMPANY
589 Elm Street, Kearny (Arlington), New Jersey

Gas-Filled Clipper Tube

The investigation clearly indicates that a gas 
tube clipper in an end of line matched impedance 
clipper circuit offers most advantageous operation 
at all power levels up to the 5948/1754 level. In­
cluded in this report is information necessary for 
a designer to compute the desired ratings of a 
clipper tube from the design data of the modu­
lator circuit. The results of this report will be used 
to design an optimum clipper tube for service at 
the 5948/1754 power level. Research Study and 
Development of Clipper Tube, Arthur J. Moses, 
Chatham Electronics, Livingston, NJ., 30 Sept. 
56, 208 pp, Microfilm $9.30, Photocopy $31.80. 
Order PB 136040 from Library of Congress, Wash­
ington 25, D.C.

Saint Computer

The Saint computer is a Semiautomatic Analog 
Intercept computer, the word intercept being used 
as a general term to include the interdiction and 
return-to-base functions. The Saint computer has 
the capability of directing an attack at any head­
ing relative to the target. The computer predicts 
the entire intercept path and displays this pre­
diction on a PPI; the prediction is an integral part 
of the computation. Saint Computer, An Analysis, 
John A. Lyden, Jr., Air Force Cambridge Research 
Center, Boston. Mass., May 58, 56 pp, Microfilm 
$3.60, Photocopy $9.30. Order PB 136045 from 
library of Congress, Washington 25, D.C.
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HAVING 
NOISE PROBLEMS?

In Electronic Design, engineers find not only more new 
products, but all the new products normally encountered 
the design of electronic original equipment. 26-tyne publish­
ing frequency brings this information quickly to engi­
neer’s attention, timed to a fast-moving industry. E tronk 
Design is more up-to-the-minute, more complete, more h" p- 
ful, and easier to read than any other electronic pul ation. 
No wonder more and more engineers read Elr tromc\ 
Design first!

ELECTRONIC DESIGN
a HAYDEN publication

830 THIRD AVENUE, NEW YORK 22, N. Y.

1 'V. .-ur... ।

lo determine if the sound »
level is objectionable and to • *7 JW
plot the pattern of the sound

it is t eing used widely for ■■■»*
sound measurements in
factories, offices, homes,
theaters... for studies on 1
machinery, appliances, office equipment, public address and theater 
sound systems, acoustical insulation installations and hundreds of 
other commercial problems.

ANYONE can use the G-R Type 1555 A Sound-Survey Meter- 
Its price, only $150.

Write for the GR SOUND BULLETIN for Data

For more than a decade, industry has cleaned its 
smallest, most precise metal parts in this machine 
that employs the famous L & R Centrifugal Cleaning 
Action. In the Work Basket, measuring 3%" deep 
by 5 Mi" I.D., small parts can be cleaned, rinsed, 
polished and dried in less than fifteen minutes—with 
three sets of parts separated by use of triple nesting 
baskets shown above.

When writing, ask for information on our ultrasonic cleaning 
equipment und specially-formulated cleaning chemicals as well 
as the product« shown. In requesting data, please give details 
on the particular cleaning problem and «izes of components.

Ferroelectric Devices

An investigation of ferroelectric crystals and 
their utilization in ferroelectric second-harmonic 
amplifiers has demonstrated that such amplifiers 
are impractical unless much better materials be­
come available. Amplifiers using barium titanate 
crystals and having power gain-bandwidth prod­
ucts of 56,000 have been constructed. The prin­
cipal limitation for successful operation is crystal 
heating due to hysteresis losses at high fields. Fer­
roelectric Devices, Richard A. Fotland and Ed­
ward F. Mayer, Horizons, Inc., Cleveland, Ohio, 
Oct. 58, 75 pp, $2.00. Order PB 151484 from OTS, 
Washington 25, D.C.



pl se indicator is integrated and the resulting 
wavef m is an ac signal, at the switching rate, 
whose mplitude is directly proportional to the 
tune ( iference between the input signals. Sensi- 
rf P se Meter, Frank Vrataric, Diamond Ord­

nance use Labs., Washington, D.C., 20 June 58, 
11 pp Microfilm $2.40, Photocopy $3.30. Order 
PB 15 027 from Library of Congress, Washing­

ton 25. D.C.

Crystal-Controlled S-Band Exciter

A crystal-controlled S-band exciter designed 
jd developed for application in the transmitter 
fa hinh-performance NITI radar has proved that 

crystal control of S-band radar transmitters is 
feasible and results in greater frequency stability 
than obtainable with triode and klystron stalos. 
Construction and measurement techniques, tech- 
ual data, and a derivation for frequency stabil- 
p are presented. Crystal-Controlled S-Band Ex- 
her, R. Allen and H. Whitney, Air Force Cam- 
tndge Research Center, Bedford, Mass., May 58, 
p pp, Microfilm $2.70, Photocopy $4.80. Order 
te 136048 from Library of Congress, Washing- 
ven 25, D.C.

ÍGUB » 

AOÍLWI* 
CHICAGO

15-Channel Transistorized Commutator

Evaluation of a 15-channel transistorized multi­
plexer designed for use in a new PAM-FM 
ruemeter or as a commutator in conjunction with 
existing systems. Tests were made to determine 
parity, sensitivity, zero-signal offset, channel 
Uniformity, and the effects of changes in power 
kpply voltage, signal-source impedance, and out- 
i it loading. The packaging was designed to mini­
mize the effects of temperature, humidity, vibra- 
fon, and shock. Evaluation of NOLC 15-Channel 
ransistorized Commutator, T. Burr Jackson, 
faua! Ordnance Lab., Corona, Calif. Apr. 1958, 
I pp, microfilm $3.60, photocopy $9.30. Order 
IB 135339 from Library of Congress, Washington 
I D.C.
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Mennas For Scatter

Enlike the signal received over a line-of-sight 
Mb, scatter signals arrive at the receiving site 

a continuum of directions with intensities 
wt may be described by a directional pattern 

ilar to an antenna pattern. This report shows 
v th? mean signal power available at the ter- 

knals of a receiving antenna may be expressed in 
ps oi the antenna pattern and of a pattern of 
r power density. Methods of measuring 
r pov r-density pattern at the receiving site are 
peusse 1. Topics in the Design Antennas for 

tohn Granlund, Lincoln Lab., MIT, Lex- 
rM lass., 23 Nov. 56,120 pp, Microfilm $6.00, 
poco,^ $18.30. Order PB 130880 from Library 
i wig ess, Washington 25, D. C.
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COMBAT MOBILITY 
telecommunications move 
up-front with the advance

Kleinschmidt teletypewriters maintain constant contact, 
In print, between U. S. Army command and field positions

On the go...bouncing over bunker or beachhead 
...Kleinschmidt teletypewriters accurately, effi­
ciently send and receive printed messages. Devel­
oped in cooperation with the U. S. Army Signal 
Corps, these units instantly provide both sender 
and receiver with identical data... printed on

KLEINSCHMIDT
DIVISION OF SMITH-CORONA MARCHANT INC., DEERFIELD, ILLINOIS 

Pioneer in teleprinted communications systems and equipment since 1911
CIRCLE 67 ON READER-SERVICE CARD

paper! In recognition of its quality, Kleinschmidt 
equipment is manufactured for the U. S. Army 
under the Reduced Inspection Quality Assurance 
Plan. This kind of proved experience is now avail-* 
able for unlimited advances in electronic commu­
nications for business and industry.
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U/tra Precise Ba// Bear/ngs 
He/p "C/ock"A Sate///fe/

CUSTOMER PROBLEM:
Require ultra-precise bearing design for Bodine 
electric motor used in satellite-tracking micro­
clock. Bearings must provide uniformly low 
starting torque, precise location of rotor shaft 
and minimum maintenance, to help mechanism 
achieve time determinations to 0.001 second.
SOLUTION:
N/D Sales Engineers studied special bearing 
requirements, and recommended New Depar­
ture ultra-precise ball bearings. These ball 
bearings measured up to every requirement for 
micro-clock motors . . . thanks to New Depar­
ture’s advanced equipment for research, devel­

78

DIVISION OF GENERAL MOTORS, BRISTOL, CONN.
HOTH/NG »Out 4 «4
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opment and production. N/D equipped micro­
clocks, selected by the Smithsonian Institute, 
are operating in a dozen locations around the 
world right now, keeping track of vital satellite 
movements ... to accuracies of one milli­
second and better!

If you’re manufacturing or designing electric 
motors for any high precision applications, 
including instruments, why not call on New 
Departure? N/D engineering and research 
facilities are turning out the latest in high 
precision instrument ball bearings and 
advanced ball bearing designs. For more 
information write Department J-7.
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Drawings

MIL-D-8510B(ASG), Preparation of Drawings, 
and Photographic and Contact Reproducirles, 
18 December 1958

Reproducibles of undimensioned drawings are 
of two ty pes. Type I are reduced size reproducible 
photographic negatives of full size undimensioned 
drawings. Type II are full size reproducible dupli­
cates of full size undimensioned drawings.

Material

XBS Cm 
BY THE > 
1959

This ci 
b\ the E 
certified

MIL-M-8857(ASG), Requirements for Micro­
film of Engineering Drawings and Related 
Data, 1 November 1958

This spec requires the furnishing of microfilm, 
electric accounting machine cards, and a micro-1 
film index. Microfilm shall be furnished for end­
article drawings and support equipment drawings. I 
in addition to contractor’s standards and specs. | 
Electric accounting machine cards shall be sub-1 
mitted for each repairable vendor item applicable | 
to the end article.

Repair Parts
MIL-E-17362C(Ships), Electronic Repair Parts) 

Requirements, Procedures for Stock Numbering i 
and Assignment of Government Nomenclature, ! 
20 January 1959

Detailed procedures, terms, and conditions gov 
erning the selection and furnishing of repair parts] 
are covered in this spec. In addition, the require-j 
ments for the preparation and submission of pro­
visioning technical documentation are established. 
Also covered are the procedures for obtaining 
Government assigned nomenclature for electronic 
equipment and for obtaining Federal stock num­
bers for items furnished under the contract.

Magnetic

ASTM A 
A-C Mag 
Specimen;

This sts 
Rescript io 
'hich she 
t this sta 

Society’ fo 
Philadelpl

MIL-P-15137B(Ships), Provisioning and Techni­
cal Documentation for Repair Paris for| 
Electrical and Mechanical Equh men 
(Naval Shipboard Use), 20 January 195'

Covered in this spec are procedures for den 
tifying, cataloging, assigning stock number 
determining requirements for repair part 
equipment, and support equipment. Addit ally 

Copper M
Four n< 

‘ire used 
iatus have 
> new s 
"anufactu 
lirement 
-riety of 
^.8-1958 

feVND C( 
1957) 
rT9-1958 
Vire ; XE 
^10-195

XJCari C(

procedures are established for stock num r as­
signment and the preparation of provi nin 
documentation.
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For more complete information on 
these resistors and other Corning min­
iature components, write to Coming 
Glass Works, 540 High Street, Brad­
ford, Pa. Or contact our sales offices 
in New York, Chicago, or Los Angeles,

three sizes
N-60 
N-65
N-70

ining 
n n e 
uuni-

s are 
icible 
oned

I30K 
500K 
1.0 megohm

formance characteristics
Temp, cycling............. 
Effect of solder..........  
Shelf life (12 mo.) . . . . 
Voltage coef................  
Temp, coef....................  
Hot spot (max.)........... 
Short-time overload

Add an epoxy coating to a Corning tin 
oxide resistor and you come up with 
exceptional moisture resistance—1.5% 
maximum resistance change, well in ex­
cess of the demands of MIL-R-10509C, 
Characteristic B.

Naturally, you retain the basic relia­
bility and stability of the tin oxide film. 
Film and glass form a single, fused unit, 
so rugged that catastrophic failure is

All ratings at 70°C.z derating to 150*C.

Even after a full 1,000 hours of load­
life tests, change in resistance of these

practically impossible.
These resistors are now available in

New MIL-R-10509C resistors from Corning 
with exceptional moisture resistance

Materials

\BS Circular 552, Standard Materials Issued 
by the National Bureau of Standards, 8 April

^EC’^ONIC DESIGN • July 8, 1959

- r tl\ »nie equipment are covered

units is 0.5%, maximum.
Here are typical data for other

This -S c is intended for use as the basic spec for 
velopmental and initial production contracts 
here a detail spec does not exist.

Harne es
L5362B(AER), General Specification 

7 p \ onic Equipment Test Bench Harnesses, 
p Sei ember 1958

The general requirements for the design and 
brie ion of test bench harnesses for maintain-

Magnetic Core

ASTM A 346058, Standard Method of Test for 
VC Magnetic Properties of Laminated Core 
Specimens

This standard provides a method of test and a 
inscription of the proper type of instrumentation 
hich should reduce errors to below* 5%. Copies 

jf this standard are available from the American 
weieb for Testing Materials, 1916 Race Street, 
Philadelphia 3, Pa.

0.1 % max 
0.02% 
0.2’4 
0.001 %/v 
0.02 %FC. 
150°C.
0.03’/.

This circular lists the standard materials issued 
the Bureau and their prices. Information on 

ertified compositions, properties, and purchase 
procedures are given. About 250 of the samples 
je of certified composition; some 100 of these 

;\e been prepared specifically for use in spec- 
7 scopic analysis. Copies of this publication are 
mailable from the Superintendent of Documents, 
I S. Government Printing Office, Washington 25, 
D.C., for 35 cents.

•opper Magnet Wire

Four new ASA standards for copper magnet 
ire used in the manufacture of electrical appa- 
tus have been published. Sponsored by NEMA, 
e new standards cover products designed and 
anufactured to coordinate with performance re­
tirements of AIEE for insulating material in a 
riety of classes. The new standards are: 
18-1958, Single and Heavy Nylon-Coated 
and Copper Magnet Wire (Nema MW6—

19-1 58, Single-Paper-Covered Round Copper

Jen- M NEMA MW31-1956)
and Ö10-1958, Paper-Covebed Rectangular and 
test *A’abi Copper Magnet Wire (NEMA MW33-

: as- 958, Class-Fiber-Covered Rectangular 
ning 8' uare Copper Magnet Wire (NEMA 

^V42- 1957)
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Electron Tubes

military electronic equipment. Tubetubes

CIRCLE 72 ON READER-SERVICE CARD

FREE TEST SAMPLES Show How

ONLY

ELECTRONIC DESIGN BINDER
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TEETH COVER 
EO JAWS OPEN

FULL JAW 
SPREAD

FULL SIZE 
ALLIGATOR CLIP

INSULATOR 
COVERS RIGHT 
DOWN TO 
THE NOSE'

These c
Çply fil

I58OH East 31st Street 
Cleveland 14, Ohio
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FOR LOWER COST THAN ANY OTHER 
COMPLETELY INSULATED ALLIGATOR!

TOUGH FLEXIBLE SKIN TIGHT 
ONE PIECE VINYL INSULATOR 

ONLY 023* THIN

edition, t 
'ilati< >n 
yasioual 
{ed- Mor 
' a serie 
^rges ev 
0,1 res- ta

Electron Tubes, Techniques for Application of 
In Military Equipment

This handbook is intended to provide guidance 
to design engineers in the application of electron

insulator and clip ... on request

CIRCLE 73 ON READER-SERVICE CARD
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Materials Handbook

Military Handbook HJB, Cross Index of Chem­
ically Equivalent Specifications and Identifi­
cation Code (Ferrous and Nonferrous Alloys)

A single five-digit code number is establisheel 
for ferrous and nonferrous alloys of similar com­
positions covered by a variety of specs. The hand- 
Ixiok makes it easier to prepare raw material re­
quirements for bills of materials. The publication 
also permits ready comparison of material com­
positions. Copies are available from the Govern­
ment Printing Office, Washington 25, D.C., for 
$1.75. Order this 366-page edition by specifying 
Catalog No. D7.6/2.1B.

kurz-kasch
Kurz-Kasch, Inc., 1415 S. Broadway, Dayton 1, Ohio

CIRCLE 70 ON READER-SERVICE CARD

. . . KEEPS YOUR BACK COPIES FOR HANDY REFERENCE

These strong, 12%, 12% x 5* binders offer on easy ' 
of filing your back copies of Electronic Design. Each L sr 
holds 13 normal size issues, and permits substitution of 
zines if desired. Cost to Electronic Design subscribers 
$3.25.

standard knobs • •• 
widest choice ^4o o 
fastest delivery

Variety and versatility in a complete standard 
line of thermosetting plastic knobs. Combi­
nations, variations in types, sizes and colors 
delivered promptly. Send for catalog.

Blowup shou t precision \\ 
made MlNl-MITESet V 
St reus with berfecth 
formed beads which 
asssure enif insertion 
•/ dr it ing tools. fl

For miniaturized appli­
cations Setko MINI-MITE Set Screws can cut your costs 
in four important ways. Reduces initial cost, no extra 
charges are incurred because of special design. Increases 
production rates because MINLMITES are made with 
watch makers precision, threads mesh precisely—insert 
perfectly. Cuts doun on rejects in sub or final assembly 
because of consistent uniform quality. Immediate avail­
ability in Slotted. Socket and Socket Cap types in sizes 
rO, rl, tl and *3 and in a wide selection of metals, 
finishes, lengths and points to choose from.
"OPERATION RE-ANALYZE FOR COST REDUCTION”-A

_ new Free Setko service designed to help you 
/•—<pted up pr^duct^n—tn. reuse quality 

" ... Write today for full information . .. Ask
_ about "Operation Re-<crew analyze and catalog 23. d 

k mP & Mff-Ca 265 *•" n

SNUG AND TOUGH
AS AN ALLIGATOR. SKIN!

Units and Symbols

ISO R31, Plrt 2, Quantities and Units of Peri­
odic and Related Phenomena

The second part of an international agreement 
on units and on symbols for quantities and units 
used in various fields of science and technology 
has been published by the International Organi­
zation for Standardization (ISO). It includes the 
following basic units of measurement: meter for 
length, kilogram for mass, second for time, am­
pere for electric current, degree Kelvin for thermo­
dynamic temperature, and candela for luminous 
intensity. It also has standard international sym­
bols, abbreviations, definitions, and conversion 
factors for these basic units, as well as for many 
other widely used units, such as the inch, the 
fathom, the gallon, the bushel, and the barrel. The 
conversion factor for the inch is established at ex­
actly 25.4 millimeters. This is the same as the con­
version factor which will become legal in the U.S., 
England, and Canada this y ear. Part 1 and Part 2 
are available from American Standards Associa­
tion, 70 E. 45th St., New York 17, N.Y., for $1.80 
and $1.20 respectively.

properties and statistical concepts are discussed 
in Part I. These properties and concepts are dis­
cussed in Part II with circuit design. Part III con­
tains numerical and graphical information and 
special design data. Manufacturer’s life test data 
on the tube property behavior of these specific 
types are presented in Part IV. This 684-page 
publication is available from the Government 
Printing Office, Washington 25, D.G., for $3.25.

tm Ike JiMl hiKe! 
COMPLETE, SKIN-TIGHT, ONE- 
PIECE VINYL INSULATION FOR 
FULL-SIZE ALLIGATOR CLIPS

Mueller’s New No. 72 Insulator
for 70-Series Alligator Clips...

(Sold separately Red, Black, and four special colors.)



WELD FAILURES

phone

ELECTRONICS

CIRCLE 74 ON READER-SERVICE CARD

Now carried in stock by your local distributor

CIRCLE 76 ON READER-SERVICE CARDCIRCLE 75 ON READER-SERVICE CARD

TRY US FOR OVERNIGHT DELIVERIES on all 
MIL-C 3965/2A/3A ratings, any vibration level. Write or

Street 
Ohio

Non-corrosive electrolyte 
Long shelf life at -65 C

• Leak-tight, vibration-proof
• Etched or plain, polar or non-polar

TANSITOR ELEC
TRONICS, INC., West Road, Bennington. Vt. Tel. 5473

complete data
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You can bend the leads of TANSITOR 
tantalum capacitors in most cases as 
many as 18 times without failure of 
th« wold. The wire will break before 
the weld!

Davohm Series 850 
Hermetically sealed 
metal film resistors 
feature:

Capacitors
IEC Publication 103, Aluminum Electrolytic 
Capacitors for General Purpose Use

Polarized electrolytic capacitors with aluminum 
electrodes are covered in this standard. These 
capacitors are intended for general purpose ap- 
ication in telecommunication equipment and in 

electronic devices where the ambient temperature 
not below —25 C. Established are requirements 
r judging the mechanical, electrical and climatic 

properties of these capacitors. Copies of this pub- 
ation are available from the American Stand­

ards Association, 70 E. 45th St., New York 17, N.Y., 
: r $3.20 per copy.

LOW RESISTANCE
VALUES AVAILABLE

WITH TANSITOR TANTALUM CAPACITORS
But last year only 0.0001% of all TANSITOR capacitors 
shipped were returned because of weld failure. Not perfect, 
but nearly so. Consistent quality like this means fast, trouble­
free assembly, reliable operating performance in your military 
and commercial electronic equipment.

TANSITOR FOIL CAPACITORS PROVIDE
• -55 to 4-125 C operating range at 150 

volts or less in wide range of capacities

\!IL-C-21720(Ships), Capacitors, Fixed, Solid 
Electrolyte, Tantalum, 29 December 1958

Capacitors covered by this spec are polarized, 
Lntalum, solid electrolyte, fixed types. These ca- 
acitors are intended for use in coupling, by-pass, 

1 other applications where the ac component 
jes not exceed 5% of the de voltage rating. Low- 
Itagc applications are the primary intended use 
r these capacitors where stability, size and shelf 

> characteristics are important factors. Transis- 
r circuits are ty pical applications. A typical type 
signation is CS12BB2R2K.

HL-C-18312A(Navy), Capacitors, Fixed, Paper 
h Mylar) Dielectric Construction, Direct 
t®e> r, Hermetically Sealed Metallic Case,

•' November 1958
These capacitors are intended for use in power 
pply filter circuits, by-pass applications and 
*r applications where the ac component of the 
tage is small with respect to the de rating. In 

tion. they may be used where high values of 
elation resistance are not essential and where 
’^sional momentary breakdown can be toler- 

1 N smentary breakdown is defined as one 
a st ies of rapidly succeeding capacitor dis- 

^ges evidenced by abrupt decreases in insula- 
3 r?s tance of values below the limits specified 

fol] wed by restoration of the resistance to a 
r^e a >ove this point. Typical designation of 
T^itc s meeting this spec is: CH70B1NF605M.

Nome cloture and Nameplates

\HL- 18307C(ASG), Nomenclature and Name- 
vit for Aeronautical Electronic Equip- 

October 1958
Thi' '•pec establishes the requirements and pro- 

ædun > for obtaining assignment of AN ’ (also 
known as “JCENS”) and “ANA” nomenclature. Tn 
addition, it covers approval of nameplates or 
marking methods. Procedures outlined in this 
<pec are to be used for equipment used by the 
Bureau of Aeronautics, Department of the Navy, 
jnd the Air Force.

• Low values which have the same char­
acteristics as all other resistance 
values. The positive temperature co­
efficient of these resistors is the same 
within ±20 PPM/°C for any resistance 
value from 2 ohms to 4 megohms.

Try these where low value resistors are 
required. Write for complete information.

Design Engineers ...
295 standard types of Bodine reducer and 
non-reducer motors are available at once 
... from stock. Reducer torque ratings up 
to 219 in. lbs.
FREE ENGINEERING BULLETIN ...
Stock models, specifications and ratings are 
included in 12-page engineering bulletin.
Distributors in major industrial centers
Bodine also offers 3500 standard built-to-order motors

Bodine Electric Co., 2506 W Bradley PI., Chicago 18

LIVINGSTON, NEW JERSEY
World's Largest Manufacturer of Attenuators

• Ohmic values as low as 2 ohms in 16 
watt size, 3 ohms in 1 watt size, and 
4 ohms in 2 watt size.

• Low values within ± 1% accuracy.

stock motors!

immediate shipment 

on 295 Bodine

fractional horsepower

MOTORS
the power behind the leading products
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Sensitive transducer measures minute 
changes of pressure in human body

Monel transducer body and diaphragms resist 
corrosive saline solutions for long, reliable 
service. Transducer is made by Sanborn Com­
pany, 175 Wyman St., Waltham, Mass.

DEVELOPMENTS IN NICKEL AND NICKEL ALLOYS AND THEIR APPLICATIONS

... Monel fluid chambers withstand 

Waltham, Mass. : This sensitive pres­
sure transducer measures a wide range
of physiological , 
mm Hg down to less than 1 mm Hg.

Delay lines are Inco Electronic-Grade 
“A”* Nickel, drawn fine and stranded 
to reduce eddy currents. Deitime engi­
neers say Nickel combines large and 
efficient magnetostrictive response, 
minimum corrosion, excellent mechani­
cal properties.
Pertinent Literature: Write for Inco 
Bulletin 127B: “Magnetostriction”.

CIRCLE 563 ON READER-SERVICE CARD

Absolute and differential pressures 
travel from source (needle or catheter) 
through a saline-filled tube to actuate 
two small Monel* nickel-copper alloy 
diaphragms. Monel diaphragm rods 
pivot a tiny differential transformer 
core, producing a signal which is fed 
♦ Trademark. The International Nickel C mpanv. Inc.

corrosion, do not affect saline purity 
to amplifiers for quick reading.

Monel alloy was chosen for the parts 
above because it withstands corrosive 
attack from all common saline and 
sterilizing solutions. As a result, Monel 
alloy does not affect saline purity. In 
addition, Monel alloy is easy to form, 
machine, to braze, solder and weld.
Pertinent Literature: Write for Bulletin 
T-5; “Engineering Properties of Monel 
and R Monel”.

CIRCLE 565 ON READER-SERVICE CARD
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Inconel-sheathed total temperature probe 
mounted on Redstone missile nose cone — 
assures high strength at high temperatures 
and readily withstands oxidation, erosion and 
thermal shock at extreme velocities. Probe 
(shown at right) is product of Aero Research 
Instrument Company, Inc., Chicago, Illinois.

Chicago, III.: Streaking through the 
air on mile-a-second missile nose cones 
. . . fixed in hot, corrosive fluid streams 
. . . the five new instruments described 
below operate reliably at glowing tem­
peratures. Aero Research standardizes 
on Inconel* nickel-chromium alloy for 
parts of these instruments that bear 
the brunt of this demanding service.
(1) Total temperature probe — with­
stands 1740° F generated by friction 
during flight on missile nose cones. (See 
photos below.) For maximum reliabil­
ity, its Inconel sheathing also with­
stands oxidation and thermal shock.
(2) Wide-range thermocouple — 
measures temperatures from as low as 
— 320° up to + 1900° F in high-velocity

Photocircuits Corporation has reduced piloted- 
wiring boards to a catalog item. Designers, using 
a kit supplied by the company, may sketch out an\ 
reasonably-sized board, the pattern and hole con­
figuration. Supplied with this information on an 
8 x 10 in. 0.1 in. grid mylar sheet, Photocircuit 
offers drilled quantities of the piece, with a choice 
of base materials and platings. All this without a 
tooling charge, without need of artwork, and at a 
competitive piece price.
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Mamaroneck, N. Y.: Magnetostriction 
produces shock waves in Nickel that 
travel one foot in about 63 micro­
seconds. Deitime, Inc. uses this prop­
erty of Nickel to build electronic delay 
lines. Their latest is a data storage unit 
that packs eleven 300-microsecond de­
lays in a small space. Ten lines “store” 
150 bits of data each, the other “clocks.”

Center rod of unit (shown with plas­
tic cover to reveal detail) is structural. 
Nickel delay lines are concentrically 
located around rod. Diagram below 
shows schematic of a single line with 
associated pulses.

Magnetostriction of Nickel drives Deitime 
data storage unit. With these units some 15 
million bits of data could be handled in a 
3x7x7 foot space, engineers estimate.

Shock waves in Nickel
“store” 1500 bits 
of information

fluids. Inconel sheathing effectively re­
sists these severe erosive-corrosive 
conditions.
(3) High-accuracy, high-temperature 
probe—measures temperatures between 
0° and 1800° F. Again, Inconel sheath­
ing assures reliability, protecting its 
accuracy in supersonic jet exhausts, 
high-temperature furnaces.
(4) Jet thrust measuring rake, water- 
cooled — operates in 3500° F jet after­
burner gases. Inconel alloy construc­
tion provides essential high strength at 
high temperature, plus corrosion re­
sistance.
(5) Sonic-speed, 4430° F, wind tunnel, 
water-cooled — Inconel alloy forms all 
major components, gives tunnel the 
backbone needed to stand up under 
terrific velocity and heat.

You, too, can give parts high tem­
perature stamina with Inconel alloy. 
It retains useful strength through 
2000° F, and can be easily welded and 
formed into intricate shapes.
Pc'rtinent Literature: Write for Bulletin 
T-7: “Engineering Properties of 
Inconel and Inconel X”, and “Inco 
Nickel Alloys for Electronic Uses”.

CIRCLE 564 ON READER-SERVICE CARD

Enclosed in this kit “Master Circuit System i 
a sheet of gridded mylar printed with x and ) 
coordinates over a 0.1-in. grid matrix. The gri( 
lines are not photographically reproducible. J 
sample sketch and a set of instructions are in 
eluded. Also included are the standard dimen 
sions to which the designer is to make up hi 
sketch.

Artwork is the starting point in making up thesi 
panels. First the designer sketches the circuit ful 
size on the mylar sheet with a sharp penci fhei 
holes and lands are indicated and dimeii'ionec 
according to the standards supplied. Hol< -ler 
ance can be held to ± 1/64-in. withoi toe 
charges. Edge tolerances of the board are d tl 
within ± 1/32-in. without tool charges.

Three sizes of conductors are providec him 
width tolerances and registry depend up 000 
ductor size. Printed legends on finished circ s 
marked in color on the mylar sheet. One si of1

5 new Inconel-protected instruments 
retain accuracy at missile speeds, heats 

... point the way to more reliable 
high temperature parts design

ressures — from 400

ZINCO, THE INTERNATIONAL NICKEL COMPANY, INC. • 67 Wall Street • New York S, N. Y. JNCQ
UaBI baIi HaBI aaH
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♦Mil. T 19500/36 (Sig. C.)
•♦MH. T 19500/58 (Sig. C.)

NOTE: Military Type« past comprehensive electrical 
tests with a combined acceptance level of 1 %

Newark, New Jersey 
1180 Raymond Boulevard 
Tel: Mitchell 2-8185
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Computing Center
High-speed electronic data processing applied 

t the customer s application in business, military', 
L government, is offered by the 6-month old 
imputing Services Center of the Computer De- 
utment of the General Electric Company, lo­
afed on the campus of Arizona State in Phoenix, 
rhe Center features a skilled personnel core of 
host 200 with backgrounds in many areas—from 
r. J engineering to physics.
General Electric Co. Computer Dept., Dept, 

b 1103 N. Central Ave., Phoenix, Ariz.
CIRCLE 78 ON READER-SERVICE CARD

phot' ircuits Corporation, Dept. ED, 
J A\ nue, Glen Cove, N.Y.
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sic! board is shown in dotted lines.
dd nal 8 x 10 in. mylar sheets are available

n 1 itocircuits for $1.00 each. Sheets 
sell or $2.00 and 20 x 16 in. sheets

Delco Radio announces new PNP 
germanium transistors in 2N553 
series—the 2N297A and 2N665, 
designed to meet military specifica­
tions. These transistors are ideal as 
voltage and current regulators be­
cause of their extremely low leakage 
current characteristics. All are 
highly efficient in switching circuits 
and in servo amplifier applications, 
and all are in volume production! 
Write today for complete engineer­
ing data.

is maintained at the plant to meet unusual 
Actional or environmental requirements. Cables 
* manufactured on special planetary cabling 
L Jnes designed by the firm. These unique ma- 
Fs ar capable of completing the most precise 

complex cables to meet the ever increasing 
Rnd for specialized cable configurations.

ma tical and Instrument Division, Dept. 
~ Rob rtshaw-Fulton Controls Co., 911 East 
' d St Richmond 19, Va.
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DELCO RADIO
Division of General Motors • Kokomo, Indiana 

BRANCH OFFICES

Custom Cables
Custom electrical and electronic cable and 

able assemblies designed to help solve aircraft 
nd missile cable problems are being manufac- 
ired by this company. Cablets are custom de- 
imed to meet customer’s specific requirements 
al can be manufactured to nearly any length or 
er The company will assume complete responsi- 
ility for design, fabrication and testing to actual 
^dilation requirements, if desired by the cus- 
per. A large inventory of wire and jacket mate-

TYPICAL CHARACTERISTICS AT 25°C

EIA 2N297A 2N297A
1

2N665” ! 2N553

Collector Diode Voltage (Max.) 60 60 80 80 
volt*

HFE (le = O.5A) (Range) 40-100 40-100 40-80 40-80

HFE (lc = 2A) (Min.) 20 20 20 20

•co (2 volts, 25°C) (Max.) 200 200 50 50

Ico (30 volts, 71 °C) (Max.) 6 6 2 2 
mo

Fae (Min.) 5 5 20 20 
kc

T (Max.) 95 95 95 95 C

Therm Res. (Max.) | 2 2 2 2 
c/w



SPECTROL PRECISION POTENTIOMETERS

Meet the SPECTROL
METAL

MULTI-TURN
New type 
construction 
provides

OPERATION
Ihe Spectrol Model 590 ten-turn precision potentiom­
eter features all metal construction of machined alumi­
num with the helical coil placed directly against the case 
for maximum heat dissipation. Aluminum case provides 
excellent dimensional stability, is non-hygroscopic and 
will operate in a relative humidity of 95%, The r diam­
eter 590 is available in ranges from 25 to 120,000 ohm» 
with a standard linearity tolerance of ±0.3%. Tolerances 
to ±0.025% on special order.

For complete technical information call your local 
Spectrol representative or write directly to the factory.

Please address Dept. 197

: SPECTROL
"prenmon electronic compown tn"

1704 South Del Mar Avenu», Sen Gabriel, Calif.
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DISPLAY 4 WAVE FORMS SIMULTANEOUSLY 
ON A SINGLE CHANNEL OSCILLOSCOPE

M0KL ES-141

NEWTON MULTI CHANNEL ELECTRONIC SWITCH
Th* NEWTON ELECTRONIC SWITCH (Model 
ES-141) accepta 4 independent signals and 
sequentially connects them to a single output in 
a lour way display on a single channel 
oscilloscope. Variations of the basic unit can be 
made to provide for simultaneous display ot 
any number oi positions — the number limited
only by total sampling time available 
Compact, light-weight transistorized 
model for air-borne applications. — 
FOR COMPLETE INFORMATION, 
WRITE TODAY FOR DATA SHEET

ANOTHER ACHIEVEMENT IN 
OPERATIONAL DIGITAL BY NEWTON

Transistorized model 
10 times smaller 

than Model E S-141

MANCHESTER, CONNECTICUT

NEW LITERATURE
Microwave Test Equipment

Two page Bulletin No. 100 describes a variety 
of microwave test equipments from the com­
pany’s Pacemaker line. Featured is the standing 
wave amplifier, Type 277A, with a frequency of 
1000 cps ±2 per cent; bandwidth selection of 
15, 50 or 5.50-2500 cps; sensitivity of 0.1 pv full- 
scale deflection at 15 cps bandwidth. Specifica­
tions are included for laboratory power supply, 
universal power bridge, precision heterodyne 
frequency meter, spectrum analyzers, and kly­
stron power supply. An attached business reply 
card will enable the reader to obtain the new 
160-page PRD Microwave Catalog. Copies of 
Bulletin No. 100 can be obtained by writing 
Polytechnic Research & Development Co., Inc., 
Dept. ED, 202 Tillary St., Brooklyn 1, N.Y.

Environmental Testing 83

Facilities and functions of an electronic and 
electromechanical environmental test facility, 
said to be the most completely equipped facility 
for both performance and environmental testing 
in the West, are explained and illustrated in a 
6-page technical bulletin. The bulletin describes 
the complete testing laboratory which is operated 
as an independent facility within the Santa Ana, 
Calif., establishment. The laboratory is said to 
offer extensive facilities for tests of product per­
formance under precisely simulated environmen­
tal conditions. According to BJ Electronics, both 
industry and government agencies have access to 
the latest commercially available test facilities, 
as well as specialized engineering talent, for the 
testing of individual instruments and components, 
or complete electronic and electromechanical 
systems. BJ Electronics, Borg-Warner Corp., 
3300 Newport Blvd., Santa Ana, Calif.

Shipping Containers 84

This 4-page, 2-color bulletin describes the three 
basic types of reusable shipping containers in the 
line—standard padded, dunnage board and shock 
cradle—and tells how they insure the damage-free 
arrival of such delicate equipment as radar units, 
gyroscopes, scientific instruments, electronic appa­
ratus and other shock-sensitive components and 
equipment. Illustrated with photographs and line 
drawings, the bulletin also describes how the con­
tainers meet all Air Transport Associations Speci­
fications for Category I containers. Tables list 
specifications and recommend container types for 
various classifications of equipment. National Vul­
canized Fibre Co., 1059 Beech St., Wilmington 
99, Del.

with o

KINGSLEY Wire-Marking Machine 
The Kingsley Machine will permanently mark each wire 
or piece of plastic tubing with its own individual circuit 
number, at any desired spacing...at a speed of 11,000 
stampings per hour I

You need only one color of wire for as many codes as 
necessary. Simplify your assembly methods and speed your 
production time with the same machine that has proven so 
successful in the entire aircraft industry.

Write for complete information

0» 
MODERI

Retain

KINGSLEY MACHINE CO. • HOLLYWOOD 38 • CALIFORN.A
another i
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THIS LABEL SPEEDS THE 
INFORMATION YOU REQUEST

Watch for this label—it signals the mate 
rial you have inquired about, and help 
to bring it to you faster.

This pre-typed label is only part a 
Electronic Design's New, Fasti r, Oxi 
Day Reader Service. All inqu ries ar] 
now completely processed and air mailed 
(1st class within one day deliver me] 'j 
advertisers within One Day of receipj 
There is no delay for batch m 1 ing 4 
complicated tabulation.

New Faster Inquiry Handlix is onj 
more step in Electronic Design s mtinJ 
ing program to improve its se -cs tl 
both reader and advertiser.

ELECTRONIC DESIGN
Leading Electronics M

CIRCLE 82 ON READER-SERVICE CARD
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ENGINEERING INfOttMAnON
CATALOG 

* 1

Shows yeu hew te determine 
which Ring Gives Yeu the 

ONE BEST ANSWER 
to Problems of

* REDUCING ASSEMBLED COST
★ IMPROVING APPEARANCE
* INCREASING PERFORMANCE

me 
wire 
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1,000
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your 
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• ylrsOiwi
ONLY RAMCO MAKES BOTH 

MODERN TYPES OF RETAINING RINGS

40 pages of latest information 
on both types of modern re­
taining rings. Explains when 
and how to use Spirolox, the 
full 360° "gapless” ring, and 
when to use the modern 
conventional Circolox ring. 
Shows special adaptations, 
such as the new "Self-Lock­
ing” and "Single-Turn” Spiro­
lox Rings, as well as many 
other specialized rings, mate­
rials and finishes available. 
Write for free copy today!

)RN.A

Retaining Rings by Thompson Products RAMCO DIVISION
Box 513, Dept. P, St. Louis 66, Missouri ..

Onother product of Thompson Muno Wooldridge Inc. automotive group
MB
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195 Algonquin Road.

J . I । / / \ Des Plames. Illinois

Division of Illinois Tool Works

Featuring Fastex® Springrip Fasteners 

Springrip Fasteners simply slip 
on shaft or stud. Biting teeth re­
sist dislodging movement. Full 
story told in new catalog con­
taining data on Springrip Fas­
teners, Plasti Rings J, Push On 
Fasteners and "C" Rings

FASTENERS
CATALOG TODAY!

Control Components 88

Bulletin 1300 describes electric actuators, 28 v 
and 400 cps motors, screwjacks, gear boxes and 
control equipment for aircraft, missile and indus­
trial applications. A brief technical description of 
each unit is given, together with general design 
and operating parameters. Hoover Electric Co., 
2100 S. Stoner Ave., Los Angeles 25, Calif.

Inertia And Impact Switches 89

A general description, applications and basic 
design considerations of inertia and impact 
switches are included in this four-page brochure. 
Also mentioned are calibration of the units, re­
sponse time, switch mounting and a tabular listing 
of the switches available. Inertia Switch Div., Safe 
Lighting, Inc., 527 Lexington Ave., New York 17, 
N.Y.

Strain Gage Equipment 90

This four-page bulletin describes a new line 
of strain gage instrumentation and input condi­
tioning equipment. The Bulletin 106, includes 
information on strain indicator, millivolt per volt 
standards, switching units, regulated power sup­
plies and amplifiers for strain gage use. Bytrex 
Corp., 294 Centre St., Newton 58, Mass.

Digital Voltmeter 91

This two-page data sheet describes model 502 
ac/dc digital voltmeter. The unit is one of a new 
line of digital instruments featuring a fifth digit 
for de overranging. A description, block diagram 
of the circuit and electrical specifications are pro­
vided. Kin Tel, Cohu Electronics, Box 623, San 
Diego, Calif.

Potentiometer Catalog 92

Details of all production model precision po­
tentiometers, associated Duodial and Digidial 
tums-counting dials, Helidel delay lines, Heli­
trim trimming potentiometers and lab model pots 
are contained in this 20-page catalog. Single- 
turn and multi-tum potentiometers are grouped 
separately and arranged for quick comparison of 
specifications. Technical data is presented in a 
format that includes complete electrical mechani­
cal and environmental specifications, coil data, 
photos and outline drawings. The catalog is 
index-tabbed and all vital statistics are arranged 
for fast reference. Beckman Instruments, Inc. 
Helipot Div., Helipot Technical Information 
Service, 2500 Fullerton Rd., Fullerton, Calif.

Finit, «tike* md fuies Eyelet* In PRINTED CIRCUIT Board* 

WITH 100% 
RELIABILITY

This revolutionary machine, supplied a» a complete installation, is 
obsoleting manual eyelet attaching and soldering. Leading manufac­
turers, in many cases using batteries of them, find Segal’s new Model 
NR-ESSM is a completely dependable automatic method of making 
continuous electrical circuits of the printed elements on opposite sides 
of a board — or a single side if desired. Stakes and fuses 30 eyelets or 
more a minute, top and bottom, with never a reject.
There are other models for cold staking flat and funnel type eyelets, 
and for feeding and staking tube pins and turret terminals with equal 
reliability. All are highly economical. Segal can improve your eyelet 
attaching production. Write section ED-7,

Manufacturers of eyeleting machinery, 
special hoppers and feeding devices
132 LAFAYETTE STREET, NEW YORK 13, N.Y

CIRCLE 93 ON READER-SERVICE CARD

in every environmental test!

EDWARD SEGAL 
MODEL NRE86M 
automatic eyelet 
attaching machine

4 n i R0LLPIN l\J^ APPLICATION 
' DATA!

Esna's latest Rollpin 
booklet gives you valu­
able information on 
where to use and how to 
install these versatile, 
all-purpose fasteners. A 
slotted, chamfered, cyl­
indrical spring pin, Roll­
pin locks securely in 
place—yet can be drifted 
out and used over a^d 
over again. Write for it 
today and see how Roll­
pins can simplify design 
and production opera­
tions. Address Dept. 
R55-757.

|| ELASTIC STOP NUT CORPORATION 
OF AMERICA

2330 VauxhaN Road, Unioa, N. J.
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LOW CAPACITY HI-FI AMPLIFIER INTERNAL SIGNAL CABLE

Two Solid Conductors in parallel with red and clear poly­
ethylene insulation and spiral wrapped tinned copper shield 
with black extruded plastic jacket with 24 uuf per foot 
shield to conductor capacity.

For compile 
tpecification» for these 

and other 
Lent Wire» and Cablet 

write today for 
the new Lent Catalog.

Transformers and Reactors 107

This data sheet covers transformers nd 
reactors ranging from subminiature units 
to those rated at 5 kva in output pin er. 
Provided is table that gives power rating, 
case dimensions and mounting dimension 
specifications. Among the units illustrated 
are encapsulated signal transformers and 
low phase shift power transformers. Coil 
Winders, Inc., New York Ave., Westbury. 
L.L, N.Y.

STEREO RECORD CHANGER TO SPEAKER CO-AXIAL 
SINGLE CONDUCTOR LOW CAPACITY CABLE

Single Stranded Copper Conductors with polyethylene insu­
lation, tinned copper full coverage shield and black or gray 
plastic insulation. Three styles available with shield to con­
ductor capacities of 28, 31 and 33 uuf per foot respectively.

LOW CAPACITY RECORD CHANGER TO AMPLIFIER EXTENSION CABLE

Two Stranded Conductors with clear polyethylene insulation 
extruded in parallel with a spiral wrapped tinned copper 
shield and a black extruded plastic jacket. Two styles avail­
able, with .030" wall insulation, 24 uuf per foot shield to 
conductor capacity and .017” wall insulation, 39 uuf per 
foot shield to conductor capacity.

AMnH TELEPHONE uHinlgd SWITCHBOARD
JACKS

Ruggedly built long frame telephone switchboard 
jacks in 3 frame designs and all standard circuits. 
Welded steel frames assure rigidity. Nickel silver 
alloy springs supply greater service life and resist­
ance to corrosion. Made in commercial types with 
fine silver contacts — military types to Mil-J-641 
specifications. Special contacts and circuits as 
required.

New lines of connectors, potentiometers 
and thermocouple switches are described 
in this 4-page, illustrated catalog. Issued 
as catalog supplement 154 this data has 
been issued as an addition to the firm’s 
basic 24-page brochure covering regular 
lines of thermocouples, harnesses, exten­
sion leads, pressure probes and test kits. 
Hareo Laboratories, Inc., 77 Olive St., 
New Haven, Conn.

These low capacity cables are especially de­
signed for use as leads between amplifiers, 
speakers and record changers of Stereo HI-FI 
units. Standard Two Conductor and Single 
Conductor cables are available and, where 
required, modifications of these cables can be 
developed to satisfy specific requirements.

In Busin«** Sine« 1904

ELECTRIC MANUFACTURING CO

CIRCLE 108 ON READER-SERVICE CARD
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Antenna Measurements

This 77 page booklet is a review of 
some of the factors associated with meas­
uring the radiation characteristics of an­
tennas. Basic theory, practical aspects of 
the problem, description of equipment, 
and review of basic antenna measure­
ments are covered. The Appendix contains 
a list of symbols, a bibliography contain­
ing all references to the text, nomographs, 
decibel conversion chart, and selection of 
commonly used antenna equations. Write 
on company letterhead to: Scientific-At- 
lanta, Inc., 2162 Piedmont Rd., N.E., 
Atlanta 9, Ga.

All items in the entire line of Connectors and 
Switches are soundly engineered, sturdily con­
structed of high grade materials and designed to 
require minimum space. Design changes for other 
than standard applications readily supplied. Our 
engineering department will work with you on any 
such desired variations from standard items. Write 
for complete catalog.

ELECTROCRAFT, INC.
4426 N. Kedzie Avenue 

Chicago 25, Illinois

Electronics Directory •

Available free to engineering depart­
ments, this Electronics Directory and 
Buyers’ Guide is devoted to the elec­
tronics industry in the eleven Western 
States only. Included in the 50-page guide 
are: manufacturers and laboratories; as­
sociations and societies; distributors; 
surplus dealers; division, field and sales 
offices; representatives; products and 
services. Write to;. Western States Elec­
tronics Directory Buyers’ Guide, 2404 
W. Seventh St., Los Angeles 57, Calif.
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One is the cost of a perfect 

piece. The other is the cost 
of an acceptable piece.
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• Rugged 
Hi-Frequency 
Switches— 
Solid Silver 

Contacts 
in Teflon— 
1% Carbon 

Film Resistors— 
for Low Loss 

and 
Superior Match

• Choice of 
50. 70, or 90 Ohm

Impedance

WRITE FOR 
KAY CATALOG

I959A

*DuPont Trademark foi TFE Fluorocarbon Resin 
fM.M. & M, Trademark

KAv Attenuators

Garlock’s Plastics Division, 
The United States Gasket 
Company, will quote both 
ways. If you require perfec-

Scan Generators 111

Application .Notes No. AN-177, 8 pages, 
describes two PPI-scan generator circuits 
for use w ith display storage tubes having 
electrostatically deflected writing beams. 
One is an 11-tube circuit providing range­
sweep linearity’ of 2% or better; the other 
is a 6-tube circuit providing a range­
sweep linearity of the order of 10%. Radio 
Corp, of America, Commercial Engineer­
ing, Harrison, N.J.

TEFLON, 
KEL-F’

MOLDED
PARTS 

COME

► MAPLE AVE , PINE BROOK, N J., •

K A
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every sense, then
U.S.G. will furnish it. If “lee­
ways” in tolerance or mold 
finish, for instance, are per­
missible, then U.S.G. can 
possibly suggest ways to save 
20-25' (' of the total cost of a 
molded piece.

The 1959 Price List and Index of Amer­
ican Standards describes the more than 
1800 American Standards approved to 
date by the American Standards Assoc. 
The fields covered by American Stand­
ards include: drawings, symbols and ab­
breviations; electrical engineering; and 
consumer goods. Also included in the 
publication are the international stand­
ards recommendations published by the 
International Organization for Standard­
ization and the International Electro­
technical Commission. American Stand­
ards Assoc., Dept. PR 66, 70 E. 45th St., 
New York 17, N.Y.

THE OARLOCK PACKING COMPANY. Palmyra, N.Y.
For Prompt Service, contact one of our 26 sales offices 
and warehouses throughout the U.S. and Canada.

Catalog No. 359, 138-pages, describes 
magnetic laminations for transformers. It 
contains many graphs, diagrams, techni­
cal descriptions and theoretical informa­
tion. Lamination drawings are included 
and dimensional and physical data is 
provided. Topics covered in the catalog 
include permeability measurements, 
curves of ac permeability, curves of in­
cremental permeability at low induction, 
curves of material core loss at 60 cps, 
curves of dc magnetization, transformers 
with dc components, and transformer 
similitude. Webcor, Inc., 3912 W. McLean 
Ave., Ghicago 47, Ill.

D l sheet 143 describes how to use 
4 and 4 Co-Netic non-shock sensi­
tive n-retentive nesting cylindrical cans 
to ev uate magnetic shielding effective­
ness. it contains pictures, and covers ap­
plication techniques and assembly sug- 
^esti< ns. Perfection Mica Go., Magnetic 
Shield Div., 1322 No. Elston Ave., Ghi- 
cago 22, Ill.

DRD Attenuato~ 
(Rotary Switchable)

Guarantee yourself the right 
price and right quality every 
time. No matter how intricate 
the shape, how thin the wall 
sections, or how close the 
tolerances, ask your local 
Garlock representative to 
quote on your molded Teflon 
or Kel-F parts. Gall him, or 
write.

PRICE 
RANGES

/ ’fatti?
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----------- STANDARD TOGGLE SWITCH MODELS-----------s^DBD MODELS-x
MOOEI cat NO

20* 430 B
21* 4400
22 450 0

mooei car no
20 0 - 431 8
21 0 441 8
22 0 451 8

mooei car. no.
30 0* 432 0
31-0- 442-C
32-0 452C

MODEL CAT NO. 
40 0* 433 a
41-0' 443*
42-0 453*

'HI '»«t ’50 ohms • 7Q Qhrr-r. 90 ohms nom

0* Switched 41 9b m 6 steps 101 db 
<n 9 steps

119 db total 
m 1 db steps

Step« 20 « 10 db . 5 db 3 db 
2 lb 1 db

Same as 41-db 
units, plus 3 

erti» 20 dt) steps
I db »nd 10 db

INSERTION 
LOSS 10 db Zero db a' I«« frequencies, approi 0 1 db 

at 250 mc appros 0 2 db al 500 me

Manaum Total 
Errpr Knclvdes 
i»serti»n basil

At lull attenuation 0 5 db at 250 m<
I 2 db from 250 tc 500 me

BfITER ACCuBACT Al LOWER FREOuENClE3

At full atténuation
2 0 dt) from 

AND OR USING FFWfR

! 0 db at 250 me.
50 to 500 mc 
aniNOATiON STEPS

FrepHKy 
•»»If DC tc 50C me useful tc 1000 me

SWP 12 mar cp to 250 14 1 mar 250 io 500 mc
Mjumum Fewer 1 j weft

Connectors BNC troe DO 185 U
Oimensieas 2- i 7- s 2' 2- . 9». i 2- 5" dK a Z'i -

Wtl0t 2 lbs 3 ips 4 n ms
Prices $70 00 1 $65.00 $95 00 $195.00

ON SPECIAL ORDER: 0 5 db steps and your choice of 
insertion loss, attenuation ranae, and impedance rating

SEE US AT WESCON SHOW—BOOTHS 3114 A 3116

ELECTRIC COMPANY
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summarizes

MacArthur Ave., Bloomfield, N. J

SOLUTION
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BUT DOESN’T AFFECT

AUTRONEX GOLD PLATE!

ANTENNA EQUIPMENT
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AUTRONEX EASILY PASSES ALL RIGF 
PERFORMANCE ACCEPTANCE TESTS

prograi 
raced

watt 
tom 
¡ass

ment
Contr<
Harris

• SALT-SPRAY TEST
• MANDREL-BEND TEST 
• BOILING WATER TEST

electrical, 
Westinghoi

bulletii 
availab 
models 
navigai 
ponent

Autronex Gold Plated transistor 
headers were suspended in C.P.—4 
solution (nitric, acetic and hydrofluoric 
with bromine) for several hours...the 
header’s glass seals dissolved, the Gold 
Plate remained intact.
This dramatic experiment, carried out 
by one of the country’s prominent 
manufacturers of semiconductor pro­
ducts. demonstrates some of the 
superior metallurgical properties of 
electroplate produced with the 
AUTRONEX ACID GOLD PLAT­
ING PROCESS—for all industrial 
applications.
The simple to prepare bath is mildly 
acidic (pH 3.5—4.5), operates at room

use Electric Corp., Lamp Div

their principal mechanical 
and v isual characteristics.

Drafting Equipment

New products and important imp. ve- 
ments in established lines are coven 1 in 
this 1959 general catalog, 24 pages In. 
eluded in the catalog are the Staktub roll 
file, “file and find' storage system for 
large rolled blueprints, charts, draw ings, 
and tracings, flat drawer files, as well as 
drafting tables and equipment. All equip­
ment is constructed of steel and selected 
woods. Stacor Equipment Co., 295 Em­
met St., Newark, N.J.

temperature, and produces deposits 
which are mirror-bright in any thick­
ness. AUTRONEX electroplates also 
offer approximately 75% greater resist­
ance to abrasive wear over conventional 
Gold plate.
For complete details on uses, bath prep 
aration, equipment required, etc., ask 
for#EG-l.

CIRCLE 120 ON READER-SERVICE CARD
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PRECIOUS METALS DIVISION 

SELrREX CORPORATION 
NUTLEY IO, NEW JERSEY

Microwave insulators of Teflon styr­
enes, Kel-F and other high dielectrics, 
machines to tolerances of 0.001 in. and 
less are described in Bulletin 2895, two 
pages. The bulletin gives reasons for 
choice of machining versus molding to 
obtain the close tolerances required, and 
illustrates several representative custom 
insulating and structural parts produced. 
Tri-Point Plastics, Inc., 175 I. U. Willets 
Rd., Albertson, L.I., N.Y.

Readout Lamps 119

“Rayescent Readout Lamps,” a four- 
page pamphlet, discusses the phenom­
enon of electroluminescence and its 
application in lamps now available for 
display of continually changing numeri­
cal or alphabetical information. The pub­
lication describes construction of readout 
lamps, indicates the capabilities and ad­
vantages of the various lamp types, and

I or efficient use of your antenna, let Kennedy engineers 
design your feed system. Kennedy’s line of waveguide com­
ponents includes dual and linear polarization horns, transi­
tions, duplexers, straight sections and bends. All of the com­
ponents are designed for high-power use.

Four-page application notes AN-178 
presents a chart designed to simplify the 
selection of a transmitting tube made by 
the firm. The chart covers power-output 
requirements up to 2000 me. It is divided 
into power frequency areas, each of 
which is labeled with the tube designa­
tion of the transmitting tube which will 
deliver optimum performance over that 
area. Radio Corp, of America, Commer­
cial Engineering, Harrison, N.J.

COHASSET. MASSACHUSETTS EVwgrvw 3-1200

ll rst Cnast Affiliate . . .
SATELLITE KENNEOY.INC of CALIFORNIA 
P.O. Rux VÌI, Uwtnty CxììJvtkm — FRontior 3-2461 

Dot SOLUTIONS /e Mt-eJ-tnit-uvrld PROBLEMS
Tracking Antennas-Radio Talaacopoa-Radar Antennas 

'Trana-Horizon^Antennaa-Tropoaphoric Scatter 
lonosnherie Scattar

WAVEGUIDE 
COMPONENTS



Printed Circuit Connectors 123$wif ,es

C. A. NEHM
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FOR RADAR ENGINEERS

124

122

ailable
models for testing missile aircraft

altitude between and a
Corp., 1009 E. Vermont Ave., Anaheim,

output

4632-E 100 0

GENERAL
CIRCLE 126 ON READER-SERVICE CARD

.625 x 1.375 

.750 x 1.375

quip- 
ected

adout 
d ad-

.500 x 1.125
625 x 1 125

4602-E 
4604-E 
4606-E
4604-E 
4609-E 
4610-E 
4611-E

467S-E 
4629-E
4630-E 
4631-E

10 0 
25.0 
50 0

39.0 
55.0 
62 0 
42 0

4540- E 
4542-E 
4544-E
4546-E
4544-E

0.15 uh 
0.22 vh 
0 33 vh.
0 47 vh

4 wire 
input

watt 
tom 
ines.

Control

-* To loadsinput 
line

100,000 and 200,000 feet. Conrad, Inc 
Conrad Square, Holland, Mich.

Automatic control requirements for 
correcting voltage fluctuations are en­
countered in all portions of a radar 
system. Control can be handled by 
Inductrol regulators at the input to 
each component of the system, at the 
input of a group of components, or at 
the input to the entire system. Induc­
trol voltage regulators can also supply 
run-up voltage or current where re­
quired.

mical, 
•istics.

0.10 mh.
0.15 mh.
0.24 mh.
0.39 mh
0.55 mh.
0.62 mh
0.75 mh
1.0 mh

mom-
1 its 
e for 
.meri-

ENCAPSULATED
RADIO FREQUENCY CHOKES

The following series of R.F. chokes range in value 
from 0.1 uh to 50 mh. Basically identical to our 
standard series of axial lead R.F. chokes bearing 
the equivalent number, these coils are encapsulated 
in epoxy resin and conform to MIL-CI5305A.

Flight Simulators

Detailed specifications, diagrams.
output of 480 volts, ±1%. Installation 
is at a remote location. Regulating 
equipment must not require mainte­
nance and its controls must be “drift­
free.”

To meet this requirement, the Gen­
eral Electric Inductrol regulator will 
correct for incoming line variations 
from 408 volts to 552 volts. Using 
basic formulae, we determine the load 
current to be 600 amps and that the 
regulator will have an 87.5 kva rating

range of ±17.5%

lace pes of thermal controls for critical 
¿on iment and industrial applications 
tnd aterproof conformance to govern­
ment ^andards or military specifications. 
Control Products, Inc., 306 Sussex St., 
Harrison, N.J.

maneuvers. Task

General Electric Inductrol* regulators 
keep radar systems on the air 

effectively and accurately

one, two and three axis

I nd velane» 
Fort Ne ± 5%

In eight pages this brochure describes 
temperature-vibration test chambers and 
temperature-altitude-vibration experimen­
tal rooms. The brochure covers small 
portable units with “Hi-Lo” lift for ac­
commodating various heights of shakers 
and to permit both horizontal and 
vertical planes of vibration. The sizes 
pictured also include walk-in size cham­
bers. A new type chamber is shown for 
testing aircraft and electronic equipment 
under conditions simulating the Chemo-

hgitttrtd Trademark of Giwal Electric Co. for Induction Voltagli Ptgulatori 

Progress k Our Most Important Product

PHASE UNBALANCE REQUIREMENTS are 
not involved in this example so a 
three-phase regulator will be sufficient.

The Inductrol regulator has no 
sliding contacts to wear, is of rugged 
construction, and will perform its in­
tended function with the greatest de­
gree of reliability. Its associated con­
trols are drift-free, and are tempera­
ture and frequency compensated. They 
require no attention after the original 
setting has been made.

The regulator selected for this ex­
ample is a dry-type suitable only for 
indoor service. Liquid immersed units 
are available for outdoor service.
OTHER INDUCTROL REGULATOR USES: 
power supply voltage control, control 
of filament power supplies, focus coil 
control, and grid voltage control in 
radar systems; variable speed antenna 
drives, computers, and many other 
electronic equipments.

For more information write to Sec­
tion 425-21. General Electric Company, 
Schenectady 5, New York.

CANARIAN REPRESENTATIVE: *,Us ■***• L«., TtrMte It, Rut., Canada

Sea U> At Roeth #2112 at the WESCON SHOW.
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■-EC’ ONIC DESIGN • July 8. 1959

application data on a series of compact, 
high response simulators are described in 
bulletin TC-591. The flight simulators are

AN INDUCTROL REGULATOR control­
ling incoming voltage fluctuation in a 
three-phase circuit is shown in the 
above diagram. The three-phase regu­
lator corrects each phase of the sys­
tem concurrently and by the same 
amount.

Where phase voltage unbalances 
create operational difficulties by intro­
ducing ripple in the d-c power sup­
plies, individual line control with sin­
gle-phase regulators will correct these 
unbalances. They can be installed on 
any portion of the system.
THREE SINGLE-PHASE INDUCTROL VOLT­
AGE regulators are connected line-to- 
neutral on a four-wire, three-phase 
system in the diagram below. Each 
regulator will control a phase of the 
system independently of the others— 
thus making available a balanced 
three-phase voltage output regardless 
of existing load unbalances.

As an example, power feeding a 
radar system requires regulating equip­
ment to correct tor incoming voltage 
variations of ±15%, and maintain a 
constant input voltage to the system 
within a bandwidth of ±1%. Load— 
500 kva, balanced three-phase; system 
voltage—480 volts, 60 cycles. Require­
ments: maintain a constant voltage

four-page catalog describes eight 
emperature thermal and seven 
roof switches typical of this cus- 
ie. Photographs, dimension draw- 
jecifications and characteristics are 
d in these plug, probe, and sur-

This 2 4-page catalog covers connectors 
designed for use with printed circuits. 
Connectors for 1 16, 3 32 and 1 8 in 
printed circuit cards are described. Also 
included in the illustrated catalog are 
complete specifications, outline dimen­
sions, general information and suggested 
applications. Dejur-Amsco Corp., Elec­
tronic Sales Div., 45-01 Northern Blvd 
Long Island City 1, N.Y.

VOLTAGE REGULATION 
IDEA FILE —

Send for the MILLER industrial catalog
It lists over 1300 chokes, filters, transformers and coils, available for 
immediate delivery. Includes 260 new coil items —many conforming to 
military specifications. Request Miller Catalog No. 60.

navigational systems and associated com­
ponents. Components are subjected to 
real angular velocity and acceleration 
programs, equivalent to those experi-

4642-E 
4644 t 
4646-E 
4644-E 
4649-E 
4650-E 
4651-E 
4652-E
4662-E 
4664- E 
4666 E
4664-E 
4669-E
4670-E 
4671 E 
4672-1
6302-E 
6304-E 
6306-E 
6304-E 
6310-E

Dimensioni 
.375 x 1.125

Inductant» 
Fart No -+- 5% 
4590-E 0.64 uh 
4592-E 0.75 uh. 
4594-E 0.42 uh.

4612-E 10.0 uh 
4622-E 10  ̂uh 
4624-E 15 0 uh.
4626-E 24 0 uh
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128Transistors

ACCURATELY

REPEATABLE

TIMING

Connectors Catalog 129

WITH

INSTANTANEOUS

RESET

HEINEMANN’S

NEW

MAGNETICTRANSISTORIZED

TIME-DELAY RELAY

AMPLIFIER

IIIIIIIIR
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TYPICAL 
APPLICATIONS
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The O2-type 
magnetic amplifier 
is a lightweight 
D.C. amplifier 
operating from a 
115VZ 400-cps 
source. The linear, 
gain stability and 
null characteristics 
of the amplifier 
make it very 
adaptable to use in 
Analog Computer 
and instrumen­
tation.

If your products call for reliable, accurately repeatable timing or 
sequencing . . . and if cost is a consideration (when isn't it?), then have 
a look at the new Heinemann Trans-O-Netic* Time-Delay Relay.

Built around a transistorized control circuit, this new type of relay 
offers exceptional performance capabilities at a surprisingly low cost. 
Time delay is adjustable from 0.5 to 30 seconds, with repeatability at 
any set delay better than ±5%. Reset is instantaneous. These three 
features, alone, place the Trans-O-Netic way out in front of the field.

But there’s more. The relay is inherently stable, so that there is only 
a negligible temperature effect on time delay over a tested operating 
range of 32° to 130°F. Single-pole, double-throw switching is fast and 
clean; wiping action assures long contact life. I he entire unit is 
enclosed in a phenolic case to protect it from dust and dirt.

More information? Certainly. Send for Bulletin 5300; it gives per­
tinent details and specifications.

IIIIIIMI 
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iimmi ■■■iiiiii

Catalog 359, 12 pages, illustrate and 
describes complete line of single unit 
high-pressure seals and fasteners su abl 
for military, commercial and industrial 
applications. Included are material on 
toggle switch boots, rotary shaft seals 
pushbutton switch boots and indicator 
light seals in a wide range of sizes 
A. P. M. Sales ('orp., 252 Hawthorne Ave 
Yonkers, N.Y.

¿eneral-] 
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■witches. 

. lit aria 
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Ao cove 

Corp., t 

lies Rd.

Systems and Components

Bulletin AV-100, 40 pages, describes 
the firm’s systems and components. In­
cluded in the illustrated bulletin are static 
time delays, standard time delays, missile 
fuses and programmers, voltage and fre­
quency sensors, meter relays, power sup 
plies and inverters, automatic check-out 
equipment and specialty devices. Also 
covered are descriptions of the applica­
tion of these products in complete sys­
tems developed by the firm. Write on 
company letterhead to Electronic Spe­
cialty Co., Dept. ED, 5121 San Fernanda 
Rd., Los Angeles 39, Calif.

CIRCLE 131 ON READER-SERVICE CARD
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Power switching resistors are discussed 
in these three, four-page data sheets. La­
beled 2N1136, 2N1137 and 2M138, they 
are high gain units. absolute maximum 
ratings, electrical characteristics, dimen­
sional data and graphs are included. 
Bendix Aviation Corp., Red Bank Div., 
Semiconductor Products, 201 Westwood 
Ave., Long Branch, N.J.

Switch
Catah 

nation 
snap-act 
new sea 
ments, ; 
matic d

This illustrated catalog describes the 
firm’s complete line of electrical con­
nectors. Catalog B 73 illustrates nomen­
clature of terms and references used in 
the description of electrical connectors, 
and lists electrical current ratings for 
cable, as based on wire gauges and num­
ber of wires. The line includes such 
connector styles as oval push-pull, round 
push-pull, round push-latch, “quik-loc,” 
straight pin bigun, round push-lock, and 
change-out. Joy Manufacturing Co.. 
Electrical Products Div., 1241 Macklind 
Ave., St. Louis 10, Mo.

HEINEMANN ELECTRIC COMPANY o 156 Plum Street, Trenton 2, N. J
•Trans-O-Netic is a trade name of the Heinemann Electric Company. s a. 
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IMMEDIATE DELIVERY



130 l|nsu|c ing Washers 132

I \\ a ers that are designed to electri- 
unit Bullv isolate semiconductors from the

Bthdssb but allow operating heat to dissi- 
>tF^d ; 'pidly are described in Bulletin 

■ 2965. I he bulletin provides dimensions 
■ nd h< e spacing for major types of wash- lcator B rs u> 1 with semiconductors. Ford Hadio L \Ik ^rp., 536 63rd St., Brooklyn 20, Ave Bn.

Technical Data 133

This brochure contains conversion 
charts and technical data covering alti­
tude pressure and temperature from 
—500 to 1,800,000 ft in accordance with 
the ARDC model atmosphere. Also in­
cluded are temperature conversion fac­
tors from absolute 0 to 1000 deg and sev­
eral conversion factors for materials, 
heat, velocity, and vacuum. Two other 
charts list dry bulb and temperature dif­
ferential for relative humidity. Conrad 
Inc., Conrad Square, Holland, Mich.

Noze! A higher reliability factor in printed circuits

■ Switch Catalog

I Catalog 359, 28 pages, contains infor- 
cribes Bnlation on the firm’s expanded line of 
s- ln B^nap-acting precision switches. Data on 
static sealed switches for severe environ- 

nissik Bments, and low-cost switches for auto- 
d B^ic devices have been added to the 
r SUP' ■ catalog. Other switches described are: 
A-out ■ .cnera|.pUrpOse. low-force; high sensitiv- 

Ahi ■:tv; open-blade; AN and JAN, and reset 
iplica- ■ bitches. Data on bases, terminals, cir- 
e arrangements and NEMA standard
tc on ■ definitions on sensitive switch terms are 
^'■¿o covered. Write to The W. L. Maxson 

iwndoBf)rp Unimex Switch Div., Dept. ED,
■/cw Rd., Wallingford, Conn.

Bandpass Filters 134

A line of miniature ceramic if bandpass 
filters is described and illustrated in this 
eight-page brochure. The brochure lists a 
wide range of bandpass characteristics 
and includes attenuation curves for nar­
row and wideband applications in mili­
tary and commercial equipment. Inser­
tion loss, shape factor and impedance 
transformation are discussed. Clevite 
Corp., Clevite Electronic Components 
Div., 3311 Perkins Ave., Cleveland 14, 
Ohio.

CERAMASEAL 
sapphire-to-metal 

seals 
stay gas-tight 
even at 450c

bake-out
Do you need windows for radar equipment wave guides? Or for high- 
temperature, high-vacuum furnaces or infra red detection equipment?

CERAMASEAL has solved the problems involved in bonding synthetic 
sapphire to metal parts — is the country’s leading producer. Sapphire 
discs or tubes are readily sealed to tubular type metal parts of kovar, 
nickel-iron or platinum. The seals are mass spectrometer-tight and the 
assemblies can be soldered, brazed or welded in place without damaging 
the seal.
FOR COMPLETE INFORMATION, write CERAMASEAL, INC., New 
Lebanon Center, N. Y. or phone: West Lebanon 3-5851.

Hermetic Ceramic Terminals, Magnetron Wells, Sapphire-to-Metal Seals

CERAMASEAL, inc.
CIRCLE 135 ON READER-SERVICE CARD
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ALTORI

new and distinctively different 
finish on TAYLOR copper-clad 
laminates that accepts all

acid resists uniformly
Something new and distinctively different has been 
added to Taylor copper-clad laminates — a finish 
that accepts all types of acid resists uniformly. High 
fidelity in printed circuit reproduction is assured. 
Circuits can be of consistently higher quality and reli­
ability, no matter how critical the design. For com­
plete details about Taylor copper-clad laminates and 
samples, write Taylor Fibre Co., Norristown 48, Pa.

LAMINATED PLASTICS VULCANIZED FIBRE
CIRCLE 136 ON READER-SERVICE CARD
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Tubing you unsurpassed
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TIMECH CORPORATION
• sSPECIALISTS IN MINIATURIZATION

142

• IMPACT SWITCHES
• PROGRAMMERS

• TRANSISTORIZED TIMERS

Beryllium Copper Alloys 143

For Additional Information Call or Write

illustrated
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A complete family of Timers 

from 1 second to 15 minutes.

case 
you
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HERE'S WUR AHSWEK 
FOR PRECISION TUBING 

AT REGULAR TUBE PRICES 
Quality specifications and profit margins 
have you in a squeeze on tubing? Preci-

New precision Hallgenerators 
reliable magnetic test equipment

Built especially for Missile Application 

Built to MIL-E-5272A

TIMERS, (Mechanical or Electrical) 
• ACCELERATION SWITCHES

guidance, and a bibliography
Sterling Precision Corp., Instrument Div. 
Matinecock Ave., Port Washington, L.I., N.Y,

nine tables and four graphs

Electric servos designed for missile applications 
are covered in this four-page brochure. Pictures, 
graphs of output torque and other descriptive ma­
terial are contained on eight units. Advantages of 
these units are also described. Lear Inc., Grand 
Rapids Div., 110 Ionia Ave., N.W., Grand Rapids 
2, Mich.

The Brush Beryllium Co., Pennrold Div. 
Crescent Ave., Reading, Pa.

Bulletin 4320 describes etched foil strain gages 
with improved design and engineering features. 
J'he distinguishing characteristics of foil strain 
gages are their sensitivity and ruggedness due to 
the grid structure produced by photo-etching ex­
tremely thin foil sheets. Pictures and technical 
data in tabular form are provided. Baldwin-Lima- 
Hamilton Corp., Electronics & Instrumentation 
Div., 42 Fourth Ave., Waltham 54, Mass.

Inertial Guidance 141

This eight-page, pocket-size catalog contains a 
listing of inertial guidance components and 
equipment. Also included is a list of engineering 
reports available from the company on inertial

Bulletin No. 714 outlines the firm's capabilities 
for handling mounting system requirements. Ex­
amples of standard, special and high-performance 
mounting system for electronic equipment used 
in missiles and advance jets are explained and il­
lustrated. Pictures are included and data is pro­
vided in tabular form. Lord Manufacturing Co., 
Erie, Pa.

GET THIS NEW 
TUBING DATA 
CATALOG . . . FREE!

SIEMENS HALLGENERATORS — ten different types 
available from stock.

GAUSSMETERS — portable and stationary technical in­
struments, laboratory precision meters—no amplifier.

COERCIMETERS — for instant indication of Hi between 
200 and 5000 oersteds.

Information on beryllium copper 10, 25, and 
165 alloys for electronic, instrument, temperature 
control and other applications is given in this 12- 
page data sheet series. Chemical analysis, physical 
constants and mechanical properties of each alloy 
are described. Heat treating procedures are out­
lined and illustrated. Forms in which the alloys 
are available are also listed. The data sheet series

CIRCLE 144 ON READER-SERVICE

ELECTRONIC DESIGN • July 8,

quality of temper, straightness, accuracy, 
finish and roundness at regular mill 
prices . . . and test results prove it

Whatever the type of alloy tubing you 
need from .010" to 1.125" O.D. in c >o 
per, brass, aluminum, up to %" O.D. in 
nickel and nickel alloys, Ni-Span "C", 
phosphor-bronze and nickel silver Preci­
sion can supply it. Whether you need 
Bourdon, round, rectangular, oval or 
square . . . preformed to special shapes 
. . . or Coaxitube-Precision can supply 
it to your specifications.

For improved quality at lower costs 
specify Precision Tubing. Write for tech­
nical data to Dept. 10, Precision Tube 
Company, Inc., North Wales, Pa.

GRH Halltest Company
IltllUlllfHllllllllltlllHtHHIIIHHIIIIHIIIIIIIIIIIHIIIIIIIIIIIIIIIIIIIIIIIIIIIlllllllllllllllllllllllllHIIIIIIIIII

157 S Morgan Blvd., Valparaiso, Indiana

PRECISI! 
TUBE

COMPANY
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FREQUENCY STANDARDS

Weight: 8 oz.Switches

REGOHM

Weight: 13 oz.

Magnetic Recording Heads 148

Weight: 4 lbs.

Weight: 6 oz.
Instruments 149

150

REGOHM

ELECTRIC REGULATOR CORPORATION
*ORV. ALK CONNECTICUT

CIRCLE 151 ON READER-SERVICE CARD

2422 BRANARD ST. 
HOUSTON ft, TEXAS 
JA 3-2712
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This four-page catalog and price list describes 
basic snap action swatches, enclosed snap action 
switches, foot switches, mercury’ switches and 
actuating switches. Pictures, physical specifica­
tions and electrical characteristics are provided. 
General Controls Co., PIC Automation Controls 
Div., McCormick Blvd., Skokie, Ill.

Specifications, outline dimensions and general 
information on the firm’s Magnetic Tape and 
Drum Heads are given in this four-page brochure 
and data sheets. Also included are design sheets 
with spaces for electrical and mechanical param­
eters to aid in the design of a tape or drum head 
to customer specifications. General Transistor 
Western Corp., 6110 Venice Blvd., Los Angeles 
34, Calif.

TYPE AFC — Frequency Standard
• Frequency Range Available: 360 cps to 4 kc
• Tolerances % ±: 0.2, 0.05, 0.02, 0.01, 0.005*
• Temperature Ranges: —20 to 4-71VC

—55 to +100°C
—55 to +125 C

• Power Supply Voltage: 12 or 28 vdc ± 15%

TYPE MAFC — Frequency Standard
• Frequency Range Available: 360 cps to 4 kc
• Tolerances % ±: 0.2, 0.05, 0.02, 0.01, 0.005**
• Temperature Ranges: —20 to 4-71 °C

—55 to 4-100’C
—55 to 4-125eC

• Power Supply Voltage: 12 or 28 vdc ± 15%

“Phototubes and How to Use Them” is the 
title of this application bulletin. Bulletin PA-227, 
6 pages, explains photo emission and spectrum 
response. It also describes the phenomenon of 
gas amplification, gives precautions concerning 
environment, and explains the phototube rating 
system. Special sections treat photo multipliers 
and photo resistive cells. Typical circuits illus­
trating the use of high-vacuum and gas-filled 
phototubes, and a minaturized circuit using trans­
istors and a photocell are included. CBS-Hytron 
Advertising Service, Parker St., Newburyport, 
Mass.

TYPE MFB — Frequency Divider
• Ratios Available: 2:1,4:1,5:1,8:1,10:1,16:1
• Temperature Ranges: —20 to 4-71 °C

—55 to 4-100QC
• Power Supply Voltage: 12 or 28 vdc ± 15%

Bulletin E-llll, “Recording Voltmeters and 
Ammeters,” describes one-, two-, and three-pen 
instruments in wall-mounting, panel-mounting 
portable and pole-mounting models. Operating 
principles are explained, and models are des­
cribed in detail. The bulletin includes a list of 
charts and accessories for use with the instru­
ments. The Bristol Company, Waterbury 20, 
Conn.

TYPE MAFCD — Frequency Standard
• Frequency: 60 cps
• Tolerances % ±: 0.2, 0.05, 0.02, 0.01, 0.005*
• Temperature Range: —55 to 4-71 °C
• Wave Shape: Sine w/less than 1% harmonic 

distortion
• Power Supply Voltage: 10 to 14 vdc

“PRD Reports,” Vol. 6, No. 1, six pages, is en­
titled “Waveguide Rotary Standing Wave Indi­
cators,' and describes the theory, operation and 
design of RSWI’s. These measuring devices pre­
sent a solution for vswt and impedance measure­
ments in waveguide systems. The units replace 
slotted sections where length, size, and weight are 
important factors. Polytechnic Research and De­
velopment Co., Inc., 202 Tillary, Brooklyn 1, N.Y.

A w ide variety of units are designed to comply 
with the most severe military specifications.

Manufactured by
ACCURATE INSTRUMENT CO.

TRANSISTORIZED 
TUNING FORK

TYPE MLS — Laboratory — 
Frequency Standard 
Type MLS is an extremely high stability lab­
oratory frequency standard. The clock on the 
panel facilitates easy checking of stability.
• Frequency Ranges Available: 50 cps to 4 kc 

(Multiple Taps Optional)
• Frequency Stability Available: 5 parts in 10 
• Output: 10 watts at specified frequency

TYPE MFS — Frequency Standard for 
Laboratory or Field
Type MFS is a small, lightweight frequency 
standard that can replace units many time» 
its size without sacrificing frequency stability. 
Internal batteries and provisions for external 
power supply make the unit ideal for either 
laboratory or field applications.
• Frequency Ranges Available: 50 cps to 4 kc 
• Frequency Stability: 2 parts in 108/per month 
• Temperature Range: —20 to 4-71’C
• Size: 3^"x5&"x5V • Weight: 2 lbs.

the plug-in device that 
regulates input voltage 
down to ±0.05%
Wherever system performance 
requires precision regulation of 
input voltage. REGOHM earns 
a place. And wherever circuitry 
includes vacuum tubes, 
REGOHM will substantially ex­
tend tube life. The REGOHM 
is a voltage regulator of great 
sensitivity and stability, pro­
viding stepless continuous 
control over a wide frequency 
range. Light in weight, low in 
cost, its applications are almost 
unlimited. Here arc typical 
applications:

• General Electric Co.—for 
Halogen Leak Detectors

• Empire Devices Products 
Corp.—for Noise & Field 
Intensity Meters

• Consolidated Electro­
dynamics— for Diatron 
Mass Spectrometers

• Stoddard Aircraft Radio 
—for Power Supplies

• Hevi-Duty Electric Com­
pany—for Airport Light­
ing Brightness Control

How you may use REGOHM in 
your own applications will be­
come clear to you from design 
data, performance specs and 
case histories, available to 
you on request.

These tolerance, orc from 
absolute frequency under 

any combination of the 

condition, within operating 

specification, For specific 

operating conditions much 

closer frequency tolerances 

may be maintained



.. . electrocardiograph equipment— 
another Borg Motor application.

Borg Motors provide reliable power sources for precision instrument 

equipment. Permanently sealed bearings and high-quality gearing 

assure minimum noise and continued high-level performance. Long 

known as efficient power sources for recorders and timing devices, 

Borg Motors are reliably serving many manufacturers of medical 

squipment, industrial television and many other instrument lines. 

Available from 1/2000 to 1/750 horsepower ... 2 and 4 pole . . . 

synchronous and induction . . . with and 

without gear trains. Gear-train motors 

have stainless steel output shafts.

Write for complete data

BORG MOTORS... 
FOR RELIABLE 
INSTRUMENT 
POWER

Ask for Catalog BED-A90

BORG EQUIPMENT DIVISION 
AMPHENOL-BORG ELECTRONICS CORPORATION 
JANESVILLE, WISCONSIN

MICROPOTS • MICRODIALS • INSTRUMENT MOTORS • FREQUENCY STANDARDS 
CIRCLE 152 ON READER-SERVICE CARD
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NEW LITERATURE
Silicon Transistors 153

This six-page illustrated brochure describes the 
firm’s pnp alloyed junction silicon transistors. 
Called S-100, it devotes one page each to high 
speed switch, medium speed switch, high speed 
linear amplifier, medium speed linear amplifier 
and high voltage types. General Transistor Corp., 
91-27 138th Pl., Jamaica 35, N.Y.

Small Motors 154

How Long 
Does It 
Take

Four types of ac shaded pole, reversible, non­
geared motors are described in this eight-page cat­
alog, No. R-l. Information on performance charac­
teristics, ratings, construction, dimensions and 
typical applications is included. Duty cycle data, 
power source considerations, special features, 
braking and speed control information are also 
covered. Barber-Colman Co., Rockford, Ill.

Resistance Welding Equipment 155
This 16-page catalog describes a complete line 

of resistance welders, welding heads, power sup­
plies, handpieces, and accessories. There are sec­
tions devoted to basic resistance welding, a com­
parison of stored-energy vs. ac welding, and points 
to consider in selecting the proper equipment. 
Weldmatic, Div. of Unitek Corp., 380 N. Halstead 
Ave., Pasadena, Calif.

Plastics 156
This eight-page, illustrated catalog lists avail­

able shapes and sizes of Teflon plastic. Permis­
sible tolerances are given on all stock shapes. 
Properties and end use applications of Teflon 
shapes are described. Shapes cataloged include 
sheets, rods, tubing, tapes and cementable etched 
tapes. Also, large diameter molded bars and cylin­
ders. Cadillac Plastics & Chemical Co., 15111 
Second Blvd., Detroit 3, Mich.

Recording Data

Entitled “New Concepts in Recording—for Mili­
tary’, Industrial and Scientific Applications,” this 
16-page booklet describes various methods of re­
cording and identifies and defines those circum­
stances under which direct writing recording 
systems provide maximum benefit to military and 
industrial users. Applications of the firm’s record­
ing systems in monitoring military, space technol­
ogy and scientific data gathering systems are 
discussed. Also shown is a broad range of oscillo­
graphs, special-purpose amplifiers and system con­
figurations. Write to: Brush Instruments, Dept. 
ED, 37th and Perkins, Cleveland 14, Ohio.

to find the electronic 
test instrument

you need?
... how can you be sure it’s 

the best available for your needs?
Did you know that there are 4,500 

different electronic test instruments 
manufactured by some 400 different 
companies?

Think of how many catalogs, spec 
sheets, and how much bombastic adver­
tising you have to go through to find the 
instrument best suited to your needs!

Imagine the volume of correspond­
ence and follow-up, the size of your 
filing system, the many telephone calls 
and interviews ... the hours, days, 
weeks of valuable time involved!

And when you’re all through, you 
still can’t be sure you haven’t missed 
something important —haven’t compro­
mised your needs somewhere along the 
way—or purchased something unneces­
sarily more elaborate and costly.

A SERVICE THAT PAYS FOR ITSELF 
MONTH AFTER MONTH, YEAR AFTER YEAR

All the headaches, uncertainty, and 
costly investment of time can be elimi­
nated in one stroke through technical 
information service. The FREE bro­
chure describes in detail how TIS 
works to make electronic test instru­
ment selection swift, easy, and wise! 
If you don’t have the problem, someone 
in your company does. Get a copy of 
the brochure for that man. He will be 
delighted to receive it. Use this con­
venient coupon. Do it NOW’...it5 
FREE and there’s no obligation.

hr technical raj information La CORPORATION
Union Square, New York , A-m 

W Atkins 4-2111

GENTLEMEN: Cod«: 602

Send me the free TIS brochure, at no ot gotior

NAME___

DEPT___

ADDRESS.

CITY____

___________ TITLE-----

COMPANY---------------

ZONE___ STAT
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Sen o-brief 1583 contains technical data on the 
use of inertia and velocity damped servomotors. 
The 11-page booklet compares various forms of 
electromagnetic damping, detailing the charac­
teristics of each type. Transfer function equations 
for servomotors, servomotor-rate generators, in­
ertia and velocity damped servomotors are de­
veloped to aid the systems engineer in determining 
unit clamping requirements. Charts of additional 
damping that can be provided in sizes 11, 15 and 
18 of the firms inertial and velocity clamped units 
and a check-list of servomotor specification re­
quirements are also included. Beckman Instru­
ments Inc., Helipot Div., Dept. ED. 2500 Fuller­
ton Rd., Fullerton, Calif.

Catalog No. 765, 32 pages, covers the firm's 
socket screw products. The two-color catalog in­
cludes hex socket set screws, hex socket cap 
screws, hex socket flat head cap screws, hex socket 
button head cap screws, hex socket shoulder 
screws, and hex socket pipe plugs. Included are 
unified screw thread tables, tables giving physical 
properties and dimensional standards, and tables 
listing plating and finishing treatments and the 
government specifications to which they conform. 
The Bristol Co., Waterbury 20, Conn.

NUMBER FIVE * in a

ELECTRO­
MECHANICAL 

DESIGN

This eight-page booklet describes a new line of 
eight transistorized “DEC System Building 
Blocks.” Electrical, logical and mechanical charac­
teristics of the new units are described in det dl. 
There are also application examples showing how 
the units can be used as a binary up-down counter 
and a high speed parallel adder. Included in the 
fully compatible System Building Block family are 
flip-flops, inverters, diode logic units, pulse delays, 
clock, pulse amplifier, and pulse generator. Digital 
Equipment Corp., Maynard, Mass.

■ Lockheed Missiles and 
Space Division has com­
plete capability in more 
than 40 areas of science 
and technology. As sys- 
terns manager for such 
projects as the Navy 
POLARIS FBM; DIS­
COVERER Satellite; 
Army KINGFISHER; 
Air Force O-5, X-7 and 
X-17, the Division is 
heavily engaged in all 
phases of design and 
packaging.

ENGINEERS AND 
SCIENTISTS

If you are experienced in 
electro-mechanical design 
or packaging with specific 
knowledge of electronic 
packaging; wiring design; 
harness assembly; igni­
tion and separation sys­
tems design or auxiliary 
power systems design, we 
invite your inquiry.

Write: Research and 
Development Staff, Dept. 
G1-21,962 W.E1 Camino 
Real, Sunnyvale, Cali­
fornia. U.S. citizenship 
required.

Tantalum Capacitors

Specifications on solid tantalum capacitors are 
presented in this revised engineering bulletin. The 
four-page Electronics Products Engineering Bulle­
tin No. 1 contains a general description of solid 
tantalum capacitors, a list of possible applications, 
and data on performance characteristics. A full­
page table lists specifications such as capacitance, 
working voltage, weight, dimensions, and leakage 
current for 60 different solid tantalum capacitors. 
Typical performance curves show the relationship 
of capacitance and temperature, and the effect of 
both voltage and temperature on leakage current. 
Write to: Kemet Co., Dept. ED, P.O. Box 6087, 
Cleveland 1, Ohio.

% Four years ago, fresh from the factory, that needle was 
on the button, at 20 volts. A 2% drift in four years is 
excellent stability... but a few hours from now, this instru­
ment will be right back on the button, ready for more years 
of useful, accurate service. We repair and recalibrate thou­
sands of instruments a year in our service laboratories — 
with factory components, by factory-trained technicians, 
to factory standards. One more reason to "Get the 
Burlingame Habit”.

CIRCLE 161 ON READER-SERVICE CARD

studies planned, frankly, to impress you with the efficient 
service rendered by-
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Lockheed 
missiles and space

DIVISION

S) stems Manager for the 
Navy POLARIS FBM; 

DISCOVERER SATELLITE; 
Army KINGFISHER; 
Air Force Q-5 and X-7

SJNNYVALE. PALO ALTO, VAN NUYS. 
SANTA CRUZ. SANTA MARIA. CALIFORNIA 

CAPE CANAVERAL. FLORIDA 
'-AMOGOROO, NEW MEXICO • HAWAII

SERVING SCIENCE AND INDUSTRY SINCE 1928

510 S. FULTON AVE., MT. VERNON, N. Y. • MOUNT VERNON 4-7530 
WASHINGTON. D C. • WALTHAM, MASS.« UPPER DARBY, PA • SYRACUSE, N. Y.
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offers these Power Supplies 163

CUSTOM FEATURES
in a new stock

WWV and WWVH Services 164

Computing Galvanometer 165

GEAR MOTORMOTOR ONLY

Magnetic Tape Recorder 166

NEED TOP QUALIT
Reliability Data 167

NAME.

MCOCOMPANY.
GENERALKansas Citv 5, MoADDRESS.
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Designers and manufacturar* of 
mechanical, pneumatic, hydraulic,

electric and electronic 
equipment and system*

MODEL RBC-2407 r 
2*Phase Instrument Servo Motor

Electronics Div., 911 Broadwav
fress Is Our Most Importent F

eight. It contains pictures, and covers

This 64-page brochure describes the firm’s sys­
tem testing concept in terms of participating 
groups, i.e., test planning, test methods, produc­
tion test, quality control, reliability groups and 
other groups concerned with testing electrical 
circuitry. Entitled “The DIT-MCO Matrix Chart,” 
the brochure contains criteria for an ideal test 
system, a suggested test system flow diagram and 
an outline for setting up the test system. DIT-

Bulletin 1578A describes the type 5-701 mag- 
tic tape recorder for data acquisition systems 
here high precision is required with minimum

Basic theory, application and specifications of 
type 7-370 computing galvanometer are described 
in illustrated, four-page, brochure No. 1605A. 
This instantaneous-watt galvanometer is designed 
to perform the three basic functions of addition, 
multiplication and subtraction, pcTmitting calcu­
lation of power factor, average power and other 
multi-variable problems from a single moving 
trace. Consolidated Electrodynamics Corp., 360 
Sierra Madre Villa, Pasadena, Calif.

electrical specifications and environmental limits. 
The unit features 14-track data recording, pre­
cision tape drive, self-contained power supplies, a 
lightweight cast magnesium case and all-metal 
record heads. Consolidated Electrodynamics Corp., 
360 Sierra Madre Villa, Pasadena, Calif.

• High torque-to-inertia ratio
• Torque to meet your needs
• Several output speeds to choose from
• Control winding impedance of 5400 ohms locked rotor
• New motor end cap design for easier mounting, 

better heat dissipation
The RBC-2407 is available as a basic motor or with four stock 
gear ratios to meet your application requirements. All gear motors 
are electrically and mechanically interchangeable. Send coupon 
for free bulletin covering complete details, including physical 
dimensions and electrical specifications of this Model RBC-2407 
instrument motor.

Bulletin S-159 describes services available from 
the National Bureau of Standards radio stations 
WWV and WWVH. It contains information on 
time intervals and signals, frequencies, and graphic 
illustrations depicting schedule of broadcasts by 
the minute, hour, day and year. Specific Products, 
21051 Costanso St., Woodland Hills, Calif.

Basic data on a hy brid series of voltage regu­
lated power supplies is contained in this four-page 
brochure. The units have both transistor and vac­
uum tube circuitry. Electrical, mechanical and 
pictorial material is provided on the units which 
have a voltage range of from 125 to 325 v. Kepco 
Inc., 131-38 Sanford Ave., Flushing 55, N.Y.

Specify G-E vitreous-enameled resi 
when your designs require depeni 
performance. G-E resistors are lesi 
to eliminate failures! Non-crazing i 
ous enamel effectively seals out orr 
atmospheric conditions. You r iy ’ 
ing extra for this G-E qualit; F< 
instructions below for the G-E Res 
Catalog. General Electric Co., oat 
Virginia.

HOLTZER-CABOT MOTOR DIVISION, Department ED 
National Pneumatic Co., Inc., 125 Amory St., Boston, Mass.
Please send: Q Complete details of Model RBC-2407 Servo Motors 

□ Information on other H-C Instrumentation Motors
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NEW DESIGN CONCEPTS WITH ALUMINUM STRIP
by Robert R. Cope. Aluminum Company of America, Pittsburgh,

Light weight, better space factor, better heat dissipation, low 
voltage between turns, less point-to-point contact . . . these 
characteristics of aluminum strip have long intrigued designers 
of electrical windings. Toda}, this aluminum application is a 
practical reality.

Intensive research and testing b} Alum have contributed 
to important technical breakthroughs. New techniques arc 
solving problems relating to edge effect, joining and insulation.

turn voltage because a single turn occupies the entire vv 
of the coil. Thus, thinner and less abrasion-resistant ins 
tions can be used, such as interleaved sheets of Mvlar 
Kraft paper . . . coatings of varnish, lacquer or epoxv 
anodized films or vitreous enamel.

h

Recenti}, purchased the transformer division of
Automation Instruments. Inc., to perfect winding techniques 
and to produce protot}pe coils for customers' evaluation. 
With this added facility, the electrical windings division of 
Alcoa Research Laboratories is equipped to wind coils from 
small solenoids up to distribution transformer sizes for test­
ing b} manufacturers an important, new service for the 
electrical industry.
ALUMINUM’S NATURAL ADVANTAGES
Aluminum weighs less. In general, an aluminum strip winding 
weighs onl} half as much as an equivalent winding of copper. 
Based on equal current-carrying capacity, 0.48 pounds of 
aluminum replaces one pound of copper. (Figures are for 
61.0 per cent conductivit} aluminum. 97 per cent conductivity 
hard-drawn copper.) Alcoa No. 3 EC alloy has been devel­
oped express!} for electrical windings. Space factor of alum­
inum strip can be 90 per cent and higher: for copper wire. 
55 per cent to 65 per cent is typical. Thus, although an alum­
inum strip requires more conductor volume than a conventional 
wire winding, the total space occupied b} each is about the 
same. Variations in space factor will depend on the ^trip-to- 
insulation thickness ratio.

Aluminum strip windings permit higher current densities 
because each turn has an outside radiating edge that provides 
effective heat dissipation. Layer-to-layer temperatures are 
constant; hot spots are virtually eliminated. The inner turns 
of a wire-wound coil cannot radiate heat as efficiently as the 
outer turns.

In most cases, aluminum strip windings can be manufac­
tured at lower cost than equivalent wire windings. Aluminum 
strip lends itself to automation: new high-speed winding 
techniques have reduced fabrication costs bv eliminating 
much of the hand labor necessary with wire.

Conventional wire windings require heavier insulations to 
withstand (I) abrasion during winding. (2) abrasion from 
point-to-point contact between turns. (3) layer-to-layer volt­
age. which may be many times the turn-to-turn voltage. 
Aluminum strip insulation needs to withstand onl} turn-to-

Auov has tested ever} known method of joining ah • i- 
num. Some techniques proved impractical or cost!}. Bm 
successful joining has been accomplished with ultras, k 
welding, high temperature soldering, shielded inert arc weld­
ing, cold pressure welding, resistance welding and mechanical 
joining, ( old pressure welding is quite practical: joints have 
high strength and conductivit} . Ultrasonic welding requires 
no heat, precleaning or flux: joints are made quickl} between 
parts of different thicknesses, or of multiple thicknesses and 
the weld can be made through man} t.vpes of insulation.

Where is the best application for aluminum strip windings? 
In power ¿devices or electronic equipment, the economics of 
aluminum strip windings are indicated when customar} wire 
sizes are 24 gage or larger. However, in many aircraft and 
missile applications, where weight is a critical factor, alumi­
num strip is a natural application regardless of size.

Here, at a glance, are the main areas of comparison:

property COPPER WIRE ALUMINUM STRIP 
No. 3 EC

Weight (Ib/cu in.) 0.321 0.098
Specific gravity 8.89 2.70
Coefficient of linear 

expansion (/°C) 0.000017 O.OOOO23
Thermal conductivity 

at 20°C / watts/sq in. \ 
\ in./°C / 9.7 - 10.0 6.0

Electrical conductivity 
at 20°C, per cent IACS 97 - 100 61.0

Electrical resistance at
20°C (microhms/sq in./ft) 8.40 - 8.14 13.14

Temperature coefficient 
of electrical resistance 
at 20°C (/°C)

0.00392 -
0.00381 0.00409

Modulus of elasticity 1 7 x 106 10 x 106

Alcoa Aluminum Electrical Windings will reduce your costs 
and improve your product. We'd like to prove it. Send }our 
specifications to us and we will wind sample coils. Then make 
your own test.

All mini m Company of America, 2263-G Alcoa Building. 
Pittsburgh 19, Pennsylvania.

Versatile is the word for aluminum strip in electromagnetic equipment. The strip 
winding technique is applicable to a wide range of coil sizes and dimensions.

Interleaving sheet-type insulation 
with aluminum strip.

• Send for Alcoa's new 
Conductor Selector 
Chart, a convenient

J slide rule for convert­
ing stand a rd wire 
sizes to equivalent

* strip conductor

ALCOA Ç 
ALUMINUM
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BUS CARD Drafting Equipment 169

IS AN ADDED
Vertical and roll filing equipment for storing 

and protecting plans, blueprints and other types 
of drawings are described in catalog No. 4-59, 10 
pages. Pictures, dimensions and descriptive ma­
terial on the equipment is furnished. Plan hold 
Corp., 5204 Chakemco St., South Gate, Calif.

SECRETARY Piezoelectric Ceramics 170

Bulletin 6900, 2 pages, shows typical shapes 
which can be fabricated from this material and 
some of the components that can be made with it, 
such as accelerometers and actuators. Physical 
properties and electrical specifications are given. 
Sprague Electric Co., North Adams, Mass.

Like a good secretary, Electronic 
reader service card works 

pickly and efficiently to obtain 
he information you request, 

ards now bear Air Mail pre­
aid postage for western areas, 

Nt e\en more important, your 
equests are forwarded to adver­
sers within Ose Day of Re- 
ipt. Special pre-typed labels 

>0 help to cut down the time 
’squired to get the data you want 
’ the mail and on its way back 

to you.

^oti: r Improved Reader Service 
. . Only Available in

sLE?TRONIC design
■ HAYDEN publication

*sew V ork • Chicago • Los Angelos
London

Computer Transisters 171

Brochure G-140-A describes types 2N315A-317A 
pnp and 2N356A-358A npn germanium alloy 
transistors for applications where high speed, high 
current switching is important. The brochure, be­
sides detailing standard specification data, in­
cludes drawings of each unit, its switching circuit, 
and its wave form, and graphs of dc collector 
voltage vs dc base current, dc base voltage vs dc 
base current, and dc current gain vs collector cur­
rent. General Transistor Corp., 91-27 138th Place, 
Jamaica 35, N.Y.

Components 172

Helinews, No. 19, covers with pictures and 
technical data the firm’s series 7220 and series T 
potentiometers, both 7/8 in. in diameter. Also in­
cluded is descriptive material on the series 5200 
potentiometer, expanded scale voltmeters, a size 
11 servomotor-rate generator, and a list of data 
sheets available from the company. The last page 
of the catalog humorously provides basic English 
translations of typical engineering statements. 
Helipot Information Service, Helipot Division of 
Beckman Instruments, Inc., 2500 Fullerton Rd., 
Fullerton, Calif.

Insulation 173

Illustrated with both product and application 
pictures, and containing descriptive data, catalog 
No. 30, 36 pages, covers electrical insulations for 
repair and maintenance of motors, generators, and 
electrical or electronic equipment. Products in­
cluded are: tubing and sleeving; mica plates and 
laminates; varnished fabrics; insulation papers; 
high temperature insulating materials for treat­
ment of Class H units; baking and impregnating 
varnishes; and pressure sensitive tapes. Insulation 
Manufacturers Corp., Publications Dept., 565 W. 
Washington Blvd., Chicago 6, Ill.

Subsidiary of

General Transistor Corporation

The Magnetic Head Divi­
sion of General Transistor 
Western Corporation de­
signs and produces pre­
mium g u a I i t y magnetic 
heads to your specif ¡cat ions 
... at lowest cost. Special 
quality control checks in­
sure an extremely narrow 
channel to channel and 
head to head uniformity, 
all metal construction plus 
precision lapped gaps and 
mounting surfaces account 
for their excellent reputa­
tion in the computer and 
missile field. Write or call 
now for complete design 
portfolio.

MAGNETIC TAPE & DRUM HEADS

General Transistor Western Corporation
6110 Venice Boulevard, Los Angeles California • WEbster 3-5867

quality 
control 
from 
prototype 
to 
production
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Calorimeter, Microwave
PF, p. 156, June 24
.. .GA, p210, May 13
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Compact! Easy to Read!
READALU Readout

Adapters Increase Meter’s Versatility (Simpson 
Electric Co.) Seven adapters plus one meter 
equal seven different test instruments .......... 
................................................. PF, pl54, June 24

All-Mechanical Antenna Scan On Its Way Out. 
Staff Report. Design of very large antennas 
will keep engineers busy. Work is in progress 
in radio astronomy, and large antennas are 
necessary to pick up very weak signals from

Capacitors, Layerized High-Dielectric-Constant ... 
.... ........................................................p70, Mar. 4

Capacitors, Optimum Values for RF Bypass .... 
............................................................ p26, May 27

Cast Silicon I-R Domes (Hughes Products Semi­
conductor Div.) Describes blanks, domes, flats 
and prisms of pure silicon for infrared systems.
......................................................... PF, p28, Apr. 29

Cathode Coupled Limiters. Limiting independent 
of the clamping effects ....GA, pl85, Feb. 18

Cathode Performance, Skin-Tight Sarong Boosts 
...............  PF, p52, Mar. 4

Cells, Design Data in Rechargeable Dry ...........  
..................................................... PF, p52, Apr. 29

Challenge ’59. Staff Report beginning p. 20, Jan. 7
Chopper, Rugged Microminiature ......................  

..................................................... PF, p34, Jan. 21
Circuit, Designing a Transistor NOR, for Mini-

Degau*’ 
back g 
era ar

Delay I 
Design

Staff-v 
engine 
commi 
micron 
liabilit 
sumer 
glamoi 
hurdle!

Instruments celestial objects p24, Jan. 7

Union Switch & Signal makes two types of electro-mechanical, DC-oper­
ated readout instruments, displaying 10, 12, or 16 characters on a wheel; 
or displaying up to 64 characters on a Mylar* belt. Character assign­
ments can be furnished as required.
TRANSLATION Both readout instruments operate directly on binary 
codes on a null-seeking basis. This eliminates the need for external equip­
ment for translation from binary to decimal code, as required with other 
readout devices.

All Transistorized Portable TV (Philco Corp.)
First portable TV to reach the market ..........
..................................................... DF, pl86 June 10

Amplifier, Fast Recovery Microvolt DC ..................
........................................................ ID, p!80, May 13

Amplitudes, Harmonic, in Class C Operation ....
.....................................................GA, p52. May

Antenna, Cap Loaded Folded ..............p50. May
Antenna Miniaturization, J. A. Seegar, R.

Hameon. A. W. Walters. Various methods

27
13

to
reduce length of linear antennas without 
seriously degrading their electrical character-
istics p64, Mar. 4

mum
Circuit 

Time
Circuit,

Power Dissipation p42. Mar. 18
Response, How to Determine, With Two
Constants p!8, Apr. 29
Self-Saturating Reactor, Amplifies AC

Signals Directly p64, May 13
Circuit Techniques to Eliminate Large Volarne 

Components—A Literature Survey, J. I. Cooper­
man, J. Franklin. A literature survey of pos­
sible methods to* eliminate large-volume com-
ponente p52, Mar. 18

VISUAL READ-OUT Union readout instruments are designed for quick, 
easy readability, even when mounted in rows.
INFINITE RETENTIVITY These instruments require power only during 
the response time, because they are of the null-seeking type. Once posi­
tioned, they retain the data visually and electrically until a new code 
is received.
ELECTRICAL READ-OUT The design of the decoding and control por­
tions of the readout instruments provides electrical read-out of data in 
the same form as the input. The data can be read continuously or peri­
odically without erasing the stored information.
USES Union Switch & Signal RE AD ALL readout instruments can be 
used in the output of digital computers, in teletype receiving equipment, in 
telemetering systems, or wherever data needs to be displayed.

t Trademark * Dupont’» synthetic fiber.
Write for complete information.

Applying Vacuum Evaporation Techniques for Mi­
crominiaturization. L. H. Bullis, W. E. Isler. 
Problems of applying thin films and some of 
their important characteristics .. ..p42, Feb. 4 

Armature, Printed Circuit, Now in DC Motor 
.....................................................PF, p62, Mar. 4 

Automatic Speech Recognition. Four motivations 
and three approaches are discussed ..............  
................................................ GA, pl25, Apr. 1

Atmospheric Transmission in Infrared, T. Altschu­
ler. How to calculate transmission of infrared 
through various types of atmosphere ..........  
.........................................................p28, June 24

Attenuation in the Passband of Filters. Approxi­
mation of losses in reactive components ......  
.................................................GA, pll2, Apr. 29

Automatic Focusing System (Compaco, Inc.) De­
sign of automatic focusing for TV, motion pic-

Circuit, Transistor Hybrid Timing ..p22, June 24 
Circuitry, Magnetic, Hall-Effect Unit Combined

With ......................... ...................PF, p42. May 13
Circuits, Component Holder Speeds Breadboard I 

................................................. ID, pl52, Mar. 18 I
Circuits, Standard Transistor Switching ........... I

...............................................................p46, Mar. 18 I
Coax Cable Operate«« at 500 C. (McGraw-Edison I

Co.) Uses a specially processed silica dielectric I
.........................................................PF, p56, Mar. 4 I

Component Holder Speeds Breadboard Circuits ■
..................................................... ID, pl52. Mar. 18 I

Components Demand Outstrip Advances; Goal's 1
Reliability. Staff Report. Demands for com- 1 
ponent reliability may outstrip developments, 1 
since range of requirements over which reliable j 
component operation is needed will be on in- ■
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crease. p30. Jan. 7
Components, Designing Microstrip Ra»! Fre-

quency p60.
Computer, Fully Transistorized Desk Top 

Solves Most Design Problems PF, p230.
Computer Conference Report p34.
Computer-Designed Encoder (Lib rasco;

May 13 
Analog, 
May 13 
Apr, 15

Ine.)

Dielectrics 
eroapher 

Diffused Si 
of using

ture or still cameras DP, p34, Mar. 18
How one engineer did a better job < er by 
using a computer...................... DF, p32. ne M

Computer “Forever” Devices Highlight onfer-

B

&ÙAh-(Button, Science

DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY

Balun Designs, VHF-UHF Broadband ..............  
.........................................................p30, Apr. 15

Bandwidth Reduction for Transmission of Radar
Signals. Information compression techniques 
.....................................................GA, pl22, Apr. 1

Basic Research, Inventions Needed. Staff Report.
*59 poses challenges in research—underwater 
communications and underwater detection. Also

ence. Meeting Report. Computer co 
ihows trend toward using magnetic ■ 
as storage devices and in transfer cire 
.................................................................p34

Computer Techniques Help Square Squar 
(General Applied Science Laboratori»- 
Pulse amplifiers and flip flops produ
waves DF, p60.
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ronic assemblies p24, Feb. 18
its, Circuit Techniques to Eliminate
Volume p52, Mar. 18

Sectional Module Mounts for .........  
......................................... PF, p32, Feb. 4 

e, Western Joint Computer p34, Apr. 15 
ns, Staff Report. Covers the latest de- 
ents in products and techniques over the

months. Includes connections between 
ent, connections inside equipment and
nections p53, Feb. 18
>ns, Waveguide Flange GA, p76, June 24

< Current Battery Charger ID, p66 June 10
(ontoL Photocells (International Rectifier Corp.) 

A • iety of voltage waveforms can be gen­
erate from pliable photocells by reshaping their
con U« j r PF, p22, Feb. 4

D
Pegau** Pulse Transformers, E. J. Watt. Provides 

background on polarization of pulse transform-
ers and how to get rid of it p26, Apr. 1

Delay Line, Pulse Shaping ....PF, p44. Mar. 4 
Design '59—Challenges Facing Design Engineers.

Staff-written analysis of challenges to design 
engineers in *59 both new and old: includes 
communications, telemetering, radar technology, 
microwave applications, instrumentation, re­
liability, components, medical electronics, con­
sumer goods, and research. Considers the 
glamour jobs of the space age to familiar 
hurdles—rfi to less-than-perfect reliability...... 
........................ Section beginning p20, Jan. 7 

Design Data on Rechargeable Dry Cells. Provides 
design data and developments in nickel-cadmium
sealed cells PF. p52, Apr. 29

Draign-Maximum Tube Ratings, J. H. Robb. De­
sign-maximum, design-center, and absolute maxi­
mum tube rating systems defined and com-
pared p22, Apr. 15

Designing Microstrip Radio Frequency Compo­
nents, L. D. Baldwin, T. E. Hattersley. Charac­
teristic impedance and velocity of propagation 
can be readily calculated for microstrip lines
containing two dielectrics p60, May 13

Designing Zener Diode Voltage Regulators, R. G. 
McKenna. A few equations, a set of curves 
make the design of a Zener diode voltage regu-
lator easier .p30, Apr. 1

Design Ideas at the Hi Fi Show Audio equipment 
designers can teach other designers a few tracks 
—especially in vibration isolation ....................
..............................................................p30, Jan. 21

Design of a Two-Transistor Binary Counter, 
P. Emile, Jr. Three levels of design for a two- 
transistor binary counter are suggested........
.......................................................... p38, Mar. 18

Designing a Transistor NOR Circuit for Minimum 
Power Dissipation, E. L. Cox. A method of de­
signing a transistor version of a NOR circuit 
............................................................p42, Mar. 18

Detector, Evaluating Infrared Photon p22, May 27
Detector, Infrared, Covers 2 to 40 Micron Range 

................................................ PF, p229, May 13
Detector, Precision Phase ....PF, p28, Feb. 18
Detectors, Diode, Germanium GA, pl08, June 10 
Dielectric Constant, Measurement of Complex ....

.................................................. GA, p249, Mar. 4
Dielectrics, Plastic, Based on Hollow Glass Mi-

crospheres p34, June 24
Difuaed Silicon Diodes, F. R. Carlson. Advantages 
of using silicon types diodes are explained......  
........................................................  June 10

Dfi tal- Analog 
Curves with

Techniques, Generate Better
p40, Mar. 4

A Bi<it al Recorder. Use of several static pens in
recording oscillographs GA, pl31, Jan. 7

lode bi-tectors. Germanium ,.GA, pl08, June 10 
I» vice Switches in Fractions of a Mierosee- 

”•<1 • A’estinghouse Electric Corp.) Diode switch 
transfer from u blocking to a conductive 

condition in 10 to 15 m/xsec ..PF, p42. May 14 
tHode I rectory of Manufacturers, Semiconductor 

.................................. p39, June 10 
I akage, Secondary Effect of, in Selection 

Matri. s .............................................p46, June 10
' w-Noise Paramp ... DF, p46, Mar. 4 
’ cro. Designed for Computer Applications 

.................................................. PF, p!80, June 10

Diodes, 650 Micro-Module, Fit in 1 Cubie Inch 
.................................................PF, pl81, June 10

Diodes, Noise in Semiconductor GA, pl52, Apr. 15
Diode Measurements, New Circuits for Better ....

................................................................ pl8, Feb. 4
Diode Testers, Three, Have Modular Construction 

.................................................PF, pl82, June 10
Diodes, Choice Performance But Difficult Choice. 

This special staff report coven basic problems 
in specifying diodes, how to cope with con-
fusion, and recommendations

Diodes, Diffused Silicon............
,p27, June 10
.p42, June 10

Diodes, Using, as Power Supply Filter Elements 
.........................................................p50, June 10

Driver, Multivibrator, For Relay Devices................
.................................................................p48, Apr. 15

Electroluminescent Readout Lamps (Westing­
house Electric Corp.) Require negligible power, 
dissipate little heat, and capable of mounting
in narrow areas PF, p32, Mar.4

Electronic or Mechanical Multiplexers? M.
Kranzler. Comparison of multiplexers shown
table .........................................

Electronics, Packaging Missile
p38, May 
.p32, May

in
27
27

Electrostatic Function Generator Follows Penciled 
Curves (Research Inc.) Unconventional tech­
niques help this curve follower avoid weak­

nesses inherent in earlier systems ..................
..................................................... PF, p38.

Encapsulating Electronic Parts in Epoxy,
p26,

Encoder, Computer-Designed ....DF, p32.

June 24 
Methods 
May 13 
June 24

Equations. Worst Case Design, For Transistor
Logic Circuits p32. May 13

Equipment Adaptable to Microminiature Circuit
Technology, E. Sensi. Some handling
methods which can be used to adapt currently 
available machinery to microminiature applica-
tions p38, Feb. 18

Etched-Foil Precision Resistors Equipment Sim­
plify Design (Photocircuits Corp.) Adjusted 
after production, these resistors etched out of 
copper-nickel alloy foil, can replace complete 
assemblies of conventional precision components 
.............................................................p48, May 13 

Evaluating Infrared Photon Detector, F. Rosell. 
Responsivity and NEP discussed ......................  
........................................................ p22, May 27

Fan, Potting, Casting, Molding Used to Produce
Low-Cost Cooking PF, p22, Mar. 18

Fast Character Painter Reads Out on Conven­
tional Scopes (Skiatron Electronics & Televi­
sion Corp.) X-Y-Z inputs swept with voltage 
................................................ PF, pl20, May 27 

Fast Recovery Microvolt DC Amplifier ..................
................................................ ID, pl80, May 18 

Filters, Attenuation in the Passband of..................
................................................ GA, pll2, Apr. 29 

Fine Line Etched Wiring, E. D. Olson. Several 
processes are discussed for producing fine line
etched wiring p38, Feb. 4

Flat Rotary Switch Saves Space (Digitran Co.) 
Describes new type of rotary switch .......... 
.....................................................PF, p28, Apr. 1

Flexibility Plus—With Two Scopes in One (Allen 
B. DuMont Laboratories, Inc.) A dual-beam, 
two-gun scope with many flexibility features 
..................................................... PF, p36, Jan. 21

Flow Graph, G. V. Woodley. The flow graph can
simplify network design p26, Jan. 21

FM Tuning Unit (Granco Products) Clever elec­
trical and mechanical design details in a low-
cost AM-FM radio . DF, p44, Jan. 7

For Consumers: Price, Quality. Staff Report. Cost 
reduction must be achieved by means of im­
proved circuit design, multipurpose components, 
improved production techniques. Challenges en­
gineers applying policy of “economy design” 
.............................................................p32, Jan. 7

For Instrumentation—Lab Accuracy in Field. 
Staff Report. Accuracy is one of the most cru­
cial needs, particularly in time measurements. 
Lab accuracy must be brought to the field .... 
....... .....................................................p26, Jan. 7

sophisticated 
servo

solutions
size 8’s that do the work of 10’s... 15’s with 100,000 rad/sec2 
acceleration...Il’s and 18’s with inertia or adjustable velocity damp­
ing. Extract your solution from an infinitude of beckman servomotors.

To satisfy the unknowns 
in your system, 

try these representative specs 
on your slipstick.

60014 0 1959 8. I. I.

Null voltage, 
millivolts

Output voltage 
volts/1,000 rpm

Size 8 servomotor­
rate generator 

Model 8MG420/410

25v 
400-cycle

1.350

6,000

Size 11 velocity- 
damp servomotor 
Model 11VM460

115v 
400-cycle

2.033

Size 15 servomotor 
Model 15SM461

115v 
400-cycle

1.375

6,000

Size 18 inertia­
damp servomotor 

Model 18IM460

115v 
400-cycle

2.525

4,700

68,000

Excitation

Length, inches

No-load, rpm

Torque at stall, 
oz. in.____

Acceleration at 
stall, rad/sec*

Additional damping 
available 

dyne cm. sec. 
radian

0.63

22,200

145 .

100,000

2.35

22,200

10-100
(adjustable)

There are 10 30 standard A spec types available in these popular sizes!

For complete 
crib-sheets... specs, drawings, 

torque speed curves 
and unit characteristics... 

write for data 
file C 283.

Beckman* He|Ipot

Helipot Division of Beckman Instruments, Inc.
Fullerton, California

Engineering representatives in 29 cities

potentiometers: dials: delay lines: expanded scale meters: servomotors: breadboard parts
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Meter'
varations during circuit design p20, Apr. 1

PF, pl22, Muy 27With new heat exchanger

ultra miniature

very fast phenomena PF, p229, May ¡3
ID, p40. May 27Pulses

Generate Better Curves with Digital-Analog Tech'
niques,

PF, p38, June 24ciled Curves
Generators, Hall-Effect: How They Work and How

p28. Mar. 4

Graph, The Flow

Gyro, Spring Spins

Limiters, Cathode Coupled

Operation.
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High Speed. Word-Organized Memory Techniques,
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GA. p24 
MD

Germanium Diode Detectors. Analysis of diode
characteristics applied to detector circuitry ....

Method 
E pox 
with

Encapsulated —designed and built 
accordance with MIL-T-27A

tube manufacturers . 
I-R Domes, Cast Silicon

^aiatnrizin 
CsletaKy. 
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Micromod 
ductors

Micro-M

very small computer can do 
mathematics encountered by 
designs .....................................

Stocked for immediate delivery 
from your electronic parts distributor
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a Scope

... . p36, Mar. 18
PF, p28, Apr 29

June 24 
- y Irani* 
-jment 
May 2Î 
nstant.
Mar. 4 
aether
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ductors

Micromi:
Adapta
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Keep Junction Temperatures Down—Mount Diodes
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Staff Report.

Barnes. Design tech-

Measurement of Complex
Avoids complex calculations

...................    PF, p56 Mar. 4
Gain of a Million with a VTVM anr

Micromin 
oration

Micromin

Harmonic Amplitudes in Class

Amatore 
Belknap, 
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wrrents i 
fuita ...,
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Operating
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GA, pl08, June 10
..............p26, Jan. 21

............. p70. Mar. 4
GA, pl85, Feb. 18

Hagen. How

Luft. Design of fins for cooling
........................... p30, Mar. 18

Graphical Design of Phase Shifters With Reactive 
Loading, P. A. Ryan. Equations and a graphical 
design approach can simplify design of these 
circuits ..............................................p38, May 13

Grid Current in Electrometer Tubes. Methods of 
reducing components of negative grid current 
to achieve high input resistance ......................

How To Get Ahead, the Do's and Don’ts, E. N.
Kaufman. What every engineer should know to

Hall-Effect Generators: How They Work and How
They’re Used, W. E. Bulman. Covers theory of
operation and several applications • .p28, Mar. 4

Hall-Effect Unit Combined With Magnetic Cir­
cuitry (Ohio Semiconductors, Inc.) Both a Hall­
effect generator and the required magnetic cir­

cuitry are integrated in this package ..........
......................................................... PF, p42. May 13

Measure Fine Wire Fast with Light,
Electric Products Inc.) Unusual i 
which measures reflected light . .DF, p

ing “step-input” assumption

Alexander. Principles and

about 95% of the 
engineers in most 
PF, p230, May 13

Closed-form expressions for harmonics ..........  
....................................................GA, p52, May 27

High Power, Big Antennas NOT Radar Answers.
Staff Report. Basic problem for microwave en­
gineer is how to exploit potentials of para­
metric amplifiers, solid-state masers, and vari­
able reactance diodes .......................... p23, Jan. 7

Hi Fi Show, Design Ideas at the ... .p30, Jan. 21
High Speed Avalanche Switch (Semiconductor

Div., Sperry Rand Corp.) It takes the avalanche 
switch about 50 trillionths of a second to turn

Impedance, Linear Two-Ports with Complex Image 
............................................. GA. p248. Mar. 4

Jiirro-D
«Pac: 
ideal i

Mie reel» 
Staff 
the ci 
rurizai

Mieroel*« 
itrom 
ponen t 
able fo

methods of generating curvilinear functions ..
................................................................ p40. Mar. 4

Generator, Electrostatic Function, Follows Pen

Magnets, Rotating, Close Switches Rapidly ........... 
................................  PF, p48, Jan. ’

Magnetrons, Miniature Microwave . . p74. Mar. 4 
Management, Signposts for Engineers On the Road

to....................................... . ...................p56, June 24
Many Reference Voltages From One Zener Diode.

B, Daien. Two simple circuits enable designer V' 
provide extremely tight reference voltages with 
inexpensive five or ten per cent Zeners.............

Fully Transistorized Desk-Top Analog Computer 
Solves Most Design Probiema (Electronic As­
sociates Inc.) Completely transistorized, this

Since 1955, Chicago Standard Transformer Corpora­
tion has been operating continuously under RIQAP, 
the U.S. Armv Signal Corps' Reduced Inspection 
Quality Assurance Plan When you specify Chicago 
Standard transformers, delivery time is reduced and 
incoming inspection is at a minimum. You arc assured 
of the highest qualità units for military application.
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Instruments, Microwave Test .........................
............. Parts 1-7, pl6, Dec. 10—p24. Mar. 18 

Interconnecting Microminiature Modules, N. J.
Doctor, E. L. Hebb. How to interconnect minia­
ture modules without adding to the total volume 
.............................................................p34, Feb. 4 

Interpreting European Tube Symbols. G. Gerardi.
Key to tube type symbol- used by most European

niques for three types of word-organized mem­
ories ..................................................... p40, June 24

High-Value Ceramic Capacitors (Packard-Bell 
Electronics Corp.) New construction permits 

high values in ceramic capacitors ..................
..................................................PF, pl56, June 24

How to Determine Circuit Response With Two 
Time Constants. R. S. Muller. Shows how to de­
termine circuit response without the rimplify-

Megawatt Transient Protection in Sn
.......... .............................................. ID, pii

Memory Techniques, High Speed, Word

Linear Synchro or Precision Pot? F. Hagen. When 
does one use a synchro? When a pot? .....

................................... . .................ED, pl58, Feb. 18
Linear Two-Ports with Complex Image Impedance.

Passive networks defined ....GA, p248, Mar. 4
Low-Noise Paramp Diode. (Hughes) Operation 

and advantages of Hughes 2800 and 2810 diodes 
........................... ... .....................PF, p46 Mar. 4

Here are 27 hermetically sealed units designed 
especially for use in transistor circuits. Remarkably efficient for 
their size, these transformers have excellent frequency response 
with low harmonic distortion.

Leads are embedded in plastic to withstand a 12 pound pull 
and are individually spaced for printed circuit board insertion. 
The Chicago UME Series transformers measure .312* x .400* 
x .420* and weigh approximately 1/10 ounce. Detailed specifica­
tions and performance curves are given in Chicago Bulletin CT-46. 
Write for your free copy.

Frequency Sensitivity without Reactors .............. 
.....................................................ID, p98, Apr. 1

Frequency Stability of Oscillators. Phase response 
of the frequency-selective feedback network ....
..................................................... GA, p208. May 13

Full Wattage From Transistors (Gasket Mfg. Co.)

improving Circuit Reliability, C. A. Krohn. Jive, 
statistical method of handling component Jue

’•¡aturzat 
^••tonzini 

’«»•With 
**90! 8yi 

hai

Impedance Matching, E. W. Schwittek. M inr 
an rf power amplifier to a load ... .pl8, i r.

Improving Cable Design, W. J. Strauss. A andy 
nomograph and & handful of working er tioim

Laminates, Tips for Machining Glass Base .......
......................................................ID, pl!2, Jan. 21

Lamps, Electroluminescent Readout .................
......................................................PF, p32, Mar. 4

Lamps, Miniature Incandescent Indicator ...........
.................................................................p78, Mar. 4

Layerized High-Dielectric-Constant C'apaciton, 
L. H. Maxwell, D. M. Freifelder, P. J. Franklin. 
Results of tests on experimental capacitors and 
suggested methods of manufacture

Improving the Emitter-Coupled Phase Spltiter.
M. Price. Efficient phase-splitter using traruw- 
tor can be designed with well stabilized aerat­
ing points .............................................p34, Apr. i

Index, New Products, July 9-December 24
.................................................................p95, Jan. 21

Infrared, Atmospheric Transmission in ......
............................................................. p28, June 24

Infrared Detector Covers 2 to 40 Micron Rance 
(Perkin-Elmer Corp.) Detector can be used for 
rapid scanning applications and observation of

CHICAGO STANDARD
3518 WEST ADDISON STREET

CHICAGO 
Part No.

Application Pri. Impedance 
In Ohms

Sec. Impedance 
in Ohms

UME-12 output 500/600 50/60
UME-13 output 1000/1200 50/60
UME-14 output 600 3.2
UME-15 output 1200 3.2
UME-16 output 10,000 3.2
UME-18 choke 3 hy @ 2 Made —
UME-19 output or driver 10,000 CT/12,500 CT 500CT/600CT
UME-20 driver 10,000/12,500 1200 CT/1500 CT
UME-21 driver 10,000/12,500 2000 CT /2500 CT
UME-22 single or PP output 150 CT/200 CT 12/16
UME-23 single or PP output 300 CT/400 CT 12/16
UME-24 single or PP output 600 CT /800 CT 12/16
UME-25 single or PP output 800CT/1070CT 12/16
UME-26 single or PP output 1000 CT/1330 CT 12/16
UME-27 single or PP output 1500 CT/2000 CT 12/16
UME-28 single or PP output 7500 CT/10,000 CT 12/16
UME-29 output 300 CT 600
UME-30 output 500 CT 600
UME-31 output 900 CT 600
UME-32 output 1500 CT 600
UME-33 interstage 20,000 CT/30,000 CT 800 CT/1200 CT
UME-34 input 200,000 CT 1000 CT
UME-35 interstage 10,000 CT/12,000 CT 1500 CT/1800 CT
UME-36 choke 6 hy @ 2 Made a
UME-37 choke 1 hy @ 2 Made —
UME-38 choke 12 hy @ 0 dc
UME-39 choke 20 hy (a 0 dc —
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Modules, Interconnecting Microminature,
p38, Apr. 16

aDd f her power in one tiny package ..............
......................................................PF, p42, Jan. 7

Meter’s ersatility. Adapters Increase......................
...... ...................................PF, p.154, June 24

Method of Encapsulating Electronic Parts in 
Epox C. H. Carter. Various methods of potting 
with oxy resins and their advantages............

.....................................................p26, May 13
Micro-! de Designed for Computer Applications 

Paci c Semiconductors, Inc.) Tiny diodes are

Modules, Miniaturizing With
.. p34, Feb. 4 
p62, June 10

More Military Contracts Will Specify Reliability 
Levels. Meeting Report. Reliability will be con­
sidered a design parameter and included in fu-
ture military contracts 

Motor, Synchronous ....
........p58, Mar. 4
PF, p22, Apr. 29

ideal : r computer PF, pl80, June 10
Mieroel* tronics—A New Concept in Packaging. 

Staff Report. Latest techniques, processes and 
the c rrent status of the work in microminia-

Multipliers, Transistor Q ....GA, pl84, Feb. 18
Multiplexers, Electronic or Mechanical? ..............

......................................................  p38, May 27
Multivibrator Driver For Relay Devices, A. Nyman.

Provides more effective use of pulse energy and 
capable of higher repetition rates than thyra-
tron-capacitor circuits p48, Apr. 16

turization p32, Apr. 29
Microelectronics Now for Sale (RCA DEP and Day­

strom Weston Instruments.) Microminiature com­
ponents and microminiature subassemblies avail­
able for military electronics applications............  
....................................................PF, p28, Apr. 15

Microminiature Assemblies, Stability of Semicon-

Networks, Practical Two-Phase ...............................
.....................................................GA, pl22, Jan. 21

New Circuits for Better Diode Measurement*, F. E.
Dickey. Three circuits to provide better diode

ductors in p42, Feb. 18 measurements pl8, Feb. 14

Microminiature Circuit Technology, Equipment
Adaptable to p34, Feb. 4

Microminiature Modules, Interconnecting ..............
.............................................................. p34, Feb. 4

Microminiaturization, Applying Vacuum Evap-
oration Techniques for p42, Feb. 4

Microminiaturization, Using Thin Films in ..........  
.. ............................................................. p38, Jan.21

450 Micro-Module Diodes Fit in 1 Cubic Inch 
General Instrument Corp.) New diode avail­

able in micro-module form ...PF, pl81, June 10 
Micromodule Program, Army, Role of Semicon-

New Products Index, July 9-December 24. New 
products, new materials, and production prod­
ucts announced during the last half of 1958 are 
listed by category, catalogued by issue and page 
.............................................................p95, Jan. 21

New Look in Ripple Reduction, B. Daien. A simple 
small, light circuit for large ripple reductions 

.........................................................p30, Apr. 29
Noise In Silicon Diodes and Transistors. Analy-

tical proofs GA, pl80. Mar. 18

ductors in p46, Feb. 18
Micro-Module Program, Progress in the Army ... 

........................................................ p68. May 13
Microwave Calorimeter. For measurement of high

peak power GA, p210. May 13
Microwave Devices Accented at 1959 Solid State
Circuit Conference. Meeting report. Many new de­

vices disclosed p44, Apr. 15
Microwave Signal Generators, Millimicrosecond

Pulses from PF, p36, Feb. 18
Microwave Test Instruments, D. Fidelman. Parts 

1 t 2 covered types of instruments and signal 
generators (Part 1, pl6, Dec 10; Part 2, p.24, 
Dec. 24). Part 3 covers microwave tests sets and 
important accessory equipment (p36, Jan. 7). Part 
4 discusses power and frequency measuring in­
struments (p24, Feb. 4). Part 6 covers impedance 
measuring instruments (p32 Feb. 18). Part 6, 
Special Types (p34. Mar. 4). Part 7, Miscel­
laneous (p24, Mar. 18).

Millimeter Power Meters (Microwave Engineering 
Laboratories, Inc.) To measure power down to 
1.2 mw with better than 1% accuracy............  
....................................................DF, p30, May 13

Millimicrosecond Pulses from Microwave Signal 
Generators. (Hallicrafters Co.) Pulse durations 
from 30 to 2500 msec at frequencies ranging
from 2000 to 4000 me PF, p36, Feb. 18

Millivolts of Signal From Volts of Noise, Rescue 
................................  p36, Apr. 1

Mniature Incandescent Indicator Lamps, D. J.
Belknap, L. R. Crump. Very small incandescent 
amps have been developed to operate on limited 
torrents available in miniaturized transistor cir- 

................................................p78, Mar. 4 
Mature Microwave Magnetrons, A. L. Winters. 
Operating restrictions and limitations in the use 
of various types of miniature magnetrons de­
reloped under Signal Corps contracts ................  
.............................................................. Mar. 4 

' tature Tape Recorder (Precision Instrument 
Co.) Reels driven on coaxial shafts  
..... ...........................................DF, p30, Feb. 18 
^‘•turning With Modules, D. I. Buchman, N.
julet8ky. Basic considerations in developing 
®iniat>jre modules for electronic equipment..........
.............................................................  June 10

‘atur zation, Antenna .................. p64, Mar. 4
^’'atunzing Shipboard Simulators, A. P. Vigli- 

V ¡th the advent of shipboard guided missile 
systems, simulator systems aboard Naval

«seis have been miniaturized ....p42, Jan. 21

New Deutsch * Snap-In* Miniature Connectors

make RELIABILITY • REALITY
. ., - —

Here's a snap-in miniature you can trust to do what 
it's supposed to do. The new Deutsch DS Series of 
quick-disconnect connectors—with insertable and 
removable contacts and crimp-type terminations—has 
been thoroughly tested and proved under extreme 
environmental conditions.

Noise in Semiconductor Diodes. Identification of 
three sources of noise......GA, pl52, Apr. 15

Noise, Resistor.............................GA, pl52, Apr. 15
Noise, Transistor ........................GA, pl50, Apr. 15
Nomogram, Voltage Divider........ED, p54, Mar. 4 
Nomograph, Two-Element Matching Network ....

....................................................... ED, pl78, May 13
Nonlinear and Parametric Phenomena in Radio 

Engineering. A. A. Kharkevich. Continuation of 
a full-length serial translation of an important
Russian book.
Part 
Part 
Part 
Part 
Part 
Part

RT, Part 9, pl22, Jan
10, pll6, Jan. 21; Part 11, pl02, Feb.
12, pl76, Feb. 18; Part 13, p228, Mar.
14, pl64, Mar. 18; Part 15, pll2, Apr.
16, pl40, Apr.
18, pl96, May
20, p90, June

7
4

1
15 ; Part 17, plOO, Apr. 29 ;
13; Part 19, p54, May 27; 
10; Part 21, p68, June 24

Optimum Values for RF Bypass Capacitors, R. E.
Lee. Proper impedance and frequency consider­
ations discussed ................................. p26, May 27

Oscillator, Bridged-T............................ p44, May 13
Oscillators, Frequency Stability of .........................

..................................................... GA, p208, May 13

Packaging, A New Concept in—Microelectronics,
Staff Report p32, Apr. 29

Packaging Missile Electronics, A. Steinberg. Chal­
lenges of packaging electronics for Corporal, 
Hawk, Hercules, La Crosse and future missiles 

.............................................................p32. May 27 
Packaging, Two Dimensional Transistor ................

.............................................................p50, Feb. 18 
Painter, Fast Character, Reads Out on Conven-

tional Scopes PF, pl20, May 27
Parametric Phenomena, Nonlinear, and in Radio

Engineering .................................................
RT, Part 9, pl22, Jan. 7—Part 21, p68, 

Painter, Fast Character, Reads Out on
tional Scopes PF, pl20,

Phase-Gain Margin Tester, Test Feedback
Quickly With p54,

June 24 
Conven- 
May 27 
Systems 
May 13

Phase-Shifters, Graphical Design of. With Re­
active Loading p38. May 13

Phase Splitter, Improving the Emitter-Coupled ..

Photocells, Contour
... . p34, Apr. 1
PF, p22, Feb. 4

Photorectifier Plates Save Space, Cut Costs (Rex 
Corp.) Designed to replace conventional diode 
lattices in digital computers ... PF, p26, Apr. 15

Check these / advantages
against your design requirements

YOUR DESIGN 
REQUIREMENTS0$ FEATURES

—100°F. to 300°F.

1 Pins and sockets Easily insertable and removable

2 Terminations Crimp-type

3 Contact retention Withstands minimum of 25 lbs. pull

4 Crimp strength Greater than the wire itself

5 Hand tools Simple, fool-proof crimping, 
inserting and removal tools

6 Interfacial seal
Continuous dielectric separation 
without voids; no bonding, reversion 
or shrinkage of inserts

7 Environmental Meets or exceeds MIL-C-26482 (ASG)

I Temperature

• Push-pull coupling

10 Contact size

11 Shell size

12 Interchangeability

13 Assembly

Positive ball-lock design; operates 
in direction of plug travel

Immediately available in #20 size; 
others to follow

Immediately available in 3, 7, 12, 
19, 27, 37 and 61 contacts

Mates with existing Deutsch DM5000, 
DM6500 and DM9000 series

Delivered completely assembled 
except for Insertion of contacts

For complete technical information and test report, contact your 
Deutsch Representative or write us for Data File 7.

The Deutsch Company
7000 Avalon Boulevard • Lob Angele» 3, Calif.

• THI OCUTSCH COMPANY, IMt
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pulse-sampling scope features 400 sec ri.'p tin).
PF, p42, Apr. 15and 2.6 mv/cm sensitivity

Pulse Shaping Delay Line (Packard-Bell Elec-

PF, p26, Apr. 16Plates. Photorectifier
Pulses, Generate Groups of

Inc.)Cost Cooking Fan (Rotron Mfg.
A low-cost cooling fan has only three integral Radar Signals, Bandwidth Reduction for

GA, pl22,mission of

relies on new PF, p28, Feb. 18cation device

differential to amplifiers p36, Apr. 1Proto-Circuits Division p48, May U
Resolvers, Space Coordinate Transformation Using

High-Precision p24, Apr. 21

ANOTHER FIRST

reducesin Diameter very compact

practically
no rattling of gears or ratchets.noiseless

PF. p22. Mar. 18 
.DF, p30. May 13

BASIC 
MOTOR

PF, p44, 
■ ID, p40,

Mar. 4
May 27

Progress in the Army Micro-Module P
V. A. Kublin. Progress that baa been i 
date and future work being planned ...

Rescue Millivolt* of Signals From Volt* of Noise, 
W. G. Royce. Design and advantage* of floating

WITH 
INTEGRAL 
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Trans­
Apr. 1

Bole of 
Pr«r

Specify ...........................
Reliability Notes, Random
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Data in

Shielded

Retorde
Resister

pieces ........ ...................
Power Meter, Millimeter

Resistors, Etched-foil Precision, Equipment Sim-

Seconda r 
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Sectional 
ged Pi 
housinj 
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nais Di 
path f 
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Semicond
Manufs 
tabulat

Sensitivit

Ripple 
Rotatif 

mer® 
switei 
reran

Rugged 
ment' 
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........p58. Mar. 4
DF, p50, Apr. 29

Scope, 
Time

Scopes,

CABLE 
PHOCIRCO

Polynomial Approximation for Complex Transfer
Functions. For synthesis of two port*..................
......................................................GA, pl80, Mar. 18

Potting, Casting, Molding Used to Produce Low-

the size of your equipment. 
WHISPER-QUIET . . .

Strictly an electrical motor

ragged, poorly-received

FINGER-THIN . . .
Only 9/16 Inches Short... Only 1% Inches

Thinner... Quieter...
More Reliable... More Versatile

Protection, Megawatt Transient, in Small 
................................................. ID, pl2G, A

Power Supplies, Regulated Transistor ... 
............................................... GA, P178, M

Pulse-Sampling Scope Reads Ultra-Fast
Times (Lumatron Electronics, Inc.) A

Potting with Vinyl Silicone, W. A. Ernst, F. T.
Parr. Problems encountered in using vinyl sili­
cone in sealed power supplies are outlined ....
................................................................ p28, May 27

Power Supply, Stabilized Transistor ........................
..................................................... ID, pl27, Apr. 16

P-N Junctions, Time Delays in . .GA, pll2. Apr. 29
Practical Two-Phase Networks. Means of obtain­

ing, from • single sinusoidal input, two output* 
which are different in phase by a prescribed 
angle........................................GA, pl22, Jan. 21

Precision Phase Detector (Ad-Yu Electronic Labs 
Inc.) High precision result* from the use of a 
comparison method rather than a direct indi-

Phototransistor Action. Equivalent circuit analysis 
of photoeffect* at pn junctions..........................

..................................................... GA, p76, June 24
Plastic Dielectric* ... Based on Hollow Glas*

Microsphere*, W. R. Cuming. Unique applica­
tions possible with this unusual potting com­
pound .......... . ...................................... p34, June 24

Plastics, Some Useful, for Special Requirements 
.......................................................... p62, June 10

SPECIFICATIONS
Standard Voltage Ratings:

6, 12, 24, 115, 230 Volts
Frequency:

60 CPS Standard
25, 50 CPS Available

Power Input: 2.5 Watts
Maximum (60 CPS)

BASIC MOTOR
Weight: 4 ounces 
Speed: 300 RPM 
Torque: V4 oz-in.
Length: 9/16 inch
WITH INTEGRAL GEAR TRAIN
Weight: 5 ounces
Speed: 300 RPM to 1/6 RPI
Torque: 30 oz.-in. @ 1 RPM 
Length: Vs inch

Dage Television needed printed wiring prototypes — in a hurry. 
The project: the 1st Airborne Transistorized MIL Qualified 
TV System, for automatic, fully stabilized control of Photo 
Reconnaissance Cameras.
Dage's choice: PROTO-CIRCUITS Division of PHOTOCIRCUITS. 
Only PHOTOCIRCUITS offers you such a complete, separate 
prototype facility. PROTO-CIRCUITS’ streamlined organization 
— from design through tooling—cuts paperwork and overhead to 
the bare minimum. You get fast service at low cost, whether you’re 
next door or across the country.
You get better prototypes, because PROTO-CIRCUITS uses the 
same highly refined production techniques utilized by 
PHOTOCIRCUITS.
The transition from prototype to production is a smooth one, 
free from awkward, costly mistakes and misunderstandings. 
PHOTOCIRCUITS’ unique and unequalled production capacity 
assures a steady, on-time flow of boards, regardless of quantity. 
Dage made the logical choice — based on high quality, low cost, 
fast service. For the same reasons, you too should contact 
PROTO-CIRCUITS for your prototype needs. Write or call 
Department 1135 for full information today.

PHONES 
GLEN COVE 4-8000 FLUSHING 7-8100 

CIRCLE 205 ON READER-SERVICE CARD

Printed Circuit Armature Now in DC Motor 
(Photocircuits Corp.) Printed circuit techniques 
reduce cost and size of these motors ..............  
.................................................... PF, p62, Mar. 4

Product*, New, Index, July through December, 
1968 ................................................... p96, Jan. 21

tronic*). Cleans 
pulse* ..................

A.C. TIMING MOTOR

Radio Frequency Manhole Cover ......................
............... ......................................... ID, p90, Apr. 29

Random Reliability Notes. Provide* a reliability 
table, and thoughts on the subject by men in the 
field ..........................................DF, p60, Apr. 29

Ray, Black, Spotlights Soils........ PF, p26, June 24 
Recorder, A Digital........................GA, pl31, Jan. ’
Regulated Transistor Power Supplies. Comparison 

of three types of transistor supply circuits ....
..................................................... GA, pl78. Mar. 18

Relay, Solid State.......................... PF, p28, Mar. 18
Reliability, Improving Circuit..............p2u, Apr. 1 
Reliability Levels, More Military Contracts Will

A>WÄYD0N tf*
227 NORTH UM STREET

WATERBURY 20, CONNECTICUT
Csstom Design A Manefactere Of Etectranic 

An* Electro-Mechanical Timing Devices 

CIRCLE 206 ON READER-SERVICE CARD

ELECTRONIC DESIGN

HIGH TORQUE...
14 oz. inch at the rotor with an instantaneous 
start and stop ,.. requires only 214 watts ... 
can replace larger motors in recorders, con­
trols and telemetering equipment.

HIGHEST RELIABILITY . ..
Longer life ... no one-way gears or ratchets 
to fail . . . provides millions of operations 
without any trouble.

_ o Send for Special Illustrated
sx. Bulletin AWH MO-806



ID. p220, Mar. 4Reliable
Signposts for Engineers on the Road to Manage-

evaluate if you are thinking of a management
p56, June 24Tape, Miniature

power switching PF, p38, Mar. 4
PF, p48, Jan. 7magnets on a rotor

«mance,
techniques are important tools in tracking downchopper PF, p34, Jan. 21

p20, Jan. 21vibration resonance

PF, p52, Mar. 4tube performance

SaxeMatrices,

TRANSDUCERS

dense, cool packages PF, p32, Feb. 4
parison

path for induced currents, self-saturating
reactor circuit can be used to directly amplify ac
signals. p64. May 13

tabulated p39, June 10

Data in Designing p48, Mar. 4

AC/DC RATIO STANDARD

Resolution
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Self-Saturating Reactor Circuit Amplifies AC Sig­
nals Directly, B. Lee. By providing a circulating

Microminiature Chopper (Rawco Instru- 
Inc.) The unusual construction is a tiny,

Semiconductor Diode Directory of Manufacturers.
Manufacturers of eight categories of diodes are

Signal Level Slide Rule, R. Davidson. Thia cut-out 
slide rule calculates ratios of power, voltage.

p58, May 13
.p28, May 27
.p58, May 18

STATHAM INSTRUMENTS, INC. 
12401 West Olympic Boulevard 

Los Angeles 64, California

Skin-Tight Sarong Boosts Cathode Performance 
(Sylvania). A film wrapped around the cathode, 
replaces -prayed cathode coatings and improves

Apr. 29 
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lune 24
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Apr. 29 
f Noise, 
floating
Apr. 1 

it Sim- 
May 13 
i Using 
Apr. 29

........p46, Feb.
DF, p30, Feb.

and current levels ........ 
Silicone, Potting with Vinyl 
Slide Rule, Signal Level ...

Ripple ■
Rot* tir 

mers 
« vi te ! 
cerati

Rugg«! 
ment-.
rm«

Barnard, 3rd. Considerations to

Collins. Fall time

Reinman. Direct observation

Simulators, Miniaturizing Shipboard . .p42, Jan. 21 
Six Symptoms for Tracking Down Vibration Rea-

Sensitivity, Frequency, without Reactors ..............
........................................................ ID, p98, Apr. 1

Servomechanisms, How to Use Motor Impedance

m iron due tors in the Army Micromodule
I. J. Ross. Technical requirements of 

/ram and various new approaches to

1 part per million 
(0.0001%)
6 Place (0.0001%)

10 parts per million 
(0.001%)
6 Place (0.0001%)

New Statham 
Pressure Transducers 
With’/* Volt Output j

Stathams continuous product 
development has now 

provided the flight 
instrumentation engineer 

with subminiature 
transducers which 

are compatible with 
present day 

high level commutators.
The Mi volt output makes 

it possible to simplify 
instrumentation systems 

and at the same time 
provide the accuracy, 
reliability and service 

life characteristic 
of the unbonded 

strain gage. Write to 
Dept. ED 602-2

STATHAM INSTRUMENTS, INC. 
12401 West Olympic Boulevard 

Los Angeles 64, California

jise. with and without current flow ....
.....................................GA, pl62, Apr. 15

•iuction, The New Look in . .p30, Apr. 29 
.Magnets Close Switches Rapidly (Sum- 
nd Mills, Inc.) High-speed, low-torque 
¿ achieved by placing a number of small

characteristics of switching circuits can be im­
proved by using diode isolation ... .p46, June 10 

Sectional Computer Module Mounts for Cool, Rug­
ged Packaging (Epsco, Inc.) “Egg-crate” like 
housings and double p-c cards provide rugged.

For those who require an AC/DC RATIO STANDARD in a 
single package, Gertsch offers its Models 1001 and 1002. 
Like all GERTSCH RATIO STANDARDS (1000 Series), these 
units feature: heavy duty instrument switches, transient 
suppression, AC Ratios up to 1.11111, bold in-line readout 
and extra-heavy mechanical construction to insure TRUE 
STANDARDS PERFORMANCE.

Silicon Diodes and Transistors, Noise In ..............
..................................................... GA, pl80, Mar. 18

Silicon PNPN Controlled Switch (Solid State 
Products Inc.) This silicon pnpn controlled 
switch fulfills the need for high -peed, medium

For full details write for 
Data File ED-754-1.

Information on 
AC Ratio Standards in tho 

GERTSCH RATIO STANDARDS SERIES, 
Models 1000, 1003 and 1004, is also available.
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Scope, i’ulse-Sampling, Reads Ultra-Fast Rise
Time............................................ PF, p42, Apr. 15

Scop*^, Flexibility Plus with Two in One..............
......................................................PF, p36, Jan. 21

Secondary Effect of Diode Leakage in Selection

After three years of opera­
tion on rocket test stands 
and months of extrapolation 
to the missile airborne in­
strument calibration prob­
lem, the method of Statham 
Standardization is ready for 
general use.
Briefly, it is an electrical 
technique whereby any 
number of Statham un­
bonded strain gage pressure 
transducers and accelerom­
eters can be made to have : 
(a) the same transfer func­
tion, and (b) single shunt 
calibrating resistor stand­
ardization over a wide tem­
perature range, with a fixed 
percentage of accuracy. The 
following benefits are 
obtained :

1 Immediate access to 
meaningful data after 
test.

2 Elimination of calibra­
tion curves.

3 Fast, complete system 
electrical calibration.

4 Easy transducer system 
sensitivity checks.

5 Free interchangeability 
of transducers from a 
pre-calibrated stock.

Sliderule Simplified Complex Math Computations. 
(Boonshaft & Fuchs). For use in computing com­
plex transfer functions..........PF, p56, Mar. 4

Solid State Circuit Conference............p44, Apr. 15
Solid State Relay (Pendar, Inc.) Operates in the 

microsecond range and has no moving parts ...
.........................................................PF, p28, Mar. 18

Some Useful Plastics for Special Requirements.
H. J. West. Outlines characteristics of a few 
plastics proving useful for special applications 
................................................  p52, June 10

Space Coordinate Transformation Using High-Pre­
cision Resolvers, G. H. Steinberg. How resolvers 
are combined to transform velocity vectors and 
angles from one coordinate system to another 
............................................................ p24, Apr. 29

S.P.A.M., Test Complex Systems Rapidly with.... 
.....................................................PF, p28, Jan. 81

ELECTRICAL 
STANDARDIZATION

GERTSCH PRODUCTS, Inc.
I South 1« Ciénega Boulevard Los Angeles I A, California

*1 0-2761 • Vfrmonl 9-2201

HIGH OUTPUT
MINIATURE
UHBONDED 

STRAIN GAGE

STATHAM 
INSTRUMENTS. INC, 

ANNOUNCES A 
DEVELOPMENT THAT 

IS SAVING 
THOUSANDS OF HOURS 

IN INSTRUMENT 
CHECKOUT AND 

DATA REDUCTION:
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Speech Recognition, Automatic ..GA, p!25, Apr. 1
Speech, Transmission of GA, pl25, Apr. 1

Temperature, Component in Forced-Air Cooler
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Starting from Scratch—on ALL Communications.
Staff report. 1959 will involve much work in 
wire communications, tropospheric scatter and 
ionospheric scatter systems as well as old prob­
lems—telephone line phase distortion, switching

. uning
Iwo Di

Lathr< 
terhni

Transi 
nega

Power
Urgent :

Trans
Ran 

Trans, 
tern 

Transi

speeds ..........................................
‘Supermarket*’ Instrument Cart

Transa 
facto 

Triple­
Elect 
save 

Two-ET

Tube R:
T-.be S:

gnaj
Jan. 7

mem* 
Tube.

and how spacecraft responds to contr< . 
............................................ p22.

.........................................................DF, p60, ne H
Telemetry’s Job: Study Space. Staff rep ha. 

lenge for *59 is to get data on radiati f K 
kinds, temperatures, space density and . • ities

magnetic fields, and effect of these on e , men:

SPECIAL PURGOSE BATTERIES
CAN BE TAILORED TO FILL

tOUR »-DIVIDUAL SPECIFICATION-STURGIS BATTIMIISwe’ll look it over and return with suggestions for the 
completed piece.
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manufactured by

mad about
microwaves?

TAMAR ELECTRONICS, INC.
LOS ANGELES • SANTA MONICA • HAWTHORNE • GARDENA

CONTACT PERSONNEL MANAGER

2339 Cotner Avenue, Los Angeles 64

TWX SMON 7384 • CABLE: TAMARINC

. . . leaders in the strategic science of research and 
operational ECM Systems and Components for 
Space Vehicles, Missiles, Military Aircraft, and all­
purpose Drones . . . welcomes inquiry from quali­
fied Microwave, Mechanical, Electronic Engineers, 
and Professional Technicians to contribute scien­
tific-technical achievements with a fast-expanding 
military and major contractor-recognized electron­
ics team, midst an environment of technological cre­
ativity and commensurate personal advancement.

(all replies strictly confidential)
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STURGES BATTERY

Now! requiring portable power
• From 2 volt basic components for laboratory use
to high voltage applications required in electronics
sound recording, photographic, electrical instrument

It s Easy to Write an Article

As a design engineer it's very likely that many of the 
problems you have encountered and solved can be of real
help to others. \\ hy not tell Electronic Design's 28,400 
readers about it? This effort can be of real, direct, 
immediate service to the industry. Ii you think you have 
an idea for an article, send us an outline or abstract —

FREE — Information fnr Authors
This booklet describes how easy it is to write for Electronic 
Design. Complete details are included concerning types of articles 
needed, treatment, payment, etc. For your copy simply circle the 
reader service number shown below.

Stability of Semiconductors in Microminiature As­
semblies. J. M. Stinchfield, O. L. Meyer. Factors 
in processing semiconductor material necessary 
to insure a good stable surface.... p42, Feb. 18

Stabilized Transistor Power Supply.........................
.........................................................ID, pl27, Apr. 15

Standard Transistor Switching Circuits, T. A. 
Prugh. A preliminary effort to solve the stand­
ard-circuit problem for equipment to be used at 
frequencies up to 15 kc and temperatures below

........................................................ ID, pl60, Feb. 18
Synchro, Linear or Precision Pot ..............................

........................................................ ED, pl58, Feb. 18
Switch, Flat Rotary, Saves Space..............................

........................................................ PF, p28, Apr. 1
Switch, High Speed Avalanche ...PF, p25, Jan. 21
Switch, Silicon PNPN Controlled ..........................

...........................................................PF, p38, Mar. 4
Switches, Diode Device, in Fractions of a Second

...........................................................PF, p42, May 13
Synchronous Motor (The Superior Electric Co.y

Describes a synchronous motor that starts, stops, 
reverses almost instantly .... PF, p22, Apr. 29

System, Automatic Focusing ....DP, p34, Mar. 18

and television lighting fields, Sturges nonspill storage
batteries have exceptionally high output.
• Uniformly high voltage is maintained throughout
discharge period.
• Nonspill structural features limit emission of corrosive
acid spray during charging.
• Transparent molded plastic case allows visual inspection
of condition and electrolytic level.

ELECTRONIC B A T T E R I E S, I N C.

Bush Terminal Building No. 4

Temperatures, Keep Junction, Down p30. Mar. ;•
Test Complex Systems Rapidly with S.P.A.M 

(Taylor Engineering, Inc.) An almost .■¡versa, 
semi-automatic tester for complex system» .... 
.....................................................PF, p28, Jan. 21

Test Feedback Systems Quickly with a Phase-Gain 
Margin Tester, M. B. Rudin, R. F. Graharr.. 
Equipment will measure both phase and ga­
margin for a frequency stabilized oscillator . 
..............................................................p54, Mey 1J

Thermal Considerations in the Use of Power
Transistors, J. R. Baum. Practical approach to

Thermal Mockup, An Aid in the Design of Air­
borne Electronic Equipment, P. Rands. Practical 
technique for solving the specific design problem 
of predicting the heating in an electronic pack­
age ♦.••••••••••••••••••••••••••••p28, Apr. h

Thermoelectric Unit Heats, Cools, Generates 
Power (Ohio Semiconductors, Inc.) New semi­
conductor use» Peltier effect . .PF, pl79, June 10

Three Diode Testers Have Modular Con traction. 
Automatic Features (Cal-Tronics Corp.) New 
testers designed with automaticity and flexibility

Tips For Machining Glass Base Laminates 
.................................................... ID, pll2, Jan. 21

Transfer Functions, Polynomial Approximation 
for Complex ...........................GA, pl80, Mar. 11

Transformers, Degauss Pulse ...............p26, Apr. 1
Transistor Hybrid Timing Circuit, T. P. Sylvan.

Ideal multivibrator output results from combina-

28-34 35th Street, Brooklyn 32, New York
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equipment operation at high voltages and pack-tien
p28, Jan. 7aging

p38, Jan. 21ing these components flat
Transi'

Vibration Resonance, Six Symptoms for Tracking
p20, Jan. 21Down

A SYNONYM FOR
deliver theQUALITYth space and money PF. p36, May

utmost in stabilityno

STABILITY AND
under extreme

DEPENDABILITY IN conditions of

shock andCRYSTALS vibration
Two Dimensional Transistor Packaging,

Frequency rangeNallLathro] Wiring, Fine Line Etched

mental steady-state condition* p32, May 13

M-20, M-21 and M-23

HOPKINS
MCCC*HYTHERM capacitors

illustrated catalog

Send for Your Copy Today
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GA, pl30, Jan. 7
, .DF, p44, Jan. 7

ne Vj
CW

Try us on any size order.
You'll like the prompt deliveries.

Worst Case Design Equation» for Transistor Logic
Circuits, C. W. Campbell, Jr. Calculation of in­
dividual circuit components at their most detri-

Trsr.ii-
Ram 

Tran«« 
term 

Transi

exceed MIL-C-25A 
any case style, in large or small 
quantities, on quick delivery

iviua, 
pment 
ignù

Tran»n
nega

DF, p36, May 27
.......... p38, Feb. 4

, June 10 
struction, 
-p.) New 
flexibility 
, June 10 
two time 
, Apr. 29

Anstead. Several

anced impedance matching can 
using bifilar and line type baluns 

Voltage Divider Nomogrum, D.
Selection of component values in

3.0 me. to 200 me

200 kc. to 200 meJan. 21 
oximation 
i. Mar. 18 
6, Apr. 1 
’. Sylvan, 
combina-

be solved by 
. p30, Apr. 15 
Moffat. Rapid 
simple resistor

Zener Diode, Many Reference Voltages from One 
.......................  p52, Apr. 16

Zener Diode Voltage Regulator», Designing ........  
.................................    p30, Apr. 1

Regardless of size,

ELECTRONICS CO.
MT. HOLLY SPRINGS, PA, 

DEPT. ED-7
Phone HUnter 6-3411

VHF-VHF Broadband Balun Designs, F. J. Triolo, 
J. R. Christian. Problem of balanced-to-unbal-

[»o-Ebment Matching Network Nomograph, 
Yir Relatively simple nomograph requiring 
memorization ...........................ED, pl70, May

Triple-Triode, Saves Space, Money ...

Call Hopkins for unusual circuit and 
mounting combinations—no matter how 
unusual. If you have an odd-ball require­
ment, we’ll build it. We’re tooled up to pro­
duce a wide variety of arrangements in a 
hurry, with MIL-C-25A construction. Or 
we’ll build to your specified case style in 
polystyrene, mylar, metallized mylar, or 
metallized paper construction.

Using Diodes as Power Supply Filter Elements.
D. T. Geiser. Diodes, used as Alter elements, 
reduce cost and size of equipment .. p50, June 10 

Using Thin Films in Microminiaturization, H G.
Manfield. New methods and materials for mak-

techniques for working with caseless transistors 
............................................    p50, Feb. 18

Unit, Thermoelectric, Heats, Cools, Generate*
Power ...............................  PF, pl79, June 10

Urgent: Reliability, Law RFI. Staff Report. 1959 
will >ee more encapsulation to help reduce vibra­
tion problem, and miniaturization will continue 
in engineer’s thoughts. Increasing attention:

Waveguide Flange Connections. Formulas for re­
flection factors at flange connections................
......................................................GA, p76, June 24

What the Russians Are Showing—Sputniks. A 
story, in pictures, of Sputnik:, as Russian» show 

them. Photos by E. Stockwell, Avco Mfg..........
..................................................................p64, June 24

Wire, Measure Fine, Fast with Light ......................

' Cooled 
Feb. h 
Mar. b

S P.A.M. 
univerui 
;m» .... 
, Jan. 21 
iase-G*in 
Graham, 

ind gain 
ator ....

Mey 13 
f Paver 
) roach to 
, June 10 
t of Air- 
Practical 

। problem 
nic pack­
, Apr. 15 
Generates

12900 Foothill Blvd., San Fernando. Calif. Tel. EMpire 1-8691 
See Us Al Booth #3226 at the WESCON SHOW.

CIRCLE 212 ON READER-SERVICE CARD
flECT’ONIC DESIGN • July 8, 1959

□ junction with two junction transistors
................................................. p22, June 24
Mesa Switching, Reaches Millimicrosec

............................................PF, p42, Jan. 7
Noise. Three terminal analysis and in-
,urce calculations ..GA, pl50, Apr. 15

^ull Wattage from ..............................
........................................ PF, pl22. May 27
. Power, Thermal Considerations in the

..................................................p56, June 10
- Q Multipliers. Transistor circuits with 

impedance characteristic» ..................
...................................... GA, pl84, Feb. 18

; ized TV, All Portable ..............................
...................................... DF, pl86, June 10

-ion of Speech. PAM and PCM distortion 
............ . ......................... GA, pl24, Apr. 1

।ode Tube Saves Space, Money. (General
Co. i Three triodes packed into this tube

............................................ PF, p36. May 13
Tube Ratings, Design-Maximum........ i>22, Apr. 15 
Tube Symbols, Interpreting European ..................

. ................................ p36, Mar. 18
Tubes, Electrometer, Grid Current in ..................

or capacitor voltage divider networks ................
..........................................................ED, p54. Mar. 4
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Japanese Electronics Show

the unit, made by Victor of Japan Ud

106

Single-lever control, battery-operated tape recorder, with 
four-transistor amplifier, operates at 3-3/4 ips. Only 7-1/4 in.

weighs a mere four pounds.

ELECTRONIC DESIGN • July 8

Japanese imports in the consumer product field are 
offering serious competition to the American manu­
facturer. Some of the new products, displayed in New 
York City in the middle of June, reflect the compact 
packaging and smart styling responsible for the in­
crease in quantity of imports. Not only are the items

Portable four-speed stereo phonograph, shown by Sonntsu Elec. Me 
of Tokyo, includes a self-contained four-transistor amplifier and speaker. A 
the turntable is only slightly larger than 2 in. diam, records up to 12 in. s»ze 
played. The complete set weighs only three pounds and is approximately ' 
3 in. by 8 in. A separate speaker plus transistor amplifier accessory is av 
for stereo playback.

relatively cheap, they are well designed electronically 
and style-wrise.

Of special interest to those who tend to link the 
word copy” with Japanese products, is the Sony 
Corp.’s completely transistorized AM-FM portable— 
no other country has produced this item as yet.
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(Continued on page lf)8)

Low-priced VU meter, imported by Mura Corp, 
of Great Neck, N. Y., is available for less than 
two dollars each in quantity lots. Note its size 
relative to a quarter.

ELECTRONIC DESIGN • July 8, 1959

Sony Corp, showed the world’s largest transistor portable radio, 
measuring 2 ft by 1 ft by 6 in. Its baby brother, Sony TR-610, is 
more popular with the miniature-minded. Incidently, the giant ver­
sion is actually a working model.



Show
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Latest AM-FM transistorized portable from Sony Corp, contains 12 
transistors plus 2 diodes and is provided with a multiplex output jack. 
The FM antenna conveniently folds into the carrying handle when not in 
use. The retail price is under $100.

Three pound tape recorder, from 
Sonritsu Elec. Mach. Co., provides up 
to one hour recording at a 1-7/8 ips 
speed. Wrist watch, at right, is ac­
tually microphone for interview or 
news work.

ELECTRONIC DESIGN • July 8
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Grid Bias (Neg.)

Grid Drive (Pos.)

SAL 39

SAL 39A

SAL 89

SPERRY’S NEW PULSE AMPLIFIER KLYSTRON
FOR AIR NAVIGATION AND TRAFFIC CONTROL

109

Today—in addition to facilities in Great Neck— 
Sperry has this modem plant and laboratory in 
Gainesville, Fla. devoted to klystron development

improved the product in terms of cost, 
size, performance, versatility and life. 
This design concept can result in tubes 
useful in other applications. For further 
information on our development capa­
bility or specific microwave tubes, write 
or phone nearest Sperry district office.

SAL-219 is the latest and most advanced 
addition to the Sperry family of pulsed 
amplifier klystrons. Soon going into 
operational use, this new three-resonator 
amplifier was developed for current air­
navigation-aid applications. And, typical 
of Sperry’s contributions in the tube 
field, modifications of SAL-219’s basic 
performance characteristics will suit it 
to a variety of future applications.

SAL-219 has a high-mu control grid, 
greatly reducing the required modulator 
power. A space-charge focused beam

1% of Beam 
voltage

. 2.1% of Beam 
voltage

reduces weight, size and power require­
ments by eliminating the need for focus­
ing magnets. A powerful and “clean” 
R.F. signal can be provided at any fre­
quency through the wide range of 960 
to 1215 mc. Integral R.F. cavities are 
continuously tunable and a ceramic seal, 
terminated in a standard ls/s" coaxial 
connector, easily accommodates the high 
peak power level of the R.F. output.

Sperry originated this design concept 
of klystrons for the aeronautical radio 
navigation frequencies, and has steadily

P*o design approaches (left) to transistorized inter- 
y,. re displayed by Nippon Elec. Co. Ltd. of 

| Both sets use four transistor amplifiers and oper- 
^ebetv sen distances up to 500 ft. Power is consumed 
Wy n Talk-Listen switch is operated, thus eliminat- 
Rdtai during standby periods.

^CTFONIC DESIGN • July 8, 1959

Development of klystrons oegan 20 years ago—at SPERRY

Disassembled unit (above) shows 
printed circuit board and simple 
switch assembly. Batteries are con­
tained in compartment to the right of 
the speaker.

SPECIFICATIONS:
Frequency... 960 to 1215 mc
Peak Power Output... 37 kw
Power Gain... 30 db

Dimensions... 21%" x 10%' 
x7%"

Weight... 45 lbs.

SPERRY ELECTRONIC TUBE DIVISION, SPERRY RAND CORPORATION, GAINESVILLE, FLORIDA 
Address all inquiries: Gainesville, Florida or Sperry offices in Brooklyn • Boston • Los Angeles • Montreal • Export Dept., Great Neck, New York 
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Three speed, seven transistor 
portable radio phonograph by 
Crown Radio of Tokyo weighs only 
three pounds.

and now SAL



NEW PRODUCTS Covering all new products that might gener­
ally be specified by an electronics engineer 
engaged in the design of original equipment.

a 
anode

Thermistor Probes Are Interchangeable

Designed for telemetry and general instrumentation use, these two thermistor probes have identical 
resistance-temperature characteristics. Absolute resistance of each unit is given in 1 F increments 
from 0 to 4-350 F. Resistance ranges from 26520 ohms at 0 F to 70.4 ohms at 350 F. Any quantity’ 
of the probes is within 2% of the resistance at any point in the temperature range.

Fenwal Electronics, Inc., Dept. ED, 51 Mellen St, Framingham, Mass.

CIRCLE 217 ON READER-SERVICE CARD

Transistor Switchés 
in 25 mpsec

Type 2N702 diffused-base silicon 
mesa transistor switches in 25 musec 
and dissipates 150 mw at 100 C in 
free air. It provides a de beta spread 
of 15 to 45 and a maximum collector 
cutoff current of 0.5 pamp. Mini-1 
mum breakdown voltage is 20 v and I 
maximum saturation voltage 0.6 v.l

Texas Instruments Inc., Semicon-| 
ductor-Components Div., Dept I 
ED, P.O. Box 312, Dallas, Tex.

CIRCLE 218 ON READER-SERVICE CARD

Time Delay Relays 
Have ^3% Accuracy

These electronic time delay relays 
have a transistor timing module and 
are designed to meet the reliability 
requirements of airborne ana 
ground support equipment. Fixed 
time delay, which occurs on pull-inJ 
is from 0.07 to 300 sec. H tving 4 
nominal time delay accu ¡cy oi 
±3%, they can meet such co litioid 
as: input voltage variations rom lj 
to 31 v de; temperatures fr< i —51 
to -f-125 C, vibrations to 2( 2(XM 
cps; shock to 50 g, 11 mse< accell 
eration to 20 g.

Tempo Instrument Inc Deptl 
ED, P.O. Box 338, Hicksvil N 1

CIRCLE 219 ON READER-SERVIC CARD I 
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Published by MICROWAVE AND POWER TUBE DIVISION, RAYTHEON MANUFACTURING COMPANY, WALTHAM 54, MASS., Vol. 1, No. 2

NEW ONE-WATT COMMUNICATION KLYSTRONS COVER GOVERNMENT AND COMMON CARRIER BANDS

QK-754

QK-661

Both are

Typical operating characteristics

ICLE 220 ON READER-SERVICE CARD

□Hector

CARD

250

i ring model are

lition:
obtain detailed application informationYou can

A LEADER IN CREATIVE MICROWAVE TECHNOLOGY

the first 
cover the

600 Kc/V

0.1 Mc/oC

ule and 
liability’

1 Mc/V
I
0.1 Mc/oC

silicon 
i mfisec 
X) C in

4%; isolation at 
i; insertion loss

QK-tm 
ent-760V 
Modo: 3%

QX-764
Eroo-760V
Mode 3*

10 v and 
ï 0.6 v. 
?micon-

lentical 
ements 
uantity

To insure efficient operation the tubes 
are available with integral cooling fins 
or with a heat-sink attachment suitable 
for connection to the chassis.

7125 to 8500 Mo 
1.6 watts 

25 Me

of a planned series of tubes to 
entire communications band.

QK-M1 
^•TWV 
Mode: 3%

Frequency Range 
Power Output 
Electronic Tuning 
(to half-power pts)

Modulation 
Sensitivity

QK-764 
.^JSOV 

Mode 3%

( 10 V pk-to-pk mod volt ) 
Temp. Coefficient ± I

•ft II is 1 db max, and at II or 
■-isO.(i db max; vswr is 1.15 max 
‘ftid 1 6 max at II.

Company, Inc., Micro-
* Di Dept. ED, 14844 Ox- 
® St, an Nuys, Calif.

3: ON READER-SERVICE CARD 
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5925 to 6425 Me
1.5 watts

50 Mo

mechanically tuned, integral

Excellence in Electronics

Designed primarily for use in microwave 
relay links, the QK-661 and the QK-754, 
one-watt transmitter klystrons, operate 
at frequencies of 7,125 to 8,500 Me and 
5,925 to 6,425 Me, respectively. The QK- 
661 is the first tube of its kind to cover 
the entire government band. The QK-754 is

¡ons for one 
of 9.3 kmc

HI is 15 db min

Ferrite Circulator Tees 
Are Adaptable

he ferrite circulator tees are 
Stable as a configuration for a 
dilator or fast-acting switch by 
^cing the magnet with an elec- 
Eagnet. Further modification of 
i basic configuration results in a 
tport circulator. The fourth port 

for a second signal input or 
special needs. Typical speci-

cavity, long-life, reflex-type tubes. The 
QK-754 uses a coaxial output; the QK-661, 
a waveguide output.

TYPICAL REFLECTOR VOLTAGE 
(AT MAXIMUM POWER OUTPUT) 

vs. FREQUENCY

and special development services by contacting: 
Microwave and Power Tube Division, Raytheon 
Manufacturing Company, Waltham 54, Massachusetts

TYPICAL POWER OUTPUT 
vs. 

FREQUENCY

Vapor Cools Power Tube

¡2? a vapor cooling technique, 
j anode dissipation for this power 
te exceeds 800 w per sq in. Cool- 
r equipment consists of a boiler 
ed with distilled water and cool- 
I coils immersed in the water. The 
^e sets in the boiler and is sealed 
its own weight. The tubes may 
used in modulators, amplifiers 

¿oscillators.
International Telephone and 
¡egraph Corp., Components Div., 
ipt. ED, 100 Kingsland Rd., Clif-

, 64 7A 72 TA TA 7» tA «.2
FRBQUBNCY-KMC

, 68 TA 72 TA TA TA 8.0 84
FRBQUBNCV-KMC
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INSTRUMENT
SERVO-AMPLIFIERS!

FEATURES

SINGER

24 x

rim

112 Rc>r

This new line of Instrument Servo-

modular form.

Write for detailed information on this com-
píete line of Instrument Servo Components.

an

Conforms to MIL-S-20708A

CIRCLE 225 ON READER-SERVICE CARD

ponents.

the other.

EXPANDABLE — No system too large

CIRCLE 224 ON READER-SERVICE CARD

• « Trademark of DIEHL MAM FACTUBING COMPANY ♦ A Trademark or THE SINGER MANUFACTURING COMPANT

CIRCLE 213 ON READER-SERVICE CARD

phase, internal feedback, and
external feedback.
Push-pull output stage
matched to motor control
phase.
A.C. or D.C. input.

er supply.
Reliable,
vacuum tubes.

DIEHL MANUFACTURING COMPANY
Electricol Division of THE SINGER MANUFACTURING COMPANY

• AC SERVOMOTORS DC SERVO SETSAC SERVOMOTORS WITH AC TACHOMETERS •

• AC SERVOMOTORS WITH DC TACHOMETERS • AC AND DC TACHOMETERS RESOLVERS

L.l.”

ELECTRONIC DESIGN

addition to the DIEHL family of

INSTRUMENT SERVO

Amphfiers, coupled to an already es-
tablished family of DIEHL Instru-
ment Servomotors, Tachometers and
Gear Reducers, further expands the
new DIEHL concept of furnishing
high quality servo components in

These units have been designed so
tnat a true servomotor-amplifier com-
bination featuring faster SERVO re-
sponse is at last available from a
single source of supply.
DIEHL Instrument Servo-Amplifiers
are supplied in ratings suitable for
driving the popular 1, 5 and 10 watt
motors and use printed circuitry for
high reliability.

COMPONENTS

Standard rack mounting.
Control adjustments for gam.

• With or without integral pow­

Findern« Plant, SOMERVILLE, N. J.
other available components

premium quality

^iehl )

NEW PRODUCTS
Thermal Relay

Takes 50 q Shock

Able to take 50 g shock for 11 msec, the type
PI thermal time delay relay has an operating
time delay of from 3 to 60 sec. It can operate un-
der vibration of 20 g up to 2000 cps and has no
resonance below 2000 cps. Delay of unit is set
within ±5?. Effects of temperature are hekl
within rt5? over the range of —65 to 4-125 C.
Hermetically sealed in a 1-3/16 x 2-1/4 x 3/4 in.
case, the relay weighs a maximum of 2-1/4 oz.

G-V Controls Inc., Dept. ED, Okncr Parkway,
Livingston, N. J.

Synchro Tester

Equipped to perform synchro acceptance tests
outlined in BuOrd specification MIL-S-20708A,
the model MST-5SSA tester measures electrical
error, fundamental null, total null, and electrical
zero of synchros CX, CT, and CDX. Testing bv
the proportional voltage gradient method, the
unit incorporates a phase-sensitive voltmeter that
measures electrical error and fundamental null
voltages and a 360 deb phase shifter that com-
prises the reference voltage to the voltmeter. Null
accuracy is 2? and electrical error is less than 10?
of maximum synchro error. Dimensions are

Theta Instrument Corp., Dept. ED, 48
St., East Paterson. N.J.

Timesavmg . . . cost-cutting

first ai j

SERVOBOARD ” Electromechanical Assembly K;
are truly first-aid kits for the engineer with moo*
making problems.

These modern kits are scientifically desigre
and packaged by Servo Corporation of America’
eliminate the majority of breadboarding hea
aches...swiftly, economically, and with precision

Selection of components has been made a
experts with years of servo systems design ar
production experience. Enough components a1
included in each kit to meet almost every mooei
making need. Extra components are always ava
able out of open stock.

Exclusive SERVOBOARD features elimina!
model shop costs and time lags inherent in usi
model-making techniques. For example

PRECISION — ’Æ'-thick, anodized aluminum r .
ing board is absolutely rigid. Extraneous stress
cannot produce spurious results.

SPEED OF ASSEMBLY — Holes are tapped to reef 
captive screws on mounting clamps, perm tt 
easy assembly from the top and eliminaf
underhanded fumbling.

FLEXIBILITY —Components may be assembled 
any angle, not just parallel or at right arg e 
Kits include wide variety of co-ordinated cc

ECONOMY — Quick set-up and knock down per 
maximum re-use for new problem solving

SPACE-SAVING — Mounting boards sta * one acc

Three sizes of kits are available, any one of whi
can begin eliminating design heada hes imm
ately. Get full details (without c gation
writing for free SERVOBOARD Elec -echar 
Assembly Kits Brochure. Do it today. ‘
Request TDS 1110-7.

SER/
CORPORA TIO

Of AMEBIC
20-20 Jericho Turnpike, New Hyde P
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005 usee. to 5,000 usee

ESC
DELAY LINES

TAKE
GIANT
STEPS

WRITE TODAY FOR COMPLETE TECHNICAL DATA.

CAIO CIRCLE 229 ON READER SERVICE CARD
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exceptional employment opportunities for engineers experienced 
in computer components... excellent profit-sharing plan.

From the smallest to the largest —.005 psec. to 5,000 
psec.—ESC’s research staff has custom-designed 
delay lines for virtually every military and commercial 
application! And with every delay line prototype comes 
a comprehensive laboratory report, which includes 
submitted electrical requirements, photo-oscillograms 
(which indicate input and output pulse shape and out­
put rise-time), the test equipment used, and an evalu-

R< NIC DESIGN • July 8, 1959

Signal Generator 

Has 2000 to 4600 me range

signal generator in the 2000 to 
the model MSG-2P provides a

Distributed constant delay lines • Lumped-constant delay lines • Variable delay networks • Continuously variable delay lines • Pushbutton decade delay lines • Shift 
registers • Pulse transformers • Medium and low power transformers • F ilters of dl types • Pulse-forming networks • Miniature plug m eneap$Jated circuit asse^r •«$

down pen 
¡Giving
k one ab<

A microwave 
W me range,

ation of the electrical characteristics of the prototype.
In addition, an extensive factory rep organization spans 
the nation, ready to provide on-the-spot assistance in 
specification and installation.

For complete technical data, write to ESC-America’s lead­
ing manufacturer devoted to the design, development 
and production of custom-built and stock delay lines!

Wideband Amplifiers 

Have under 0.01% noise

tximum signal strength of 10 mw with cali- 
r“’ed attenuation clown to —127 dbm. Its di- 
W-reading internal attenuator is accurate to 
-b below 1 mw, to 8 db above. The instrument 
grates cw, pulse, square wave, fm, and syn­
tonizing pulse signals. Internal pulse and 
■ ire u ave repetition rates are adjustable from 

to 40CKJ pps; pulse widths, from 0.5 to 10 psec;
delays, from 2.5 to 300 psec. The portable 

W may be externally modulated and features 
^ect-reading linear frequency dial accurate 

11* an noncontacting short-type klystron cav- 
jchokt for noiseless tuning. Pulse rise and de- 
Mime- are less than 1 psec.
Mara Electronics Corp., Dept. ED, 43-20 

St, Long Island City 1, N. Y.
iRCLE 228 ON READER-SERVICE CARD
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Solid state wideband amplifiers with transistor 
toppers, these potentiometric and operational 
iL.ts have a frequency response that exceeds —3 
|b at 200 kc, an input impedance of 100 meg, 
pin accuracies to ±0.002%, and linearity of 
¡005%. Noise is less than 0.01% peak-to-peak from 
k source. Each unit is completely self-powered 
Ld measures 8 x 4 x 1-1/2 in. Up to ten can be 
totalled within 5-1 4 in. of a standard 19 in. rack. 
Packard Bell Computer Corp., Dept. ED, 1905 

knacost Ave., Los Angeles 64, Calif.
CIRCLE 227 ON READER-SERVICE CARD
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Transformers
Coil oscillator inductor

tress fs Our Most Important Product

Video Amplifiers
Incorporate miniature circuit boon

Inductance, coil oscillator types 
these transformers have 280 to 631 
mh inductances. Normal excitatiq 
is 10 v rms between opposite erjj 
of the winding at any frequenq 
between 1 and 2 kc.

Mercury’ Transformer Con 
Dept. ED, 12964 Panama St., La 
Angeles 66, Calif.

CIRCLE 231 ON READER-SERVICE CARD

solid tantalum capacitors 
out.

American Electronic L 
Dept. ED, 121 N. Se 
Philadelphia, 6, Pa.

CIRCLE 232 ON READER-SERV 
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ELECTRONIC DESIGN • July

New G-E Lectrofilm-R capacitors offer you maximum Using a miniature circuit boa 
(shown) for crystal video detectic 
these video amplifiers have a hii 
input impedance and low noise. I 
eluded in the line is the model I' 
which operates from —50 to 4-55 
and can be supplied to accept 
positive or negative input puke, 
can also be provided with 400 d 
video chopping to perm t cw n 
ception. The circuit board in d 
unit is built to MIL-E-54C and hi

TO MEET YOUR APPLICATION REQUIREMENTS, 14 
case sizes are available in five ratings—100-, 200-, 300-, 
400-, and 600-volts. Capacitance range within each rating 
is: 0.015 to 0.68 uf in 100 volts; 0.010 to 0.47 uf in 200 
volts; 0.0047 to 0.22 uf in 300 volts; 0.0033 to 0.15 uf in 
400 volts; and 0.0010 to 0.10 uf in 600 volts.

GET A QUOTATION TODAY ON NEW LECTROFILM-B 
CAPACITORS by contacting your General Electric rep­
resentative. Ask for your copy of life-test data and G-E 
Specification MTC-3. Or, write to Section 447-4, General 
Electric Co., Schenectady. N. Y.

resin, forming a ri 
vibration and shock

New Lecffrofilm*-B Capacitors for

case which resists humidity

3,0C J,000 unit-hours of life test data (per G-E Spec. 
MTC-3) indicate a probability of survival in excess of 
0.99 for 44,000 hour life under rated voltage at 85C. 
Under rated voltage at 125(3, the indicated probability of 
survival is in excess of 0.98 for 44,000 hour life.

LOW FAILURE RATE AND LONG LIFE of these in­
expensive G-E capacitors result from using only the 
highest quality materials and the closest of process 
controls . . . units are tightly wound with high-purity 
aluminum foil and capacitor-grade Mylarf film dielectric. 
No solder is used, and introduction of contaminants 
through impregnation is eliminated.

SMALL, LIGHTWEIGHT ENCLOSURE consists of tape 
wrapped around the compact roll and sealed with epoxy
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celerometer
Weighs 9 g

uit boal 
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Accelerometer model 2224 is 1/2 
t high, weighs 9 g, and provides 
mv per g peak sensitivity with a 
k resonant frequency of 30 kc. 
frequency response ±5% is 2 to 
M cps; amplitude linearity is 1%; 
p temperature range is —70 to 
feoF.
Endevco Corp., Dept. ED, 161 E. 

ulifomia Blvd., Pasadena, Calif. 
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Electronic Counter
Has 8-decade readout

APPLICATIONS

Crystals
Crystal Oscillator Circuits 

Zener Diodes
Thermocouple Reference

Junctions
Transistorized Circuitry 

Tuning Forks 
Thermistors

Reference Networks 
LC and RC Oscillator Circuits

Di?sign engineers can now eliminate temperature compensating circuits and still 
use inexpensive, temperature sensitive components by housing critical elements 
in Thermal-Set, Robertshaw’s latest change-of-state crystal oven. The reason — 
Thermal Set’s extremely accurate temperature control. To accomplish this, 
Robertshaw has incorporated two basic features uncommon to conventional ovens 
— thermal stability and thermal constancy. Thermal stability, or the absence of 
temperature drift with time, is attained by using the melting point of pure crystal­
line salt as an absolute and unvarying temperature reference standard. Thermal 
constancy, the absence of cyclical temperature variation, results from using a 
proportional heat control system. Combined, these features offer unmatched 
thermal accuracy ... the key to optimum system performance.
SPECIFICATIONS Standard Cavity Temperature: 53 C, 70 C, 87 C. Tem­
perature Control: 0.007 C average cavity temp, change per degree ambient 
changes. Heater Voltage: 6.3 volts AC or DC ± 5%. Heater Power: 4.0 watts max. 
@ 25 C. External Dimensions: 1-7/16" x 1%" x 4-1/16" seated height. Cavity 
Dimensions: 0.92" dia. by 1.625" deep. Weight: Approx. 6.15 oz. Mounting: Octal 
Plug. Cavity Sockets Available: Standard 2 or 9 pin. Special configurations and 
more exacting performance characteristics available on special order. Complete 
information in Technical Bulletin RF-594. Robertshaw Fulton ControlsC« , 
Aeronautical and Instrument Division. Santa Ana Freeway at Euclid 
Avenue, Anaheim, California. ____ ___________

[Counter model 524D has a uni­
p S-decade numerical readout 
k a crystal oscillator stability of 
parts in 10* for short terms or 5 
pts in 108 per week. It provides 
J full frequency measurements 
p 10 cps to 10 mc and period 
f surements from 0 to 10 kc. Plug- 
I -aits are available for measuring 

to 220 mc frequencies, over
RO periods, and 1 psec to 100 
P of fime. Total registration is 
1^9,999 counts.
[Me t-Packard Co., Dept. ED, 
Page Mill Rd., Palo Alto, Calif.
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Clutches and Brakes
Miniature

ACTUAL SIZE

TECHNICAL DATA

Attache

ELEVIT
K andDIVISION OF
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autor
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Miniature Relay
Current sensitive

Silicon Junction Diodes Germanium Diodes Power Transistors Solder Lug Power Transistors

For details, write for Bulletin B217A-1 B217A-2

250 MW Package ...
Fast Switching and General Purpose Types 
Featuring...

TRANSISTOR PRODUCTS
241 CRESCENT ST., WALTHAM 54. MASS. 

TWlnbrook 49330

PRODUCT UNIFORMITY — Tight manufacturing controls.

♦ MECHANICAL RELIABILITY------ Ruggod, hermetically sealed, 
subminiature packages. Designed to meet both military and 
commercial requirements.

ELECTRICAL SUPERIORITY Excellent high temperature 
operation . . . thermally stable . . . high forward conductance 
. . . efficient rectification.

For use in servo and control sys 
terns, analog computers, and pre 
cision instruments, these miniatu i 
clutches and brakes come in Irani! 
sizes 5, 8, 11, 13, and 18. They had 
torque ratings from 6 to 224 oz-in 
and consume 2.5 to 5 w, dependinl 
upon size. OD’s range from < Hl 
to 2.047. The units have a long 1'1 
fast response time, and res tance M 
environments. They may 1 wouni 
with Teflon for performai’ mi i 
Class H temperatures.

Dynamic Instrument Cor . Depl 
ED, 59 New York Ave.. A’ stburyl 
N.Y.

Current sensitive type S Pnwrmze 
relay is a miniature dpdt unit that 
withstands 100 g shock for 11 msec 
and 30 g, 55 to 2000 cps vibration. 
It operates from —65 to 4-125 j 
and is available with coil resistances 
from 185 ohms to 10 K. Contact] 
rating is 2 amp resistive; pull-J 
time, 5 msec; drop-out time, 5 msec] 
and maximum weight, 0.5 oz.

Filtors, Inc., Dept. ED, 30 Sas 1 
more Hill Dr., Port Washington] 
N.Y.

CLEVITE
SILICON 

JUNCTION 
DIODES

Cleveland Graphite Bronie • Brush Instruments 
Clevite Electronic Components • Clevite Harris Products 

Clevite Ltd. • Clevite Ordnance • Texas Division 
Clevite Research Center • Intermetall G.m.b.H.

Mai DC Forward Current 
Type Inver. Oper. @ Specified

Voltage Voltage

Max. Inverse Current

@ 25 C @ 150 C Test 
Volts

IN457 60 V 20 ma@ 1.0 V 0 025 pa 5.0 pa 60 V

1N458 125 V 7 ma @ 1.0 V 0 025 pa 5.0 pa 125 V

1N459 175 V 3 ma @ 1.0 V 0.025 pa 5.0 pa 175 V

1N662 90V 10 ma @ 1.0 V 20 ni 100 pa (@ 100 :C) 50 V

1N663 90V 100 ma @ 1.0 V 5.0 pa 50 pa (@ 100’0 75 V

1N778 100 V 10 ma@1.0V 0.5 pa 30 pa (@ 125° 0 100 V

1N779 175 V i 10 ma@1.0V 0.5 pa 30 pa (@ 125° 0 175 V
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Spring Motor
etracts light loads

The Spifator motor is powered 
jv a fully enclosed spring that pro- 
¿ces a relatively constant output 
orque throughout a long deflection. 
Che outer rim of the spring case

hrough which motor torque can be 
i.plied as a linear force. The cable 
extends 5 ft, and the force exerted 
i it varies from 12 oz at full ex­
tension to 7 oz at full retraction, 
[he unit retracts or counterbalances 
ight loads.
Hunter Spring Co., Dept. ED, 1 

ipring Ave., Lansdale, Pa.
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a division of DAYSTROM, INC, 

9320 LINCOLN BOULEVARD, LOS ANGELES 45, CALIFORNIA

Oscilloscope Camera
Direct view

Attached to any standard oscillo- 
^pe, the Direct-View Oscillotron 
prides a direct view of the cath­
ke ray tube during recording. It 
M no mirrors, permitting binocu- 
k view >ng without image reversal. 
Ft unit is available with either a 
1 iaroid Land back or an electri­
fy pulsed 35 or 70 mm magazine 
F automatic remote operation. 
Kntinuous motion magazines may 
P be supplied. The camera 
f®gs 1 ack to give access to the 
F ‘ and shutter.

beattit Coleman, Inc., Dept. ED, 
I" N. Hive St, Anaheim, Calif.

a*c^ 2 0 ON READER-SERVICE CARD
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Daystrom Pacific Series 341 potentiometers are small enough 
(case length 1-9/64, dia. 35/64) to meet the most exacting 
weight and space requirements, and accurate enough to meet 
the most exacting performance requirements.

OUTSTANDING FEATURES
Mechanical.‘10 Turn Standard—3 and 5 turn available 

Servo, Bushing or Shaft Locking Styles 
Double Wiper—eliminates intermittents from vibra­
tion and shock
Built-in Slip Clutch Available—adds only 1/8* to 
length

Electrical: Operates to 140’C
2.5 watt rating at 40°C
Resistances from 10o to 600K
Linearity to 0.05%

For more information, write for Data File ED-686-1
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Delivers 0.1 oz-in. stall tort,

PRECIOUS METAL

and, under these condi-400
Radic

CIRCLE

Servomotor
Radiation resistant

A port

•1/2 It

now
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and allow broader assembly tolerances 
Save up to 40% in contact costs.

TIN CLAD METAL STRIP 
and other Semiconductor Clad Metals

A number of combinations of clad metals are 
available for use on base tabs, lead wires, 
whisker wires, base materials nnd enclosures 
in silicon and germanium diodes, transistors 
and germanium power transistors.

General Plate clad precious-to-base or base-to-base metals are inseparably 
bonded by a patented solid-phase bonding process without the use of brazing 
alloys or other intermediate material.
If you are seeking metals with useful characteristics that can’t be found in a single 
metal or alloy, investigate clad metals. If you want stronger or lighter components 
— or better electrical and mechanical properties — or fewer corrosion problems 
— or if you are interested in conserving critical metals or reducing parts costs, 
you can profit by using General Plate Clad Metals.
Write for a General Plate Clad Base Metals catalog today. Or better yet, why 
not talk over your requirements with a competent field engineer? His knowledge 
of the applications of clad metals is yours for the asking. No obligation, of course.

ALIRONK Copper-Ba«« and 
Copper-Cored

Three-layer and five-layer materials used 
for anodes in rectifier and amplifier tubes. 
Provide longer power output life . . . uniform 
heat dissipation . . . high electrical conduc­
tivity ... improved anode reradiation ... and 
reduce costs.

Designed for air and missile 
borne guidance systems, this size 5 
servo motor weighs 0.6 oz and db 
livers 0.1 oz-in. of stall torque. It 
requires 1.5 w per phase at 26 v ac,

CLAD ELECTRICAL CONTACT TAPES
For products you want to automate, this 
modern contact form permits greater latitude 
in contact assembly design . . . automatic 
assembly of two or more parts in a single 
operation. Tape contacts are easily attached

COPPER-CORED GLASS SEALING WIRES 
Featuring a sound metallurgical bond, these 
wires give three times greater conductivity 
than solid 52 alloy wire of equal diameter 
. . . they facilitate miniaturization. Features 
include: leakproof seal between ulloy and 
core, high electrical and thermal conduc­
tivity, lower costs.

Type T175-001 size 15 serv< 
motor operates effectively fr m —« 
to -j-200 C and withsta Is 1( 
through 1010 roentgens of r 
It has a high torque-to-ine] rati< 
and its stator is integrally t ¡n
thermosetting resin that 
straight-through bores a 
mum air gaps. The 115 
phase), 400 cps unit has

CLAD PRECIOUS METAL 
CONNECTOR MATERIALS 

High reliability of connectors, clips, terminals 
obtained by using gold and other precious 
metal alloy stripe materials . . . place high 
performance materials in the contact areas 
, . . cost-savings and improved performance 
over gold electroplated parts.

ALNIFER^, NIFER«
These clad metals are used as alternate ma­
terials for solid pure nickel in electron tubes. 
They conserve critical material . . . reduce 
costs substantially. Supplied in annealed 
coils ready for your production.

-ep w 
color 

ce in\ e

A DIVISION OF TEXAS INSTRUMENTS INCORPORATED
GENERAL PLATE PRODUCTS: Clad Metals • Electrical Contacts • Truflex® Thermostat Metal

Platinum Metáis » Reactor Metals » Radio Tube & Transistor Metals_____________

ALCUPLATE R
Easily formed, deep drawn or spun. Used for 
waveguides, component coses, variable con­
denser blades, chassis and electrical or 
thermal conductive parts. Light in weight, 
saves up to 30% over the cost of solid copper.

ALUMINUM-IRON ALLOYS
For magnetic applications requiring low core 
losses and high permeability at low flux 
densities in current and pulse transformers, 
relays, gyro mechanisms, servo mechanisms, 
missile guidance systems, etc.

CLAD CONTACT MATERIALS
Single and double inlay, overlay and toplay 
provide better electrical performance, longer 
operating life and lower fabrication costs. 
Complete assemblies can be made to close 
tolerances by single blanking and forming 
operations.

tions, accelerates at 39,000 radians! 
per sec2 until a free speed of 10,000 
is reached. Moment of inertia is 0.18 
g-cm2.

Daystrom Transicoil, Dept. ED, 
Worcester, Montgomery Co., Pa.

CIRCLE 243 ON READER-SERVICE CARD |

ALUMINUM

STEEL

ALUMINUM

COFFER

STEEL

NICKEL

COPPER

COPPER CORE

GLASS SEALING ALLOY

COPPER

ALUMINUM

NICKEL

General Plate

Clad Metals and Clad

Electrical Contact Materials

Solve Design

Provide

ALUMINUM
COPPER

ALUMINUM 

STEEL

COFFER 

STEEL 
ALUMINUM

ALUMINUM 

STEEL



FIRST SILICON TRANSISTORS WITH

150 Me Alpha CutoffCIRCLE

0.1 in. diameter

PLUS POWER

120
diameterLess than 0.1

1.5V
56»

10V

;pt. ED,

E CARD

STRIBUTION CURVE

batioi

VISIT OUR WESCON BOOTHS NOS. 3002-3004

mMsec. 
mMsec.

Typical 10 ma pulse on 
EG&G TW oscilloscopePULSE 

GENERATOR
S266G 40»

Here’s a silicon logic transistor with the speed of the 
fastest germanium tyjjes . . . PLUS POWER HAN­
DLING ABILITY! Transitron’s 2N1139 represents 
a giant step forward in transistor technology, aug­
menting the industry’s most complete line of silicon 
transistors. Typical total switching times average less 
than 30 milli-microseconds.

Transitron's fast switching types now cover the en­
tire current range up to 5 amperes — offer a rugged 
silicon transistor for every switching application.

DIODES • REGULATORS • VOLTAGE REFERENCESTRANSISTORS • RECTIFIERS

6.1 w, a no load speed o 
i, and a stall torque of 1.45 
weighs 7.3 oz.
>tt Co., Inc., Dept. ED, 
in Ave., Clifton, N.J.

244 ON READER-SERVICE CARD

Lese tip capacitors are made in 
[ I. 3 8, 1/2, and 3/4 in. tube 
engths and in stable, by-pass, or 
enperature compensating types, 
[hey have the same capacity range 
e disc capacitors that take up six 
imes the space. Leads can be sup- 
¿ied straight, short, or crimped. 
Radio Industries, Inc., Dept. ED, 

166 Garland Place, Des Plaines, Ill.
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100(2 
AA/W

5 servi 
rom — t

5 Inch Oscilloscope
Occupies Vi cu ft

missile 
is size 5 
and de- 
rque. It 
26 v ac, 

3 condi- 
radians 

>f 10,000 
la is 0.18

A portable 5 in. oscilloscope, the 
(del S-16-A Craftscope occupies 
s than 1/2 cu ft and weighs 
6 2 lb. It offers de to 7 me re- 
*®se, direct reading vertical cali- 
*‘ion, wide range repetitive 
l^p with additional fixd sweeps 

color and industrial TV work, 
in' ersion, and an edge lighted 

Mi screen.
¿terman Products Co., Inc., 

LD, 2445-63 Emerald St., 
pdel ohia 25, Pa.
^CLE 46 ON READER-SERVICE CARD
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+ 1.5V
SG22

50 m p sec

ABSOLUTE MAXIMUM RATINGS

Delay Time 
Rise Time 
Fall Time

Collector to Emitter Voltage — VCE
Collector to Base Voltage — VCB
Emitter to Base Voltage — VEB
Total Power Dissipation: at 125°C Case Temperature

15 Volts
15 Volts
3 Volts 
.5 Watts 

0.5 Wattsat 100°C Amb. Temperature

SPECIFICATIONS AND TYPICAL CHARACTERISTICS AT 25 C

Min. Typical Max. Test Conditions

D.C. Current Gain hri 20 40 — lc = lOma, 
Vc« = 6V

D.C. Collector
Saturation Voltage

Vce — .5 0.6V lc = lOma, 
1. = 2ma

Collector Cutoff Current Ico — 2 5p3 V« = Rating

Output Capacitance Cob — 8 12w<f V„ = 6V, 
lr = 0 mA

High Frequency 
Current Gain

hfe 5 7.5 — F = 20mc, 
V« = 6V 
lt = 10 mA



SMALLER, LIGHTER
SERVO MOTORS

Bendix now producing
Vi diameter units

NEW PRODUCTS
Regulated Power Supplies

Deliver 10 to 50 v dc

P.S. and don't forget tl 
other quality products at he

BENDIX 
“SUPERMARKET’’

With our greater variety ¡nd 
greater volume of the precision 
components listed below, we 
have become the “supermarket” 
of the industry. We feature fast 
delivery and mass-production 
economy—plus the highest pre­
cision quality.

Weighing a mere 0.94 ounces, the new Bendix size 5 servo 
motor is ideal for meeting the ever-increasing, space-saving 
demands of miniaturization. And, as with other Bendix servo 
motors and generators, large-scale precision manufacturing 
makes possible laboratory quality at volume prices.

Ihe new motors, with their center-tapped control windings, 
eliminate the need for coupling transformers and thus help 
solve packaging problems. Besides size 5, you can choose from 
sizes 8, 10, 11, 15, 20 and 28. Both corrosion-resistant and high- 
temperature models are available. Other features include: 
high-operating torque characteristics . . . availability of integral 
gear heads for frame sizes 8 and 10 in ratios from about 10:1 to 
6000:1 . . . and one-source engineering of complete “package”.

Series PTR transistor regulated power supplies 
are available with fixed or adjustable outputs 
ranging from 10 to 50 v dc. Input requirements 
are 105 to 125 v, 50 to 63 cps; regulation is 0.5% 
from full load to haff load and 1% from half load 
to no load; and output voltage stabilization is 
within ±0.5% for ±10% change in input voltage 
with constant load. The unit is designed to 
MIL-T-27A and MIL-E-5272. It measures 2-5/8 
x 3-1/16 x 4-1/4, weighs 2.5 lb, and operates 
from —30 to 4-85 C.

Power Sources, Inc., Dept. ED, South Ave., 
Burlington, Mass.
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Electronic Demodulator

Has linearity

400-CYCLE SYNCHROS
(Frame sizes: 8, 10, 11, 15, 22)

Control Transformers 
Differentials • Receivers 
Resolvers • Transmitters

GYROS
Directional, Free, Rate, Roll 
and Vertical Gyro Transmitters 
• Stable Platforms

MOTORS AND GENERATORS '
Gear Head Motors and Motor 
Generators • Motor Generators 
• Precision Induction Tachom­
eter Generators • Rate Gener­
ators
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THE STEP THAT PAYS —Find out how we can meet your 
needs promptly, efficiently and economically.

Eclipse-Pioneer Division
Teterboro, N. J.

District Offices: Burbank and San Francisco, Calif. ;
Seattle, Wash.; Dayton, Ohio; and Washington, 
D. C. Export Sales & Service: Bendix International 
Division, 205 E. 42nd St., New York 17, N. Y.

AVIATl JR COUPJAATIOR

*FOR PRECISION 
COMPONENTS THAT DO 

THE JOB BETTER—TRY THE 

BENDIX 
SUPERMARKET

Electronic demodulator model 1802 furnishes 
a dc voltage which is directly proportional to 
both amplitude and phase difference between 
the signal and reference input. Its dc output is 
constant within 3 db from 60 to 60,000 cps for 
10 v rms reference and signal inputs. Input im­
pedance is 15 K; output impedance, 50 K; output 
voltage, 10 v dc maximum; temperature coeffi­
cient, 0.04% per deg C; linearity’, within ±1% for 
0 to 10 v rms signal input with 25 v rms refer­
ence input. Built to MIL-E-5272A, the 2 oz, plug­
in unit operates from —55 to 4-105 C.

Varo Mfg. Co., Inc., Dept. ED, 2201 Walnut 
St., Garland, Tex.

CIRCLE 250 ON READER-SERVICE CARD

PACKAGED COMPONENTS
Analog-Digital Converters • 
Azimuth Counters • Cam Com­
pensators • Clutched Synchros • 
Dual-Speed Synchros • External 
Slip-Ring Synchros • Follow-Up 
Mechanisms • Miniature Dif­
ferential Gear Assemblies • 
Servo Assemblies

RADAR DEVICES
Airborne Radar Antennae • 
Ground Antenna Pedestals

YcßABS
You Can't Beat The Bendix 

"Supermarket”. Try us.

Eclipse-Pioneer Division

Teterboro, N. J.

COMPONENTS THAT DO 
yhe joo um»- tnv rut 

BENDIX 
SUPERMARKET
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DC to DC Converter- se
Airborne

ision

cuon

temal

lae

vision

6000 Fernview Ave., Cincinnati 13, OhioDept. C-4

SCTI ONIC DESIGN • July 8, 1959

host' i Insulated Wire & Cable Co., Dept. ED 
3 Bay St., Boston 25, Mass.

CIRCLE 259 ON READER-SERVICE CARD

Roll 
itters

I For missile and reactor use, Super Jet high fre- 
pncy coaxial cable is operational to 1000 F. Re­
cant to direct flame, it enables electrical circuits 
f continue functioning after an outburst of fire. 
F has low attenuation, gamma radiation resist­

and flexibility’ after exposure to high tem- 
patures. The cable may be combined with other 
p temperature leads in multiconductor cable 
H is ivailable in 20 gage with 50, 75, and 90 

p in nedances. Wire braid armoring can be fur-

NTS 
ers • 
Com-

Airborne model M116 de to de converter is her­
metically sealed and built for missile flight en- 
nronments. It has an input of 28 v ±10%, an out­
put of 350 v at 110 ma, and a regulation of ±5% 
from 75 to 1003 of full load. Base plate tempera­
ture range is 30 to 135 F and storage range is —65 
to -f-160 F. The unit is protected against output 
short circuits and input spike voltages. Output 
npple is under 1.2 v rms and efficiency is more 
than 60%.

Alto Scientific Co., Inc., Dept. ED, 855 Com­
mercial St., Palo Alto, Calif.

CIRCLE 258 ON READER-SERVICE CARD

IN EUROPE: FUSITE N.V. KÒNIGWEG 16, ALMELO. HOLLAND

CIRCLE 260 ON READER-SERVICE CARD

Coaxial Cable
Operates to 1000 F
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LOOK TO TOBE FOR PROGRESS NEW PRODUCTS brotes

NEW! dtag

Acceleration Switch

Responds to 0.05 g

CUCII

If accu

Beattie Oscillotron
DIRECTCoaxial Relay

Has rates to 500 closures per sec VIEW

balan

ipple, de power bias

Write today for full de' ilsspecify

wired

33-00PRODUCTS »orni»

E CA«

preamplifiers, instruments, and other transistor 
or tube devices under repair, development, or 
study. The unit provides continuous variable out­
put voltage monitored by a dual range voltmeter 
(0 to 6 and 0 to 30 v de). Two type 2N256 power 
transistors are incorporated in the transformer­
operated circuit to permit output voltages up to 
30 v. It is fused for protection against short cir-

The rigors of long-range transport­
ing, and the severe environmental 
conditions encountered at the re­
mote bases require that these filters 
and rf barrier cabinets (Tobe sup­
plies both) be sturdy, reliable and 
long-lasting. But these are not the 
only reasons why Tobe was chosen

Creative engineering goes into every 
Tobe product, from the smallest 
Filterette to the largest thermonu­
clear condenser. Don’t settle for 
anything less on your next filtering 
assignment. Talk to Tobe today for 
technical information and engineer­
ing aid... crea five engineering aid. 
Tobe Deutschmann Corporation, 
Norwood, Massachusetts.

can be used with

This is one of several filter cabinets 
that Tobe is supplying for installa­
tion at an early warning radar line 
in Northern Canada. The single 
filter shown at the left is typical of 
the nine different types — used in 
combinations of 16 to 200 filters per 
cabinet-that make up a Tobe filter 
system for the line.

Oscilloscope
Recording Camera

rf 95 ’ 
ble wi 
Dirnen

Valverc 
btte St
CIRCLE 2<

liniatur 
id othe

for the job. Tobe also supplies some­
thing not listed in the specs...crea­
tive engineering. For example, here 
in one cabinet, Tobe packages multi­
circuit filters that range in voltage 
from 120 to 4160 VAC.

Now, get a direct view with both eyesc' 
the cathode ray tube while you're re­
cording. No mirrors — full, clear vision. 
The new Beattie Direct-View Oscillotron 
is the most versatile instrument of its 
kind — actually three cameras in one- 
and the only system to offer all these 
important features:

filter systems 
strengthen 
nation's defenses

cuits, and is available in both kit and 
models.

Electronic Instrument Co., Dept. ED, 
Northern Blvd., Long Island City 1, N.Y.

CIRCLE 264 ON READER-SERVICE CARD
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Power Bias Supply

Completely transistorized
Model 1020, completely transistorized, low

ptermoi 
recovery 
iS-3/4
Electr 

D. 618
CIRCLE

trJ of 
í F. ( 
p w, 1 
hermetic 
k com[ 
hit weij

For input applications in data systems, this co­
axial relay provides coil impedances to 6 K, low 
contact resistance, and operating rates to 500 clo­
sures per sec. Pull in and release times are less 
than 1 msec and contact capacitance is under 
1 ¿ipf. At 60 closures per sec, operating life is 
20,000 hr. The hermetically sealed unit is 1 x 1 x 
4-1/2 in.

Electronic Computer Co., Dept. ED, 618 Maple 
St., Conshohocken, Pa.

CIRCLE 263 ON READER-SERVICE CARD

1000 N. Olive St., Anaheim. C 
Branch: 437 Fifth Ave., New V

CIRCLE 265 ON READER-SERV

ELECTRONIC DESIGN • July

The model 60U-01 switch responds to accelera­
tions of 0.05 to I g in under 35 msec with 10% 
accuracy. It has normally open contacts, provides 
unidirectional control, meets MIL-E-5272A, and 
has a 100,(XX) cycle sen ice life.

Inertia Switch, Inc., Dept. ED, 311 W. 43rd St., 
New York 36, N.Y.

CIRCLE 262 ON READER-SERVICE CARD

• Direct binocular view of CRT.
• Non-reversed image.
• Camera swings back for easy access 

to lens and shutter, or lifts off com 
pletely. Can be rotated.

• Available with large Polaroid* Land 
back or electrically-pulsed 35mm o 
70mm camera for automatic, remotd 
operation. Adapters for film pack a 
sheet film available.

• Continuous motion magazines avail 
able for 35mm and 70mm models. I

• Electric shutter actuator optional witf 
Polaroid9 Land model.

• Attaches easily to bezel of 5" CRl 
Adaptable to other sizes. No specii 
tools.

"Polaroid"® by Polaroid C o.



\fECO* MMETER.—Model 2570 Vi-
brotest 
from 1 
knitage 
the ful’ 
Lf 95 to 
He witi

as six direct reading ranges 
neg to 5 million meg. Test 
ariation is under 0.5% over 

range with line fluctuations 
135 v. Measurements are sta- 
no drift in the high range.

Dimens ms are 8-7/8 x 6 x 8 in.;
Light, 14 lb.

Assoc ated Research, Inc., Dept. 
ED. 3777 W. Belmont Ave., Chicago 
km.

CIRCLE 266 ON READER-SERVICE CARD

pC AMPLIFIER.—Chopper stabilized 
Ljel 2803-A has gains to 1000 with 

accuracy and 0.05% stability. Noise
L under 10uv rms referred to the in- 
Lt frequency response is flat to 10 
k and 3 db down at 40 kc. Chopper 
kermodulation, under 0.1%; overload 
Lovery time, under 0.25 sec; size, 2 

• 5-3/4 x 16-3/4 in.
Electronic Computer Co., Dept, 

b 618 Maple St., Conshohocken, Pa. 
| CIRCLE 267 ON READER-SERVICE CARD
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Imp action thermostat.- 
Miniature type VAL 90 for missile 

other airborne components. Nor­
Lily preset up to 350 F with differ- 
Ktial of 3 F and setting tolerance of 
kj F. Capacity is 40 w, 30 v and 
I Ww, 120 v ac or dc, noninductive. 
I hrmetic header body is one termi- 
I compression header pin the other. 
I hit weighs under 0.2 oz., is sealed 
11 brass capsule 15/16 in. long and 
I.72 in. in diameter.
I Valverde Labs, Dept. ED, 252 La- 
Lette St., New York 12, N.Y.
ItlCLE 268 ON READER-SERVICE CARD
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KUN GAGE CONTROL MOD-
i - Model SRB-200 combines

40 Watts MONOPHONIC...
20 Watts STEREOPHONIC... 
with RCA-6973 TUBES

nes avail 
models.

ional witl

f 5" CR1 
Jo speck

'¿rO.

♦orni* 
n y :

CARD

19

lin gage power supply with strain 
R balance and calibration circuitry, 
tmal switch sets power supply for 
Kant current or constant voltage 
fation. Regulation 0.1% line or 
t maximum ripple, 1 mv; maxi- 

I n noise to ground, 10 pv peak-to- 
I * when measured with strain gage 
I »0 ohms impedance; leakage re- 
pce, over 10,000 meg. Output is 
Iking at under 0.1 ohm impedance. 
Ir available: model SRB-200RC 
I use with remotely programmed 
I ^ration.

deo Instruments Co., Inc., Dept, 
r 3002 Pennsylvania Ave., Santa

Calif.
269 ON READER-SERVICE CARD

See her sitting there so neat. And I tell you very confidentially...
the 6973's got POWER...real power for such a small "bottle". Four of them, 
in twin, push-pull class ABi circuits, put 20 watts of power into each of 
two output-transformers to give you the brilliant stereo sound you dream about. 
With the flip of a switch, you can parallel the twin circuits for 40 husky 
watts' monophonic power output. Big on power., small in size...long on 
low-cost design possibilities...everything about RCA's 6973 
beam-power tube makes sweet news.

Whether you're designing for monophonic or stereo high fidelity, you'll want 
to hear the many other facts your RCA Field Representative can give you 
on the RCA-6973. For technical data, write RCA Commercial Engineering, 
Section G-18-DE-1, Harrison, N. J.

RCA tubes for High Fidelity also available from your local Authorized RCA Tube Distributor

RADIO CORPORATION OF AMERICA
Electron Tubi DIvltlon Harrlton, N. J.

RCA FIELD OFFICES
EAST: 744 Breed St.

Newerk 2. M. J. 
HUmbeldt 5-39OO

MIDWEST। 5eHe1154,
Mercheedite Mort Mom, 
Chicoee 54, III.
WHitebell 4-2900

WEST। 6355 E. WathiR«too Blvd..
Lot 22, Calif.
RAymend 3-8361



GENERAL DEVICES, INC. NEW PRODUCTS
MOST ADVANCED LINE OF STANDARD AND SPECIAL

MULTICHANNEL 
PRODUCTS 

FOR TELEMETRY
THE LARGEST SPECIAL PURPOSE FACILITIES FOR ENGINEERING AND PRODUCTION, 

THE NATION S MOST PIONEERING EXPERIENCE.

PDM

Standard low 
level and mixed 
high and low 
level PDM multi­
coder for IRIG 
channel config­
urations ML and 
MX series.

Subminiature all 
electronic 45 
channel multi­
coder with both 
PDM and PAM 
outputs.

RLH series PDM 
multicoders for 
rack and panel

SX sériés • New 
ultra subminia­
ture mixed high 
and low level 
multicoders.

fixed ground 
equipment.

COMPLETE PDM DATA ACQUISITION SYSTEMS.
FIRST IN QUALIFIED ALL ELECTRONIC SOLID STATE MULTICODER PRODUCTION. 

HIGH, LOW AND MIXED INPUT LEVELS IN STANDARD CONFIGURATIONS.

Complete 
Plug- in 

Solid State 
FM-FM systems 
including mixer 
and power sup­
ply-carrier for all FM-FM Bands.

SUBMINIATURE HIGH PERFORMANCE SOLID STATE FM-SUBCARRIER COMPONENTS. 
COMPLETE SYSTEMS AND SUB-SYSTEMS.

CALIBRATORS AND SIGNAL CONDITIONING EQUIPMENT.

Complete missile commu­
tation package includes 2 
double pole electronic com­
mutators ond a low level 
electro mechanical commu­
tation and 
amplifier.

PAM Standard double 
pole solid state 
electronic com- 

N mutators pro- 
v ing IRIG and 

special wave 
forms.

Production units 
of new minicom 
commutators 
providing low 
contact resist­
ance, small size, 
ong life.

Typical of many 
mechanical com­
mutator designs

proven high per­

mei Brush®.

THE NATION'S MAJOR SUPPLIER OF COMMUTATION PRODUCTS. 
QUALIFIED MECHANICAL COMMUTATORS AND ALL-ELECTRONIC SOLID STATE 

COMMUTATORS IN PRODUCTION FOR MAJOR PROGRAMS.
GEARED FOR LOW COST, HIGH PRODUCTION AND FOR QUICK DELIVERY.

I
 PRINTED MATERIAL IS AVAILABLE TO THOSE REQUESTING SAME ON THEIR COMPANY 

LETTERHEAD: CATALOG #900, TECHNICAL PAPERS, INDIVIDUAL SPECIFICATION SHEETS.

GENERAL DEVICES, INC.
PRINCETON, NEW JERSEY

PHONE MONMOUTH JUNCTION EXCHANGE DA 9-2323 
TWX Monmouth Junction N J 271X

SALES OFFICES: LOS ANGELES, DALLAS, SEATTLE, ST. LOUIS, WASHINGTON, D. G, 
METROPOLITAN NEW YORK, FLORIDA, NEW YORK STATE, AND NEW ENGLAND

CIRCLE 270 ON READER-SERVICE CARD

PRESSURE TRANSDUCER.—Model 217 measures 
corrosive gas and liquid pressures to 200 psi. Re­
sponse, 1 msec; resolution, infinite; linearity, 0.3%; 
hysteresis, 0.25%; repeatability, 0.1%; ambient range, 
-150 to 4-250 F.

Taber Instrument Corp., Dept. ED, North Tona­
wanda, N.Y.

CIRCLE 271 ON READER-SERVICE CARD

NYLON SNAP BUSHING.-Snaps into 7/8 in. diam­
eter chassis hole and locks under finger pressure, pro­
viding unbreakable insulation protection. For panels 
to 1/8 in. thick. UL and CSA approved.

Heyman Mfg. Co., Dept. ED, 1200 Michigan Ave., 
Kenilworth, N.J.

CIRCLE 272 ON READER-SERVICE CARD

LOW ENERGY SAFETY CONTROL WIRE.-For 
NEC Class 2 circuits of 30 v maximum and tempera­
tures to 105 C. Suited for connecting limit switches 
to general signal and control circuitry. Choice of two 
or three conductors of 18 or 16 AWG, parallel.

Chester Cable Corp., Dept. ED, Chester, N.Y.
CIRCLE 273 ON READER-SERVICE CARD

DIAZOTYPE REPRODUCTION MACHINE.— 
Model 42 Copyflex produces low cost engineering 
and construction blue and white prints in seconds. 
Handles tracings to 42 in. wide and any length.

Charles Bruning Co., Inc., Dept. ED, Mt. Prospect, 
III.

CIRCLE 274 ON READER-SERVICE CARD

BALL PLUNGERS.—Size 10-32 and 1/4-20 instru­
ment and missile use. Standard balls are type 440 
stainless steel. Other materials and sizes down to 
8-36, 6-40, and 4-48 can be furnished.

Vlier Engineering Corp., Dept. ED, 8900 Santa 
Monica Blvd., Los Angeles 46, Calif.

CIRCLE 275 ON READER-SERVICE CARD

PENCIL SIZE RADIATION COUNTER.-Model 
BF-3, 6 in. long and 1/2 in. in diameter, measures 
distribution of neutron flux in critical assemblies. 
Approximate operating region, 900 v; typical plateau 
length, 150 v; average plateau slope, 3% per 100 v.

Radiation Counter Labs, Inc., Dept. ED, Nu­
cleonic Park, Skokie, Ill.

CIRCLE 276 ON READER-SERVICE CARD

VIDICON TUBE.—High sensitivity type WL-7325 
can produce satisfactory pictures with an average of 
0.1 ft-c on the faceplate.

Westinghouse Electric Corp., Electronic Tube 
Div., Dept. ED, P.O. Box 284, Elmira, N.Y.

CIRCLE 277 ON READER-SERVICE CARD

THE FINISH
IS ONLY
THE
BEGINNING

To meet demands for perfect finish 
on stainless and nickel Thinstrip 
Somers installs unique new annealing 
furnace.

This new Selas vertical continuous | 
annealing furnace assures uncontami- I 
noted, commercially unmarred sur- I 
faces as well as uniform temper and I 
faster delivery on stainless, nickel and I 
nickel alloy Thinstrip up to 25 wide. I 
But this is only part of the story of I 
Somers’ quality. Sendzimir rolling I 
mills, Accu-Ray gauging plus 50 years I 
leadership in thin gauge metals (from I 
.010 down to .000125") are a few I 
of the features Somers offers to assist I 
you with your Thinstrip" problems. I 

Write for Confidential Data blank — I 
no cost or obligation.

Somers Brass Company
116 BALDWIN AVE. WATERBURY, C

CIRCLE 278 ON READER-SERVIC

1C.

iRD

95

I Ult 
L r th 

I HPe ' 
I b suit 
| and r 
I: npf' 
I soidal 
I ter fre 
I rit he 
I ously ; 
I ttenu; 
145 db 
I higher 
130 v n 

I mis wi 
110 mes 

output 
ohms.

Ad-Y 
Dept. ] 
Passaic,

CIRCLE

I Model 

Mroni 
j -500 
® 115 v

Nation 
aid pow 

induce ' 
portion. 3 
^OUtpu 
Ik ra 
^1-41 
' Soren ( 
■''Wall,

°*cle V 

Clini

124 ELECTRONIC DESIGN • July 8



Sube dio Tuned Amplifier
3 to 3000 cps range

finish 
strip?, 
ealing

With a rejection ratio of oxer 60 
[or third and higher harmonics, the 
type 301 subaudio tuned amplifier 
? suitable for isolating harmonics 
and noise from the fundamental 
component of a complex nonsinu- 
soidal signal. Amplification at cen­
ter frequency is about unity. The 
unit has a 0.3 to 3000 cps continu­
ously adjustable range with 35 db 
attenuation for the second harmonic, 
15 db for the third, and 50 db for 
higher harmonics. Maximum input is 
30 v rms with attenuator off, 300 v 
ms with it on. Input impedance is 
10 meg shunted with 25 ppf and 
output impedance is about 300 
ohms.

Ad-Yu Electronics Lab., Inc., 
Dept. ED, 249-259 Terhune Ave., 
Passaic, N.J.

CIRCLE 388 ON READER-SERVICE CARD
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AC Voltage Regulators
Supply 500 or 1500 va

Model 500MIL and 1500MIL 
| tronic ac voltage regulators sup- 

: 500 and 1500 va, respectively, 
$115 v ac. They provide an output 
itage regulation of ±0.5% against 
Farions in input line voltage, load, 

iJd power factor changes and in- 
poduce less than 5% harmonic dis- 
ption. The units have 0 to 150 v 
r output meters and fit standard 
pin. ricks. They are designed to 
^I-4158A and MIL-E-16400A.

l -iren en & Co., Dept. ED, South 
pirwall, Conn. j

CIRCLE 89 ON READER-SERVICE CARD
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o

quality control series no. 3

HARDNESS TEST

E* ■ i -

silWtest

THIS

ELEIVtETER

MAGNETICS

IS HARD ENOUGH

- 1 but we hope it attracts you r attention
IP the. thorough three-slagq^ , '
iflspedtipn and testing given every

; . TMI product—J com ferrite, cores to core
t^.buj^ps qnd^TTvemory systejnS '

MEMORY CORE

Advancing The Art-TMI RANDOM ACCESS MEMORIES 
high speed... high reliability... large capacity...economical

Complete Solid State Memory 
10,752 Bits

TMI is a pioneer in the design and production of fully transistorized random access memories. 
TMl's many years of experience in core memory design and manufacture has made them a 
recognized leader in the art.
tmi solid state core storage systems have achieved new standards of performance in speed, 
capacity, and reliability at economical cost. Every state of the art is represented at TMI. 
complete integrated facilities for core production - through array wiring-to precision 
construction of complete systems.
Components, assemblies, and completed random access memories each undergo rigorous 
tests. Write for complete specifications.

IMPORTANT JOB OPPORTUNITIES

TMI fully transistorized memory modules are available in three basic series distinguished 
by differences in their cycle times. Modules can be combined to achieve large capacity. 
In addition, memories will be designed and constructed to satisfy requirements not met 
by a standard unit.

STANDARD MEMORY MODULES

SERIES CYCLE TIME 
H seconds

CAPACITY 
words

WORD LENGTH 
bite

MQ 24 512 to 4096 as desired
RQ 6 to 8 1000 to 8192 4 to 80

LQ 3 512 to 8192 4 to 80

Expansion to handle our increasing business activity 
plus research and development in new areas have 
created openings for qualified computer engineers 
Investigate the wonderful opportunities offered by 
TMI in Southern California

0/| TELEMETER MAGNETICS !n<.
Manufacturers A Ferrite Cores • Core Arrays • Buffers • Memories

2245 pontius avenue. Io* angeles M California • 306 at., n.w. washington 13, d.r



51 ohm»

east

TYPICAL NON-SATURATED LOGIC SWITCHING CIRCUIT

TOTAL SWITCHING TIME NON-SATURATED CIRCUIT

INPUT S

OUTPUT

CENTRAL

200
-O INPUT

Temperatur« 25*C 
input Pul«« Spocmg 40 m>««c

Temperature; 25*C
Collector Current ; 10 mo

W • 120 mjrsec
S ■ 200 mp»ee 
A,« 3 to 6 volt« min 
Gen Double pulse generotor 

Z out • 50 ohm« 
Terminoted with 50 ohm«

A« 6 to 8 volt«

DEECO, INC.
618 First Street N.W./EM 4 2493

100 N. Western Avenue HA 1 6800

O INPUT I
2N7O2

New Texas Instruments
2N702 Switchers

110 Federal Street HU 2-7850

165-08 Liberty Avenue/AX 1-700.

24 Central Avenue/MA 2-1661

100 Suth Avenue WO 6-5300

139 W. Second Street/PL 6 4718

620 S. Sahne Street GR 4-2927

Available Now From
Authorized T J Distributors

BALTIMORE 30, Maryland
ELECTRONIC WHOLESALERS

OF MARYLAND, INC.
3000 Washington Blvd./Ml 4-7900

BOSTON 10, Massachusetts
LAFAYETTE RADIO CORPORATION

BUFFALO 16, New York
GENESEE RADIO & PARTS CO., INC.

2550 Delaware Avenue/DE 9661

CAMDEN 2, New Jersey
GENERAL RADIO SUPPLY COMPANY, INC.

600 Penn Street/WO 4-8560 WA 2-7037 (Phila.)

JAMAICA 33, New York
LAFAYETTE RADIO CORPORATION

NEWARK 2, New Jersey
LAFAYETTE RADIO CORPORATION

NEW YORK 6, New York
MILGRAY ELECTRONICS, INCORPORATED

136 Liberty Street/RE 2-4400

NEW YORK 13, New York
LAFAYETTE RADIO CORPORATION

PITTSBURGH 5, Pennsylvania
RADIO PARTS COMPANY, INC.

6401 Penn Avenue/EM 1-4600

PLAINFIELD, New Jersey
LAFAYETTE RADIO CORPORATION

ROCHESTER 5, New York
ROCHESTER RADIO SUPPLY CO., INC.

600 E. Mam Street/LO 2-9900

SYRACUSE, New York
SYRACUSE RADIO SUPPLY CO.

WASHINGTON 1, D.C
ELECTRONIC INDUSTRIAL SALES, INC.

2345 Sherman Ave., N.W. HU 3-5200

CEDAR RAPIDS, Iowa

CHICAGO 80, Illinois
ALLIED RADIO CORPORATION

CHICAGO 6, Illinois
NEWARK ELECTRIC CO.

223 W. Madison Street ST 2 2944

CINCINNATI 10, Ohio
HERRLINGER DISTRIBUTING CO.

Fifteenth and Vine Sts./CH 1-7273

CLEVELAND 15, Ohio
PIONEER ELECTRONIC SUPPLY CO.

2115 Prospect Avenue SU 1-9410

DAYTON 4, Ohio
SREPCO, INCORPORATED

314 Leo StreetBA 4-3871

DETROIT 38, Michigan
FERGUSON ELECTRONIC SUPPLY CO.

2306 Puritan Avenue/UN 1-6700

INDIANAPOLIS, Indiana
RADIO DISTRIBUTING COMPANY

1013 North Capitol Avenue ME 5-8311

MINNEAPOLIS, Minnesota
STARK RADIO SUPPLY COMPANY

71 South 12th Street FE 2-1325

MERCURT WETTEC- 
CONTACT RELAY 

PULSE GENERATOR

Z oui ■ 50 ohm«

lc»IO mo 

TEMPERATURE"25*C

2N7O2

360 ohm»

-12 »oit»

' 100 ohm* 

iEGSG TW 
I OSCILLOSCOPE

ZN702

+ 9 »oH»

820 ohm«820 ohm*

OUTPUT OUTPUT

47

2.7 K

2.7 k

IN659

IN659

2N7022N7O2

— 3 volt»
200 KM* -T'

IN659

TYPICAL CIRCUITRY FOR OBTAINING 5-MC REP RATE 
IN SATURATED FLIP-FLOP

160 ohm«

2 N 702

IN7M J

160 «Km«

-O OUTPUT 2

■0-45 v

2N7O2 
I O INPUT 2

-OOUTPUT I —LS*

TYPICAL CIRCUITRY FOR OBTAINING 25-MC REP RATE 
IN NON-SATURATED FLIP-FLOP
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TO-18 PACKAGED 
DIFFUSED-BASE ‘MESA’ 

TRANSISTORS

Now available for your evaluation, 
the subminiature 2N702 is built

specifically for your 5-20 ma transistor logic 

switching applications.
This newest addition to TI’s line of diffused- 
base ‘mesa’ transistors features...

• Guaranteed dc beta of 15 to 45
• 50 mc minimum unity beta frequency (ft)

• Maximum 12 ppf output capacitance
• Subminiature TO-18 package

As do all other TI semiconductors, the 2N702 
carries a full-year guarantee to published 
specifications. Check the specs at right and 
contact your nearest authorized TI distrib­
utor or your TI sales office for detailed 
information.
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Actual photo of collector wave form as 
shown on traveling-wave oscilloscope

50 ma
150 mw

Write on your company letterhead 
describing your application .for 
specific details on Tl products.

Frequency at which 
hfe is unity 
Saturation Voltage

'CBO
•CBO 
BVCBO 
bvceo

New Texas Instruments 
2N702 Switchers

Available Now From 
These Authorized TI Distributors

Characteristic
Collector Cutoff Current

@150°C
Breakdown Voltage
Breakdown Voltage 
DC Beta
Breakdown Voltage
Input Voltage
Output Capacitance

DENVER 4, Colorado 
DENVER ELECTRONIC SUPPLY COMPANY 

1254 Arapahoe Street AM 6-1671

GLENDALE 1, California 
R. V. WEATHERFORD COMPANY 

6921 San Fernando Road, VI 9-2471

LOS ANGELES 15, California 
RADIO PRODUCTS SALES. INC.

1501 S. Hill Street/ Rl 9-7471

WEST LOS ANGELES 64, Calif.
CALIFORNIA ELECTRONICS SUPPLY, INC. 

11801-11 W Pko Blvd./BR 2 2124

OAKLAND 7, California 
ELMAR ELECTRONICS

140 Eleventh Street/TE 4 3311

PHOENIX, Arizona
RADIO SPECIALTIES AND APPLIANCE CORP. 

917 North 7th Street/AL 8-6121

SALT LAKE CITY 10, Utah 
STANDARD SUPPLY COMPANY 
225 East Sixth South Street/EL 5-2971

SAN DIEGO 1, California 
RADIO PARTS COMPANY

2060 India Street BE 9-9361

SEATTLE 9, Washington 
WESTERN ELECTRONIC SUPPLY CO. 

717 Dexter Avenue, AT 4-0200

TUCSON, Arizona 
STANDARD RADIO PARTS, INC.

218 N. First Avenue/MR 3-2545

ALBUQUERQUE, New Mexico 
MIDLAND SPECIALTY COMPANY 

1712 Lomas Blvd., N.E. Tel: 7-0236

DALLAS 35, Texas 
ENGINEERING SUPPLY COMPANY 

6000 Denton Drive FL 7-6121

EL PASO, Texas 
MIDLAND SPECIALTY COMPANY 

500 W. Paisano Drive KE 3 9555

HOUSTON 2, Texas
HARRISON EQUIPMENT COMPANY, INC.

1422 San Jacinto CA 4 9131

TULSA 10, Oklahoma 
ENGINEERING SUPPLY COMPANY 

1124 East 4th Street 01 3 8121

ATLANTA 13, Georgia
ACK RADIO SUPPLY CO. OF GEORGIA 

331 Luckie Street, N.W./JA 4-8477

BIRMINGHAM 5, Alabama 
ACK RADIO SUPPLY COMPANY 
3101 Fourth Avenue South FA 2-0588

MELBOURNE, Florida 
ELECTRONIC SUPPLY 

909 Morningside Drive, PA 3-1441

MIAMI 32, Florida 
ELECTRONIC SUPPLY 

61 N.E. Ninth Street/FR 7-2511

ORLANDO, Florida 
ELECTRONIC SUPPLY 

GA 5-1717

ST. PETERSBURG, Florida 
ELECTRONIC SUPPLY

OR 1-5171

INCORPORATED 
SEMICONDUCTOR - COMPONENTS DIVISION 
13500 N. CENTRAL EXPRESSWAY
POST OFFICE BOX 312 • DALLAS, TEXAS

absolute maximum ratings (25 C)

Collector Voltage Referred to Base. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Collector Voltage Referred to Emitter. . . . . . . . . . . . . . . . . . . . . . . . . .
Emitter Voltage Referred to Base. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Collector Current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Dissipation (100°C Free Air, Derate 0.5°C/mw) . . . .

Resign characteristics at 25 C (except as Indicated)

Test Conditions
VCB= lOv, lE=0 
VCB= 10 v, lE= 0 
ICBO- 10 wa, lE= 0 
I CEO = 10 pa, Iß « 0 
VCE = 5 v, lc= 10 ma 
lE = 10pa, lc = 0
VCE = $ v, lc= 10 ma 
Vcb=5v,Ie=0 
f = 1 me
VCE = 5 v, lE = 10 ma

C = 10 ma. Iß - 2 ma 0.6 v
NOTE: These units meet JEDEC outline T0-18 dimensions. A drawing of this package is attached

36 mjjsec
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YOU WANT NEW ELECTRA

RESISTORS

MANUFACTURING COMPANY
Electronics Division
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coefficient tolerances:

T.C. CODE MARKINGS
0 ± 100 PPM/°C.*

_...T-2
T-5

THE
HIGHER

NEW PRODUCTS
Cathode Ray Tubes

Have resolutions to 2000 lines per inci

THE
STAKES

THE MOUE YOU NEED

Electra’s New Molded Precision Metal Film Resistor
IF YOU WANT
• Low controlled tempera­

ture coefficient
• Low noise level
• Combination of high sta­

bility on load, in addition 
to low controlled tempera­
ture coefficient

• Close tracking of the re­
sistance values of two or 
more resistors over a wide 
range of temperature

• High stability under severe
humidity conditions

• Special resistor combina­
tions to produce accurate

MOLDED METAL FILM

Razor Sharp Precision, plus Amazing Stability—• 
Here is new and greater-than-ever accuracy, 
coupled with new and greater-than-ever 
stability . . . the kind of a combination you 
need to meet the continuing demand for 
more and still more reliability. To give you 
this truly outstanding combination, a metal­
lic resistive film is firmly bonded with exact­
ing precision to an especially compounded 
ceramic core. This unit is then coated and 
molded in a compound of resins selected for 
the exceptional thermal stability it offers. 
The result is a metal film resistor that offers
you performance which equals or surpasses
that of a precision wire wound resistor, yet
is smaller, lower m cost, also gives you
better RF performance plus uniformity m
size over wide resistance ranges. Here is a
real break-through in resistor manufac­
turing. Why not get all the facts, today.

AVAILABLE IN THESE SIZES

Electra Resistance
Rango

Maximum 
Rated 

VoltagePart No. Wattage
MF 1/1 1/8 100 ohms

300 K
250

MF 1/4 1/4 10O ohms 
500 K

300

MF 1/2 1/2 100 ohms 
1 meg

350

MF I 1 100 ohms
2 meg

500

MF 2 2 250 ohms 
5 meg

750

50 PPM/’C.

Type
Temp. 
Cycle

Low Temp. 
Exposure

Short 
Time 

Overload
Solder 
Change Moisture

1000 
Hours 

@ 125°C

MF % .025% .07% .035% .02% .03% .035%

TEMPERATURE COEFFICIENT — Available
in three standard temperature

25 PPM/’C.

Proposed MIL-R-10509C specification calls for temperature coefficient measurements 
from —55°C to + 165 C. The lowest temperature coefficient is 0 ± 50 PPM °C. 
Code T-2 meets this requirement. Resistors in code T-5 are production tested over a 
range of +25CC to + 105°C. Special temperature coefficients—Code T-3, C to +100 
PPM, and Code T-4, 0 to —100 PPM—are available for special applications.

•Parts Per Million Per Degree Centigrade (100 PPM equals 0 j1%i
**The T.C. code marking is combined with the code for the date Jf manufacture

4051 Broadway, Kansas City, Mo., U.S.A., Phone: WEstport 1-6864

These cathode ray tubes offer a choice of foi 
resolution levels up to 2000 lines per in., thre 
screen sizes, and three screen phosphor charai 
teristics. They can be used in strip radar, phot 
reconnaissance, visual indication, photo reprodui 
tion, information transfer, closed circuit TV, an 
remote data pickup. They can be supplied wit 
interchangeable yokes, focus coils, and vide 
driver stages. The P5, Pll, and P16 phosphoi 
provide a choice of blue or near ultraviolet sped 
tral colors and short or very short persistend 
times.

CBS-Hytron, Dept. ED, Parker St., Newbur 
port, Mass.

CIRCLE 282 ON READER-SERVICE CARD

Digital Modules
Magnetic

These magnetic digital modules are c< mpati 
with the company ’s transistorized digits modi!
and can be mounted in the same sei power
case. The units permit the operation o‘ p t0
core stages from one drive transistor.

The devices can be incorporated in any

Packard Bell Computer Corp., Dept
S. Armacost Ave., Los Angeles 25, Cali

CIRCLE 283 ON READER-SERVICE CA
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Please send me a free copy of the 
1959 Sealed Relay Catalog.

applicable requirements of MIL-R-5757 
and MIL-R-25018.

All General Electric sealed relays 
combine minimum size with unmatched 
reliability under severe shock, vibra­
tion, and temperature conditions. For 
complete information on G.E.’s full line 
of sealed relays, contact your G-E Ap­
paratus Sales Office or mail coupon at 
the right. General Electric Co., Special­
ty Control Dept., Waynesboro, Va.

The slim cylindrical shape of the new 
Unimite relay saves space in the impor­
tant vertical dimension. Its high-speed 
operation—operates in 1.5 milliseconds 
max., release time 3.5 milliseconds max. 
—offers a new approach to automatic 
switching. Its welded, totally isolated 
contact capsule eliminates organics 
from switching chamber, provides life­
time freedom from contact contamina­
tion. Every Unimite is a dry-circuit relay.

New micro-miniature provides four-pole 
configuration and exceptionally long life 
performance—minimum of 10 million 
low-level operations, test units have run 
over 50 million operations. Suitable for 
continuous operation in a 160C ambient, 
the relay provides a valuable safety 
factor in application to 125C equip­
ments. Vibration performance is excel­
lent; it withstands 55 to 2000 cycles at 
30G acceleration without contact open­
ing. Operate power is only 400 mw.

General Electric Company
Section C792-12 
Schenectady, New York

The new Unimite and four-pole re­
lays lend themselves admirably to 
printed-circuit-board work. The Unimite 
relay can be soldered into the board or 
is available for stud, lug, or bracket 
mounting. Its flexible leads can be 
formed or fanned for any circuit re­
quirement. The four-pole relay termina­
tions are on 0.2 inch centers in accord 
with the popular grid-spaced pattern.

These new relays, combined with 
a full line of miniature and double-pole 
micro-miniatures, offer equipment de­
signers a new dimension in relay flexi­
bility. Both new relays meet or exceed

eprodud 
TV, ani 

lied wid 

id vida 
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jlet spd 
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From the company which first intro­
duced the revolutionary micro-minia­
ture relay in 1955 come two more 
®portant new developments in sealed- 
relay miniaturization.

General Electric has added the 
worlds smallest one-amp relay, the 
^ngle pole Unimite, and a new four- 
Pole n icro-miniature to its sealed-relay 
“te- Both new relays incorporate an 
^porant advance in relay manufac- 
Je- Ko solder and no solder flux are 
•*d nywhere in either relay’s struc- 

new inert-arc welding process 
leaders to cans, eliminating a 

^jor cause of contact contamination.

NEW 4-pole micro-miniature relay 
■ NFW (Inimité —Ia* iwoi

al modul 

11 ;X)wer

4-Pole micro-miniature 
suited for 160C ambient

Unimite is world’s 
smallest 1-amp relay

Miniature sealed relay

1953—Sub-miniature sealed relay

1955—Micro-miniature sealed relay
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TROM TRANSICOIL INC.

-CTFC19130

Operates at any speed to 5 me
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Toronto 19840 Caledonia Rd

4-100 4-150

2-3 4 in. long

—50
ANGULAR ROTATION

MJSS
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Inductive pots give accurate
noiseless output with infinite resolution

Weapons systems . .. analog computers ... propor­
tioning circuits—wherever the limitations of wirewound 
potentiometers can not be tolerated, these precision 
linear pots are the answer.

The Daystrom Transicoil Size 8 and I 1 Inductive
Pots provide extreme angular accuracy for applica­
tions requiring linear output and high gain amplifica­
tion. There are no brushes wiping over turns of 
resistance wire to generate noise. Grounding problems 
are eliminated since each phase is electrically insulated 
from the other. When operated into the correct load, 
output is linear to within ±0.25% over the 170 
(±85° from null) operating range. Output phase is 
dependent on direction of shaft displacement from null.

Write for complete specifications. Daystrom Transi­
coil, Division of Daystrom, Inc., Worcester, Montgomery

County, Penna. Phone: JUNO 4-2421. In Canada:
Daystrom, Ltd
Ontario. Foreign: Daystrom International Division 
100 Empire Street, Newark 12, New Jersey.

TYPICAL CHARACTERISTICS

Sixe 8 Sise 11

Volt» 26 26 26 26 115

Excitation Power (watts) .16 .16 .15 .15 .45
Current (mo) 17 27 30 30 24
Frequency (cps) 400 400 400 400 400

Sensitivity (v/°) .107 .346 .107 .346 620

Null Volts (mv) 7 20 7 20 40

Transformation Ratio .350 1.130 .350 1.130 .458

Representatives in Canada and Other Foreign Countries

NEW PRODUCTS
Dual Flip-Flop Module

Dual flip-flop model 1209 contains two identi 
flip-flops with built-in output amplifiers. A singl 
package, transistorized plug-in unit, it operates a 
any speed to 5 me. Each of the two flip-flops ha 
a direct and a gated input to the zero and on 
side, and each has one pulse gate internally con 
nected to the gated one input terminal. The fli 
flops have continuous de output signals so tha 
actions need not occur at any fixed clock rate.

Digital Equipment Corp., Dept. ED, Maynar
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Floated Rate Integrating Gyros

Series M2500 floated rate integrating gyros, d 
signed for missiles and severe environments
2 in. in diameter and 2-3/4 in. long. They consi 
principally of a gyro motor, a torque iotor, 
signal generator, and a constant dampin

Series 
'riabk 
'-1 ga a 

« sp<lt 
*5 v ac 

ge.
^ce oi 

5 v p
Op. 7 

th( 
cru

Cenerà 
t, Mo

The torque motor and signal generator 00 
bined in a single unit with a restraint ' m 
tertiary’ winding. The gyros operate at v 'nit 
altitudes and can be provided with a \ 
performance characteristics.

Kearfott Co., Inc., Dept. ED. 1500 V
Clifton, N.J.
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Sanborn Viso-Cardiette Hen*

ONLY SYLVANIA CAN OFFER YOU

pplied from an external

READER-SERVICE CARDCIRCLE 290 ON

Actual strip chart record­
ing of test on a production 
tube shows the uniform 
gain characteristics of this 
Sylvania tube over the 2.0 
KMC to 4.0 KMC spectrum

j 'cries 160 transistor amplified, 10 uw relays are 
diable with current sensitivities of 10, 25, 50, or

I " ua at 1 v dc. Standard contact arrangements 
spdt or dpdt for contact loads up to 3 amp, 

I 5 v ac or 29 v dc, noninductive. Required bias

-CTI ONIC DESIGN • July 8, 1959

denticaJ 
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lops has 
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For more information 
write your nearest Sylvania tube sales office or 

Sylvania Electric Products Inc., 
Special Tube Operations, 

500 Evelyn Ave., Mountain View, Calif.

Relays
10 pw

Sequential Sampling Switch
Makes 3600 closures per sec

This Roto-Jet noiseless sequential sampling 
witch can make more than 3600 closures per sec. 
Actuated by a rotating jet of air, its only moving 
-trt, it transmits noise free signals of 1, 2, and 
imv without amplification or filtering. Of wiper- 
ns design, the unit needs no maintenance. It pro­
ves sampling speeds to 40 rps and may have up 
45 contact pairs in one enclosure. Two-pole 

Hitching can be supplied to any phase angle by 
dding a second row of contacts and incorporating 
ro synchronized air jets inside the shell. Contact 

sing time is under 60 iisec; opening time, under 
# usee.
Electric Regulator Corp., Dept. ED, Norwalk,

ryros, a 
lents, a 
>v coosi 
motor,

re coi 
tr nunii 
ii• i iniiti

AVAILABILITY—now in production, 16 types of traveling 
wave tubes covering the microwave spectrum from 1 to 11 kmc, 
and milliwatts to kilowatts. Backward wave oscillators are also 
available. Modifications and new designs for your special re­
quirements are part of Sylvania’s service.
HIGHEST GAIN—Sylvania’s traveling wave tubes deliver 2 
to 5 times the gain of competitive types. For example, TW-4002 
delivers a minimum gain of 37 db over its full 2 to 4 kmc band. 
GUARANTEED UNIFORMITY— Sylvania guarantees gain 
variations one-half those of other tubes; i.e. 2 to 3 db narrower 
limits. Other test limits are correspondingly more rigid.
PROVEN RUGGED DEPENDABILITY—Sylvania traveling 
wave tubes have proved their performance by meeting tough 
military standards and by being specified and used in modern 
supersonic aircraft.-Ne or from an internal mercury batten-, is 16 

25 v positive dc. The units last for about 25 mil­
op rations and withstand sensing currents 10 

t ie normal in both positive and negative 
is. They operate from 32 to 122 F.
al Automatic Corp.. Dept. ED, 12 Carlton 

• N’ Juntain \ lew, N.J.
CIRCLE 289 ON READER-SFRVICE CARD

vSYLVANIA
Subsidiary of «mira»,

GENERAL TELEPHONE A ELECTRONICS

ü::ü

Now available-a 
wide range of 

traveling wave tubes

Microwave Component News 

from SYLVANIA —mP-
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Infrared Systems studies are being conducted using an 
advanced method of detecting fast-moving missiles and high-speed 
aircraft. A new facility, which includes an advanced laboratory, 
with an infrared tunnel, for basic research and development of 
prototype equipment in this expanding field, has been set up to 
push Lockheed, Burbank, to the forefront in infrared study.
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¡lotting the nation’s future space exploration projects 
•quires the capabilities of a forward-looking company; 
ic with vision, superiority in technical skills and advanced 
cilities. Lockheed, Burbank, long a leader in extending 
ic science of flight, is placing its vast resources and accu- 
lulated knowledge into programs designed to provide 
lajor breakthroughs in the fields of: Basic and applied 
•search; manned aircraft of advanced design; missiles and 
lacccraft. Shown here are artists’ renderings of a few of 
lese important projects. Such project diversification calls 
ir high-level technical skill, offers genuine challenge to 
xperienced engineers. At Lockheed these varied projects 
squire engineers in many fields. Take advantage of this 
eed. Go forward with a forward-looking company: 
ockheed. Burbank.

Solar Radiation Studies-are being conducted at Lock­
heed’s flight test radio station at Briar Summit, California, placing 
particular emphasis on solar flares as our contribution to the Inter­

national Geophysical Year. We have already accumulated 
more than a quarter of a million images of the sun for 

*** analysis. In cooperation with other companies, we will 
determine the processes by which solar energy is released.

»upersonic Transports —have held an important place 
i our thinking for the past several years. Extensive wind tunnel 
•sts have been conducted on many design concepts, supplemented 
y exhaustive laboratory and structure studies. Lockheed is pre- 
ared to build an airliner that will travel at speeds in excess of 
tach 3 at an altitude of 75.000 feet.

Vertical Take-off and Landing Projects-Lock­
heed. Burbank, is engaged in exploring the potential of VTOL 
projects on a very broad scale. Different VTOL features are embod­
ied in each proposal. Considerable emphasis is being placed on 
VTOL “air recovery” vehicles, designed for air rescue and reentry 
missiles recovery missions.

High caliber scientists and engineers are invited to take 
advantage of Lockheed’s outstanding career opportunities. Open­
ings now exist in: Electronics; aero and thermodynamics; propul­
sion; servo-mechanisms; materials and processes; structures and 
stress, operations research; research in optics, infrared, acoustics, 
magnetohydrodynamics, instrumentation, mechanics and hydrau­
lics; mathematics; and in all phases of design. Write today to: 
Mr. E. W. Des Lauriers. Manager Professional Placement Staff, 
Dept. 1307. 2400 North Hollywood Way. Burbank. California.

Miniature Tantalum 
Capacitors

Operate to 175 C

Type XTK tantalum capacitors 
have a 0.65 in. diameter case and 
operate to 175 C. The 7/16 in. case 
length covers ratings from 70 uf. 
8 wvdc to 8 pf, 90 wvde. Other case 
lengths are 23/32 in. for 4 pf, 170 
v de; 1-1/32 in. for 2.5 pf, 255 v de, 
and 1-5/16 in. for 2 pf, 340 v de. 
Added to the XTM series of 175 C 
tantalum capacitors are ratings of 
140 pf, 8 v de; 100 pf, 10 v de; and 
70 pf, 18 v de. All are in 0.65 in. 
diameter cases 9/16 in. long.

P. R. Mallory & Co., Inc., Capaci-! 
tor Div., Dept. ED, Indianapolis 6,

CALIFORNIA DIVISION • BURBANK, CALIFORNIA

Silicon Grown Ingots

Large diameter
For lenses in infrared sensing de­

vices, these silicon grown ingots are 
available as lenses with diameters to 
10 in. and as domes with diameters 
to 8 in. Coated silicon lenses from 
this material pass 92 to 97% of the 
infrared wave length band between 
1 to 8.5 microns.

Knapic Electro-Physics, Inc., Dept 
ED, 936 Industrial Ave., Palo Alto 
Calif.

CIRCLE 292 ON READER-SERVICE CARD I

Space Transports 
are under development now, 
capable of transporting a pilot and 
1000 pounds of pay load or three 
passengers —equipped to work in space 
— to an orbit of 1000 miles altitude. 
Indications are that an operational 
vehicle will he feasible and practical 
in the 1965 period.

Signal Samplers

Monitor coaxial systems
For monitoring the signals pres 

ent in coaxial systems, these sam 
piers are sections of 50 ohm trans 
mission line with type N BNC 
TNC, C, or HN fittings at h em 
and an extra arm in the cei r. Th
HX series uses a loop 1 
couple the signal to a self-c 
crystal holder; the HY has n 
holder; and the HZ uses an 
static probe, providing no c

T.E.M., Inc., Dept. ED, 7 
Parkway, Livingston, N.J.

CIRCLE 293 ON READER-SERVIC
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For L, S, and X bands
microwave ferrites include

>r resonance isolators, Fara- 
tation devices, circulators, 
s, and other devices. They

perat in the L, S, and X bands. 
Typical compounds are the mag- 
Desiun ।-manganese MGM-ll-MW 
- r S band and above; the alumina 
nickel AN-15-MW for intermediate 
frequency use where moderate mag­
netization and line width are 
needed; the large line width, sin­
tered nickel N-40-MW for broad- 
jnd resonance isolators; and the 

iow frequency resonance isolator 
alumina nickel-ferrite type AN-50- 
M\V for use where low saturation 
magnetization is critical.

Kearfott Co., Inc., Dept. ED, 
1500 Main Ave., Clifton, N.J.
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Delay Network
Fast rising

Model LD 30-1006 pulse delay 
network has input and output rise 
times of 0.075 and 0.25 msec, re­
spectively. Time delay is 12 msec 
and taps are at 4, 8, and 10 msec. 
Impedance is 1 K and attenuation 
is 2.3 db. The 3 x 4 x 2 in. unit meets 
MIL-E-5272 and MIL-STD-202A 
specifications.
Ratigan Electronics Inc., Dept. 

ED, 425 W. Cypress St., Glendale 
4 Calif.
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Coaxial Diodes
12.4 to 18 kmc

For 12.4 to 18 kmc receivers, the 
X78B and reversed polarity 
A78BR coaxial silicon mixer diodes 
^ve a 6.5 db maximum conversion 

and a 1.3 noise temperature
’^tio. Noise figure at 16 kmc is 8.8 
^an 1 vswr is 1.6. Forward polarity 
^81 \f and forward and reversed 
V81 MR matched pairs are avail- 

f r balanced mixers.
Mk owave Associates, Inc., Dept.

to, 1 Arlington, Mass.
CIRCl 296 ON READER-SERVICE CARD
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Vital equipment in this Jupiter missile is protected 24 hours a day, month after month, 
by a specially designed Ellis and Watts refrigerated-type Dehumidifier. In the various 
compartments of the Jupiter missile this E-W Unit constantly maintains perfect 
environmental conditions during long periods of standby and storage. Without this 
specialized Dehumidification Unit, moisture and condensation could cause deteriora­
tion of vital equipment and one of our most important weapons would never even 
get off the ground !
Designing and building specialized dehumidification units for electronic or 
mechanical gear is our business at Ellis and Watts. Units of any capacity, configur­
ation, control requirements or functions can be designed and built to any applicable 
military or commercial specifications. And, Ellis and Watts units will function 
perfectly in any climate conditions on earth.
For additional information on specialized dehumidification units for electronic 
or mechanical gear, write for bulletin 135-D.

E-W refrigerator-type 
Dehumidifier, developed 
especially to protect 
vital equipment in 
the Jupiter missile.

without E-W dehumidifiers, the 
Jupiter would drown in its own 
sweat!

Jupiter miuile developed by the Army 
Ballietie Minile Agency for operational um by 

U. S. Air force. Photo courteey U. S. Army.

P. O. Box 33-DD, Cincinnati 36, Ohio. -

ELUS AND 
WATTS 
PRODUCTS, INC.
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the cost of voltage regulation alone
Low cost

Control Chassis

SOLA ELECTRIC CO.. 
4633 West 16th Street 

Chicago 60. Illinois

Wirewound 
Resistor

OUTPUT from CV Transformer! Output voltage is regulated within 
± 7% of 11Bv output rating despite input voltage swings as great as ± 75%,

ELECTRONIC DESIGN • July 8

INPUT to CV Transformer! Available point-of-use voltage may vary widely because of Une switching 
disturbances, intermittent in-plant demand. Input voltage illustrated vanes over the range of 9Sv to 130v.

With the Sola Standard Sinusoidal Constant Voltage 
Transformer you also get all the proved benefits of i 
static-magnetic regulator. Tt is simple and rugged 
There are no tubes ... no moving parts ... no replace-] 
able parts. Maintenance and manual adjustment are 
not necessary.

Its current-limiting characteristic protects against 
shorts on the load circuit. It is available in step-up and 
step-down ratios, allowing substitution for conven­
tional, non-regulating transformers. These units ran be’ 
used in any electronic or electrical application rec liringl 
a regulated sinusoidal power source where tht peak 
power demand does not exceed the capacity of the con­
stant voltage transformer. Circuit design for ilaej 
based on sinusoidal wave shape are directly appl ble j 
Custom units to specific requirements are avail e in 
production quantities.

It rite for Product Bulletin 3164J

Type 602 Slim-Line capacitors have a thin sil­
houette, a Mylar dielectric, and a miniature 
mounting platform of epoxy glass laminate. They 
can withstand severe vibration on a printed circuit 
chassis. For transistor use, the1 50 v units are avail 
able in capacitances from 0.01 to 0.33 pf. They arc 
of extended foil construction and coated with 
moisture tight epoxy.

Good-All Electric Mfg. Co., Dept. ED. 112 W. 
First St., Ogallala, Nebr.
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Sola now offers sinusoidal output in every standard-type 
regulator with no price premium. This development — 
a result of major design and production innovations — 
greatly widens the field of use for static-magnetic voltage 
regulation. The new standard sinusoidal design is now 
ideal for use with electrical and electronic equipment 
requiring a regulated input voltage with commercial sine 
wave shape — especially where harmonic-free supply 
had previously been too costly. The sinusoidal output 
also contributes to ease of selection and ordering, since 
this Sola stabilizer is virtually universal in application.

The Sola Standard Sinusoidal Constant Voltage 
Transformer provides output with less than 3% rms 
harmonic content. It automatically and continuously 
regulates output voltage within ±1% for line voltage 
variations of ±15%. Average response time is 1.5 cycles 
or less. The new line includes nine stock output ratings 
from 60va to 7500va.

Besides the improved electrical characteristics, these 
units are substantially smaller and lighter than previous 
models. Size and weight reductions were accomplished 
without any loss of performance or dependability.

This low cost, 2 w wirewound resistor comes in 
/ 5, 10, and 2(h tolerances and 0.27 to 47(X) ohm 
resistances. It is 5 16 \ 5/16 x 7/8 in. with 1-1/2 
in. tinned copper axial leads.

Hamilton-Hall Resistor Corp., Dept. 1 D, 227 
X. Water St., Milwaukee 2, Wis.
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The model K-lll control chassis is designed 
for rapid acquisition, storage, and translation of 
data. It translates binary coded inputs into decimal 
or binary coded outputs and, upon command, 
stores the input information for remote readout or 
control. It provides transistor storage of encoder 
data and combines this buffer storage input with 
relay output.

Datex Corp., Dept. ED. 1307 S. Myrtle Ave., 
Monrovia. Calif.

CIRCLE 300 ON READER-SERVICE CARD

Get sinusoidal output from c 

±1% static-magnetic stabilizer fot



Sola Standard Sinusoidal
Constant Voltage Transformer

gainst

CARD

OUTPUT from CV Transformer: OsciHigram of output 
from same CV transformer uses expanded horizontal scale 
to picture commercial sine wave shape retained by output.

he con 
ranulae

Voltage 
its of a 
rugged, 
•eplace- 
ent are.

Electrical Impact 
Switch

New Prices of Sola Standard Sinusoidal 
Constant Voltage Transformers

Input torque requirements of the ADR shaft in­
put analog-to-digital recorder are low enough so 
that the measured variable can usually drive the 
shaft directly. A servo system can be used where 
tonpie is insufficient or the signal is electrical. The 
unit records analog values on binary-decimal 
punched tape which can be read directly or trans­
lated automatically into standard punched cards 
or tape for computer processing. One 6 v dry cell 
battery powers the unit on a 15 min readout in­
terval for a year.

Fischer & Porter Co., Dept. ED, 116 Jackson­
ville Rd., Hatboro, Pa.
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?onven- 
can be 

quiring

The model A 414 germanium transistor ampli­
fier drives center-tapped servo motors up to size 
11 with voltage gains to 1000. It operates from 
single-phase 115 or 26 v 400 cps power supplies 
over an ambient range of —55 to -f-71 C. Dimen­
sions are I x 3-1/4 x 2-1/2 in.

Westamp, Inc., Dept. ED, 11277 Massachu­
setts Ave., Los Angeles 25, Calif.
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Servo Amplifier

Provides voltaqe gains to

Analog-to- 
Digital Recorder

Shaft input type

CIRCLE 301 ON READER-SERVICE 
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Impact switch model DWG 2-15 registers shock 
from any direction within 90 deg of the vertical 
axis. The dpdt unit may be set for any value from 
5 to 15 g for about 10 msec. It is rated at 125 v ac, 
5 amp; 28 v de, 3 amp inductive and 3.5 amp, re­
sistive, each switch.

George Harmon Co., Inc., Dept. ED, 18232 
Parthenia St, Northridge, Calif.
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Catalog 
Number

Output 
Rating, VA

Price 
Each

% Price 
Reduction

23-13-060 60 $30 6.2

2313-112 120 38 5.0

23-13-125 250 52 17.5

23-13-150 500 81 14.7

23 13-210 1000 135 14.6

23-25-220 2000 245 10.9

23-25-230 3000 330 9 A

23-26-250 5000 515 new Hem

23-28-275 7500 900 new Item
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measure 0 to 1 billion ohms.
Century Electronics Co., Inc., Dept. ED, 

Roosevelt Ave., Mineola, N.Y.
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VTVM
Has multipurpose probe

Peak-to-peak vtvm model \T-1 uses one probe 
that does the work of four. Called the Multi­
Probe, it can be set to function as a de, ac, low 
capacitance, or rf probe by means of a rotating 
head. Self-powered and portable, the VT-1 has al 
6 in., 100 pa D’Arsonval meter with 2% full scale! 
de and 5% full scale ac accuracy. It has de ranges 
of 0 to 1.5, 6, 30, 150, 300, 600, and 1500 v and ac 
ranges of 0 to 3, 12, 60, 300, and 1200 v, and can

111

Sen 
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db wl 
are pi 
sister
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concerned with inner space

CAN 
DO

When there’s no space to spare in your 
design, consider AE Class S relays. A basic 
Class S measures only 174«" x IV' x nio" and 
weighs only 2 ounces.
Or, if you need a stepping switch, we have 
one no larger than a pack of king-size 
cigarettes.
Relay’ or switch, they’re as uncompromising 
in quality and ability as their larger brothers.
As an example: the Class S miniature has 
many of the features of the premium-quality 
Class B- including sure-footed independent 
twin contacts.
There’s another way we can help on the space 
problem. AE engineers have had years of 
experience in devising simplified circuits

with complex capabilities for automatic tele­
phone exchanges. Could be we could show you 
how to save a relay’ or two in your design. 
No harm in asking.
Or, if you’d like to put the switching end of 
the operation in our hands, we're equipped 
to supply completely wired and assembled, 
custom-built control units or help you develop 
systems to handle anything from sequential 
programming to ... you name it.

Want to get together? Just write the 
Director, Control Equipment Sales, Auto­
matic Electric, Northlake, Illinois. If you’d 
like literature ask for our Circular 1702-E: 
Relays for Industry, and the new 32-page 
booklet on Basic Circuits.

Photoflash 
Capacitors

Have 1 ma maximum 
leakage

Seri 
5 amp 
con tac 
tact p 
releast 
I to 2 
measu

Lint 
Vewai

For energy storage, welding, time delay, high! 
current filtering, and other uses, these photoflash® 
capacitors leak no more than 1 ma at full rated® 
working voltage. They may be stacked. I

Illinois Condenser Co., Dept. ED, 1616 N® 
Throop St., Chicago 22, Ill.
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Power Supplies

Plug-in
These plug-in, semiconductor voltage rt latec 

power supplies have 0.1% line or load ret atior 
and 2.5 mv maximum ripple. Of nonsea ’ con

AUTOMATIC ELECTRIC
Subsidiary of («¡mùu)

GENERAL TELEPHONE & ELECTRONICS \<5>/

struction, they feature variable supply frt 
operation and full short circuit protectioi 
are usable from 60 to 400 cps.

Transistor Devices Inc., Dept. ED. 1 
burg Turnpike, Riverdale, N.J.
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lency 
They
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a 
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Geni 
Dept-

CIRCLE 305 ON READER-SERVICE CARD
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MODEL 724MODEL 758MODEL 713MODEL 740

jximum

1616 N.

latici
0001

0101
0110

TOTAL 
CAPACITY

capacities with special function codes 
to simplify computer requirements.

Operate continuously 
for nine years

Selenium 
Rectifier 
Stacks

ELEC TRONIC DESIGN • July 8, 1959

GENERAL 
PRECISION 

COMPANY

Series HPA parametric amplifier cavities op­
erate at fixed frequencies between 400 and 500 
me. Bandwidth is about 1% and gain is about 15 
db when proper pump amplitude and frequency 
are provided. The units improve most receiving 
systems by 3 to 10 db.

Tapetone, Inc., Dept. ED, Webster, Mass.
CIRCLE 309 ON READER-SERVICE CARD

ie probe
2 Multi- 
ac, low 

rotating 
'-1 has a 
ull scale 
c ranges

ay, higl 
lotoflasl 
ill rata

These improved large plate selenium rectifier 
fecks withstand surge currents 150% greater than 
Prmer models. Their cup-washer design provides 
Morm cell temperature, allowing continuous op- 
iaticn for 70,000 hr. Cells are rated to 36 v per 
"kte and range from 3-3/8 in. round to 5 x 6 in. 

urrent ratings from 2 to 15 amp per cell.
Geieral Electric Co., Semiconductor Products 

^pt Dept. ED, Syracuse, N.Y.
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CONDITIONS: VARIABLE
ACCURACY: CONSTANT

RESOLUTION DIMENSIONS 
PER TURN DIA. X LENGTH

. "r^ige Oj 
3btìilt>in

For information on career opportunities at * WMiouurr or «eatcuM raccitiOd uuirwtHT co«ro«ATioM

Librascope, write Glen Seltzer, Employment Manager, librascope. inc. 40 East Verdugo Avenue • Burbank. Ceiif.
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Parametric Amplifiers
For 400 to 500 mc

Telephone Relays
Weigh 2 oz

Series GT miniature telephone relays are rated 
5 amp, 115 v, 60 cps, noninductive and come with 

ntact arrangement up to 4pdt. Minimum con­
tact pressure is 15 g; pull-in time, 7 to 9 msec; 
release time, 1 to 4 msec. Standard voltages are 
6 to 230 v ac or dc. The units weigh 2 oz and 
measure 1-9, 16 x 25/32 x 1-3/8 in. maximum.

Line Electric Co., Dept. ED, 271 S. Sixth St., 
Newark 3, N.J.

CIRCLE 310 ON READER-SERVICE CARD

©All models available with Internally mounted 
Isolation diodes for sequential multiplexing ap­
plications.

{Available In hermetically sealed servo-driven 
package as Models 757-S and 758-S.
‘Including limit 1 and polarity information. Sine 

and cosine functions generated simultaneously 
and Independently. One turn of shaft generates 
4 quadrants of information.

For full details on Librascope 
shaft-to-digital encoders write 
for catalog E 11-1.

thevre ruooed Operation is unaffected by 
30g shock, 0 to 2000 cps vibration, through­
out a range of —55° to 4-100°C.
thevre reliable Multi-million turns at high 
spgods with constant contact resistance.
tihevre versatile 14 basic models in a wide

LIBRASCOPE
SHAFT-TO-DIGITAL ENCODERS 
meet and surpass rigid requirements of air­
borne analog-to-digital translation despite 
environmental extremes. Shock, vibration, and 
severe temperatures do not affect their con­
tinuous, noise-free operation.
they’re direct Librascope encoders provide 
a simple, one-step means of digitizing analog 
data.

OUTPUT CODE MODEL NO. @
PARALLEL 740 10 bits (1024) 1024 4X«"x2%'’
BINARY 
(LINEAR)

743 13 bits (8192) 128 2"x31&"

SERIAL 707 7 bits (128) 128 2" x 24X4"
713 13 bits (8192) 128 2"x3%"

BINARY 717 17 bits (131,072) 128 2"x4’M*"
(LINEAR) 719 19 bits (524,288) 128 2"x4%"

SERIAL 
BINARY 
(SIN-COS)

757t 7 bits per quadrant* 
(4 quadrants)

512 2^"x4Mr

758f 8 bits per quadrant* 
(4 quadrants)

1024 4%"x3Xr

BINARY 
CODED 
DECIMAL

723 2,000 200 3X»"x4%"
724 20,000 200 3X*"x4%"
733 3,600 200 3X."x4%"
734 36,000 200 3X."x6»/.w(8-4-2-1) 735 360,000 200 3M«"x6%'’

GRAY 708 8 bits (256) 256 3X."X1%-
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Guarantee Lifetime Receiver Selectivity

Uses HERMES CRYSTAL FILTERS
¡Kone

7, 6M»

HE IjMB

Genis*

LO M

ACCURATEFAST

long

Ege; o

Deratin
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STOP
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A limited number of opportunities is available to experi­
enced circuit designers. Send resume to Dr. D. I. Kosowsky

AEROTRON, 600
Series, Two-way VHF-FM 
fHdio Communications Equipment

A portion of schematic diagram 
for AEROTRON 600 Series Re­
ceiver showing Hermes 10.7 Me 
Crystal Filter at First Mixer.

10 MB, measures
x 1 wide x l’/u" high

COMPACT • RUGGED

24 CARAT ACID
plex, Orosene 999

The AEROTRON, Model 600 Series, is the first commercially 
available two-way VHF-FM Mobile Radio Equipment to use a high 
frequency crystal filter to guarantee Receiver selectivity for the life 
of the equipment. This equipment is designed by Aeronautical 
Electronics, Inc. of Raleigh, North Carolina, for the new “split 
channel” frequency allocations where exceptional frequency stability 
and selectivity are imperative. The use of a Hermes Crystal Filter 
at the highest intermediate frequency eliminates any desensitization 
from very strong, adjacent channel stations and offers a very flat 
response throughout the bandpass of the filter.

Hermes crystal filters were selected because of their superior 
performance, small size, and immediate availablity. Close cooper­
ation between the engineering departments of the two companies 
contributed to the rapid development of this new Mobile Radio 
Equipment. Receiver characteristics include: Frequency Stability: 
- 0.0005% over — 40 to +75 C; Sensitivity: 0.6 microvolt or less 
for 20 db quieting; Selectivity: +7.5 kc at 6 db down: Modulation 
Acceptance: + Vi db throughout bandpass range of +6 kc.

Whether your selectivity problems are in transmission or recep­
tion. AM or FM, mobile or fixed equipment, you can call on Hermes 
engineering specialists to assist you in the design of your circuitry 
and in the selection of filter characteristics best suited to your needs. 
Write for Crystal Filter Bulletin.

TRANSCEIVER.—The Telescan multiplexes up 
to 28 signals over one pair of low-rate telegraph 
wires. Identical units transmit and receive both 
metering and control signals bidirectionally and 
in a loop. Transmission rate is 5 pps at 120 v de 
and 1 ma. The unit can be used for industrial 
processing or remote public service control.

Automatic Control Co., Dept. ED, 999 Univer­
sity7 Ave., St. Paul 4, Minn.

Dept F • Cambridge 42, Massachusetts

SOLDERING TIPLETS.—Type 823 pyramid and 
824 chisel tiplets have a 3/16 in. diameter that af­
fords effective heat transfer and fast heat recovery 
in production line soldering. Made of copper alloy, 
they are available unplated or iron clad. They are 
1-1/4 in. long.

Ungar Electric Tools, Inc., Dept. ED, 4101 Red­
wood Ave., Los Angeles 66, Calif.
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COMPUTER CAPACITORS.—Type BPU capacitors 
have values to 150,000 uf at 3 wvdc and are avail­
able up to 1000 uf at 450 v de. They are immersion 
and shockproof, have a long life, and operate over 
a wide temperature range.

Illinois Condenser Co. Dept. ED, 1616 N. Throop 
St., Chicago 22, Ill.
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MINIATURE PANEL INDICATOR LIGHT.— 
Color-Lite model 102S is designed for front access 
and operates for 100,000 hr at 5 v or 60,000 hr at 
6.3 v. It uses the company's series T-l bulb which 
has an operating life of 8000 hr. Available in red, 
white, green, blue, or amber, the unit is 1/2 in. in 
diameter.

The Sloan Co., Dept. ED, 4029 Burbank Blvd., 
Burbank, Calif.
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bright 24 carat gold electroplates in either tank oi 
barrel plating. It contains no silver, antimony, oi 
sulphur compounds and has high tarnish resistance.

Technic, Inc., Dept. ED, P.O. Box 965, Provi­
dence, R.I.
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Plastic 
boun

CIRCLE 320 ON READER-SERVICE C
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PREPUNCHED TERMINAL BOARDS.—For fast 
circuit mounting in breadboard and permanent in­
stallations, Vectorbords are available in six patterns 
with 0.062 and 0.093 holes in \X\P phenolic, G-7 
glass silicone, G-10 glass epoxy, and paper epoxy. 
Component wires and the company’s push-in ter­
minals can be quickly inserted in the boards.

V ector Electronic Co., Dept. ED, 1100 Flower 
St., Glendale 1, Calif.
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Wgitro 
àrbori

The new name for HYCON EASTERN, INC. is

Hermes Electronics Co.

BRIGHT GOLD.-A gold com­
produces hard, ductile, mirror

LIGHT
A LIGHT

STOP sr 

START a 

MACHINE

Eliminates costly over-runs 
or time consuming under­
runs. Actuated by Photo 
Electric Cell, Tube, Relay, 
or Contact Switch. Counter 
can be located where de­
sired. Predetermined count 
may be set at any figure 
to 99,999. Hundreds of 
applications in all phases 
of production and instru­
ment work.

Send for Catalog No. 56

DURANT MFG. CO. 
1993 N. Buffum St., Milwaukae . 
93 Thurbers Ave. Providence 5, R
Representatives in Principal Citits

DURANT
Stecftic "SP

(COUNTS ELECTRICALLY and CLOSES 
SWITCH AT END OF PRE-SET COUNT)

PREDETERMINED 
COUNTER

PRODUCTIMETEI
SINCÌZI s.'9 boatti
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Variable 
Capacitors 

Have up to 4.4 pf 
capacitance

♦Ranges shown are for two values of grid 
resistor, 0.1 megohm and 10 megohm, and 
take into account initial differences be­
tween individual tubes and subsequent 
differences during tube life for a heater 
voltage range of 5.7 to 6.9 volts.

Gerisco, Inc., Dept. ED, 2233 Federal Ave, 
i Angeles 64, Calif.

CIRCLE 321 ON READER-SERVICE CARD

The outstanding reliability of the Tung-Sol 
Chatham 2050W has consistently been demon­
strated in a wide variety of military and 
industrial applications.

Electrically, the 2050W is identical to its 
prototype, the 2050, for which it is a direct, 
plug-in replacement. Physically, the ruggedized 
2050W embodies a number of construction 
features which assure long, trouble-free life 
under the most severe conditions of vibration,

RONIC DESIGN • July 8, 1959

shock and fluctuating temperatures.
If your application permits no compromise 

with quality and reliability, you certainly 
should investigate the Tung-Sol/Chatham 
2050W ruggedized thyratron. Write for de­
tailed specifications. For premium quality, 
special purpose tubes of all types . . . and for 
highly dependable semiconductors, see how 
well Tung-Sol can meet your requirements. 
Tung-Sol Electric Inc., Newark 4, New Jersey.

Miniature Accelerometer
Has range of ±0.5 to ±100 g

Rang of the model GMA accelerometer is 
L.5 ti ±100 g with natural frequencies of from 
F to 7 5 cps. Linearity is ± of full scale for 
Lnct 1 range instruments. Damping of the ac- 
Cgron ‘ter is provided by the shearing of 
[cone fluid between closely spaced moving 
Lice'. The instrument is temperature compen- 
Led and will operate to specifications between 
h arid 4-250 F. The unit can withstand vibra- 

accelerations of 10 g, 10 to 20,000 cps, on 
I axis, and shock accelerations of 50 g for 7 
L duration on any axis. It measures 1 x 1 x 1.75

Converter
Magnetic to paper tape

pie Dykor D101 converter translates six-bit 
oputer data on magnetic tape into correspond- 
form and standard Teletype paper tape. The 

tote printer is controlled without special corn­
ier programming. The unit provides a paper 
F output of up to 240 characters per sec in 
fdard five-level Teletype code.
Pigitronics Corp., Dept. ED, Albertson Ave., 
fcrt on, N.Y.
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Brad-Cap variable capacitors feature close tol- 
^'e adjustment over the full capacitance 
ige; one continuous adjustability; accurate re- 
atability; and maximum capacitance to 4.4 pf. 
crating and storage temperature range is —20 
-100 C and voltage range extends to 200 v ac 
«400 v de. Applications include adjustable ca­
nty standards; low and high pass filters; and 

LC, integrating, and ferro resonance circuits.
Plastic Capacitors, Inc., Dept. ED, 2620 N. 
bourn Ave., Chicago 14, Ill.

CIRCLE 322 ON READER-SERVICE CARD

^TUNG-SOL
CIRCLE 324 ON READER-SERVICE CARD

& special silicone rubber cushion 
shock mounts 2050W in its own base

* rhetal anode shield replaces glass 
pant leg found in prototype 
ceramic insulators firmly support 
anode top and bottom 
double micas, top and bottom 
special tungsten mandril gives 
heater extra support

OPERATIONAL RANGE OF 
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KLIPTITE
THE HANDIEST

CONNECT-DISCONNECT
TERMINAL BLOCKS

PROVIDES

circu:

Weight

ma|or axes.

For missiles and
1O1OJ

has high tensile strength and walls 0.045
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FLEXIBLE PLASTIC TUBING 
electronic cabling systems. Aircon

prop' 
and i
quen
ences

- 8 oz.
15 G's for 11 milliseconds duration each way along

is waterproof and abrasive and flame resistant. ID’s 
range from 1/8 to 4 in. in 1/8 in. increments; weight 
is 0.07 lb per in. ID ft length; and burst pressure is 70

• Reliability — shall not fail to convert more than one pulse in 
1,000,000 into equivalent angular rotation.

OTHER MODELS AVAILABLE WITH VARIATIONS FROM THE 
ABOVE SM-300-1 SPECIFICATIONS.

MODEL SM-300-1
• Angular increment per pulse — 3<
• Stepping rate — up to 15/second.
• Voltage requirement — 28 V. D.C

KULKA ELECTRIC CORP 
633-643 So. Fulton Avenue 

Mount Vernon, N. Y.

SELF-LOCKING CAP NUT.-Rust proof and anti­
magnetic, the Relok is molded of Plaskon nylon. In­
side, its deepest end is left unthreaded so that the 
forward end of the bolt taps itself in place. Available 
in a variety of colors.

Lehigh Metal Products Co., Dept. ED, 134 Ale­
wife Brook Parkway, Cambridge, Mass.
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Airconductors, Dept. ED, 367 E. Olive St., Gar­
dena, Calif.

CIRCLE 331 ON READER-SERVICE CARD

PHOTOELECTRIC READER.—The T877 scale 
reader provides accurate electrical signals at pre­
determined table angle increments by automatically 
reading the engraved markings of a precision table 
reference dial.

Sterling Precision Corp., Instrument Div., Dept. 
ED, 17 Matinecock Ave., Port Washington, N.Y.

CIRCLE 328 ON READER-SERVICE CARD

CIRCLE 332 ON READER SERVICE CAP 
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Self locking, quick connect-disconnect 
terminal blocks. Designed especially for 
use with female terminals made by AMP, 
Burndy, Kent, and Ark-les Exceptionally 
wide application possibilities.

Tabs of brass. Suitably plated for low con­
tact resistance. Rigidly eyeletted to block. 
Or tabs can be had separately to fasten 
under screws. Flat, 45’ and 90 anpled 
tabs in any combination to meet special 
requirements.

W-Ute for detailed literatureon “Klipt a” 
terminal blocks and other types in th x- 
tensive Kulka line.

ONE-WAY IMPULSE SWJTCH.-Incorporating the 
company’s type 10 basic switch, this unit provides 
simplified electrical control for solenoid valves and 
starter relays by eliminating the need for one-way 
actuators, interlocks, or delay devices.

Illinois Tool Works, Licon Switch Div., Dept. ED, 
2501 N. Keeler Ave., Chicago 39, Ill.
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he two rotary solenoids contained in each motor produce the incre- 
“»ental motion of the output shaft in either direction. Energizing either 
f these solenoids produces a combination of linear and rotational 
lotion which moves a ratchet gear axially into engagement with its 
mating ratchet gear and thus imparts a constant amount of rotation to 
he output shaft. The detent roller assembly insures constant, reproduc- 
ole angular shaft rotation increments in either direction and main- 
□ ms the output-shaft position while the motor is ot rest with the 
•ower off.

Stepper Motors are adaptable to routine jobs such as driving me- 
hanical counters. They also find excellent use in positioning devices 
lot will set up a controlling voltage and/or a phase shift such as 
otentiometers and autosyns. They are widely used as a positioner 
dr guided missiles to adjust heading, fuel flow, altitude, and circuit 
□mpling for telemetering purposes. In one adaptation as a heading 
□ntroller, two Stepper Motors are used to position a differential auto- 
yn in steps of either vernier degree or coarse degrees per input 
ulse, bi-directionally, through a suitable gear train.

Write for more details—available upon request.

PROPORTIONAL SHAFT

ROTATION FOR A GIVEN PULSED INPUT

INDUCTION VOLTAGE REGULATORS.—These 
Inductrol regulators are 15 to 50% lighter than pre- 
\ious models. For use where load voltage must be 
kept at a constant level despite a fluctuating supply 
or where a varying utilization voltage is needed with 
a fairly constant supply, the units are available in 
automatic, motor driven, or hand operated types.

General Electric Co., Voltage Regulator Product 
Section, Dept. ED, Pittsfield, Mass.
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TENSILE TESTING FURNACE.—For operation at 
2500 C in a vacuum of 0.01 to 0.05 microns, this 
furnace has a 1-1/2 in. diameter, 6 in. high tantalum 
heating element assembly that assures good tempera­
ture uniformity of the tensile specimen. A specimen 
can be assembled and disassembled to the grips with­
out moving the furnace.

Richard D. Brew and Co., Inc., Vacuum Furnace 
Div., Dept. ED, Airport Rd., Concord, N.H.
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STEPPER

KULKA
Subsidiary of California Eastern Aviation, Inc

¡West Wilson Avenue • Chicago 31, Illinois
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T\pe PB tong test ammeter has a 
10-0-10 amp de and a 0 to 20 amp 
ac and de range on one dial. For 
measurements, the tongs clamp 
around conductors up to 1/2 in. in 
diameter. They do not break the 
circuit or insulation.

Columbia Electric Mfg. Co., 
Dept. ED, 4519 Hamilton Ave., 
Cleveland 14, Ohio.
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Frequency and Pulse 
Rate Transducers

Have 0.5% full scale accuracy

Series ES expanded scale Maga- 
cyclers convert pulse rate to directly 
proportional de voltage or current 
and may be used as adjustable fre­
quency detectors and stable refer­
ences. They have standard linearity 
and accuracy of 0.5% of full scale 
frequency. Typical is the ES 400, 
model 1000-W which has a mid­
frequency range of 400 cps and 
supplies 0 to 1 v de with 380 to 420 
cps input signal variation.

Pioneer Magnetics Inc., Dept. ED, 
5858 Wilshire Blvd., Los Angeles 
36, Calif.
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Teflon Feedthrough 
Insulators

Hermetically sealed
Series CF-400 and CF-414 Teflon 

feedt\rough insulators are designed 
for p< rmanent and demountable ap- 
plica’ ons, respectively. The CF-400 

a ‘»ermetic solder seal, while the 
^P-4 I uses silicone rubber O rings.

Ph rocarbon Products Inc., Dept. 
ED, ( amden 1, N.J.
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WlMPOT J
• <*>r Subminiature...

Proven Reliability

ACTUAL SIZE

TRIMPOT' MODEL 220

As many as 17 of these compact units can be mounted in a space of 
just one cubic inch. Designed for printed circuits and modular assem­
blies, Trimpot Model 220 measures less than 3/16* x 5/16* x 1*. Power 
rating is 1 watt and maximum operating temperature is 175°C. This 
Potentiometer meets or exceeds Mil-Specs for humidity, salt spray, 
fungus, sand and dust, as well as acceleration, vibration and shock. 
Self-locking 15-turn shaft insures sharp, stable settings...exclusive 
Silverweld* fused-bond termination and ceramic mandrel provide 
extreme temperature stability. The Model 220 is available in a wide 
variety of resistance ranges and a choice of two terminal types— 
gold-plated Copperweld wire or insulated stranded leads.
Stocked by leading electronic distributors across the nation, these 
units are ready for immediate delivery. Write for complete technical 
data and list of stocking distributors. AVAILABLE AS PANEL MOUNT 
UNIT (illustrated at right) with same specifications.

Exclusive manufacturers of Trim pot*, Trimit*. Pioneers in potentiometer transducers for position, pressure and acceleration.

Inc.
P.O. Box 2112G, Riverside, California 

Plante: Riverside, California 
and Ames, Iowa

In Canada: Dougina Randall (Canada), Ltd., licensee
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X BAND MODEL MMX
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Co., Dept. ED, 1146 E. 152nd 
Ohio.
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Diamond can offer the solution to your rotary 
joint problems — waveguide or coaxial . . . 
high power . . . inline . . . broadband . . . multi­
channel — whatever they may be.

Send for your free copy of Diamond's • 
new Rotary Joint Catalog — R-959.

Clark Controller 
St., Cleveland 10, 

CIRCLE 342
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MINIATURE PRECISION BEARINGS INC. 
CIRCLE 345 ON READER-SERVICE CARD

with LEL's

MATCHED
MIXER- PREAMPLIFIERS

A new eerie* of matched mixer-preamplifier unit«, 
provide« superior performance by designing the 
microwave and I.F. preamplifier a* an integrated 
assembly. tach unit Is designed for gain and soloc- 
tivity, and is adustod for minimum noise figure«. 
Standard units ore available with output froquen- 
cio« of 30 or 60 mc. Integrated mixer-amplifier 
assemblies are available for X, C. S, KA and KU 
band«, which Include pro-seloctor and local oscil­
lator |f desired.

CIRCLE 346 ON READER-SERVICE CARD 
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INDUCTION 
SOLDERING 
UNIT

Model PM I

FOR SMAU PARTS ANO ASSIMBUES 
Simplifies, Improves and speeds up 
component production. Provides local 
heat to otherwise inaccessible spots. 
Safe and simple. Max. power input 
775 watts, 100 watts standby; 115 
volts, 60 cycles. 15j^* x 21J^* x 15*. 
150 lbs. Bulletin on request. Morion 
Initnmont DMtion, Minnoopolit-Honoy- 
well Regulator Company, Manchester, 
N. H., U. $. A.
Copyrifht Q 1958. Marlon

advancement

manon
• wHttf ntenames mhts rm trf

meters H »MHWÍU
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MAXIMUM------—----------

SENSITIVITY

TEST POINT JACK.—Type SKT-27 will accept a 
probe 0.45 in. long and 0.093 in. in diameter. It has 
a leakage path of 0.187 in. or more and may be used 
from —55 to -[-200 C. The contact member is ma­
chined beryllium copper with gold flash over silver 
plate finish.

Sealectro Corp., Dept. ED, 610 Fayette Ave., 
Mamaroneck, N.Y.
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COLOR TV CAMERA CABLE.-Suitable for indoor 
or outdoor use, type 8283 cable is light and compact, 
contains 82 conductors, and has an aluminum-Mylar 
shield. Available in any length from 25 to 1500 ft.

Belden Mfg. Co., Dept. ED, 4647 W. Van Buren 
St., Chicago 80, Ill.
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MICROWAVE SHEET MATERIAL.—Thin sheet 
materials of controlled surface resistivity, dielectric 
constant, and dissipation factor, Eccosorb SC-50, 
SC-200, SC-377, and SC-1000 are based on woven 
fabric, while Eccosorb SC-VF is flexible plastic 
sheet. The material may be used to line the interior 
of a cavity to lower Q or applied to a radiating sur­
face to prevent the flow of high frequency currents. 
Wedges or tapers can be made ancl-applied to the 
interior of waveguides as terminations, and antenna 
patterns can be modified by applying the material to 
elements or reflector surfaces.

Emerson & Cuming, Inc., Dept. ED, 869 Washing­
ton St., Canton, Mass.
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MECHANICAL RELAY INTERLOCK.-Supplied in 
kit form, this interlock fits the existing space between 
already mounted relays. It can be used with any 
combination of the company’s horizontally mounted, 
four-pole-wide PM and PMA relays, either single 
or double deck. Easily installed, the interlock pre­
vents one relay from closing when the other is closed.

BRONZE ALLOY.—For electrical contacts, Alloy 
828 has good spring properties and high conduc­
tivity. It is especially suited for small parts which 
may become overheated.

Bridgeport Brass Co., Dept. ED, 30 Grand St., 
Bridgeport 2, Conn.
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ELECTRONIC DRAFTING SYMBOLS.-Symbol 
sheets 5011 through 5026 provide a wide selection of 
electronic part and component symbols on clear, thin, 
adhesive backed acetate.

The Craftint Mfg. Co., Dept. ED, 1615 Collamer 
Ave., Cleveland 10, Ohio.

CIRCLE 344 ON READER-SERVICE CARD

A Match 
for any 
Gyro’s 
Torque!
Each matched pair of 
MPB spin bearings is 
precisely duplexed to 
keep motor speed 
constant and torque 
low even under severe 
thrust loads. Noiseless 
operation . . . life-long 
lubrication. Interested? 
Details from MPB, Inc., 
907 Precision Park, 
Keene, N. H.

N/FB helps you perform miracles In miniaturization

Get 
Diamond's 

new 
catalog 

on

ROTARY 
rum JOINTS!

ANTENNA & MICROW( 
corporati!
7 North Avenue • Wakefield, I

and J 
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Electronic Timers
For on-off operation

Electronic timer models T-l and T-3 are de- 
J signed for on-off timing in product life tests, for 

proportioning controls, and for repeat timing of a 
variety of processes and machines. The T-l has 
one relay and one time control knob; tire T-3 has 
two relays and two knobs. They are available in 

I open panel mounting, with NEMA 1-A enclosures, 
I or with NEMA XI1 oil and water tight enclosures.

Webster Electric Co., Dept ED, Racine, Wis.CIRCLE 347 ON READER-SERVICE CARD 
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Relay
Hermetically sealed

Sty le 520 is a miniature, general purpose, 6pdt 
relay designed to MIL-R-5757C, MIL-R-25018, 
and MS24115-6. At 25 C, coil resistance is 240 
ohms, maximum operating time is 10 msec at 
26.5 v, and drop-out time is 7 msec at 26.5 v. The 
hermetically sealed unit operates from —65 to 
*125 C and withstands 15 g, 2000 cps vibration 
and 50 g, 11 msec shock.

Price Electric Corp., Dept ED, Frederick, Md.
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Miniature Power 
Rectifiers

6 and 35 amp

Rat-d 6 and 35 amp at 150 C case temperature, 
fbese miniature silicon power rectifiers are pack- 
<?ed in stud mounted hex base configurations of 
'16 nd 11/16 in., respectively. Both series have 
uting from 50 to 600 piv.

Tra isitron Electronic Corp., Dept. ED, 168 
^ior St., Wakefield, Mass.

CIRCLE 349 ON READER-SERVICE CARD
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HOW TO MEASURE ATTENUATION

This microwave bench set-up is for the measurement of attenuation 
by the RF SUBSTITUTION method. Other techniques could have been 
shown, but this represents one of the simplest, easiest to use methods 
known.

The one main point we would like to stress is: regardless of the kind of 
measurements made, the quality of the test equipment used is of the 
utmost importance. That’s why PRD has concentrated on producing the 
widest range of the most precise microwave test equipment available 
anywhere in the world.

In the RF SUBSTITUTION method, the PRD 195-B Precision Gauge 
Attenuator is used as a standard and calibrated for the frequency at 
which the attenuation is to be measured. The PRD 195-B is set at 
some value of attenuation greater than the unknown. Its reading and 
the output power level of the line shown on the PRD 650-B Power Bridge 
are both recorded. The unknown is then inserted into the line thereby 
changing the output level, and the PRD 195-B is readjusted to return the 
power level to its original value. The attenuation of the unknown is simply 
the difference between the two readings of the PRD 195-B.

Sound Simple? Sure it is, but even more important it’s accurate. The 
PRD 195-B has a guaranteed calibration accuracy of ± 0.2 db.

The precision and ease of operation of all of the products shown in this 
example are typical of each of over 300 PRD microwave test instruments 
currently produced. For detailed specifications of the products shown 
in the measurement bench, write:

TEST INSTRUMENTS USED 
IN THIS X-BAND ATTENUATION BENCH

1 -703 Shielded Tube Mount, catalog page F-8 
2-809 Klystron Power Supply, catalog page F-10 
3-303-A Slide Screw Tuner, catalog page B-14 
4-1203 Waveguide Ferrite Isolator, catalog page A-21 
s-535 Frequency Meter, catalog page 0-12
6—195-B Precision Gauge Attenuator, catalog page A-5 
7-UNKNOWN represented by a 140 Fixed Waveguide 

Attenuator, catalog page A-ll
6-203-0 Slotted Section, catalog page B-ll
9-250-A Broadband Probe, catalog page 8-12 

JO-277-A Standing Wave Amplifier, catalog page E-7 
11-303-A Slide Screw Tuner, catalog page B-14
12—643 Waveguide Thermistor Mount, catalog page E-9 
J3 -650-B Power Bridge, catalog page E-13
14 159-A Level Set Attenuator, catalog page A-17

MICROWAVE ENGINEERS-SCIENTISTS 
Positions offering stimulating challenges with 
unlimited potential are now open at FRO. Fleaso 
address all inquiries to Mr. A. E. Sprock, FRO, 
202 Tillary Street, Brooklyn 1, New York.

Polytechnic Research and Development Co., Inc
202 Tillary Street, Brooklyn 1, New York. Telephone: Ulster 2-6800

West Coast Office: 2639 So. La Cienega Blvd., Los Angeles 34, California. Telephone: TExas 0-1940

Special problems in attenuation and other related measurements? Contact our Applications Engineering Department.
CIRCLE 350 ON READER-SERVICE CARD
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by CARBORUNDUM

Reflittered Trod« Mork

High Purity MgO 
Swaging Tubes for 

Thermocouple Insulation

Relative Humidity 
Cabinets

Have cam type programmer- 
recorder-controller

“QUAIL” Contact Arc Suppression Problems
solved with GLOBAR silicon carbide varistors

Less publicized than its more spec­
tacular cousins, the “Quail” decoy 
missile, shown above, nevertheless 
represents an important development 
of the missile art. It is designed for 
air launching from bombers such as 
the B-47 and B-52 and, once in flight, 
is under continuous radio control. The 
Quail is powered by a GE J-58 engine 
and is manufactured for the Air Force 
by McDonnell Aircraft of St. Louis.

The electronic control circuits in­
volve many relays. Contact arc 
suppression and suppression of RF in­

terference are achieved with GLOBAR 
silicon carbide varistors. Choice of 
these components results from their 
extreme ruggedness, small size, reli­
ability and excellent performance 
characteristics — all essential in mis­
sile applications.

Catalogs on types, ratings and other 
characteristics of varistors and other 
forms of silicon carbide resistors are 
obtainable by writing to Globar Plant, 
Refractories Division, Dept. EDR-39, 
The Carborundum Company, Niagara 
Falls, N. Y. . „„

Circle 712 on Reader-Service Card

NEW HIGH TEMPERATURE RESISTORS 
handle up to 25 watts at lOOOF. with no de-rating

Limited quantities of high temper­
ature resistors developed by Carbo­
rundum are now available. These 
answer a definite need in many de­
fense and possible commercial elec­
tronic applications. They may be well 
suited to equipment where nuclear

radiation is present, since the mate­
rials from which they are made have 
relatively low sensitivity to induced 
radio activity.

Witts 
0.5 
1.0 
2.0 
5.0 

10.0 
25.0

RESISTANCE
Size

RANGE

H" x Vb"
%" x MT
ix*’ x vr
1V4" x x*’ (i.d. 0.168") 
2" x .4125" (i.d. .288")
4" x W (i.d. H")

Resistance Range
0.2 - 2 K
0.4 — 4 K
0.8 - 8 K
0.1 - 1.8 K
0.2 - 2.3 K
0.1 - 1.1 K

Terminations are suitable for spot 
welding or brazing. Fuse clip termi­
nations are also offered in the larger 
sizes. Write to Globar Plant, Refrac­
tories Division, Dept. DM-39. The 
Carborundum Company, Niagara 
Falls, N. Y. Circle 713 on Reader-Service Card

These Counter-Flow relative humidity cabinet? 
have a cam type programmer-recorder-controller 
for automatic performance of time-temperature- 
humidity programs. They have a room to 85'- 
dry bulb range, a 20 to 99% humidity range, and 
a 0 to 200 F temperature range.

Blue M Electric Co., Dept. ED, 138th and 
Chatham St., Blue Island, Ill.
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Insulation oi thermocouple wires, 
used in such equipment as gas tur­
bines and nuclear reactors, involves 
stringing them through a tube of sin­
tered magnesium oxide, inserting in 
a stainless steel sheath and then 
swaging.

For correct packing of the MgO 
insulation, which is crushed in the 
swaging operation, close tolerances 
apply to diameters and location of the 
holes in the swaging tubes. MgO must 
be of high purity, particularly for 
nuclear work.

These tubes are typical of the many 
examples of magnesia, alumina and 
zirconia insulating ware made by 
Carborundum and widely used in 
electronic components. For informa­
tion, write Latrobe Plant, Refracto­
ries Division, Dept. EDM-39, Carbo­
rundum Company, Latrobe, Pa.

Circle 714 on Reader-Service Card

NEW BOOKLET AVAILABLE 
ON GLASS-TO-METAL SEALS

B
Glass-to-metal 
seals are essen­
tial inmanytypes 
of electronic 
equipment. This 
is a complete 
catalog of types, 
specifications 
and applications. For your copy, 
write Latrobe Plant, Refractories 
Division, Dept. iJS-39. Carborun­

dum Co., Latrobe, Pa.

Circle 715 on Reader-Service Card
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CERAMIC PARTS ANO METALLIZED ASSEMBLIES GLASS TO METAL SEALS KOVAR ALLOY CERAMIC RESISTORS VARISTORS THERMISTORS

VU Meter 

Illuminated

The model AR-331 is a 3900 ohm, illuminated 
vu meter with a 3 in. scale that reads —20 to fl-3 
v on the upper calibration and 0 to 100% modula­
tion on the lower, with 0 vu corresponding to 
100%. Useful frequency response is from 20 cps to 
20 kc; accuracy is 2% of full scale.

Argonne Electronics Mfg. Corp., Dept. ED, 
165-11 South Rd., Jamaica 33, N.Y.
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Band Pass Filter

For multiplex telegraph systems
This band pass filter provides continu ms fre 

quency coverage with 170 cps spacing A lovi 
drift, hermetically sealed receiving filter >r mu 

- ' fls withtiplex telegraph systems, it offers 18 chan 
high interchannel attenuation, flat pass 1 
good harmonic rejection. Center freqU' 
from 425 to 3315 cps. Frequency respon 
at f0, down 1 db at ±25 cps, 5 db at 
and 40 db at ±145 cps. Dimensions art 
2-11/16 x 3-3/4 in.

Hermetic Seal Transformer Co., Dept 
N. Fifth St.. Garland, Tex.
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or other variables.

CIRCLE 354 ON READER-SERVICE CARD

Broadband rf transformer models 1211A and

CIRCLE 355 ON READER-SERVICE CARD

2-3/4 x 4-1/4 x 1-3/16 in.

Miniature

Airfl e Electronics Co., Dept. ED, 535 Ave A, 
Bayonu . N.J.
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The model 307 ac ammeter has five ranges cov­
ering 0 to 1, 2.5, 5, 10, and 25 amp. With the
company’s model 10 clamp-on ammeter, its
ranges can be extended to 0 to 6, 12, 30, 60, 120,
and 300 amp. The 2-3/4 x 4-1/4 x 1-3/16 in. unit
has a built-in transformer for use on 60 cps.

Triplett Electrical Instrument Co., Dept. ED,
Bluffton, Ohio.

RF Transformers

'21 IB cover 200 kc to 4 me and 3 to 100 me, re-
spectively. They are hermetically sealed in
115 16 x 1-5/16 x 1-1/8 in. packages. Impedance
ratio is 600 to 75 ohms.

North Hills Electric Co., Inc., Dept. ED, 402
' gamore Ave., Mineola, N.Y.

Switching Commutator

This miniature switching commutator offers 
low D‘ ise, low torque, long fife, and 10 min
^Eula accuracy. It is suited for programming,

i ocessing, selecting, telemetering, high
mpling, and analog-to-digital conversion.

^CTFONIC DESIGN • July 8, 1959

An exceptional new too!
for lab or industry!

WESTON

ELECTRON C
MILLIVOLT/
AMMETER

Check these outstanding features and exclusives:
Measurement, amplification and transduction of a wide span of D-C current and voltage ranges
— 10 to 1000 microamps and 1 to 1000 millivolts full scale — in a single 5-pound unit

Unique INDUCTRONIC® servo-amplifier provides extreme high gain and full feedback — for
accuracy and stability unaffected by variations in line voltage or frequency, condition of tubes,

Model 1477 is a true D-C meter with zero-drift comparable to a permanent magnet moving
coil instrument No mechanical switches or choppers are used.

Essentially zero power-drain from the source being measured.

Power-gain is sufficient to drive indicating meter plus any external load up to 5,000 ohms.
Power output is available at terminals in rear of unit

Knife-edge pointer and 7.2-inch mirror scale provide unmatched readability.
Gain stability and output linearity are both within 0.1% at ranges above 1 millivolt or 200
microamps.

Resolution capability is within 2 microvolts or .02 microamps.

Power requirements: 115 volts A-C, 50 to 1600 cydes, 35 watts.

Less expensive than competing instruments offering lower stability.

for full information, contact your local Weston representative ... or write to
Weston Instruments, Division of Daystrom, Inc., Newark 12, N. J. In Canada:
Daystrom Ltd., 840 Caledonia Rd., Toronto 19, Ont. Export: Daystrom Int’l.,
100 Empire St., Newark 12, N. J.
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General Transistor

GT know-how NOW gives you 
high-quality semiconductor devices in 
production quantities for prompt delivery

“If it's a high-quality device and you need it— 
regardless of quantity — General Transistor will 
produce and deliver it as promised.''

That’s the GT policy...and here's how it was 
made to work:

PROCESS ENGINEERING-From the very begin­
ning of the company, a process engineering pro­
gram was devoted to the continuous improvement 
of high-quality, high-speed, mass-production tech­
niques. The results were increasingly rewarding 
to our growing list of customers; GT became 
their most dependable supplier, meeting every 
emergency.

QUALITY CONTROL—Intensive efforts were also 
applied to innovating techniques for quality con­
trol during production. OUR AIM: To supply only 
high-quality semiconductor devices.

LARGE PRODUCTION FACILITIES-Today GT is a 
major producer; GT production facilities are larger 
than those of many suppliers in the semiconductor 
field. Meeting high-quality specifications, in quan­
tity, is never a problem.

LOGISTIC RELIABILITY - GT’s earned reputation 
for high-quality devices in production quantities 
is a precious one. It’s worth protecting. Therefore, 
“wild" claims are avoided. This leads to logistic 
reliability. When GT says: “We will deliver’’—that 
is a fact on which other plans may be based.

GT never announced a major research break­
through until the result was available in produc­
tion quantities. When GT publishes specifications, 
tolerances, etc., it is done with the full knowledge 
that they can be substantiated to every decimal 
point in production quantities... not merely in 
sample lots.

GT’s place in the industry is that of a primary 
supplier of high-quality devices in production 
quantities for prompt delivery. This is know-how 
NOW.

That’s why you can depend on General Tran­
sistor. It’s the company with NOW-HOW.

Integrating Acceleration Switch

Has 20 to 55 g range

Acceleration switch model 1374-1 is a compact 
hermetically sealed, second order integrating 
switch which closes two normally open contacts 
w hen a carrier vehicle has accelerated to a speci­
fied distance from its starting point. It is rated at 

2 amp, 28 v de, resistive and has a 20 to 55 g op­
erating range which can be modified for other 

values. The unit meets MIL-STD-202A tests for 

corrosion and shock, operates from —65 to 
4-165 F, and withstands 20 to 2000 cps vibration 
at 6 ±1 g. It weighs less than 90 g.

Raymond Engineering Lab, Inc., Dept. ED. 
Smith St., Middletown, Conn.
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DC Operational Amplifier 

Plug-in

GENERAL TRANSISTOR CORPORATION
•1-27 13*th Place, Jamaica 3S, New York

Designed for military use, the model 
plug-in de operational amplifier is built fr 
parts and measures 4-5/16 x 1-1 8 x 2-1 S 
sign center de open loop gain is 15,00’ 
500 kc the open loop gain is typically gre 
2. Maximum design output range is 
1 ma.

George A. Philbrick Researches, Inc.. D 
285 Columbus Ave., Boston 16, Mass.
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Spring Motors

Constant torque

impact 
grating 
ontacb 
i speci- 
ated at 
5 g op- 
r other 
asts for 
-65 to 
hr ation

These model B Negator spring motors have 
¡nstant output torques of 2.33, 3.12, and 3.9 Ib-in. 

throughout 15 revolutions of the output drum. 
They provide a constant retracting force of 3, 4, 
and 5 lb through the full 6 ft cable extension. All 
units are 3 in. wide and 1.2 in. high, mounted on 
a 2.5 x 3.75 in. base.

Hunter Spring Co., Dept. ED, 1 Spring Ave., 
Lansdale, Pa.
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it. ED,

Frequency 
Standards

Square wave

Series RK 200 encapsulated solid state stand­
ards provide any single pulse rate from 120 cps 

100 kc and any square wave frequency from 
61 cps to 50 kc. Stability is ±40 ppm for either 
28 ±3 v dc or 15 to 45 C and ±20 ppm for both 
2 ±0.05 v dc and 22 ±5 C. Frequency is set be- 
Aeen ±0.03 and ±0.01%. Pulse output is 1 v min­
ium into 5 K and square wave output is 5 v 

;eak into 50 K. Power input is 28 ±3 v dc at 0.5 
and 115 v ac at 7 w average. An external tuned 

amplifier can produce a sinusoid.
Arkay Engineering, Inc., Dept. ED, 225 Santa 

lonica Blvd., Santa Monica, Calif.
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What makes a good terminal block ? 
Two things. One is quick connection.

The other is absolute dependability. 
You get both in a Twin Lock Terminal Block.

Plug in the terminal lug and the 
connection is made and locked. One 

twist of the set screw and it's double 
locked. Fast? It's done in seconds.

Strong ? It takes a hundred pounds 
of force to pull a lug out of its socket. 

Positive ? It has the least resistance 
of any mechanical connection.

Write for complete engineering data.

1. De­
ad at 

than 
v at

DC Motor

Rated 0.5 hp at 7600 rpm
The 28 v dc model C-1360 motor is rated 0.33 

‘ at 8100 rpm and 0.5 hp at 7600 rpm. Enclosed 
-an explosion proof case 6.5 x 2.875 x 3.125 in., 

unit weighs 5 lb. It is designed to MIL-M-8609 
^M1+E-5272A.

Hoox r Electric Co., Dept. ED, 2100 S. Stoner 
• L s Angeles 25, Calif.
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1024 West Hillcrest Blvd. Inglewood, California 
Telephon«: ORefon 54773 • TWX INGL 8194

Coliseum Tower, 10 Columbus Circle New York 19, NY. 
Telephone: Circle 5-8170 • TWX NY 14M7
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NEW PRODUCTS
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High voltage, high current

available with an antirotate tab.

CIRCLE 366 ON READER-SFRViCr CARD

leads
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All welded construction

Miniature

The UCINITE COMPANY

boards.

Silicon Rectifiers

Test Jacks tor Printed Circuits
Designed for permanent assembly to printed 
circuit boards, these new test jacks by Ucinite 
are easily accessible to standard .080 test probes 
and eliminate the need for individual adaptor

Simple, economical construction ensures reli­
ability and reasonable cost. Gold-over-silver- 
plated beryllium copper contacts provide de­
pendable, low-resistance connections. Nylon 
bodies are available in eleven standard code 
colors specified as follows: Part number 
(119437) plus letter suffix ... A-Opaque

White, B-Red, C-Black, D-Brown, E-Green,
F-Orange, G-Blue, H-Yellow, J-Gray,
K-Violet, L-White translucent.

With an experienced staff of design engineers 
plus complete facilities for volume production 
of metal and plastic parts and assemblies, 
Ucinite is capable of supplying practically any 
requirement for fasteners, connectors, switches 
and other small metal and metal-and-plastics 
assemblies. Call your nearest Ucinite or 
United-Carr representative for full informa­
tion or write directly to us.

Manufactured by

Division of United-Carr Fastener Corporation, Newtonville, Mass.

Relay Socket Assembly

Designed for use with miniature relavs con
forming to MIL-R-5757, this socket assembly fea- 
tures unit packaging of socket and holding clip
The clip is available with either beryllium copper
alloy 25 per QQ-C-533 or annealed carbon ste
SAE 1065 per MIL-S-17919. Both clips are cad­
mium plated per QQ-P-416A. The assemble is

Augat Bros., Inc., Dept. ED, 33 Pern Ave
Attleboro, Mass.

For 
hpe 5 
with f; 
jxelei 
The in 
&iekl, 
Pl. Pi 
JEDE( 
¿ges a 
275 kv

Aller 
MS ] 

fton.

Silicon rectifier types 1N2382 through 
have piv ratings of 4, 6, 8, and 10 kv, respective!}
At 25 C, the first two have maximum rectified cur-
rent ratings of 150 and 100 ma; the last two, <0| 
ma. The units are assembled in nonmetallic cases
with a dielectric strength of 400 v per mil and a
resistivity of over 1014 ohm-cm. The 4 kv7 units are| 
1 in. long; the 6 and 8 kv units, 1-1/2 in.: nd th
10 kv, 2 in. All have 1/2 in. diameters and -1 4 in

Pacific Semiconductors, Inc., Dept. E!
W. Jefferson Blvd., Culver City, Calif.

Miniature Relay

This 1 oz, 4pdt relav is assembled by 
arc welding process w hich minimizes coi
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t cor

»¿min i and hermetically seals the header to
e < ited 2 amp at 26.5 v de or 115 v ac, it

perat rom —65 to -4-160 C, lasts for 200,000
v d withstands 30 g vibration at 2000 cps

nd 5 shock for 11 msec. Operate and release
-inus 6 and 4 msec, respectively, including 
bonne i nd pickup power is 400 mw. The termi- 
nJs a: »n 0.2 in. centers; the mounting holes, on 
1.2 in. nters.

Gen al Electric Co., Dept. ED, Schenectady 
5 N.Y.
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Cathode Ray Tube
Dual beam

For aircraft, oscilloscope, and indicator use, the 
hpe 5BFP cathode ray tube is a dual beam unit 
with fast writing rates. It incorporates linear post 
acceleration and operates at altitudes to 70,000 ft. 
The unit has a flat faceplate, an integral mu-metal 
hield. and an aluminized screen. It is available in 

iPl. P2, P7, and Pll phosphors, or with any 
EDEC registered screen. Typical operating volt- 

I .es are post accelerator, 13.25 kv; accelerator, 
-'5 kv; and focusing electrode, 600 to 900 v.

Allen B. Du Mont Labs, Inc., Electronic Tube 
Lies Dept., Dept. ED, 750 Bloomfield Ave., 
I fton, N.J.
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Percent-Limit Bridge
10 ohm to 11.1111 meg range

Percent-limit bridge model 617-07 measures 
¡stance values up to six significant figures with 

-'27 accuracy. It has a range of 10 ohms to 
Hll meg in 10 ohm steps. Two percentage 

i Hectors of ±1, 2, 5, 10, and 20% can be individ- 
I-ly adjusted for any plus or minus tolerance 
taead Irom the nominal value. The unit pro- 

s a rapid means of testing resistors on a per- 
tolerance go, no-go basis and may also 

' used as a conventional six dial Wheatstone 
’ '2e. 'ts null indicator is an electronic galva- 

pieter
'hulk >ss Mfg. Co., Dept. ED, Selma, N.C.
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r Compliments 
ofa,friend...

sendforitl

r----------------------------------------------------------------------------------------

| Electrical Wire Division
■ John A. Roebling’s Sons Corp.
। Trenton 2, New Jersey

| Pleat« tend my free copy of Roebling*t new 
1 Magnet Wire Fact Book.

This illustrated book covers every type of 
Roebling Magnet Wire—how it’s made, tested, 

packaged. Complete tables of sizes, weights, shipping 
information—plus interesting temperature, specification 
and test data. You shouldn’t be without these facts if 
magnet wire of any description fits into your manu­
facturing picture!

Your free copy is waiting for you. Just write—today— 
to Electrical Wire Division, John A. Roebling’s Sons 
Corporation, Trenton 2, New Jersey.

Nam*

Company.

S»r««f.

Stat«

Branch Office» in Principal Citint
Svbttdiary of Tho Colorado Fool and Iron Corporation
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1493 195'



Pencil-thin slides increase 
valuable chassis space

CHASSIS-TRAK slides, with a 
new design improvement which in­
creases the bearing area, are stronger 
and more rigid . . . yet as thin as a 
pencil (.250")!

This ultra-thin design allows up to 
3" more in important chassis space 
and makes your electronic equip­
ment more accessible with smoother 
sliding action—even on heavy-duty 
chassis.

Because of the thin design, you 
can fit a standard 17" chassis into a 
standard 19" panel rack. Thus you 
can cut engineering costs in half by 
using standard stock racks and 
chassis.

Slides are available in eight differ­
ent lengths on both the ’’Detent,” 

Write today for complete specifications and prices.

525 South Webster, Indianapolis 19, Indiana 

CIRCLE 372 ON READER-SERVICE CARD

which locks in 7 positions (45°, 90° 
and 105° up, down, and horizontal), 
and the ’’Basic,” which tilts upward 
but has no tilt-lock assembly.

Before making a slide selection, 
consider the advantages of the 
CHASSIS-TRAK ultra-thin design.

"Detent" model, locked in one of 
seven positions.
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RECORDER

• Flat bed —
Full Chart visibility 

• Unitized Construction 
• Critically damped response 
• Simplified control panel 
• Clip-on pen — Interchangeable 

for multicolor traces
• Standard 8V2 x 11 paper 
• Unconditionally guaranteed 

for one year.

RUGGED “AH Purpose” 
X-V RECORDER

The HR-92 is a null-seeking servo-type 
plotter designed to draw curves in 
Cartesian coordinates on regular 8^ 
x 11 graph paper. It employs conven­
tional chopper amplifiers, 2-phase 
motors and a potentiometer rebalance. 
Reference voltages are furnished by 
mercury cells. Control panel has zero 
set and continuously-variable attenuator 
for each axis. Separate standby and 
power switches are provided. Two axes 
are electrically and mechanically inde­
pendent. By moving an internal jumper 
lead, a high impedance potentiometer 
input can be made available.

SPECIAL FEATURES:

• Amplifiers easily removed if servicing 
ever becomes necessary. Electrical 
connections all contained in two plugs 
for each amplifier.

• Each amplifier channel (including trans­
former power supply) independ nt of 
rest of system.
WRITE FOR:
New X-Y Recorder Circular #717 
showing complete specifications a 
photographs.
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SWITCHES

129

Metallurgical

Resistors

146
SPECIFICATIONS

VOLTACI RANCI

iiiHiim

200

102Panel area front Panel area back ‘Me' dia. • Mounting

138
Extractor Method—Bayonet, spring

steel, zinc cronak or zinc iridile

105

5, 7, 9, 59

CARS
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■ 7 volte
16 volts
32 volts

125 volts 
'250 volts

irvi ci ng 
ctrical 
; plugs

PART # 
344006 
344012 
344024 
344125 
344250

; trans­
ent of

Electric Regulator Corp. . .. 
Electrocraft, Inc...................  
Electronic Batteries, Inc. . .. 
Electronic Measurements Co. 
Ellis & Watts Products. Inc. .

Hopkins Engineering Co.
Houston Instruments . . .
Hughes Aircraft Co........

vo-type 
ves in 
ar Wi 
conven- 
phase 

lalance 
led by 
is zero 
enuator 
by and 
io axes 
y inde­
jumper 
ometer

Kay Electric Co.........................
Kellogg Switchboard & Supply Co 
Kelvin Electric Co.....................  
Kennedy, D. S., & Co................

International Business Machines 
Corp.....................................

International Electronic Research 
Corp....................................

International Nickel Co., Inc. . ..

Basic switches 
meet M1L-S-6743 
and MS-25085-1

sulbs—90 thru 250 volts) « 
inp in cap.
URDWARE—Hexagon nut

Handy & Harman Company.........  
Haydon, A. W. Co., Inc...................  
Heinemann Electric Company.......  
Heli-Coil Corp................................. 
Helipot Div. of Beckman Instruments 
Hermes Electronics Co.....................  
Hewlett-Packard Com-

Div.......................
Ceneral Electric Co 

Products Dept. . .
Ceneral Electric Co.,

GRH Halltest Co.............................
General Devices, Inc.......................
General Electric Co., Apparatus

Voltage Regulators....................
General Electric Co., Communi­

cation Products ......................
General Electric Co., Industrial

Equipment (Specialty Controls) . .
General Electric Co., Lamp Division
General Electric Co., Light Military

General Electric Co., Capacitors . ..
General Plate Div., Metal 6c Controls 

Corp..........................................
General Radio Co.............................
General Transistor Corp..................
(General Transistor Corp , Western 

Div...........................................
Gertsch Products, Inc......................
Globe Industries, Inc.......................
Guardian Electric Mfg. Co..............

■ le size (D hole) dia. flat at one side.
mminal—Side—one piece, .025 brass—electro-tin plated • Bot- 

m—one piece, lead free brass, hot tin dipped.
(NOB—High temperature styrene (amber with incandescent bulbs
-2^ thru 32 volts—and clear with high degree vacuum neon

For simple 
or complex 

circuit controls — 
single-pole to eight-pole, 

double throw.

Fairchild Semiconductor Corp.
Fansteel Metallurgical Corp. .. . 
Fastex Div., Illinois Tool Works 
Fusite Corp...............................

DES PLAINES, ILLINOIS
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pany ........................  152, Cover III
Holtzer-Cabot Div., National Pneu­

matic Co................................... 96"•sh • Interlock lock washer—steel, cadmium plated • Oil re- 
'tant rubber washer.

•wary SPECIFICATIONS—M1L-M-14E type CFG. Fungus treat 
available upon request per Jan-T-152 & Jan-C-173.

3RQUE—Unit will withstand 15 inch lbs. mounting torque.

Electrical Ratings 
3 amps. 30 v.d-c, 

inductive
5 amps. 30 v.d-c. 

resistive
5 amps. 125/250 ■

volts a-c.
Free 

Catalog 159 
describes 

complete line 
of Unimax 

subminiature 
switches.

SUBMINIATURE 
1 TOGGLE

Choice of 
two-, three-, or five-position toggles 

in various combinations 
ft uf momentary and
Ifo maintained actions

a Maximum current rating 20 amp»

wysical CHARACTERISTICS—Overall length 2^' with fuse in 
serted • Front of panel length ‘M«' • Back of panel length 1W

EXAMINE THESE FEATURES

UNIMAX SWITCH

NEW INDICATING 
3AG FUSE POSTS

IVES ROAD WALLINGFORD CONNECTICUT

ACTUAL 
SIZE

New patented knob design 
to assure high degree of 
illumination for instant 
blown fuse indication.
Positive finger grip for knob 
extraction.
Quick service bayonet lock. 
Constant tension beryllium 
copper coil & leaf spring for 
positive contact & lower 
millivolt drop.
Optional—at extra cost— 
neoprene “O”ring to assure 
splash-proof feature.
New high degree vacuum 
neon lamp for greater bril­
liance & visibility.
Impact black phenolic ma­
terial in accordance with 
MIL-M-14E type CFG.
One piece brass hot tin 
dipped non-turning bottom 
terminal.
Double flats on body to per­
mit mounting versatility.
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± 1 COUNT AMBIGUITY ELIMINATED!
OLD WAY X counts + 1 count due to unknown phase at start and stop.

NEW -hp- 218A X counts exactly—timing wave starts with sync pulse and only full cycles counted!

Time measurement and pulse simulation 
in radar, loran, Tacan, DME, oscilloscopes, 
computers, fast gates, pulse code systems 
—almost any fast circuit double pulse measurement 
with any kind of delay may now be made quickly 
and accurately with the new -hp- 218A Digital De­
lay Generator.
Constructed along rigid military standards, the -hp- 
218A is basically a pulsed crystal oscillator synchro­
nizable in constant phase with an initial trigger pulse 
(zero time) and two positionable terminating pulses. 
Time is counted with a 1 MC preset counter, and 
two independent output pulses (Tx and T2) are 
available in any relationship. For utmost present

-hp- 219A Dual Trigger Unit contains two blocking oscilla­
tors supplying positive polarity trigger pulses to control 
auxiliary equipment. Pulse A available at To or Ti; pulse 
B at Ts. Pulse characteristics identical to sync output pulse 
of -A/- 21SA. (See “Specifications”) $100.00.

New ease, 
for precision

and future versatility, output pulses are generated 
through 219A series plug-in units.
Model 218A is a direct slave to an external trigger, 
0 cps to 10 KC, or may be triggered internally over 
a 10 cps to 10 KC range. A push-button manual trig­
ger is also provided. The two delay pulses are sep­
arately and digitally adjustable from 1 to 10,000 
psec with interpolation 0 to 1 psec. Timing accuracy 
is it 0.1 psec ± 0.001%; time interval and pulse 
characteristics are directly selected on front panel 
controls.
Brief specifications appear alongside; for complete 
details see your -hp- representative or write direct. 
Also request -hp- Journal, Vol. 9, No. 8.

A H

-hp- 219B Dual Pulse Unit contains two pulse generators p 
viding digitally delayed, fast rise time, high power pub 
Positive or negative polarity, amplitude variable 0 to 5< 
pulse width variable 0.2 to 5 Msec, rise time 0.06 psec. Pulse 
available at To to Ti, pulse B at T-. Internal impedance is 
ohms. $450.00.

offers the world's most comp^h Se|
I -
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151
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98
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87
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Power:
Size
Price

Tektronix, Inc

Torotei, Inc.
Transitron, Inc

Twin Lock Co

i i

I It

Segal, Edward

Sola Electric Co

Spectrol Electronics

109
52

103

Div

I Ki

51

Co.
union Switch & Signal Div., West­

inghouse Air Brake Co

U.S. Relay Co
U.S. Semi-Conductor Pdts

101
81
91
94
75
20

125
127
92

122
90

I IJ
J Vi
I r

40
I 1
85
88

112
80

135
124
46
84

Jitter: 0.02 Msec or less.

oscillator.

Sperry Electronic Tube Div., Sperry 
Rand Corp

Sprague Electric Co.

Stepper Motors, Div. of Land-Air, 
Inc

Sylvania Electric Products. Inc. 
Mt. View Labs

Sylvania Electric Products, Inc. 
Special Tubes

Palo Alto, California, U.S.A.
DAvenport 5-4451Coble “HEWPACH

This new -hp- 218A Digital Delay Generator produces pulses

accurately spaced in time, with spacing controlled by a

crystal oscillator. The 218A is a perfect slave to any begin

ning or synchronizing pulse, even though random, and locks

in constant phase during each counting period

peed and 0.1 gsec accuracy
time measurements

-hp- 21 8A DIGITAL DELAY GENERATO*
(Plug-in necessary to operate)

Time Interval Range: 1 to 10,000 Msec, To to Ti and T» to Tz. Accuracy* ± 0.1 Msec ± 0.001 % of time interval selected.
Digital Adjustment: 1 Msec steps, 1 to 10,000 Msec.
Interpolation: Continuously variable, 0 to 1 Msec.
Input Trigger: Internal, 10 cps to 10 KC, 3 decade ranges. External, 0 to 10 KC. Pos. or neg. pulses 2 to 40 v peak.

Delay between external trigger and To is 0.25 Msec ± 0.05 Msec.

Raytheon Mfg. Co., Microwave &
Power l ube Div

Raytheon Mfg. Co., Semiconductor

Republic Av iation
Robertshaw-Fulton Controls Co.,

Aeronautical Div
Roe blings, John A., Sons Com

Sage Electronics Corp
Sangamo Electric Mfg. Co

Sei-Rex Precious Metals, Inc
Servo Corp, of America
Set Screw & Mfg. Co

Somers Brass Co., Inc
Sonotone Corp

Statham Instruments, Inc

Stoddart Aircraft Radio Co., Inc. . .

I amar Electronics, Inc
Tansitor Electronics, Inc
Taylor Fibre Co

se
el

Recovery Time: 50 Msec or 10% of selected interval, whichever is larger.
Sync Output: 50 v pos. pulse, 0.1 Msec rise time (from 50 ohm source). Available at To, T> or Ts.
1 MC Output:

Technical Information Corp

2 volt 1 MC pulses (from 500 ohm source) available at panel connector when counting on internal 1 MC

115/230 v ± 10%, 50/60 cps, 525 watts.
14" high, 19' wide, 24 deep. Weight 75 lbs.
-hp- 218A (cabinet) or -hp- 218AR (rack mount), $2,000.00.

Data subject to change without notice. Prices f.o.b. factory.

•hp- 219C Digital Pulse Duration Unit produces a high power
puke with digitally controlled delay and duration. Pulse dura­
tion either To to Ti, or Ti to T2. Both polarities available simul-
taneously; amplitude variable 0 to 20 v (from 90 ohms im-
pedance) or 100 v (from 500 ohms). Rise or decay time 0.03
Mse (90 ohms). $350.00.

Telecomputing Corp
Telemeter Magnetics, Inc
Texas Instruments, Inc
Timech Corp
Tobe Deutschmann, Corp

Tung-Sol Electric, Inc

HEWLETT-PACKARD COMPANY
4884K Page Mill Road

Field representatives in all principal areas

election of precision electronic counters
CIRCLE 376 ON READER-SERVICE CARD

L’nimax Switch Div.. W. L. Maxon

United-Carr Fastener Corp.
U.S. Casket Co., Plastics Div. ...

Westinghouse Electric Corp.........
Weston Instruments, Div. of Day­

strom, Inc.............................
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NEW LOOK ^ in RCA Duplay-Stor-

saving electro-mechanical design

design* con be "integrally potted" 
to meet your specifications

0

o

RCA provides the widest selection!

RADIO CORPORATION OF AMERICA
Elactron Tub» Dlvlglon Harrigan. N. J.
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IN DISPLAY STORAGE TUBES

World leader in display-storage-tube development and manufacture. RCA 
offers industry an extensive line of display-storage-tube designs.

For example, RCA offers display-storage-tube types that can provide 
displays having high brilliance, high contrast, and very good half-tone 
shading. There’s a choice of types with single writing or multiple writing 
guns, and with overall or selective erasure. And there’s a choice of either 
magnetic or electrostatic deflection. Writing speed can be tailored to your 
specific application.

So regardless of your display-storage-tube application, remember this 
about RCA Display Storage Tubes : Commercial types are readily available; 
in addition, a variety of developmental types can be obtained on a 
sampling basis. If you are an equipment manufacturer, get in touch with 
your RCA Field Representative for complete details.

— PART Al LIST C>F RCA DIS PLAY-STORA
NUMBER OF

iGE-TUBES
typical characteristics

RC* 
TYPE

BULB 
DIAMETER 

inches

DISPLAY 
DIAMETER 

inches
DEFLECTION 

TYPE

GUNS 
in addition to 
viewing gun

WRITING 
SPEED 

in sec
BRIGHTNESS 
footlamberts

7113 5» 40 Magnetic 1 writing 50000 1500

7315 5 3 8 Electrostatic 1 writing 3000 2750

744« 5 3 8 Electrostatic 1 writing 300000 2750

C 73788' ? 52 Electrostatic 1 writing 50000 750

C 73904- 5 3 8 Electrostatic 2 writing 75000 2750

C 73922° 7 5 2 Electrostatic 1 writing 
1 erasing

8000 750

C 73931° 7 5.2 Electrostatic 2 writing 50000 750

C 7393» 5 3 8 Electrostatic 1 writing 
1 erasing

12000 2750

C 739« 5«> 38 Electrostatic 1 writing 300000 2750

c Developmental Type
■Mot Äyng leads fo* screen ond bockpic’e

■■Mot integral eaternai magnetic th'O*d Mok tube dogete it 5 
Informot on on typet iiwiiflf to »hose luted obo»e but with wnt 
to your 'tqu 'tmtntj • be fumuhed ©n request In types With 
writ ng speed ©♦ o”t g«n can be d ■erent Irçm that of the other

Ô inches, 
ing speed »© 

writing gun
’«red 

, »he ’

Your RCA Field Representatives ore her« to help you 
GOVERNMENT SALES

. Newark 2, N. i., 4)5 S. Fifth St., HUmboldt 5-3900
• Dayton 2, Ohio, 224 N. Wilkinson St., BAIdwin 6-2366
• Washington 6, D C,1625 K St, N.W., District 7-1260

industrial tube products sales
• Newark 2, N J., 744 Broad St., HUmboldt 5-3900
• Detroit 2, Mich . 714 New Center Bldg , TRinity 5-5600
• Chicago 54, Illinois

Suite 1154, Merchandise Mart Plaza, WHit«hall 4-2900
• Los Angel«* 22, Calif.

6355 E. Washington Blvd , RAymond 3-8361
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