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A PARTIAL SHOWING. OVER 60 DIFEERENT
SIZE 8 ROTARY COMPONENTS AVAILABLE

Clifton Precision's size 8 rotary components have been tried and proven by customers over the past 4 years. More than 50,000 have been 
shipped. These are the most accurate and best tested (because they are use tested) size 8 rotary components on the market today.
1. Torque transmitter (2bv input) 2. Torque transmitter (115v input) 3. Control transformer (Io Z) 4. Control transformer (hi Z) 5. Control 
transformer (very hi Z) 6. Torque receiver (26v. input) 7. Torque receiver (115v. input) 8. Torque differential (Io Z) 9. Torque differential 
(hi Z) 10. Electrical resolver (.5 t.r.) 11. Precision computing resolver (feedback winding) 12. Electrical resolver (1 t.r.) 13. Linear trans
former (115v. input) 14. Linear transformer (26v. input) 15. Servo motor (1 length, .40 in-oz stall torque) 16. Motor generator (lOv. input) 
17. Servo motor (53/64” long) 18. Servo motor (35v. center tap) 19. Servo motor (26v. center tap) 20. Motor generator (26v. input) 21. Servo 
motor (.30 in-oz stall torque) 22. D.C. motor (14v. input) 23. D C. motor (28v. input)

ENGINEERS — Join the leader in the rotating components field. Write David O. Brown. Director of Personnel, Dept. ED-1J

CLIFTON PRECISION PRODUCTS CO., INC. CppC*
CLIFTON HEIGHTS

Sales Office: 9014 W. Chester Pike, Upper Darby, Pa. —Hilltop 9-1200, TWX Flanders. Pa. 1122

Designing for low-quantity produc-
tion poses many unique problems.
In this 30-page report, dozens of il-
lustrations show hundreds of design
techniques culled from the ' bags-of-
tricks of scores of engineers.

Though there is no single solution
to the problems tn designing for
short-run production, these pages
show many approaches, many nuts-
and-bolts techniques, and many

philosophical

(Plant photo used in cover design
is courtesy of Rivins & Caldwell, Inc.,
High Point, N. C.)

Let's Go, George!
n his Editorial in this issue, page

31, associate editor George Rostk>
wisely advises engineers to learn
when to stop engineering and start
getting a design into production.
Rostky learned this lesson the hard
way: he didn't take his own advice.

For months he gathered material
for his report on short-run produc
tion. (It appears in this issue.) He 
visited dozens of plants, spoke to 
hundreds of people—he wouldn't 
stop.

A week late getting his copy to 
the printer, Rostky was still calling 
the coast for more information. The 
printer was screaming at editorial 
production manager Dollie Viebig. 
Viebig was screaming at managing 
editor Jim Lippke. Lippke was scream
ing at what was left of Rostky. And 
Rostky was screaming But there's 
more out there.’’

And there is. Rostky promises to
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Industrial Relays by KELLOGG

Kellogg will gladly engineer relays 
to meet any application — call 
Kellogg — or write — for full infor
mation on the complete Kellogg line 
of relays, components.

Kellogg Switchboard and Supply Company, 
6650 South Cicero Avenue, Chicago 38, III. 

Communicationa Diviaion of 
International Telephone end Telegraph Corporation 

Manufacturers of: Relays 
Hermetically Sealed Relaya • Switches 

Miscellaneous Telephone Type Components.

CIRCLE 2 ON READER-SERVICE CARD

Type “AK” Relay
Highly sensitive, adaptable for mar
ginal operating; provides fast closing 
and opening of maximum number of 
circuits . . . long coil construction per
mits use of high resistance coils .. . 
may be engineered to operate on as 
little as .002 amps; slow operate or 
slow release models available.

Mercury-switch relay
For hazardous atmospheres: contact
ing elements hermetically sealed ... 
will handle maximum of 25 amps.,at 80 
volts...must be mounted horizontally.

Duo-Quintet Relay
Designed for application as a memory 
device ... can also be used in binary 
or binary deciYnal storage.

Magnetic Impulse Counter
Used to solve switching or control 
problems where the intelligence is 
supplied in the form of a series of 
electrical impulses ... wide applica
tion in industrial control, computer 
design, telephone, microwave selective 
signalling and telemetering.

Type “L” Relay
A small version of telephone type re
lay ... retains flexibility, sturdy con
struction and reliability of standard, 
telephone type relays, yet compact, 
lightweight and extremely versatile.

J*1

The “4000” Relay
Built to fulfill exacting requirements 
demanded by the modern industrial 
control designer...a high quality, gen
eral purpose, telephone type relay, 
with long life and extreme reliability.
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HIGH-SIGNAL VOLTAGES
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PRESSURE

ACCELERATION

540 CHANNELS

STRESS

TEMPERATURE

HUMIDITY

major advance in design
SUPRAMICA' 555
ceramoplastic
commutator plates

ACTUAL SIZE
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.015" SPACING

POLE NO. I

POLE NO. 2

POLE NO. 3

3.000" O.D.

MYCALEX SWITCH 
TM MODEL CP 499

PRECISION-MOLDED 

SUPRAMICA “555" 
CERAMOPLASTIC

VIBRATION

LIQUID FLOW

SIGNAL VOLTAGES

combine: up to 540 channels...long life
low noise in a 3 inch diameter

RADIATION

i I .....V/1yr

MYCALEX
ELECTRONICS CORPORATION

The unique properties of SUPRAMICA 555 ceramoplastic make possible an equally 
unique standard of performance in commutator switching plates.

Total dimensional stability prevents contact loosening. Thermal endurance of the 
plate up to 700°F permits long, reliable operation. 1600 hour performance at 600 rpm 
without cleaning or adjustment is normal for MYCALEX commutators of this type. 
In tests, an additional 4,000 hours were easily obtained after simple brush cleaning. 
At 1,800 rpm, 200 hours of continuous operation are normal without cleaning or 
adjustment.

A new low in noise level—less than I millivolt, when switching 5 volts into a 150 
ohm load—allows the sampling of transducers with peak output as low as 10 milli
volts and noise level of 10-20 microvolts, without the use of pre-amplifiers.

And we are now able to include up to 540 rectangular contacts in one three-inch 
diameter plate.

A letter or telephone call will bring you complete data on MYCALEX commu
tator plates, switches and matched brush assemblies. Our engineers are ready to 
design and manufacture plates and complete switches to meet your individual speci
fications.

General Offices and Plant: 12i-T Clifton Blvd., Clifton, N. J. 
Executive Offices: 30 Rockefeller Plaza, New York 20, N. Y.

EXCLUSIVE LICENSEE OF MYCALEX CORPORATION OF AMERICA 
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New Navy Report Raises Possibility

Can Research Be Organized Mathematically?

to apply it, and

FRACTION OF KEY FACTS IN AREA

proc

iction

processes are equally easy. If k 
times as easy to find a fact as

The development of a field proceeds as a step

dy of knowledge, which is then explored and

equal, the two 
= 10 k2, it is 10

fii ding the key facts. The second step 
e of invention.
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he carried out. If ki and k2 are

applied, the investigators reported. “Within the 
region of a single step, the development follows 
the familiar S-shaped growth, or logistic, curve." 

According to the researchers: “The chemical 
analogy suggests, and the theory of search de
veloped during World War II reinforces, the idea 
that the rate of the first step is proportional to 
the effort put into the process and to the number 
of undiscovered facts. Similarly the rate of the 
second step should be proportional to the effort 
put into it and to the number of discovered but 
unapplied facts."

so on.
“To find the proper balance of effort between

breakthrough opening a new

Thus the first rate should be oi the form kiE\A, 
and the second, k2E2B, where Ei and E> are the 
respective efforts, and kt and k2 are the two con
stants of proportionality, with the dimensions of 
reciprocal time.

The constants kt and k2 are measures of the 
relative ease with which the two processes can

ANEW REPORT prepared for the Navy to 
determine the nature and value of basic re

search raises an intriguing possibility. Could a 
mathematical model be constructed to guide the 
distribution of effort in research.“*

Such a model would simplify the organization 
of a research program. It would also aid in ensur
ing optimum distribution of money and effort be
tween basic and applied research. At some point 
its effects would reach the design function, where 
it could help clarify many problems.

The theory of the model is outlined in a report, 
“Basic Research in the Navy.” prepared by 
Arthur 1). Little, Inc. This study examines the na
ture of basic research, its growth in Navy pro
grams, and its importance to the country. The 
study’s major conclusion: Navy basic-research 
spending, once adequate, is no longer enough. 
Successful industrial companies are spending for 
basic research twice the Navy’s percentage of its 
R & D budget—16 per cent versus 6-8 per cent.

In investigating the nature of research, the 
Arthur 1). Little team developed a preliminary 
model for study and application of knowledge. 
The model is based on the idea that research 
can be considered the discovery of individual facts 
in a body of facts; at any moment in the research 
process some of the facts have been uncovered, 
and the rest are awaiting discovery. Certain facts 
are “key facts”—the last ones that must be found 
b« fore a useful invention can be developed.

The process of discovering the key facts is com
p red in the study to a two-stage chemical re- 
at tion, where A represents the key facts
m t yet discovered, B the key facts that have been 
d covered, and C the final applications.

The first major step in the research process is

EFFORT
A typical history of a research process aimed at exploiting an area. At any stage of re
search, the facts to be discovered and applied are distributed as shown. The curves were 
developed in studies for a mathematical model that would lead to optimum research efforts

(C) FRACTION APPLIED

(A) FRACTION OF KEY FACTS 
IN AREA STILL UNDISCOVERED

(B) FRACTION DISCOVERED 
BUT NOT YET APPLIED



New, compact PRECISION FREQUENCY STANDARD 
offers 5/io8 stability, 

just 83/4" high

100ER

FREQUENCY STANDARD

NEWS
NO OF INVENTIONS

How should research effort be applied for best results? 
Each curve here shows how the total result of the effort, 
as measured by the number of inventions, changes as 
the distribution of the effort between basic research and 
applied R & D is varied. The curves happen to be 
plotted for an effort in which it is easier to find a fact 
than to apply it.

50
% EFFORT IN BASIC RESEARCH

the two steps, it is clearly necessary to find a 
way of determining these ‘ease factors,’ ” the in
vestigators said. “One approach to this is by the 
analysis of past experience.”

Model 100ER offers six standard sine and four rectangular 
frequencies in decade steps; available simultaneously and 
selected on front panel.

Timing comb output pips occur at 100, 1,000 and 10,000 
microsecond intervals. Timing comb simplifies "fast" meas
urements and calibration.

Plotting the Research Process
If during the development of a field, the effort 

put into each of these two processes is held at 
a constant ratio, the system can be formulated 
and solved as follows:

Stability:

Outputs:

Specifications

5/ 10 s parts per week, 3/10s short 
term.

Sinusoidal 10 cps, 100 cps, 1 KC, 
10 KC, 100 KC and 1 MC. Rec-
tangular 10 cps, 100 
and 10 KC.

cps, 1 KC

Output Voltages: Sinusoidal 5 v rms 
tangular approx. 15 v

min.; rec
peak. Har-

monies to 5 MC obtainable.

Rated Load: 1 MC and 100 KC, 50 ohms nomi
nal; 10 KC, 1 KC, 100 cps, 10 cps, 
5000 ohms nominal.

Distortion: (Sinusoidal) Less than 4%.

Frequency 
Adjustment: Screwdriver tune adjusts 1 ppm.

Size: 83/4" high, 19" wide, 18" deep be
hind panel. Weight 35 lbs.

Price: $900.00.

Data subject to change without notice. 
Price f.o.b. factory.

This compact, highly convenient new frequency stand
ard not only provides stability equivalent to complex, 
expensive primary standards, but offers the versatility of 
a wide variety of outputs. Signals available include six 
standard sine frequencies and four rectangular signals 
which may be distributed by 50 ohm cables for use at 
many different stations on a production line or in the 
laboratory. A particularly useful feature is a timing 
comb for calibrating, and for measurement of sweeps 
and time intervals.
Stability of 5 parts in one hundred million per week is 
assured by careful aging and testing of the crystal con
trolled oscillator and oven.
Model 100E includes a built-in oscilloscope which may 
be used as a comparison device to calibrate external 
equipment such as oscillators through use of Lissajous 
figures. The scope may also be used to check internal fre
quency deviation of the instrument.
For complete details and demonstration, see your $ 
representative or write direct.

HEWLETT-PACKARD COMPANY
1020A Page Mill Road • Palo Alto, California, U.S.A.

Cable "HEWPACK" • DAvenport 5-4451 
Field representatives in all principal areas

Hewlett-Packard S.A. • Rue du Vieux Billard No. 1, Geneva, Switzerland 
Cable "HEWPACKSA" • Tel. No. (022) 26.43.36

-- = k.A - L ,B 
(It

— = k2 H 
dt

B -

) at t = 0 
H = C = Ol

for the intermediate step. B
B = (lieb^ +

— = k\ (k

— —A’2
for t he final step, C

.b.t

63 — —k 1 — —A.-2

j) now offers 10 different precision oscilloscopes This solution gives the set of curves for A, B 
and C, (see Typical History graph), where the 
C-curve corresponds to what is empirically ob-
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s< ved; the curves taken together show the facts 
in each category and how they move with time.

But this is a simplified picture, which presents 
a listorted picture of the B state. It implies that 
th ' unit of knowledge once applied, cannot be 
n applied with experience. The facts are not ap
plied in units but in combination. The k2 process, 
in yielding to application of knowledge, does not 
generally apply to a unit of knowledge, but to a 
conclusion drawn from a number of units of 
knowledge.

Thus a fact may be applied many times, in 
different combinations with other facts. This, the 
researchers report, leads to two difficulties in the 
model outlined:

■ The number of combinations available from a 
number of facts increases extremely rapidly as the 
number of facts increase, so that neither the B 
nor the C curves will approach a limit, much less 
decrease.

» If combinations of A-state units are assumed 
to be B-state units, the dimensionality of the 
equation for dB/dt is wrong.

To remove these flaws, the study team proposes 
a more complicated model based on continued 
syllogisms that reduce to Boolian algebra.

The simpler system shows the promise of the 
basic idea, however, and gives an insight into 
the operation of the ease factors. If it were pos
sible to observe all three of the curves, the analy
sis of the research process would be relatively 
simple. But data are hard to get, the team re
ports. The only data obtainable were for a few 
cases, which gave only the C curve.

“These few cases, however, are in excellent 
agreement with the prediction of this theory,” the 
researchers said. “Furthermore they indicate a 
ratio of ki/k2 in the neighborhood of 2”—which 
means it is twice as easy to discover a fact as to 
apply it.

Handle With Care
But, the researchers warn: “It would be risky 

in the extreme to draw the conclusion that this 
ratio is universal. It may very well be that this 
ratio varies widely from one field of research to 
another.”

If the theory could be accepted, it would be 
possible to study the problem of the correct dis
tribution of effort between the two steps. Both 
ki ids of effort are necessary; the question is: how 
sl mid a given total effort be divided?

If too much effort is put into the first step, 
ai 1 too little into the second,” the investigators 
n >orted, “the result will be the discovery of a 
la ge fraction of the key facts but the application 
ol only a small fraction of those discovered. If 
t< > much effort is put into the second step, and 
t< » little into the first, only a small fraction of 
tl ■ key facts will be found. While a large frac-
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new
improved 

"Memo-Scope” 
oscilloscope

Still using “old-fashioned" 

methods for measuring non-recurring 
transients? If so, now is the time to 
investigate the easy way to solve your 
most difficult transient measurement 
problems with the latest model Hughes 
"Memo-Scope" oscilloscope.

Why? Because new features, new 
advanced circuitry, new panel layout 
and new mechanical design now 
assure maximum accuracy in all your 
transient measurements— plus higher 
performance, greater dependability 
and easier operation!

For complete information on the new improved Hughes" Memo-Scope" 
oscilloscope (Model 104E), detailed data sheets and application analysis 

of your transient measurement problems, write or wire: HUGHES PRODUCTS
Industrial Systems Division, International Airport Station, Los Angeles 45, California

The Hughes "Memo-Scope" oscilloscope 
(Model 104E) stores nonrepetitive events 
for an indefinite period—hours, or days— 
keeping them available for thorough study 
until intentionally erased.

new improved features
■ Simplified panel layout, redesigned 

trigger circuit...assure easier 
operation,

■ Advanced mechanical design gives:
• Better cooling for longer 

component life,
• Far greater accessibility for 

maintenance,
• Increased ruggedness; resistance 

to vibration,
■ Built-in single sweep circuit ("1-shot" 

trigger) at no extra cost,
• Available for either 110 v. or 220 v. 

operation.

applications
■ Data reduction equipment trouble

shooting
■ Physical testing: shock, stress, strain
■ Ultrasonic flaw detection
■ Semiconductor testing
■ Ballistics and explosives research 

...and many others.

INDUSTRIAL SYSTEMS DIVISION

HUGHES PRODUCTS

SEMICONDUCTOR DEVICES • STORAGE TUBES AND DEVICES • MICROWAVE TUBES • VACUUM TUBES AND COMPONENTS • CRYSTAL FILTERS • MEMO SCORE® OSCILLOSCOPES • INDUSTRIAL CONTROL SYSTEM

CIRCLE 5 ON READER-SERVICE CARD
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HUGHES
FAMILY OF
DIRECT-VIEW

about 2, the optimum fraction of

STORAGE TUBESin a
field should be

7220 7221

weather radar, PPI presentations scan
projections and other complex radar systems

7222 7033

STORAGE TUBE CHARACTERISTICS

Hl 020 Hl 028

md programmer

6498 6577

large program to develop a 
the neighborhood ol 30 per

TONOTRON® TUBE: displays full range of grey 
scale images for daylight viewing. Ideal for

MEMOTRON® TUBE: displays successive tran
sients until intentionally erased. Permits direct 
comparison and analysis of wave forms without 
photography.

of ki to k2 is 
basic research

World's most complete line 
of storage tubes!

TYPOTRON® TUBE: displays any combination 
of 63 symbols or characters at speeds to 
25,000 per second. Retains presentation until 
intentionally erased.

CIRCLE 6 ON READER-SERVICE CARD
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tion of the discovered facts will be applied, the 
number of applications will be small, because 
the number of discovered facts is small ‘

Generally if the total effort is small, the best 
result is obtained when the two efforts are equal. 
As the total effort is increased, the position of 
the maximum shifts. How this shift takes place 
depends on the ease factors, k\ and k2.

If, as studies so far indicate, the actual ratio

punched-tape readout device. The signal cycle 
variation, determined by traffic study, is coded 
on punched paper tape.

\s the tape is fed through the readout device, 
the cycles for specific intersections for specific 
periods of time are selected. This information is 
translated into audio tone codes, which are gen
erated by the central-station coder. These tone 
codes are transmitted by the radio base station 
to the various intersections. The time cycles, in 
effect, are shown on the display panel, which also 
includes manual control buttons for emergency 
use.

For full and complete information on how 
Hughes storage tubes may fill your particular 
needs and applications, write or wire: HUGHES 
PRODUCTS. Electron Tube Division, P.O Box 
90427, International Airport Station, Los 
Angeles 45, California.

For export information, write: HUGHES INTERNATIONAL, 
Culver City. California.

World's Largest Traffic Control 
System Being Installed

Installation of the first phase of the world’s 
largest radio traffic-control system has been com
pleted in Washington, 1). C. The new system, 
being installed by Motorola, will provide for syn
chronization and coordination all of Washing
ton’s 1000 traffic lights and for the automatic 
change of their cycles.

At the master control station will be the master 
clock and programmer, a coder, two master dial 
cabinets, and a control display panel. The clock

cent, the team reports. “This suggests that a 
larger effort should be placed in basic research 
than is now the case,” the researchers said.

What’s next? The team concludes that its pro
gram “has shown enough basic promise to war
rant consideration for further development.’’

This would take the form of:
■ More elaboration of the mathematics, prob

ably involving computers for numerical integra
tions. Numerical rather than analytical solutions 
seem indicated.

■ Elaboration of the relationship between time, 
manpower, and other factors in the effort function.

■ Development of independent criteria to meas
ure the model’s effectiveness. ■ ■

9 additional TONOTRON tubes and 4 
additional TYPOTRON tubes available.

7220TONOTRON TUBE 
Screen diameter- 3* 
Standard phosphor: Pl 
Deflection: Electrostatic

1
| 7221 TONOTRON TUBE
| Screen diameter: 5*
| Standard ph isphor: P20
| Deflection: Electrostatic

. 1

7222 TONOTRON TUBE 
Screen diameter: 5* 
Standard phosphor: P2O 
Deflection- Electrostatic

1
| 7O33TONOTRON TUBE
| Screen Diameter: 5*
I Standard phosphor: P2O
| Deflection: Electromagnetic
1

H1020 TONOTRON TURE 
Screen Diameter: 21* 
Standard phosphor: P2O 
Deflection: Electromagnetic

1
| H1028TONOTRONTUBE
| Screen diameter 4*
| Standard phosphor: Pl
| Deflect'on: Electrostatic
1

6498 MEMOTRON TUBE 
Screen Diameter: 5* 
Standard phosphor Pl 
Deflection: Electrostatic

। 6577 TYPOTRON TUBE 
। Screen diameter: 5* 
। Standard phosphor: Pl 
। Deflection: Electrostatic 
1



PROGRAMMER
CONTROL

SPECIALIZED
CODER

CRTsVTP 5XP-11VTP 3ABP DECODER

RECEIVERTRANSMITTER

VTP 5ACP4 VTP 12GP

ire

TUBE CHARACTERISTICS

VTP 16 AFP-19VTP P1XP-11

HKS

VTP 5BC VTP 928006-2E

Improved Airborne Sonar Due 
For Submarine Detection

TRAFFIC 
LIGHT

MASTER 
CLOCK

DISPLAY 
PANEL

generation of the synchronization codes by 
master time-cycle units. These tone codes 

decoded and applied to the regular local sig
controller, causing the desired effect—time-

For detailed specifications and data sheets on 
VTP’s specialized CRTs as well as specific ap
plication information, write: VACUUM TUBE 
PRODUCTS. P.O. Box 90427, International 
Airport Station, Los Angeles 45. California.
For export information, write: HUGHES INTERNATIONAL, 
Culver City, California.

TUBE PRODUCTS
a division of HUGHES AIRCRAFT COMPANY

Independent of the function change tone codes 
md the working of the master programmer are

LOCAL 

CONTROLLER

Radio control system now being installed will ulti
mately synchronize oil of Washington’s traffic. Eco
nomics determined use of radio in place of usual cable.

CIRCLE 7 ON READER-SERVICE CARD

E ECTRONIC DESIGN • November 25, 1959

World’s finest special-purpose 
tubes in production quantities! 

Do you need tube characteristics which will en
able you to tighten your “specs"? Or, have you 
a particular tube application demanding high 
operating performance with extreme reliability 
under difficult environmental conditions? If so, 
Vacuum Tube Products can supply you with 
specialized CRTs in production quantities to fill 
your most exacting requirements.

VTP’s broad experience, unmatched “know 
how" and excellent facilities guarantee you 
custom-designed tubes in the quantity needed 
... tailored to your environmental specifications:

• Shielded or unshielded,
• with or without special mountings,

• potted or un potted,
• with the exact phosphor you require.

A Navy method for detecting submarines from 
helicopters is scheduled for formidable improve
ment with a Sonar system of “greatly increased 
range.”

The system uses a transducer, dunked periodi
cally by a long cable from a helicopter, to spot 
enemy submarines by Sonar echo ranging. The 
copter then unleashes homing torpedoes to de
stroy the undersea craft.

The Pacific Division of Bendix Aviation Corp, 
is producing the improved Sonar, which is re
ported in limited production. Fleet evaluation 
tests are scheduled for January, to be followed 
by volume production.

The transducer in the system is similar to a 
direction-sensitive microphone. But it not only 
picks up reflected water-borne vibrations, as a 
microphone picks up airborne sound waves, but 
shows visually in the copter cockpit the position 
and nature of the reflection.

The airborne Sonar scans 360 degrees with 
range comparable to shipboard equipment, Ben
dix reports. Hundreds of square miles of ocean 
can be searched in an hour with it, the company 
adds.

VTP 3ABP _
Screen diameter: 2 68*
Deflection: Electrostatic
Overall length: 10 .75*

1
I VTP5XP-11
1 Screen diameter: 5% *
1 Deflection: Electrostatic
I Overall length: 175/a*
1

VTP 5ACP4
Screen diameter: 4.25*
Deflection: Electromagnetic
Overall length: 1 l'/a*

1
f VTP 12GP
| Screen diameter: 12*
| Deflection: Electrostatic
| Overall length: 22*
1

VTP P1XP-11
Screen diameter- 1.0*+ 
Deflection: Electrostatic 
Overall length: 7.5*

। VTP 16AFP-19
। Screen diameter 14.738*
, Deflection: Electromagnetic
। Overall length: 19.146*

VTP 5BC
Screen diameter: 4.95*
Deflection: Electromagnetic
Overall length- 7 7/16*

1
| VTP 928006-2E
| Screen diameter 4 5*
| Deflection Electrostatic 
| Overall length: 18.38* 
1
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PACKAGED 
OSCILLATORS 
30 cps thru 70 me 

frequencies available as 
tube type or transistorized 

oscillators

CRYSTALS
Available for any 

ftequer y from 2 KC thru 
100 me'’to meet and 
eceed all military 

specifications

CRYSTAL FILTERS
Center frequencies from 
10 KC thru 20 me, band

widths of 01 la 
center frequency

OVENS
Complete from multi purpose 
AM 100 to the specific BHC 

series, temperature 
stabilization to 1"C

BULOVA

NUMBER ONE SOURCE
in frequency co n t r o I — co m p o n e n ts and systems
Today, an increasing number of electronic systems demand a degree of reliability 
heretofore unobtainable. That is why more and more manufacturers are specifying 
Bulova.
Bulova crystals, filters, ovens, packaged oscillators, and Bulova frequency control 
systems, custom-designed for either limited or mass production, meet and exceed 
military and industrial specifications.
Bulova’s experience in mastering many of the most difficult problems involving 
component and system reliability has made it the number one source for frequency 
control devices. This experience can prove of immense value in your particular 
program. For more information w rite Dept. A-1183, today.

Bulova
ELECTRONICS Dl VISION • WOODSI D E 77, NEW YORK 
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Space Communications Net 
In 510 Years Is U.S. Goal

Ambitious plans for a world-wide communic; 
tions network in space in the next 5 to 10 yean 
have been disclosed by the Army.

Relay satellites “hovering” over the equate • 
would constitute the heart of the network. Th ; 
system envisions the transmission and receptio i 
of both voice and pulse signals from point t > 
point on the earth v ia the satellites.

Announcement of the plans last month pre - 
ceded by two weeks a decision hy President 
Eisenhower to transfer the* Anin Ballistic Missile 
Agency to the civilian National Aeronautics ami 
Space Administration (NASA). The transfer orde r 
is subject to Congressional amendment or rejection.

In telling of the space communications plans. 
Brig. Gen. Earle F. Cook, Deputy Chief Signal 
Officer of the Army, reminded the Radio anel 
Television Executive's Society at a New York 
meeting that the military had already taken the 
first step toward space1 communications. He re
ferred to Project SCORE (Signal Communications 
by Orbiting Relay Equipment), an Army-devel- 
opeel communications package placed in orbit by 
an Air Force1 Atlas missile in December, 1958.

SCORE demonstrated, General Cook noted, 
that voice, teletypewriter anel even multiple1 tele
tv pew liter signals could be received, stored anel 
retransmitted by a satellite.

Series of ‘Tasks' Slated
Further advances, the general said, will be 

groupeel as “tasks ' under Project Notus.
In a three-year perioel beginning the1 middle of 

next year, he continued, several new communica
tions satellites will be1 launched at relatively low 
altitudes e)f about 650 miles minimum. These will 
act as couriers of messages (Task Courier). As a 
satellite whirls over a ground station, it will re
ceive a message, store it on magnetic tape and 
feed the communication to another ground station 
to which it is addressed.

“The trick, of course,” General Cook explained, 
“is to transmit and receive all of this traffic at 
exceptionally high rates of speed during the short 
period that the satellite is passing over each 
ground station. Our system has a traffic-handling 
capacity equivalent to 20 teletypewriter channels 
each operating continuously at a rate of 100 words 
a minute.”

Real-time or instantaneous satellite repeaters 
are a further goal of Project Notus. 1 wo-way com
munications in the polar regions, the general said, 
will be covered by satellites to be launched by 
the Air Force (Task Steer) and the Army (Task 
Tackle).
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ZENER DIODES IN A PROVEN GLASS PACKAGE

\hout 90
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Now you can get high-performance voltage-regulator 
diodes in the famous, hermetically-sealed Hughes glass 
envelope. These diodes have an outstanding characteristic: 
sharp regulation of reverse voltage. This means that you 
can use them—with confidence —in clipping, clamping, 
coupling, and compensation circuits to obtain dependable 
voltage regulation. In addition, they retain this stability, 
together with low dynamic resistance, throughout a wide 
range ot operating temperatures.

CHARACTERISTICS

Nominal Voltage 2 volts to 30 volts

Power Dissipation: 250 milliwatts

Maximum Dynamic Resistance 10 to 75 ohms

Operating Temperature Range: —65° tu 175“ C

Dimensions. D*ode Glass Body Maximum Length: 0.265*max
Maximum Diameter: 0.105* max.

Standard types 1N702 through 1N720 available toi Immediate delivery from stock.

nse Dept, and NASA

ECTRONIC DESIGN • November 25, 1959

i its explanation: super-booster 
ith 1,500.000 pounds thrust, “not

To obtain your copy of specifications covering the family of more than a dozen types of Hughes Silicon Voltage-Regulator 
Diodes, please write: Hughes Products, Semiconductor Division, Marketing Department, P.O. Box 278, Newport Beach. California.

SEMICONDUCTOR DIVISION

votes against it, the sw

Creating a new world with ELECTRO \1CS _  ______ __________
HUGHES PRODUCTS

President Orders Transfer
\ fortnight after General Cook’s speech, the 

President, acting under the Government Reorgan
ization Act, ordered the Anny relieved of its space 
activities. The move was explained as in no sense 
a cutback of space explorations but rather an at
tempt to accommodate and accelerate the work 
under a central control.

Two kinds of activities were recognized by the

ad ICBMs of some 300.000 pounds thrust 
ave a military purpose.

<ri< ns—a real-time communications relay station 
(Task Decree) will be placed in a 24-hour equa- 
tonal orbit, General Cook related.

Operating at about 23,300 statute miles above 
tin earth’s surface.' be said, “a Decree satellite 
will travel at such a speed that the rotation of the 
earth will keep the space vehicle in a fixed posi
tion with respect to the earth. It will effectively 
hover’ over a given location along the equator.

At this great distance, a large portion of the 
eaith is visible to the microwave transmissions of 
the satellite, which acts as a relay between points 
on the earth separated by several thousand miles.

Many voice channels, including one for aircraft 
communications, are planned for the equatorial 
satellites. General Cook estimated that three or 
lour of the stations, “properly placed in space, 
would be sufficient to literally cover the world— 
except for the small polar areas '

Ballistic Missile Agency, headed by Dr. Wernher 
von Braun, has been concentrated on the Saturn 
rocket engine, designed to provide 1.500,000 
pounds of thrust. This work would be trans
ferred to NASA.

The President’s order included “provision”— 
n< t otherwise specified—for continuation of the 
\ my’s military missile programs. It was believed 

th • Air Force would inherit this work.
’ongress has until Dec. 20 (sixty’ days under 

tl reorganization law) to amend or reject the 
ti nsfer order. If neither the House nor the Sen-

and scientists must solve such key problems of 
transmission and reception as propagation. “At
mospheric interference, cosmic influence, fading, 
distortion and other effects,” he noted, contribute 
to the sometimes “tantalizing and unpredictable 
behavior” of kilomegacycle waves.



NEW ALL-EPOXY
MODULE PACKAGE

NEWS
Telebit System Shown Unpackaged

*

designed for your specific application!
Despite the many advantages of modules, their 
greatest virtue—the proximity of components-makes 
them vulnerable to shorting and failures caused by 
vibration, low insulation resistance, humidity and 
other environmental effects.

Now, thanks to the all-epoxy E-Pak encapsulation 
system* you can eliminate these failures completely 
— and do it faster, cheaper and better! This simple, 
mass production system contains three parts: (1) 
an all-epoxy header, complete with embedded leads 
and attached mounting board, (2) a molded, all-epoxy 
shell (round or rectangular) and (3) pre-metered, 
all-epoxy pellets. You simply attach the module’s 
components to the mounting board, then insert the 
module and preformed pellet into the molded shell 

A DIVISION OF JOSEPH WALDMAN & SONS

L DllYV PRODUCTS, INC.
■ 137 Coit Street, Irvington, New Jersey

■■■ ■ Af W ■ ESsex 5-6000

and heat. The pellet melts and cures, embedding the 
module and forming a single, epoxy-encapsulated 
unit of infinite insulation resistance and great 
mechanical stability.

There’s no glass-to-metal seal, no cracked glass, 
no weld contamination. Any type of metal may be 
used for leads; dissimilar leads may be welded to
gether; threaded inserts and studs can be furnished 
in the headers; shells are also available with female 
plug tops. The entire system has met temperature 
cycling of -55°C to +200°C, altitudes of 50,000 
feet, and the salt spray, vibration, fungus and hu
midity requirements of Mil Std.202Aand Mil E-5272A 

* Patents applied for

Write today for complete information.

Telebit telemetering system now circling earth in Van
guard VI accepts analog and digital inputs from vari
ous experiments and converts data to a binary coded, 
1024-cps subcarrier that modulates a 5-watt transmitter 
signal. System is serving in satellite primarily as test 
for use in space probes. Transmitter of 150 watts is ex
pected to provide 64 pulse-per-second data transmis
sion from distance of 55 million miles.

RF Head Fits On Antenna In Radars 
Designed for Weather Tracking

An antenna designed specifically for meteoro
logical use incorporates a piggy-back radio-fre
quency head to supply r-f energy to the antenna. 
This unit fits directly behind the antenna reflector 
and is said to eliminate changing the complete 
waveguide run for changeover.

The S-band storm finder can be converted for

Cil
nit 
nd 
bn

Weather Bureau S-band radar can be switched to X 
or C band without changing complete waveguide run.

ELECTRONIC DESIGN • November 25, 1959
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FRICTION SHAFT DUAL—Type LS3: A friction fit between 
shafts causes both elements of this dual concentric shaft 
control to operate in tandem when either shaft is turned. 
Either element can also be adjusted independently by 
holding one shaft while rotating the other. Once set, 
either knob can be turned while maintaining stereo bal
ance through a wide range of adjustment.

MATCHED ELEMENT TANDEM—Type L-Tandem: Through 
precise electrical matching and careful mechanical align
ment, this stereo tandem control allows convenient, single
knob adjustment of both channels. It’s ideal for adjust
ment of master volume or of bass or treble in systems 
where an absolute minimum of panel complexity is 
desired.

. . . To Daystrom Instrument Div., Murray Hill, 
? J., from ITT Laboratories for the development 
i. id manufacture of two militarized random-access

. . . To Melpar, Inc., Falls Church, Va., $550,- 
800 from Wright Air Development Center for a 
two-phase study and development for a speech 
compression system.

. . . To Stromberg-Carlson, Rochester, N.Y., $1,- 
200,000 from the U. S. Navy Bureau of Ships 
for the design and development of an advanced, 
completely transistorized single-sideband com
munication svstem.

ro- 
re- 
na. 
tor 
etc

. . . To Polarad Electronics Corp., Long Island 
( ity, N.Y., $300,000 from the Western Develop
ment Laboratories of Philco Corp, for special 
microwave receivers with extremely precise cali- 
b ration.

CLUTCH SHAFT DUAL—Type LSI: This wonderfully conven
ient control allows either simultaneous or individual ad
justment of its two elements. A push on the inner 
shaft engages a clutch which connects both elements 
together for tandem operation by either shaft. Pulling 
the inner shaft permits each element to be individually 
adjusted without disturbing the other.

3n- 
ni- 
ed, 
ter 
est
ex- 
lis-

>X
un.

Mechanical and electrical specifications on these 
dependable 0.75-watt variable composition resistors 
are available on request. Electronic Components Di- 
vision, Stackpole Carbon Company, St. Marys, Pa.

CIRCLE 11 ON READER-SERVICE CARD

< aeration at X- or C-band frequencies by chang- 
i g the rf head. A servo system remotely controls 
a itenna position and mode of operation. It pro- 
v des the normal slewing, tracking, azimuth and 
elevation scanning functions.

Currently, the Weather Bureau is operating 
75 low-power, short range radars originally de
signed for tracking aircraft. The storm-finding 
radar network now being installed will blanket 
the country with an electronic warning system. 
The radars are being produced for both the 
Bureau and the Navy by Raytheon Manufacturing 
Co., Waltham, Mass. ITE’s Special Products Div. 
is building the antenna systems under subcon
tract from Raytheon.

. . . To Electronic Engineering Co., Santa Ana, 
Calif.. $358,000 from the F.A.A.’s National Avia
tion Facilities Experimental Center for range in
strumentation work. The contract covers the en
gineering study of the over-all range instrumen
tation system and recommendation for a complete 
system to meet NAFEC requirements.

. . . To Electronic Systems Development Corp., 
Ventura, Calif., $200,000 from the Navy for the 
development, manufacture and installation of a 
precision radar synchronization system linking all 
the tracking surveillence radar facilities of the 
Pacific Missile Range.

NEW CONTROLS FOR STEREO
Flexibility without Complexity
Even a wife can appreciate the major points of these 
special dual-element controls for 2-channel stereo 
equipment! No longer is it necessary to fiddle with 
2 bass controls, 2 treble controls, and 2 volume 
controls to obtain proper stereo balance—then re
adjust everything when listening to monophonic 
material. No longer, that is, unless you’re an ardent 
audiophile who would have it no other way.

For these new Stackpole controls “clean-up” the 
panels of stereo equipment, make them easier to 
operate and understand . . . yet retain all the flexi
bility of individual adjustments required on the 
most elaborate equipment.

o

e

Coldite 70-|-® fixed composition Resistors • Slide 
& Snap Switches • Caramag® Ferrite Cores • Fixed 
composition Capacitors • Caramagnett Ceramic 
Magnets • Electrical Contacts • Brushes for all 
rotating electrical equipment • Hundreds of re
lated carbon, graphite, and metal powder products.

emory systems for use with data-processing
(uipment servicing the Strategic Air Command’s
ontrol set up. The value of the contract was
)t disclosed.
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fication in Chassis-Trak-equipped 
cabinets anywhere.

Chassis-Trak Slides come in nine 
stock lengths and support loads up 
to 275 lbs. More than 200 standard 
models meet every installation need. 
Approved for military use.

Get rack-mounting VERSATILITY 
with Chassis-Trak Slides

ELECTRONIC DESIGN . November 25, 1959

Chassis-Trak "Detent" slide, shown in 
one of seven different tilting positions.

The Army’s latest master aircraft naviga
tion system, developed by Sperry Gyroscope, 
is now undergoing prototype flight tests in a 
Douglas R4D. Map display on pilot's knee is 
pierced by a moving light to continuously 
show exact position of plane. Other instru
ments enable pilot to fly a pre-test flightpath 
without resorting to outside navigational aids. 
By flipping overhead swiches, pilot can navi
gate automatically with respect to grid north, 
true north, magnetic north or inertial gyro.

For further information contact: I

525 South Webster, Indianapolis 19, Indiana 
CIRCLE 12 ON READER-SERVICE CARD

First photos of General Electric's magnetohydrodynamic energy converter show configuration 
(left photo) and the heart of the converter (right photo). The vertical cylinder flanked by electro
magnet pole pieces houses the molded-quartz generator shown in the photo at right. Hot ionized 
gases directed up through the vertical cylinder cut the magnetic flux and create a voltage. Energy 
is extracted through two electrodes, one of which is shown in the smaller photo.

Ease of installation . . . space-saving 
design . . . smooth, trouble-free op
eration—these are sound reasons for 
specifying Chassis-Trak Slides. Still 
another reason is versatility.

Suppose you want to transfer a 
piece of equipment from one cabinet 
or rack to another. Nothing to it 
with Chassis-Trak. Simply press a 
push button spring and the entire 
chassis comes out. Then slip it into 
another rack equipped with Chassis- 
Trak Slides and the changeover is 
complete. Because Chassis-Trak 
parts are interchangeable (even on 
different models and sizes), equip
ment fitted with slides in one work 
area can be mounted without modi-



utmost

performance

CAPACITOR

Write for engineering bulletin TSC-206A

DuPont’s trademark for polyester film.

“The purest crystal ever made of any compound” is 
being produced in this apparatus at Battelle Memorial 
Institute. Indium antimonide with less than 1 ppm im
purity is being made for low-temperature detectors.

ELECTRONIC DESIGN • November 25, 1959

SPRINGFIELD. ILLINOIS 
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Life Test: These units will withstand a life 
test of 250 hours at 125% of rated voltage at 
85 C. Life tests at 125 C. should be made at 
125% of the derated voltage.

Dielectric Absorption: Dielectric absorption 
of Type 33M capacitors is less than half that 
of oil impregnated paper capacitors.

Moisture Resistance: Type 33M capacitors 
will successfully withstand the moisture re
sistance tests specified in Spec. MIL-C-91A. 

Insulation Resistance: The insulation resist
ance of these capacitors will exceed 5,000 
meg mfd. over the normal operating temper
ature range.

Sangamo Type 33M molded mylar* capacitors 
combine the excellent electrical performance 
characteristics of mylar* dielectric material 
with a molded case of high moisture resistant 
thermosetting plastic.

Temperature Range: “The Type 33M is de
signed to operate over the temperature range 
of —55 C. to -H85 C. Satisfactory perform
ance at 125 C. can be obtained by derating the 
voltage to 50% of the 85 C. value.’’

Dissipation Factor: The dissipation factor 
of the Type 33M capacitor does not exceed 
1% at normal equipment operating tempera
ture over the complete audio frequency range. 
Tolerances: Available in capacitance toler
ancevalues of ±5%, ±10%, ±20%.

Second Generation data processing system devel
oped by IBM for American Airlines will keep track of a 
million or more reservations, inform any of 1,100 ticket 
offices of the availability of seats, record data on new 
reservations retrieve data on an electric typewriter, 
automatically indicate an omitted detail, search files 
to confirm reservations, and make spelling corrections. 
The system is expected to be installed in 1962.

Countermeasure sim
ulator, developed by 
Sylvania Electric Prod
ucts Inc. and being in
stalled at air-defense 
stations, simulates four 
types of marking jam
ming for radar training.

. . i computers • instrumentation • test equipment
I filter networks • transistor circuitry • amplifiers



NEWS
New Components Featured
At Devices Meeting INDUSTRY’S

State-of-the-art reports on tunnel 
diodes, new tubes, low-noise am
plifiers and functional devices high
lighted the 1959 Electron Devices 
Meeting in Washington, D. C. In 
addition, design improvements were 
described in traveling-wave and 
backward-wave devices, cathode 
ray tubes and semiconductors.

Dr. R. N. Hall, of GE’s Research 
Laboratory, presented the basic 
characteristics of tunnel diodes and 
outlined their future use with tran
sistors and tubes. He predicted that 
several years development time 
would be necessary to fulfill the ap
plications predicted for the device.

II. Heffner, of Stanford Electron
ics Laboratories, discussed the com
parative merits of traveling wave 
tubes, parametric amplifiers, masers 
and tunnel diodes as low-noise am
plifiers. He cautioned the audienci1 
to examine noise contributions 
offered to microwave systems by an- 
tennas, transmission lines, and other 
noise contributors preceding the am
plifier; further reduction of ampli
fier noise might be of no avail if 
other noise sources override the 
input signal.

Multifunctional devices, specific
ally designed to perform a system 
function, are being developed by 
Bell Telephone Laboratories, re
vealed Dr. I. M. Ross. Conventional 
circuit design and interconnecting

MOST COMPLETE
SILICON

200 400 600
(VOLTS) 

800 1000 1200 1500 2000

150 MA

200 MA

250 MA

500 MA

100 MA

50 MA

1 N649 
SUBMIN GLASS

TJ40A 
MINIATURE

JAN 1N547
AXIAL LEAD

TK61
MIDGET

SL715
AXIAL LEAD

2W20A
2W ASSEMBLY

SILICON CERAMIC BASE 
RECTIFIERS

Advanced cathode ray tube being 
described by Sylvania's H. E. Smithgall 
has a heater-cathode assembly said to 
be 25 times smaller than comparable 
standard assemblies.

14

.2A

.4A

1A

3A

6A

12A

10A

20A

35A

50A

TM156

TM 155

TM 124

TM67

TM68

TM69

1 N250

1N250A

TR603

1 N413B
TH402B

Fig. I Fig. 2

Ceramic base rectifiers of compact design 
now eliminate the need for insulating 
hardware and "reverse polarity” units. 
These rugged stud-mounted silicon power 
rectifiers achieve their versatility by virtue 
of an alumina ceramic disc mounted be
tween the top hat assembly and the hex 
base. The ceramic disc offers low thermal 
resistance and high electrical insulation 
properties. Further, bridge assemblies are 
now simplified and standardization of com
ponents is subsequently advanced.

The ceramic base rectifiers are available 
in hex base configuration up to 12 
amperes @ 150°C case, and in n/i6* hex 
base configuration up to 20 amperes @ 
150°C case.
For example:

For further information write in for bulletin 
TE-1351R.

Type

Peak Recurrent 
Inverse Voltage 

(Volts)

Maximum Average 
Forward Current 

(a 150°C Case 
(amps) Figure

IN 341/C 400 .400 1
IN 250 A/C 200 20 2

Number 12, 13, 14 and 15 in a series of 37
new Transitron Products to be announced
before 1960!



MIDGET RECTIFIER

G. Schaffner of Motorol uses
bulletin

Write for bulletin PB-58MAXIMUM AMBIENT TEMPERATURE (CT)

Handling 10 KW Power

near

MAXIMUM CASE TEMPERATURE (C*>

Type

200

4 CIRCLE 14 ON READER-SERVICE CARL

A complete description of the lead 
and stud mounted types, which are

1 2 (a 
1.2 (a 
1 2 (a
1 2(o

TCR102
TCR202
TCR3O2
TCR4O2

actual sila 
uld package

1 5(-/
1 5(o
1 5(o
1 5(o
1.5(o
1 5(o
1 5(o
1 5(o

Peak Recurrent 
Inverse Voltage 

(Volts)

summarized below 
TE-1351.

SILICON CONTROLLED 
RECTIFIER

We welcome your inquiries concern
ing special requirements such as high 
frequency, fast recovery and high 
voltage applications.

Minimum Peak 
Reverse Voltage 

(Volts)
Maximum Forward

Voltage (o 25°C 
(Vults)(o (Amps)

Maximum Forward 
Voltage (o 25°C 

(Volts)(o (Amps)

Maximum Average 
•Inverse Current 

150°C
(Milliamps)

Maximum Average 
Forward Current 

(amps)

’Averaged over one cycle with redifier operating at lull rated 
current and voltage into a resistance load

Minimum Forward 
Breakdown Voltale 

(Volts)

is sent to the front of the 
/here it is reflected back from

face, 
beam 
tube,

the rear inner sur- 
gun. The electron

mounted on

Transitron announces, higher ratings and 
smaller size in a lifetested lead mounted 
silicon rectifier. By establishing a high 
level of designed quality, these rectifiers 
feature reliable 200 C operation. Remem
ber, the size is smaller, the flange is 
gone! These units will meet all electrical 
and environmental requirements of the 
JAN-1 N 547 series.

the transparent tubeface to the 
phosphor screen.

Transitron’s Silicon Controlled Rectifier 
is a PNPN High power bistable controlled 
switching device. It is analogous to a thy
ratron or ignitron, with far smaller trigger
ing requirements and microsecond switch
ing. The low forward voltage drop permits 
high current ratings and provides high 
efficiency with low cooling requirements. 
The PNPN design permits higher voltage 
ratings and lower saturation resistance 
than power transistors. This permits the 
smallest packaging for high power control 
yet made possible.

NOW AVAILABLE IN
TRANSITRON’S NEW PACKAGE

at T case at T case
-100°C =25°C

HIGH CURRENT 
RECTIFIERS

. . . designed to meet ALL your cir
cuit requirements: current, voltage, 
temperature, size . . . now available 
from Transitron.

Now, from Transitron, stud-mounted sili
con power rectifiers which combine high 
power handling ability with a minimum of 
size and weight . . . The extremely low 
forward resistance and thermal impedance 
of these units allow operation up to 12 
amperes @ 150°C case temperature in the 
71« * hex base configuration, and similarly 
up to 35 amperes @ 150°C case tempera
ture in the Wis" hex base configuration. 
Still further, the inherently low leakage 
currents and high peak inverse voltage 
ratings allow flexibility in the design of 
both power supply and magnetic amplifier 
circuits.

wiring are dismissed in favor of a 
new approach in system concept 
Outstanding examples of simplifica
tion giving increased reliability in 
telephone equipment were shown.

A 220-mc negative-resistance par
ametric amplifier, described by Dr.

MAXIMUM CASE TEMPERATURE (C*|

Maximum Storage Temperature Range — 65°C to +150°C
Maximum Operating Temperature Range — 65“C to -f- 125*"C

Send for Bulletin TE-1356A

Type

1R603 
TR503 
IR403 
IR303 
IR203
TR153 
TR103
7 R53

Type

7M69 
TM59 
1 M49 
IM39 
TM29 
7M19 
7M9

only 0.1 mw pump power and pro- 
v ides 13 db gain.

A heater-cathode assembly, re
quiring only a 1.5-v, 140-ma heater 
supply, has been developed by Syl
vania Electric Products. Requiring 
only six per cent of the heater power 
normally needed for 6.3-v, 600-ma 
tubes, the new design centers 
around a cathode-radiating surface 
of 0.0054 sq in., (see photo). Con
ventional structures have 0.136 sq.

TWT Delivers 10 kw
RCA also reported on a develop

mental X-band traveling wave tube 
capable of delivering a peak rf 
power output of 10 kw. The elec- 
trosatically focussed tube uses dif
ferent types of slow-wave rf struc
tures rather than a bifilar helix to 
increase its power and frequency 
capabilities.

Papers from Europe and Asia de
scribed a silver-bonded diode for 
parametric amplification (Japan), a 
series of pulsed, high-perveance, 
high-power klystrons for linear ac
celerators (France), and a beam
power multiplier tube (Egypt).

About 1300 engineers attended 
the Oct. 29-30 meeting in Wash
ington, D. C., sponsored by the IRE 
Professional group of Electron De
vices.

at the technical sessions was a thin” 
picture tube calk’d a reflected-beam 
kinescope, which displays its image 
on a screen 20 in. or more in di
ameter, and is only 10 in. deep. 
RCA reports that its recessed area 
is large enough to hold most of the 
receiving circuitry.

In this tube, the phosphor screen

Peak Recurrent 
Inverse Voltage 

(Volts)

too

on
Leadership in Semiconductors see your local authorized transitron distributor for quantities from 1-999

Type
Peak Recurrent 
Inverse Voltage 

(Volts)

Maximum Average 
Forward Current 

(0 200"C (0 IOO“C 
(Milliamps) (Amps)

Maximum Forward 
Voltage (a 2¥C 

(Volts) (Milliamps)

TK61 600 100 1.0 1.0(a) 750
TK41 400 100 1 0 1.0(a) 750
TK21 200 100 1 0 1.0 fe 750

Maximum Average 
•Inverse Current 

150°C
( Milliamps)

Type

Peak Recurrent 
Inverse Voltage 

(Volts)

Maximum Forward 
Voltage (as 25°C 

(Volts) (& (Amps)

Maximum Average 
‘Inverse Current 

150°C 
(Milliamps)

TM68 600 Life 6 2
TM5Í 500 1 Ife 6 2
ÌM48 400 I l^i 6 2
IM38 300 Life 6 2
FM28 200 1.1 (0*6 2
TM18 100 1 Ife 6 2
1M8 50 1 1 (a 6 2

MAXIMUM CASE TEMPERATURE iC*|

1

—
♦ - > 0

\\ ..



ZERO

NEWS
Pigeon in secondary trainer 
has passed his first flight tests 
and is now learning how to 
track targets that will be shown 
on display screen in front of 

missile.’’ For pecking the 
image on the nose the pigeon 
will be awarded with corn. 
Wire leading from pigeon s 
beak closes control loop when 
beak touches electrically con
ducting glass of display screen. 
Project was a wartime idea for 
a (amproof control system for 
homing missiles.

HUNT .or

rutt

INPUT

T00K

0C NULL DETECTOR 
MOOEL M-A

OUTPUT

SENS. ACM.
Navy Declassifies Details 

of Pigeon Guidance Project

Iwz mw
MODEL 56-A PRICE $395

HIGH VOLTAGE SENSITIVITY 

HIGH INPUT IMPEDANCE

HIGH POWER SENSITIVITY

10 mv full scale;
0.5 mv smallest division

10 megohms constant
on all ranges
IO-'7 watt full scale;
.05 micro-micro-microwatt
smallest division (5 x 10 20 watt)

FAST METER RESPONSE Approximately 1 second for full 
scale on most sensitive range

ALSO MANUFACTURERS OF THESE FINE INSTRUMENTS:

M
!

Inductance Bridge RF Voltmeter Capacitance Bridge UHF Grid Dip Meter

ASI I D\ of missile guidance bv pigeon 
pecking has been taken out from un

der w raps by the Navy. \t the same time, 
perhaps to calm fears of guidance design
ers, the Naw made clear that the project 
has been discontinued (ED, Sept. 30, 
1959, p. IL)

Started during World W ar II, Project 
Orcon (for organic control), was a try- 
any thing approach to solution of some 
then-cuirent problems, Guidance systems 
for homing missiles were being easih 
countermeasured and the Naw thought 
animals might have potential as a jam
proof control element.

Pigeons were selected lor trial because 
they were light, easily obtainable and 
adaptable. Their job was to ride inside 
a missile and peck at an image of a 
target picked up by a lens in the missile s 
nose. 1 be pigeon's peeking of the target 
image was translated into an error signal 
that corrected the* simulated missile's 
simulated flight.

The project was revived in 1948 and 
carried further. In simulated rocket tests 
the pigeons product'd “surprisingly good 
results. I he researchers were convinced 
that a pigeon vonld successfully guide' 
a speeding missile under optimum condi
tions. compensating for his own and the 
missile's errors.

But after three years of equipment 
development and testing. the' project was

abandoned because range of the Orcon 
system could be' no greater than the 
range of any optical system and the* sys
tem could be' used only in the* day time'.

The* study w as div ided into two phase's. 
Ihe first, involving a primary trainer, 
tested the capability of pigeons. Could 
they peck fast enough? Could they dis
tinguish between images of targets and 
backgrounds? How much training would 
they need?

Both the trainer and the pigeons 
passed their tests and a secondary trainer 
was developed. It used target images 
specially photographed in color by a jet

Pigeon in tracking position waits for image 
to appear.

Boonton ELECTRONICS Corp
Morris Plains, N. J. Phone: JEfferson 9-4210

CIRCLE 15 ON READER-SERVICE CARD
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Specify the Finest Digital Voltmeter Made

ponmoMETEits

electronic design went 
for this secondary trainer,

Highly original 
into the circuitry

target image 
shown under

In guidi 
)f the pige

In the s 
i harness .

< riginal electronics provided a rea 
ir the birds.
Trainee pigeons were started out

ELECTRONIC DESIGN • November 25, 1959

Features: M24 measures DC voltage, voltage ratio or resistance in a third of a second, V24 measures DC voltage and voltage ratio at 
same speed. . . both instruments feature advanced transistorized circuitry and mercury-wetted relays with life in excess of 3 billion 
readings . . . ±one digit accuracy on DC voltage and voltage ratio ... completely automatic operation ... plug-in modular construction 
... AC or low level measurements with plug-in accessories . . . output connectors for continuous data logging, remote ranging. Ranges: 
DC voltage ±..0001 to ±999.9; DC voltage ratio to ±.9999; resistance .1 ohm to 1 megohm. Write today for complete data.

Originator of the Digital Voltmeter

non-linear systems, inc
DEL MAR (SAN DIEGO). CALIFORNIA

lane, which made picture-taking dives at 
estroyer and a freighter in the open sea. Highl

dually changed the course of the 
/ his pecking. The image was 
glass screcm coated with stannic

NI.S — The Digital Voltmeter That Works .. . And Works . .. And Works
CIRCLE 16 ON READER-SERVICE CARD

It turned out that 55.3 per cent of the 
ide were successful—that is, the pigeons

When the combination of reliability, speed and accuracy is of uncompromising importance—you 
can’t afford to gamble on “second best” digital measuring equipment! NLS Series 20 instruments are 
field-proven in the most critical applications — missile and electronic systems checkout, automatic 
process monitoring, sophisticated laboratory research. Be sure — specify NLS Series 20, the instru
ments selected by major missile manufacturers after thousands of hours of competitive life testing.

trolled by a servo. ' 
that if the pigeon 
image would drift

oxide to make it electrically conducting. Throng) 
circuitry based on the Wheatstone Bridge prin

image on their 
than half their 
were about 80- 
possibilitv that

picking better tracers would result in still greater 
accuracies. The training conditions simulated 

(continued on following page)

ciple, pecks on 
tance right am 
center lines.

screens for the duration more 
Hights. Four pigeons, however, 
per-cent successful, raising the

ance terms, the bandpass frequency 
ons was seven radians per second, 
econdary trainer, the pigeon rode in

which permitted pigeon pecks to control move 
ment of a target image on a screen.

I ainer pecking at slowly moving targets. They 
were rewarded with corn for each hit and quicklv 
learned that good pecking meant good food. 
Eventually pigeons were able to track a target 
jumping back .md forth at five inches per second 
lor SO seconds without a break. Peck frequency 
turned out to be four per second. More than 80 
per cent of the pecks were within a quarter-inch 
of the target.

of the screen. This forced the pigeon to correct 
not only his own pecking errors, but those intro
duced by the yawing of the “missile.”

\ complete recording system prov ided data for



NEWS

for switches

NEWS BRIEFS

Medium Current Switches

auditorium

with this magnetic SUBMIN
now

Contact the nearest Raytheon office for data

tape 
being

0.130' 
DIO.

baseball games
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GERMANIUM NPN ALLOY—* TO-5 CASE

attachment, 
adapted for 
Remington

0.160 
max.

GERMANIUM PNP ALLOY — TO-5 CASE

able at 
events.

. . . THE TUNNEL DIODE COMPUTER be
ing designed by Leo Esaki and a Tokyo Univer
sity group will incorporate a basic circuit using 
30 tunnel diodes. Each diode will have a 30-mc 
switching speed. The first model is scheduled to 
be ready early next year about the same time that 
Sony is expected to start commercial production 
of tunnel diodes. The university computing group 
is also working on early designs for a computer 
with the same switching capacity as the human

missile-flight speeds of about 400 miles per hour.
If pigeon guidance did not get very far in 

the Navy, it did have one valuable offshoot. The 
electricity-conducting glass later used in many 
radar displays was developed originally for proj
ect Orcon.

UNIV AC solid-state com
puters will be available

. . . MAGNETIC-DOMAIN computer progress 
has reached the working-element stage at Servo
mechanisms, Inc., (ED, 10/14/59, p25). Goal is 
logic element of iron-nickel sheet made bistable 
by domain-domain interaction. Switching speed 
will reach 0.3 microsec.

. . . EXPERIMENTAL TV colorcasts are being 
made with a low light-level image orthicon de
veloped by GE originally for military use. The 
Z-5351 is said to produce acceptable pictures with 
40 foot-candles of light, roughly the amount avail-

brain—100,000 diodes 
speed will be required

use with the 
Rand units.

Presently only punched - 
card capability’ is available 
with Univac solid-state 
computers.

WAVE FORM PATTERN OF COMPLEMENTARY FLIP FLOP CIRCUIT

FALL TIME

RISE TIME

TEMPERATURE

RESPONSE TIME OF COMPLEMENTARY FLIP FLOP AS A 
function of temperature

•- 0.335'

t
0.260“
max.

4 J

50MA; In = 5MA; Rl = 200ÌÌ Ie; = 5MA

Type Vce

Volts

tab

Avg.
Me

Hfei

Ib = IMA 
Vce = 0.25V

Hfe:
Min.

Is = 10MA
Vce = 0.25V

Rise* 

Time

Max.

2N404 -24 12 — — —
2N425 -20 4 20-40 10 1.0
2N426 -18 6 30-60 10 0.55
2N427 -15 ni 40-80 15 0.44
2N428 -12 17 60 20 0.33
2N1017 -10 22 80 20 0.27

10MA RL - 1KÍJ

Typ« Vce

Volts

fai,

Avg. 
Mc

Hfe 
Mm.

Ic = 50MA

Vce = 1 ov

Rise* + 

Time 
Avg. 
Msec

2N438 25 6 20 0.7
2N439 20 11 30 0.5
2N440 15 17 40 0.3



SILENCER for Explorer
VII satellite is cube

engineering recognition of his original

. . . THE AUDIO ENGINEERING SOCIETY 
has honored Dr. Harold S. Black of Bell Labs, for 
“outstanding achievement in the field of audio

. . . COMPONENT SHIPMENTS during the 
first half of 1959 were definitely up more than 
30 per cent over those of the comparable 1958 
period. According to the Dept, of Commerce, this 
is the greatest rise in component output since the 
Korean War, and confirms estimates based on 
earlier, less complete data.

enunciation of the feedback principle.” Dr. John 
G. Frayne, Westrex Corp., was honored by the 
AES for “outstanding development in the field of 
audio engineering” and “in recognition of his con
tributions to the development of photographic 
and magnetic motion picture sound recording de- 
\ ices, and of feedback cutters for monophonic and 
stereophonic disc recording.”

designed to turn off the 
satellite’s transmitter after 
one year. The Bulova unit 
draws 0.000000001 watts, 
has 9000 hour capacity.

. . . COMPUTER that would use solid-circuit 
modules has been proposed to the Air Force by 
Texas Instrument’s Apparatus Div. Advantages of 
the computer over one of standard miniaturized- 
component design would line up this way, ac
cording to the company: Component density— 
5,000,000 parts/cu in. vs. 50,000; manufacturing 
steps per flip flop—14 vs. 188; components per 
flip flop—1 vs. 20; computer volume—12 cu in. vs. 
864 cu in.; computer weight—1.2 lb vs. 10 lb.

CIRCLE 17 ON READER-SERVICE CARD

LECTRONIC DESIGN • November 25, 1959

. . . TUNNEL DIODES now being offered as 
samples by General Electric have resistive cutoff 
frequency of over 1100 me, with peak tunnel cur
rent and voltage of 1 amp and 55 v.

. . . THE AMERICAN STANDARDS ASSO
CIATION has approved the IRE’s standard for 
television luminance signal levels. Designated 
C16.31-1959, “American Standard Method of 
Measurement of Television Luminance Signal 
Levels,” the standard describes methods of meas
uring the significant amplitude levels of a mono
chrome or color TV signal, either composite or 
noncomposite.

RAYTHEON
TRANSISTORS

RESPONSE TIME VS TEMPERATURE FOR EMITTER FOLLOWER

FALL TIME

12V STORAGE TIME

2N660 RISE TIME

SCOPE

TEMPERATURE

Subminiature SwitchesHigh Current Switches

rAYTHEOn

HP 212A 
PULSE 
GENERATOR

5601.’
vww-

New York, PLaza 9-3900 ♦ Boston, Hillcrest 4-6700 • Chicago, NAftonal 5-4000 • Los Angeles, NOrmandy 5-4221 • Orlando, GArden 3 1 553
Syracuse, HOward 3-9141 * Baltimore, SOuthfield 1 -0450 • Cleveland, Winton 1 -7716* Kansas City, PLaza 3-5330 • San Francisco, Fireside 1 77 1 1

Canada: Waterloo, Ont., SHerwood 5-6831 • Government Relations: Washington, D. C., MEtropoMan 8-5205

GERMANIUM PNP ALLOY —TO-5 CASE

Type «

Volts

tab

Avg. 
Me

Hfei

Ie = IMA 
Vce = 0.25V

Hfei 
Min.

Ie = I0MA 
Vce = 0 35V

2N658 -24 5 25-80 15
2N659 -20 10 40-110 25
2N660 -16 15 60-150 40
2N661 -12 20 80 55
2N662 -16 8 30 18

GERMANIUM PNP ALLOY — SUBMIN CASE

Type Vce 
Volts 
Volts

tab

Axg. 
Me

Hfei

Ib = IMA 
Vce = 0.25V

Hfe: 
Mm.

Ib = 10MA
Vce = 0 35V

Rise* 
Time

Max.

CK25 -20 4 20-40 10 1.0
CK26 -18 6 30-60 10 0.55
CK27 -15 11 40-80 15 0.44
CK28 -12 17 60 20 0.33



THERMAL-SET*** Robertshaw’s New
Change-off-State Components Oven

with Proportional Heat Control System

NOW-TEMPERATURE CONTROL
TO O.OO3 C PER DEGREE 

AMBIENT CHANGE

NEWS BRIEFS...

UP

. . . PASSIVE communication satellites arc 
nearer because of successful launching last montl 
of NASA’s 100-foot aluminized balloon, shot int< 
space from Virginia and effectively inflated.

. . . THE INSTRUMENT SOCIETY OI 
AMERICA, aided by an NSF grant will continue 
publishing translations of the 1959 issues of foui 
Soviet technical journals: Measurement Tech
niques, Instruments and Experimental Tech
niques, Automation and Remote Control, and 
Industrial Laboratory.

. . . THE SOVIETS have ordered a medium
size transistorized British computer, the Elliott 802. 
The computer, which has a memory of about 
1000 33-bit words, will probably be used for 
scientific work.

... A THERMOELECTRIC water purification 
apparatus developed by the Whirlpool Corp, uses 
thermoelements simultaneously for evaporating 
and condensing. Idea is to eliminate the large 
quantities of cooling water normally required in 
purification devices.

Ctvnr 
socku

. . . AN ELECTRONICS CENTER at Hanscom 
Field, Redford, Mass, will be established within 
the next eight months. Main objective is to estab
lish a one-location organization for acquisition and 
delivery of large complex ground electronic sys
tems.

Missiles, satellites and space probes are now being tracked with pin
point accuracy—the result of using extremely stable monitoring 
frequencies. To achieve such precise frequency control, ground track
ing stations are housing temperature sensitive elements such as 
crystal oscillator and crystal filter circuits in new Thermal Set Com 
ponents Ovens.

Available in standard or special configurations, Thermal-Set pro
vides a driftless, absolute temperature reference by operating wholly 
within the fixed "change-of-state” region of a pure liquid-solid crys
talline salt. The absence of cyclical noise results from Robertshaw's 
unique carbon pile proportional heat control system.

Typical cavity-mounted components include crystals, zener diodes, 
thermocouple reference junctions, thermistors, reference networks, 
transistorized circuitry and LC and RC oscillator circuits. For thou
sandths of a degree accuracy at a price only slightly higher than 
1° to 2° thermostat ovens, investigate Thermal-Set. Send for Tech
nical Bulletin RF-594.

ENGINEERS! Dynamic growth offers 
expanding opportunities to qualified EE's 
and ME’s. Send resume to R. A. Sweeney.

AERONAUTICAL AND INSTRUMENT DIVISION

ROBERTSHAW-FULTON CONTROLS COMPANY *........ ’’

CIRCLE 18 ON READER-SERVICE CARD

. . . A DIGITAL TELEVISON transmission sys
tem, for long-range transmissions, jointly devel
oped by the Colorado Research Corp, and the 
Signal Corps, is reported to give clear pictures 
under high-noise conditions.

PRICE CHANGES ..

SANTA ANA FREEWAY 
AT EUCLID AVENUE 
ANAHEIM 
CALIFORNIA

. . . Germanium scrap processing charges have 
been reduced up to 25 per cent by Sylvania Elec
tric Products, Inc. . . . Single crystal Germanium 
prices have been cut from $296 to $285 per pound 
by Semimetals, Inc., Richmond Hill, N.Y. . . . 
Hyperpure-silicon, single-crystal prices have been 
cut by up to $150 per pound by the Du Pont Co. 
. . .Zener diode price cuts by Motorola Semicon
ductors, Phoenix, Ariz., have resulted in basic 
prices of $4.00. $2.90, and $2.90 for the company's 
1N620, 3/4M7.5Z-through-56Z, and 1 M7.5Z 
through 56Z diodes.

ELECTRONIC DESIGN • November 25, 1959



Call these authorizedDON’T INVEST IN TEST EQUIPMENT ’TIL YOU COMPARE FEATURES WITH THE

DISTRIBUTORS

nut

PULSE GENERATOR model 2620 ION

im

out

WRITE FOR COMPLETE SPECIFICATIONSion
ses

WIDE-BAND OSCILLOSCOPE model 2610
For the 1001 Jobs Where You Don’t Need

cal calibration accuracy
DC to 5.0 mc/sec, ± 0.5 db; DC to 8.0 mc/sec. 1.5 db.

WRITE FOR COMPLETE SPECIFICATIONS

LABORATORY STANDARD
VOLT-OHM-MILLIAMMETER model 2600

WRITE FOR COMPLETE SPECIFICATIONS

AVAILABLE FROM MANY INDUSTRIAL ELECTRONIC DISTRIBUTORS, COAST-TO-COAST

Telephone: EStebrook 9-1121
In Canada: Bach-Simpson Ltd., London, Ontario

CIRCLE 19 ON READER-SERVICE CARD

Here’s a high-gain scope that makes your test equipment ap 
propriation go farther. Vertical sensitivity, 6 mv RMS. Serti

for an immediate demonstration or 
delivery of Simpson Laboratory 
Test Equipment.

terminal connections cover all 19 ranges

I LECTRONIC DESIGN • November 25, 1959

No Other Unit Offers Such Accuracy, Versatility, 

and Set-Up Speed Within This Price Range

unusually fast operation. DC accuracy is ± 0.5% 
F.S.; AC, ± 0.75% F.S. (at 77°F, 25°C). Separate 
meters (self shielded movements) for ~
DC and AC readings. Price.................. 1O2O

CALIFORNIA
R. V. WEATHERFORD COMPANY 
6921 San Fernando Road 
GLENDALE 1. Victoria 9-2471 
NEWARK ELECTRIC COMPANY 
4747 W. Century Blvd.
INGLEWOOD, ORegon 8-0441 .
ELECTRONIC SUPPLY CORPORA 
2085 East Foothill Blvd. 
PASADENA, SYcamore 5-5901

COLORADO
WARD TERRY & COMPANY 
70 Rio Grande Blvd.
DENVER, AMherst 6-3181

GEORGIA
ELECTRO TECH EQUIPMENT COMPANY 
690 Murphy Avenue S.W.
ATLANTA 10, PLaza 3-4128

ILLINOIS
ALLIED RADIO CORPORATION 
100 N. Western Avenue 
CHICAGO 80, HAymarket 1-6800 
NEWARK ELECTRIC COMPANY 
223 W. Madison Street 
CHICAGO 6, STate 2-2944

MICHIGAN
RADIO SPECIALTIES COMPANY 
456 Charlotte Avenue 
DETROIT 1, TEmple 3-9800

MINNESOTA
NORTHWEST RADIO & 
ELECTRONICS SUPPLY CO. 
52 South Twelfth Street 
MINNEAPOLIS 3, FEderal 9-6346 
GOPHER ELECTRONICS COMPANY 
370 Minnesota Street 
SAINT PAUL 1, CApitol 4-9666

MISSOURI
SCHERRER INSTRUMENTS 
5449 Delmar Blvd. 
ST. LOUIS, FOrest 7-9799

NEW YORK
STACK INDUSTRIAL ELECTRONICS, INC. 
25 Susquehanna Street 
BINGHAMTON, Phone: 3 6326 
ELECTRONICS CENTER INCORPORATED 
211 West 19th Street 
NEW YORK 11, ALgonquin 5-4600 
HARRISON RADIO CORPORATION 
225 Greenwich Street 
NEW YORK 7, BArclay 7-7777

NORTH CAROLINA
SOUTHEASTERN RADIO SUPPLY CO., INn 
414 Hillsboro Street 
RALEIGH, TEmple 3-1936
DALTON HEGE RADIO SUPPLY CO., INC. 
938 Burke Street 
WINSTON SALEM, Phone: 5-8711

OHIO
PIONEER ELECTRONICS SUPPLY CO. 
2115 Prospect Avenue 
CLEVELAND 15, Superior 1-9410

PENNSYLVANIA
CONSOLIDATED RADIO COMPANY 
612 Arch Street 
PHILADELPHIA 6, WAInut 5-7871

SOUTH CAROLINA
CAROLINA RADIO SUPPLY CO., INC. 
221 W. Washington Street 
GREENVILLE, CEdar 2-6740

TEXAS
ENGINEERING SUPPLY COMPANY 
6000 Denton Drive 
DALLAS 35, FLeetwood 7-6121
MIDLAND SPECIALTY COMPANY 
500 W. Paisano Drive 
EL PASO, KEystone 3-9555
BUSACKER ELECTRONIC EQUIP. CO., INC, 
1216 West Clay 
HOUSTON 19, JAckson 9-4626
HARRISON EQUIPMENT COMPANY, INC. 
1422 San Jacinto Street 
HOUSTON 1, CApitol 4 9131 
MIDLAND SPECIALTY COMPANY 
2101 Andrews Highway 
ODESSA, Phone: 7-7212

MANUFACTURERS OF 
ELECTRONIC TEST 
EQUIPMENT FOR OVER 
SO YEARS

an 
□nt) 
int<

Response (transient position): DC to 3.5 mc/sec,—3 db, and 
—6dbat 5.0 mc/sec. Triggered and recurrent sweeps. Precal
ibrated sweep positions of 5, 50, 500, 5000 microsec- < — — — 
onds. Price......................................................................... 0/3

A Self-Powered Calibrator for Electrical Instrument 

Maintenance and High Accuracy Testing

Twin meters read pulse repetition frequency and pulse 
duration simultaneously. Rise time is 0.02 microseconds; 
decay time, 0.03 microseconds. Pulse duration, contin
uously variable from 0.1 to 1000 microseconds. Jitter, 
less than 0.005 microseconds. Pulse repetition rate, con
tinuously variable from 10 to 100,000 pps in < - —
four ranges. Price.................................................. O Z J



Consistently Dependable

MYCONS
TYPETWMM-
Metallized Mylar

metallized- dielectric

capacitors

New Metallized Mylar (Type TWMM) and Mylar- 
Paper (Type MTWK) Capacitors by Cornell-Dubilier. 
W hether yon specify miniature metallized capacitors for military or indus
trial electronic equipment-for critical power-supply filter circuits or bypass 
applications—CorneH-Dubilier’s new MYCON metallized capacitors assure 
top performance and dependability. Backed by over 47 years of capacitor 
engineering and manufacturing leadership, MYCONs combine better high- 
temperature operation and better insulation resistance with low dissipation 
factor and fault count. Available in a wide choice of mounting styles, 
MYCONs meet the requirements of applicable military specifications. For 
complete specifications, write for Engineering Bulletins 190 and 185 to 
Cornell-Dubilier Electric Corporation, South Plainfield, New Jersey.

TYPE MTWK-
Metallized Mylar and Paper Film 

Specifications amt Featurcn
• Ratings from .01 mfd. Io 12.0 

mfd. Voltages of 200. 100. or 
600 volts DC Working.

• Wide useful temperature char
acteristics within range of 
—55°C to +125°C.

• Hermetically sealed in minia
ture tubular metal cases with 
metal-to-metal end-seals.

• Wire lead or solder lug 
terminals.

• Various bracket-mounting or 
threaded-neck mounting styles.

WASHINGTON
REPORT

Ephraim Kahn

New Defense Dept. Cost Principles 
Mean Aid, Trouble for Electronics
Uniform contract cost principles, set by the De

fense Department after years of discussion—and 
dispute—with industry, promise both help and 
hindrance to the electronics industry. Use of the 
new regulation, formally titled Revision No. 50, 
Armed Services Procurement Regulation, may 
start at once. It is mandatory for contracts made 
after July 1, 1960. Existing contracts need not be 
amended to reflect the new cost principles, but 
they will apply in the negotiation of contract 
terminations.

cate that these cost principles may slightly liber
alize teims of cost-reimbursement contracts while 
possibly tightening the squeeze on holders of 
fixed-price pacts. Though the new regulations are 
considered “guidelines” by the military, it is gen
erally believed that government officials will try 
to adhere to them as closely as possible. This 
could easily result in a decreased recovery of costs 
for firms working on fixed-price contracts.

This is acknowledged in the regulation itself, 
which notes that since the military “have not 
provided specific guidance in the past, these new 
principles will, at least in some instances, result 
in reduced recovery’ by contractors for certain 
particular items of expense.”

Electronics firms that do independent research 
in addition to working on government contracts 
stand to gain from the cost rules change. Under 
the new rules, “a contractor’s costs of independent 
research . . . shall be allowable as indirect costs 
. . . provided they are allocated to all work of 
the contractor.” In other words, the government 
will pick up its share of the tab for basic research 
that is not sponsored by a contract, grant, or other 
arrangement if the company’s other customers 
make a proportionate contribution.

Some Independent Development Chargeable

Costs of independent development directly
aimed at specific products are chargeable to the
government to the extent that it is related to the
product lines for which the government has con
tracts. But such costs must be reasonable and be
allocated to all work of the contractor on these
product lines. Contractors who do not engage

•Du Pont Keg. T.M.

g
ontistently ependable -

ORNELL-DUBILIER
CAPACITORS
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i production work may charge the government 
1 >r development to the extent that it is “related 
nd allocated as an indirect cost to the field of 

t Ifort” of government R & D contracts.
No blank check will be written for independent 

p & D. The Defense Department will assume a 
share of a reasonable amount of current R & 1) “in 
line with the national policy of encouraging in
dependent research.” But company expenditures 
must be consistent with “a broad planned pro
gram, which is reasonable in scope and well 
managed.” Spending, especially for development, 
will be scrutinized with great care in connection 
with contractors whose work is “predominantly 
or substantially” with the government. Recogniz
ing that cost-sharing may provide “motivation for 
more efficient accomplishment” of R & D, the new 
rules say that “it is desirable in some cases that 
the government bear less than an allocable share 
of the total cost of the program.”

Incentive pay, cash bonuses, and other com
pensation are considered allowable costs by the 
government, except for stock options. These, as 
well as fringe benefits, must be reasonable and 
consonant with the company’s past practice.

Contract termination costs are also subject to 
the new principles. In general, the government 
will not allow a charge for items that can reason
ably be used on the company’s other work, un
less the contractor can show he would suffer a 
loss by retaining the items. The government w ill, 
however, pay for costs that can not be discon
tinued immediately after contract termination. In 
figuring termination costs, certain initial expendi
tures may be included, as are settlement expenses.

“Reasonableness” is probably the key word in 
the application of the new cost principles, and 
the one that will provoke the most debate. The 
regulation says that a cost is reasonable if it “does 
not exceed that which would be incurred by an 
ordinarily prudent person in the conduct of com
petitive business.’’ But it is made clear that “what 
is reasonable depends upon a variety of consid
erations and circumstances involving both the na
ture and amount of the cost in question.'

voltage controlled 
transistorized 
subcarrier oscillator 
less than 2 milliwatts of 
power consumption

Not all cost items are treated in the regula
tion. This “is not intended to imply that it is 
cither allowable or unallowable.” Sample allow- 
uble costs include advertising in trade or technical 
journals (the ads can not offer specific products 
I >r sale); help wanted ads; cost of participation 
i i exhibits under certain conditions; bonding costs; 
( ivil Defense costs; wages, salaries, and other 
i impensation; training and education expenses; 
< ‘preciation; manufacturing and production en- 

meering costs; and other normal business ex- 
] onses.

Most interest will not be considered a charge

Power requirements 1.25 volts dc at approximately 1.5ma

Linearity less than ^1% of design bandwidth

Distortion less than 0.75%

Output voltage approximately 0.5 volts rms

It is recommended only for application where extremely low power 
consumption is required. *

WRITE DEPT. K. VECTOR MANUFACTURING COMPANY. SOUTHAMPTON, PA.
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TYPICAL LOAD AND VOLT
AGE CORRECTION —output 
setting, 115 v—load change. 
0 to 8.5 a, unity power factor 
—input change, 115 to 95 v.

TYPICAL VOLTAGE COR- I 
RECTION —output setting, I 
115v—load, 8.5 amps, unity I 
power factor — input voltage I 
change, 115 to 135 v.

New
Static

Voltage 
Control

For reliable 
automatic voltage control 

of critical loads
New General Electric Sta-Vo-Trol 
regulator gives you maintenance-fret*, 
automatic, static voltage control using 
unique rate feedback and industry - 
proven zener diode sensing.

Static components eliminate tubes, 
brushes, and other moving parts.

Sta-Vo-Trol regulators assure you 
reliable, constant voltage—regardless 
of line or load fluctuation—giving 
optimum performance of critical 
military and commercial electronic 
equipment.

Sta-Vo-Trol REGULATOR 
SPECIFICATIONS:

• Rating: 1 Kva output, 0 to 8.5 amperes, 
single phase, 60 cycles ±5%
• Input range: 95 to 135 volts

• Output range: 115 volts normal, 110 
to 120 adjustable

• Accuracy: ±0.25% bandwidthf

• Response time: 6 to 12 cycles*

• Load power factor range: 0.5 lagging 
to unity

• Wave-form distortion: 3%

t ±0.25% bandwidth for any line and load 
changes at constant power factor; ±0.5% 
bandwidth for changing load power factor.

Jó to 12 cycles for 63% correction 
nary line and or load changes; 
cycles for complete correction.

NET PRICE—$475 
(type SLR-1000)

World-wide General Electric

after ordi- 
up to 30

applica-
tion and service facilities are avail
able to you. Eor more information 
about the benefits of specifying G-E 
Sta-Vo-Trol voltage regulators for 
your application, write to Section
425-25, General Electric 
nectady, V Y.
* Trademark of General Electric 

static voltage regulators.

Go., Sche-

Company for

^ogress Is Our Most Important Product

GENERAL^ ELECTRIC

WASHINGTON REPORT
allowable by the government. In the past, interes 
costs were not allowed when contracts were com 
pleted. but the government considered rental paiu 
for money in negotiating contract terminations 
This is no longer the case. In addition, man 
other financial costs—bond discounts, costs of fi
nancing and refinancing, certain legal and profes
sional fees paid in connection with stock issues
can not be passed on to the government. Interest 
levied by state or local government may, under 
specified conditions, be an allowable cost to the 
government.

The final word on cost principles has not been 
said in the new regulation. It is believed that 
some industries feel that the new rules do not 
meet their needs. They are expected to press for 
revisions.

Government Studies Computer 
Economics

Computer economics—whether to buy or rent 
automatic data processing machinery—is being 
studied by the Government. More and more 
agencies that handle substantial quantities of 
information are turning to computers to speed 
their work. So far, the inter-agency group that 
has been studying the question has not been able 
to come up with a single hard and fast rule for 
all agencies. It is indicated, however, that most 
agencies will, for the time being, rent rather 
than buy. After developments in the costly ma
chines begin to be less rapid, there may be a 
swing to buying. (One of the government’s largest 
users of computers, the Census Bureau, already 
buys its machines.

Biggest problem that faces gov eminent officials 
who have to decide whether to rent or buy com
puters is obsolescence. This is reflected in the 
government’s tendency to rent machines with an 
option to buy. The government is also trying to 
figure out, well in advance, what to do with old 
computers.

It seems to regard trading-in obsolescent com
puters with misgivings, feeling, apparently, that 
predicting values in used equipment is at best 
an uncertain game. Besides, from the point of 
view of an agency processing cut-and-dried data 
(income tax returns, for example), technological 
obsolescence is not a real factor if there is no 
real need for equipment that embodies major 
improvements. In order to justify replacement 
of a data-processing system, such an agency 
would have to find a new one that promised 
savings large enough to offset the undepreciated 
part of the old system.

CIRCLE 804 ON READER-SERVICE CARD *
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UNIVERSAL
TRANSISTOR

PERHAPS NOT QUITE, BUT

ENTIRE SYSTEMS ARE NOW BEING DESIGNED WITH ONLY ONE FAIRCHILD TRANSISTOR TYPE, ACHIEVING THE

ULTIMATE IN COMPONENT STANDARDIZATION.

DIFFUSED SILICON MESA TRANSISTORS MAKE THIS POSSIBLE. THEY RETAIN THEIR HIGH PERFORMANCE OVER

A VERY WIDE RANGE OF TEMPERATURE, FREQUENCY AND COLLECTOR CURRENT.

A FEW BASIC TYPES CAN REPLACE MANY. AS PRICES ARE FURTHER REDUCED BY AUTOMATED MANUFACTURE,

THESE DIFFUSED SILICON TRANSISTORS WILL BECOME MORE AND MORE WIDELY USED.

SEMICONDUCTOR CORPORATION

45 WHISMAN ROAD / MOUNTAIN VIEW Yorkshire 8-8161

lew York Area: WEH» 1-4500, ext. 287—Chicago Area BRowning 9-5680—Philadelphia Area: TUrner 6-6623—Los Angeles Area: OLeander 5-6058

-/-tìIRC-HILD
semiconductor corporation

The following Fairchild 
transistors are available from 
stock for same day shipment 

in quantities up to 

1OOO 
pieces per type.

Standard NPN: 2N696, 
2N697. High Voltage NPN:.

2N699. High Beta NPM 
2N1420. Low StorJt

NPN: 2N1252,2N1J3. 
Standard PNP: 2NM31, 
2N1132. Mesa: ^706.

A

StMicr
ELECTRONICS

60 HERRICKS ROÄD
PIONEER 6 6520

At factory prices of course!
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MEETINGS
Calendar of Events

December
*1-3 1959 Eastern Joint Computer Conference, 

AIEE, ACM, PGEC, Statler Hilton Hotel, Bos
ton, Mass.

*1-2 4th Midwest Symposium on Circuit Theory, 
Marquette University, Milwaukee, Wis.

3-4 Professional Group Vehicular Communications, 
Colonial Inn & Desert Ranch, St. Petersburg, 
Fla.

3-4 2nd Semiconductor Surfaces Conference, Silver 
Spring, Md.

*3-5 3rd Annual International Visual Communica
tions Congress, Society of Reproduction En
gineers, SRE, Statler Hilton Hotel, New York, 
N. Y.

*8-10 2nd National Conference on the Application of 
Electrical Insulation, AIEE, NEMA, Shoreham 
Hotel, Washington, D.C.

26-30 American Association for the Advancement of 
Science, Chicago, III.

January
6-9 Institute of High Fidelity Manufacturers 1960 

High Fidelity Music Show, Shrine Exposition 
Hall, Los Angeles, Calif.

11-13 6th National Symposium on Reliability and 
Quality Control, Statler-Hilton Hotel, Washing
ton, D.C.

12-15 Society of Plastics Engineers’ 16th Annual 
Technical Conference, Conrad Hilton Hotel, 
Chicago, III.

25-29 Stress Measurement Symposium, Arizona State 
University, Tempe, Ariz.

February
2-4 15th SPI Reinforced Plastics Division Confer

ence, Edgewater Beach Hotel, Chicago, III.
3-5 1960 Winter Convention on Military Electronics, 

PGME, Ambassador Hotel, Los Angeles, Calif.
10-12 7th Annual Solid-State Circuits Conference, 

IRE, AIEE, Philadelphia, Pa.
11-12 7th Annual Cleveland Electronics Conference, 

IRE, ISA, AIEE, Engineering and Scientific Cen
ter, Cleveland, Ohio.

11-13 1st Annual Electronics Representatives Associa
tion, Drake Hotel, Chicago, III.

19-23 3rd International Electronic Parts Show, Paris, 
France.

*lncludes meetings described herewith

9th Annual Eastern Joint Computer Conference, 
December 1-3

Delegates from industry, educational institu
tions, government agencies and nonprofit research 
centers will spend three days at the Statler- 
Hilton Hotel, Boston, Mass., exchanging technical 
information on computers, their current and future 
use, and the changes they are making in the na
tions economy. A total of 27 technical papers— 
carefully selected to represent a wide range of 
current application and research in computer tech
nology-will be delivered during the conference. 
In addition to listening to technical papers, many 
delegates w ill discuss current problems in the field 
during four concurrent evening panel sessions 
slated for December 2. Others w ill make inspec
tion trips to either MIT’s Lincoln Laboratory in

26

for the most efficient 
production of 

oxygen-free gas

look to Amersil for all
high purity fused quartz 

requirements.

NITRONEAL” GAS GENERATOR
... provides by far the most economical and effi
cient method for the production of pure nitrogen 
—completely free of oxygen—and with hydro
gen content precisely controlled at any desired 
percentage between 0.5% and 25%. Nitrogen 
is supplied at a fraction of cylinder supply cost.

The Nitroneal Generator is automatic except 
for startup, with no need for operating person
nel. The unit performs instantly, efficiently any
where in the range of from 25% to 100% of 
rated capacity. Installation requires only allO 
volt line, water, air, ammonia lines and drain 
facilities. Units can be supplied in capacities of 
100 cfh to 10,000 cfh. . . . The catalyst lasts in
definitely—maintenance costs are practically nil. 
Write for complete catalog material and data.

Amersil manufactures and fabricates high purity 
fused quartz for ultraviolet transmission applica
tions, laboratory ware and production equip
ment. These products include standard apparatus, 
plain tubing in many intricate fabrications, cru
cibles, trays, cylindrical containers and piping 
in a full range of sizes up to 25" in diameter. 
Ingots and plates are available in general com
mercial quality as well as in special optical 
grades. Amersil engineers are also prepared to 
assist in developing fused quartz and silica equip
ment for special requirements. Send for bulletin.

CHEMICAL DIVISION • 113 ASTOR STREET 
NEWARK. N. J.

AMERSIL QUARTZ DIVISION • 685 RAMSEY AVENUE 
HILLSIDE, N. J.

CIRCLE 620 ON READER-SERVICE CARD
CIRCLE 621 ON READER-SERVICE CARD

DIVISION

AMERICAN PLATINUM & SILVER DIVISION, AMERSIL QUARTZ DIVISION, BAKER CONTACT DIVISION, BAKER DENTAL DIVISION, BAKER SETTING DIVISION, 
BAKER PLATINUM DIVISION, CHEMICAL DIVISION. EAST NEWARK INDUSTRIAL CENTER, HANOVIA LAMP DIVISION, HANOVIA LIQUID GOLD DIVISION. IRVINGTON - BAK ER 
REFINING DIVISION, D. E. MAKEPEACE DIVISION, NATIONAL, ELECTRIC INSTRUMENT DIVISION, RESEARCH AND DEVELOPMENT DIVISION. H. A. WILSON DIVISION.

ENGELHARD INDUSTRIES OF CANADA, LTD. TORONTO. ENGELHARD INDUSTRIES OF QUEBEC, LTD. MONTREAL, ENGELHARD INDUSTRIES. LTD 
LONDON, ENGELHARD INDUSTRIES A. G. ZURICH. ENGELHARD INDUSTRIES PTY.. LTD. MELBOURNE, SOCIEDAD SURAMERICANA DE METALES PRECIOSOS S. A. BOGOTA. 
INDUSTRIE ENGELHARD S. P A. ROME, ENGELHARD INDUSTRIES OF SOUTHERN AFRICA, LTD. JOHANNESBURG. A ' i ACME TIMBER INDUSTRIES LTD .
SOUTH AFRICAN FOREST INVESTMENTS LTD., SOUTH AFRICA, AZOPLATE CORPORATION, CHARLES ENGELHARD, INC., NUCLEAR CORP. OF AMERICA, INC., U.S A

WRITE FOR LITERATURE

AMERSIL

QUARTZ

DIVISION
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a simplified mirror-bright
silver plating process

^45*

Here is the most efficient, simple procedure to 
protect electrical electronic and lamp compo
nents with a mirror-bright silver finish—through a 
complete range from flash to heavy deposit. The 
procedure is easy, economical and non-critical— 
with little or no polishing required. Silva-Brite is 
a clear, water-white solution, enabling the oper
ator to observe work as it is being plated. Uni
formly good results are attained with current 
densities ranging from 10 to 40 amperes per 
square foot. Normal room temperature opera
tion minimizes fumes and tendency toward bath 
decomposition. Send for descriptive data together 
with detailed plating procedures.

AMERICAN PLATINUM & SILVER DIVISION 
231 N. J. RAILROAD AVENUE, NEWARK, N. J.

CIRCLE 622 ON READER-SERVICE CARD

AMERICAN 

PLATINUM 1

& SILVER

DIVISION

ECONOTAPE crossbar 
contacts are most efficient 

for electrical relays
You can now get ideally efficient crossbar con
tacts for your electrical relays—with as many con
tacts as you need, where you need them—with 
positive assurance of full, contact surface. This 
has been made possible through the development 
of Makepeace's new ECONOTAPE, a precision
drawn shaped or rectangular contact wire in 
either solid precious metal or in laminated metal 
—in your choice of gold, platinum, palladium, sil
ver and their various alloys.

Econotape crossbar contacts are supplied com
plete, attached to Makepeace blades ... at
tached to blades supplied by you...or Econotape 
for your own attaching.

Econotape is cut off and welded to the blade 
in one operation. It is no longer necessary to 
handle and attach individual button type con
tacts. Positioning of Econotape on the blade is 
done automatically as the tape is cut off and 
welded. Permanent attachment is assured by a 
homogenous metallurgical bond that is undis
turbed by expansion and contraction caused by 
temperature changes.

If you are designing a new relay or trying to 
cut the cost of your present mechanism, send for 
Econotape Crossbar Contact literature.

D. E. MAKEPEACE DIVISION • PINE & DUNHAM STREET 
ATTLEBORO, MASS.

CIRCLE 623 ON CARD

Lexington, or the Arthur 1). Little Company in 
Cambridge. Thursday evening, December 3, a 
cash award for the best delivery of a technical 
paper during the Conference will be made. The 
main speaker for the evening will be Dr. Willis W. 
Ware, of the Rand Corp., Santa Monica, Calif. 
The Eastern Joint Computer Conference and its 
western counterpart are cosponsored by the Amer
ican Institute of Electrical Engineers, the Institute 
of Radio Engineers and the Association for Com
puting Machinery. For additional information 
write to: George Wood, Office of Public Relations, 
MIT, Room 3-339, Cambridge 39, Mass.

2nd National Conference On The Application Of 
Electrical Insulation, December 8-10

Latest developments in the field of electrical 
insulation will be exhibited at the 2nd National 
Conference on the Application of Electrical Insu
lation, to be held at the Shoreham Hotel in Wash
ington, D.C. The conference features a three-day 
technical program on the various phases and ap
plication of all types of electrical insulation. Par
ticular emphasis will be placed on high tempera
ture insulation, new insulating products, and new 
testing methods. The conference is co-sponsored 
by the American Institute of Electrical Engineers 
(AIEE) and the National Electrical Manufac
turers Association (NEMA). For additional infor
mation write to: T. F. Hart, Chairman, Publicity 
Committee, C () Silicones Division, Union Car
bide Corp., 30 E. 42nd St., New York 17, N.Y.

3rd Annual International Visual Communications 
Congress, December 3-5

The 3rd Annual International Visual Communi
cations Congress will be held in the Statler Hotel 
in New York City. Each morning there will be a 
technical session at which speakers from in-plant 
graphic reproductions-visual communications de
partments and manufacturers of materials and 
services will discuss the latest available techniques 
in the field of electrostatic printing, microrepro
duction and retrievables, office copying machines, 
offset, diazo and other methods of reproduction. 
The conference is sponsored by the Society of Re
production Engineers. Everett Kaestner, Bell 
Telephone Laboratories, New York City, is the 
general chairman.

4th Midwest Symposium On Circuit Theory, De
cember 1-2

The program for the 4th Midwest Symposium 
on Circuit Theory is as follows:

Tuesday, December 1—9 a.m.
Session I. On Analysis of Networks
A Primary and Secondary Aspect of the Equa

tions of Electrical Networks, M. B. Reed and
M. L. Wolla, Michigan State University

Determination of Transient Response in Elec
tric Circuit Analysis by Use of Mikusinski’s Opera-

27ELECTRONIC DESIGN • November 25, 1959
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• Very high hold-off 
voltages

• Low grid driving current
• Very high 

instantaneous pulse 
current

• Short anode delay time
• Negligible jitter
• Wide ambient 

temperature range

• Very rugged and 
reliable

o Compact and light
• Silent and cool
• Stable inert gas fill
• Instant-firing 

keep-alive
Sure dark/cold starts

Reliable products 
through Advanced

Engineering

CBS ELECTRONICS, danvers, massachusetts

A Division of Columbia Broadcasting System, Inc.

MEETINGS
tional Analysis, K. D. Struthers and T. J. Higgins 
University of Wisconsin

Axiomatic Formulation of Circuit Analysis 
W. M. Brown, University of Michigan

Tuesday, December 1—1:30 p.m.

Session II. On Realizability and Synthesis

Simplified Formulation of the Properties (Foste 
and other) of the Driving Point Impedance oi 
LC-Networks, L. C. Wilcox and M. B. Reed, 
Michigan State University

Low Q Filters, R. O. Rowlands, Pennsylvania 
State University

Synthesis of Grounded Two-Terminal-pair RLC 
Networks, S. L. Hakimi, University of Illinois

Passive Network Synthesis by a Matrix Trans
formation, R. P. Schuh, Oregon State University

An Extension of Prony’s Method to Frequency 
Domain Approximation, J. B. Cruz, University of 
Illinois

MORE NEW KRYTRONS
Advanced Electronic Devices for Triggers • Timers • Regulators • Pulsers • Etc

This original, advanced and still growing 
family of CBS cold-cathode triggering, timing, 
regulating and pulsing devices now includes six 
subminiature and six miniature types. Designers 
are discovering virtually unlimited applications 
for these Krytrons. Efficient, accurate and de
pendable, they offer particular advantages in 
military and industrial equipment.

CBS Krytrons are as reliable and rugged as 
the most stable circuit elements. They provide 
conservative safety margins for extreme condi
tions of heat (+85°C), cold ( —55°C), shock 
(2000-2800G), and vibration (10G at 0-5000 
cycles). Their compact modern design fits neatly 
into potted and printed-circuit packages.

Check the features . . . the wide ranges of the 
major characteristics. Write for complete Tech
nical Bulletin E-337A. Order from your local 
Manufacturers Warehousing Distributor, or 
from any CBS Electronics sales office.

MAJOR CHARACTERISTICS
SUBMINIATURE

Repetition rate is determined by allowable dissipation and by constants of gas fill.

Type

Hold-off 
Voltage 

(V)

Grid 
Firing 

Current 
G*amps)

Anode 
Delay 

Gtsecs)

Anode 
Delay 

Variation 
(Msec)

Peak 
Anode 

Current 
(amps)

Test 
Specification

7440 1500 20 4.0 0.4 100 Commercial
7441 1500 20 1.6 0.4 100 Reliable
7595 3000 8 1.0 0.15 400 Reliable
7596 5000 15 — — 100 Commercial
7597 5000 15 1.0 0.15 100 Reliable
7598 4000 15 1.0 0.15 500 Commercial

MINIATURE
7439 2000 40 4.0 0.4 500 Com., flying leads
7229 2000 40 4.0 0.4 500 Com., base pins
7230 3000 10 2.0 0.2 500 Rei., flying leads
7599 6000 7 1.5 0.2 500 Com., flying leads
7600 6000 7 1.5 0.2 500 Com., base pins
7602 6000 7 1.5 0.2 500 Rei., flying leads

Wednesday, December 2—8:30 a.m.

Session III. From Analysis to Design
A Useful Extension of the Nyquist Criterion to 

Stability Analysis of Multiloop Feedback Ampli
fiers, B. R. Meyers, University of W aterloo, 
Canada

Topological Consideration of the Realizability 
of a Communication Network, Omar Wing, Co
lumbia University

Approximations to Wiener Optimum Filters and 
Predictors, F. J. Beutler, University of Michigan

Design of Combinational Switching Circuits 
Using an Iterative Configuration, D. L. Epley, 
University of Illinois

Wednesday, December 2—1:30 p.m.

Session IV. Of Active Networks

Recent Advances in Active Network Synthesis, 
M. E. Van Valkenburg, University of Illinois

Multi-terminal Representations in the Analysis 
of Control Systems, R. C. Dubes, Michigan State 
University

Multi-terminal Representations in the Analysis 
of Electronic Circuits, D. P. Brown and J. J. Land, 
Michigan State University

The Analysis of Large Systems Using Subsys
tems as Components, W. A. Blackwell and H. K. 
Kesavan, Michigan State University.

The location of all sessions will be Marquette 
University. For further information contact: 
Stanley Krupnik, Jr., Assistant Director, Dept, 
of Electrical Engineering, Marquette University, 
Milwaukee 3, Wisconsin.



STOCKED BY MILGRAY

Ready for Immediate Shipmentns

VARIABLE INDUCTORand

ENTERPRISE NUMBERS IN LEADING INDUSTRIAL AREAS

CARDCIRCLE 26 ON READER-SERVICE

RING-DING
MINIATURE SERIES

The perfect coils for 
use where weight, 

•pace, and high Q 
considerations are essential

Electronically 
the Finest by

Mi LG RAY 
ELECTRONICS, INC 

136 Liberty Street 
New York 6, N. Y.

RE 2-440A TWX NY 1-4013
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POSITIVE THINKING... is not merely a chapter from a book on psychology!
It is a state of mind and an art of thought that has been responsible for new ideas 

and unlimited advancements in a modern and highly competitive world. Here at Delevan 
the scope of positive thinking has broadened to the point where startling changes have been 

made in the field of electronics. Dedicated engineers have met the challenge of industry 
and have created the quality and uniformity which is demanded in every electronic coil.

Through tho use of new materials, new applications, and new methods of 
manufacture, Delevan has introduced into its standard line of coils numerous values of molded 

and variable coils that once require«! the complications of custom manufacturing.
Nowhere in electronics history will you find highly skilled electronics engineers more devoted 

to the task of putting absolute perfection into their product than at Delevan. Delevan is 
the name that represents the industries’ widest range of high quality standard coils

CORPORATION
EAST AURORA, NEW YORK

Featuring the NEW MINIATURE
“RING-DING” SERIES

Make Milgray Electronics your 
supply center for Delevan Coils. 
Keeping pace with progress has en
abled Milgray to provide accurate 
information, prompt service, and 
immediate delivery from their 
huge up-to-the-minute inventory of 
Delevan products.

develop**«! to meet the most rigid requirements 

DELEVAN ELECTRONICS 
77 OLEAN ROAD

Reliable, rugged coils that exhibit high Q very 

low distributed capacity, and all concentrated

into an amazingly small package.



NEW FROM TELECOMPUTING...A Flexible PAM/PDM Automatic Decommutation System-This new system
will decommutate up to 90 channels of IRIG telemetry data simultaneously with a system error of not 
more than ±0.3 percent of full scale at repetition rates of 75, 90, 150, 180, 300, 450, 600, and 900 pulses per 
second. The system’s modular translators, or output gates, are interchangeable and may be removed with
out affecting operation of the remaining units. Commutator speed changes as great as ±20 percent will 
not degrade system synchronization. An AMP patchboard receptacle permits crosspatching any trans-
lator to as much as 5 channels or a single channel 
to as many as 5 translators. Output for each decom
mutated channel is ±15 volts full scale analog or 
transducer output. For additional engineering and 
application information, write, wire or phone to

DATA INSTRUMENTS
DIVISION OF TELECOMPUTING
CORPORATION

This automatic decommutation system, as 
well as all other products of Data Instruments 
Division of Telecomputing Corporation, is 
available through representatives in principal 
cities throughout the U. S.

SALES REPRESENTATIVES 
DATA INSTRUMENTS 
DIVISION OF TELECOMPUTING 
CORPORATION

EAST

. B. TAYLOR CORPORATION 
2270 Grand Avenue 
Baldwin, New York 
BAldwin 3-8000

TECHNICAL INSTRUMENTS, INC. 
90 Main Street
Reading, Massachusetts
REading 2-3930

L. G. WHITE & COMPANY, INC.
880 Bonifant Street
Silver Spring, Maryland
JUniper 5-3141

SOUTH

ROY ATTAWAY COMPANY
1635 Heatherwood Drive 
Decatur, Georgia
MEI rose 4-8983

SOUTHWEST

J. Y. SCHOONMAKER COMPANY
5328 Redfield Avenue
Dallas 35, Texas
LAkeside 6-7238

MIDWEST

R. EDWARD STEMM 
5681 West Lake Street 
Chicago 44, Illinois 
EStebrook 9-2700

S. STERLING COMPANY 
15310 W. McNichols Road 
Detroit 35, Michigan
B Roadway 3-2900

LEE MARK ASSOCIATES
Post Office Box 8467
Kansas Citv 14, Missouri 
Niagara 2-3313

WEST

KELLEY ENTERPRISES 
336 East Fourth Street 
Loveland, Colorado 
NOrmandy 7-1376

THE NORWEST COMPANY 
210 N. 36th Street
Seattle 3, Washington 
MElrose 3-3232

T. LOUIS SNITZER COMPANY 
5354 West Pico Boulevard 
Los Angeles 19, California 
WEbster 8-2073

30

12838 Saticoy St.. North Hollywood, California • TRiangle 7-8181

CIRCLE 27 ON READER-SERVICE CARD

ELECTRONIC DESIGN • November 25. 1959



EDITORIAL

CIRCLE 28 ON READER-SERVICE CARD

Designed...
... with a job in mind

USAF — NORTHROP TALON T-38

LECTRONIC DESIGN • November 25, 1959

The T-38 supersonic trainer, produced by Norair Division of Northrop, 

represents a departure from the current trend in operational military jet 

aircraft. High performance at low cost has become a reality in this ban

tamweight; infinite attention to detail and employment of tc< hniques, 

materials and components representing the ultimate in the present day 

state-of-the-art ha\e combined to produce a jet weighing little more than 

a pair of Cadillacs.

Canoga is proud to have designed and manufactured the transistorized 

power supply selected by Norair to power the AN/'ARN-lf navigation 

receiver of the T-38. Weighing less than 5 lbs., this completely mili

tarized unit provides regulated outputs of 28 xdc and 260 vdc from the 

T-38’s 3-phase 400 cps primary power. Naturally, regulation is main

tained from no-load to full-load, and over the entire operational range 

of input voltages and ambient temperatures.

'Ihe problem boils down to the fact that too many engineers 
know how to finalize a design, but not when. It’s true that many 
engineers fall in love with their first design, but then they want 
to improve it, and refine it, and clean up that last bug before 
they’ll let it go. Then everyone else wants to clean it up-pro
duction, quality control, even purchasing.

When the design passes the sketch pad, the breadboard, the 
mockup, the model shop, the preproduction prototype—when 
it s made several scurries back and forth between some of these 
stages—when it finally gets to the production line—then it’s 
really late. By this time, everybody’s frantic, and the customer 
is screaming.

Everybody along the line contributed to the havoc, but with 
the best intentions. The electronic design engineer wanted to 
deliver the most sure-fire circuitry. He was sure he could squeeze 
another few w atts out of a 6L6. He knew he could eliminate two 
resistors. He was certain he could knock the hum level down a 
lew’ db. And of course, he wanted to try the very latest compo
nents—the ones that came in just as he w as about to OK the de
sign.

The production engineer wanted to make the product as easy 
to manufacture as possible. He wanted it to breeze through the 
production line with no problems at all—no lost nuts to chase, 
no impossible-to-get-at mounting holes.

ihe purchasing agent wanted to buy the engineer’s specified 
parts at the best possible price, with the fastest delivery, from 
the most reliable vendor.

Everybody wanted to make the equipment the best that ever 
left the back door. But even body held it back. Everybody was 
engineering the job too long.

In short-run production, just as in mass production, it’s im
portant to know when to stop improving, when ‘ that little extra”

"To Hell with Engineering. Let's Ship."
Production runs are getting shorter. Large-quantity orders are 

becoming a fond memory. Lead times get shorter and shorter, 
while more and more we hear— To hell with engineering. Let’s

VAN NUYS 
CALIFORNIA



Designing For Short-Run Production

George H. Rostky
Associate Editor

Standardization—A Powerful 
Tool .......................................... p 34

Modular Design—for Mass- 
Production Benefits .......... p 40

32

Planning Production p 44

if mm

Ideas and Tools—Speed- Short 
Run Production.................... p 52

IN DESIGNING for short-run production, then 
are no universal truths. There are no short-cuts, 

no bee-lines, no direct through-ways to economical 
design for the low-quantity run. But there arc 
many approaches, many techniques, many tools 
to ease the job and cut the cost. Each has its place*.

Tricks of the Trade
The short-run designer uses many tricks of the 

trade in trying to produce more efficiently. He 
looks for alternate and less expensive designs for 
the same job. He uses the same design for more 
jobs. He uses fewer parts for more functions. He 
uses standard, commercially available materials, 
parts, and processes.

Starting with the idea of designing for simplic
ity in production, he looks for what’s easy to ob
tain. If he needs a chassis or a cabinet, for exam
ple, he checks a trade magazine or a catalog to 
see what’s most suitable. He knows there’s little 
excuse for not at least looking into commercial 
parts. But he also knows when to stop looking 
and start building.

He tries to design with in-the-shop supplies— 
stock room parts. But he tries lots of them. He 
doesn’t want to select “hot" tubes or transistors.

He doesn't build a circuit that depends on a 
tube or transistor characteristic which isn’t well 
controlled. He knows that a particular tube may 
have carefully-controlled Gm, but a poorly-con
trolled cut-off characteristic. If he’s concerned 
with cut-off, he’ll use a different tube type.

When he's forced to make something in the 
shop, he’ll see if it’s worthwhile to make a surplus.

He’s wary of adjustments and knows that inter
acting adjustments are not the best way to win 
friends among production personnel.

In encapsulating assemblies, the designer 
doesn't mount a 10-cent resistor, which may burn 
out, with a $50 transistor. He’ll encapsulate relia
ble components that function together so he can 
minimize leads to be brought out.

He knows the road his product must take from 
his sketch pad to the back door, and he tries to 
save steps along the way—even small steps.

He watches for those “less important” charac
teristics of components. He doesn't bury himself 
in details, but neither does he scoff at them. He

ELECTRONIC DESIGN • November 25, 1959



They got rid of the dobbin

eduction lii

We got rid of the bobbin!

GENERAL TRANSISTOR INTERNATIONAL CORR

Actual 
size

design.
lie dreads changes on

he won’t carry engineering model shop design 
into production.

Fie prefers catastrophic failures during the de 
sign stage. Subtle changes hurt.

personnel operates at peak efficiency.
Approaches to coping with the short run take
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PRECISION MAGNETIC RECORDING HEADS AVAILABLE FROM GENERAL TRANSISTOR WESTERN CORP., «110 VENICE BLVD , LC
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knows that small details can hit him when he 
really doesn't need added troubles.

The successful short-run designer is mindful of 
changes in his preproduction prototype. He won’t 
make those “nice' changes for a longer run or a

many forms—some of them diametrically opposed, 
rhe philosophy that serves one manufacturer may 
be a woeful hindrance to another. But experts 
agree: In most cases, the best way to cope with 
short-run production is to make it as much as 
possible like long-run production.

Just how to make the short run look like a long 
run is the subject of the following pages. ■ ■

Why should precision wire wound resistors continue to be wound on bobbins and encapsulated in epoxy 
resin . . . when we know the life of the resistor is shortened and its stability lowered by the varying expansion 
rates of the wire, bobbin, and resin.

Let’s face it: Bobbin’s ready for the pasture! General Transistor has developed a precision wire wound 
bobbinless resistor that floats in a special viscous fluid. Result: a strain-free resistor with tolerances as low as 
0.05% and Temperature Coefficients of Resistance as low as 2PPM / C.

These facts alone are proof that it s time to learn more about GT Precision Wire Wound Bobbinless Resistors.

Get the full details! Write today for brochure GR-30.

GENERAL TRANSISTOR CORPORATION 
91-27 138th Place • Jamaica 35, New York • Phone: Hickory 1-1000

Problems Galore

The short run brings with it many problems not 
normally encountered in large quantity produc
tion. Some of these problems will never be solved. 
Others can be solved—at least in part. The^ many 
problems include:
■ Expensive capital equipment cannot be pur
chased for one short run as the costs cannot be 
spread over many items.
■ Efficient, high-output, production machinery 
can seldom be* justified economically.
■ Time spent for setting up a production line and 
time for setting up test facilities are large com
pared with the total time spent on a project.
■ Parts purchased in small quantities tend to be 
most expensive.
■ Fabricated parts may have to be made by the1 
most expensive processes and by the most highly 
skilled labor.
■ Experience gained in one short run may not 
seem useful in another.
■ Training operators takes a relatively long time. 
\ project may be completed before manufacturing

Our Special Thanks

We w ish to thank
Mr. James M. Brearley

U. S. Navy Bureau ol \eronautics
Col. Marion C. Smith
Lt. Col. Lester E. Manbeck
Lt. Col. Kenneth J. Kiel
Mr. Leslie G. Ozier

U. S. Air Force
and the many others in industry and in the 
military for their special help in supplying 
information for this report.



Standardization
A Powerful Tool Unde
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the most 
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Standards Program Really Works

One of the most effective systems of standard

run produet 
or another.

Fig. 1. One of several displays 
showing Components Preferred 
for New Designs. General Radio 
uses these boards to help engi
neers select and use standard 
parts. Other boards show resis
tors, capacitors, diodes, and a 
host of other parts.

ing manager Harold W ilson, “Our standardization 
program really works. We don’t compel an engi
neer to use materials or parts from the preferred 
list, but he finds the list a great convenience.”

parts (or a family of parts), to procedures and 
techniques, or to processes. If properly imple
mentici, standardization can become an enormous 
monev-saver.

supervisor of Experimental Shop and Test Facili
ties, the standards program has many unusual 
features'. First of all, it was designed by engineers, 
not by stock room supervisors.

Engineers have notebooks, kept up to date by 
almost daily revisions, which list all the preferred 
components, materials, and design standards. Au 
up-to-date wall display (Fig. 1), of all preferred 
components shows samples and lists prices.

The engineer knows that he can find all pre
ferred parts in the stock room and knows that 
they can be purchased in quantity, readily. He 
knows also that his company has thoroughly tested 
samples of each part and can provide data which 
even the vendor may not have.

As an example, for a dpdt toggle sw itch, G-R 
will list dissipation factor of the dielectric, dielec
tric strength to ground, capacitance between ter-

TANDARDIZAT1ON is out* 
trenchant tools in economical de
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Write for your copy of Bulletin 
GC-106C, a general catalog of all 
Arnold products. It contains useful 
data on the physical and magnetic 
properties of Alnico magnets. Lists 
stock items and standard toler
ances for cast and sintered mag
nets—also stock sizes and pertinent 
data on tape cores, powder cores, 
C & E cut cores, etc.

no 
fic 
ap

BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES 
Find them FAST in the YELLOW PAGES
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Specify “ARNOLD”

lai 
de 
ed

^ARNOLD
SPECIALISTS In MAGNETIC MATERIALS

'Mtateiia.ta
Cast Alnico Magnets are most 
commonly made in Alnico V, VI or 
III. Sintered Alnico Magnets us
ually are made in Alnico II, V or 
VI. Special permanent magnet ma
terials suplied by Arnold include 
Vicalloy and Arnox III and V.

ii nulls and to ground, and other information not 
normally found in catalogs.

It took years to develop this program, but it 
pays off. The standards program takes a lot of 
engineering time out of selecting components.

Lastest G-R equipments, according to Little
john, have 95 per cent of preferred parts applied 
according to recommended practices. The pro
gram has reduced the number of general purpose 
components catalogued and stocked from 12,000 
to about 2500.

As specific examples, 10-32 machine screws, 
formerly stocked in seven head styles and 25 
lengths, are now used in only one head style and 
13 lengths. The number of electrolytic capacitor 
tvpes has been reduced from 60 to 12 types.

'‘Flexible Standardization" Begins Early
In an entirely different field. Avien, Inc., of 

Woodside, N. Y., uses an approach called “flex
ible standardization.” This is just another name 
for the philosophy of making a new7 product as 
adaptable to change as possible, without the 
need to alter any major component. Such stand
ardization begins early in the design stage.

Avion has applied the principle to panel- 
mounted, servo-type instrument such as tempera
ture sensing and recording instruments and fuel 
gage systems. Though these instruments provide 
a wide variety’ of displays of an even wider variety 
of input signals, they are all composed of three 
basic subassemblies: amplifier, motor and gear 
train, and rebalance potentiometer.

Amplifiers are all built to the same basic out
line dimensions and are designed to tie into the 
instrument structure in the same manner. Motors 
fit into a standard frame size. Regardless of the 
characteristics of an individual motor, it is me
chanically identical to any other.

Gear trains are designed so that, with the 
addition or deletion of one or two passes, any 
requirt'd response may be obtained. Provision is 
included for tap-offs for vernier sub-dial shafts.

I he rebalance pots use a common housing and 
a common set of accessories. This results in pots 
with a required degree of accuracy’ conforming to 
almost any mathematical law. The housing allows 
foi addition of a concentric winding for telemetry. 
\ ommutator and switches for control signals can 

b< added to the instrument without any design 
ch nges.

For ALNICO MAGNETS—Stock or Special

Standardization Has Many Forms 

tandardization can take many forms. It need 
take the form only7, of standardizing on speci- 
products. It can take the fonn of a standard 
roach to purchasing and manufacturing.
>r. Beatrice Hicks, president of Newark Con- 
s Co., Bloomfield, N. ]., has established a

Your best bet for a source of Alnico 
permanent magnets and assemblies is 
Arnold—producer of the most complete 

line of magnetic materials in the industry. 
We can supply your need for any size, 
shape, or type of Alnico magnet. Weights 
range from small sintered parts weighing 
less than a gram to large castings of 80 
lbs. or more.

Special assemblies such as rotors, travel
ing wave tube and magnetron magnets, 
etc., may be supplied aluminum-jacketed 
for easy mounting and added protection 
of the magnet—and magnetized and sta
bilized as desired. Large magnet assemblies

may also be supplied for mass spectrometer 
and other measuring applications, where a 
high degree of stability and uniformity of 
field is required.

For your convenience, we carry a wide 
range of the more popular sizes and types 
of Alnico magnets in stock for immediate 
shipment. Unsurpassed plant facilities 
assure quick delivery of all special orders.

• Let us handle your permanent magnet 
requirements, or any tape core, powder 
core or other magnetic material specifica
tion you may have. Get in touch with 
The Arnold Engineering Company, 
Main Office and Plant, Marengo, III.
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Fig. 2. This high-density package, designed by The Sippican 
Corp., uses standardized welds for all connections. Mylar 
film jigging provides simple positioning for all components 
prior to welding ond encapsulation.

Standardization

“standard” priority system for parts. Leading her 
list, in order of decreasing desirability are:

■ Use standard parts manufactured in large 
volume by other manufacturers—such as military 
standard parts, electrical connectors, automatic 
screw machine products, panels, handles, etc.

m Use standard parts, manufactured in large 
volume, which can be modified easily.

h Use standard parts manufactured in short 
run lots by other manufacturers. These include 
purchases from companies which own a tremen
dous number of dies, molds or tools, etc.

■ Use simplified special parts that can be sub
contracted to short-run specialists such as com
panies which handle automatic screw machine 
work, stamping, casting, forming, etc. These man
ufacturers should be skilled in inexpensive low- 
life tooling.

There are circumstances when Newark Con
trols will fabricate parts in their own plant. Thev 
will fabricate their own parts when:

■ Parts will be made at lowest cost. (They must 
have the tools and experience.)

■ Time is at a premium.
■ I he part is experimental and the company 

wants engineering personnel to follow the process 
till standards have been established.

■ Adequate control of the process is not ob
tainable through sub-contracting.

Some Standards Don’t Look Standard
For certain types of work, standardization may 

take a paradoxical twist. In the “high-density 
package,” using conventional components closely 
packed together and encapsulated, it may ap- 
pear that there is no standardization whatsoever.

A first glance at such a package (Fig. 2), seems 
to reveal no effort at standardizing. But extensive 
standardization is used for the process of welding 
all the connections.

Each joint in a planned assembly is studied and 

36

standardized before any production takes place. 
This involves choosing the welding machine; 
welding head; electrode material, configuration 
and size; welding pressure; and welding current.

First units of a short production run take ad
vantage of this pre-engineering and standardiza
tion of connections. In practice, the majority of 
welds in a package are found to have been stand
ardized during previous work.

It is even possible to automate several aspects 
of low volume production using the high-density 
process. In one application, it was possible to 
build quantities of NOR switches and to apply 

Fig. 3. The value of early standardization of module size is emphasized by this encapsula
tion mold. The Sippican Corp, uses this mold for a high-density welded assembly.

separate logic matrices later.
These matrices were designed entirely tlirough 

a computer-programmed layout which resulted in 
a line-printer sheet. The sheet w as reduced photo
graphically to form a logic matrix positioning 
film. Usually, component positioning and jigging 
are obtained through Mylar films which are 
photographic scale reductions of drafted layouts.

Testing these packages is also automated to a 
high degree. One particular end connector in
volves up to 1000 pins which are interconnected 
through some 200 circuits involving perhaps 3000 
connections.
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ample of the usefulne

Try Standard Circuits
\t Lear, Inc., in Grand Rapids, Mich., the cm

transistorized 400-cycle servo
can use this in dozens of applications,” says Voice1. 
We may have to modify the output transformer 
o drive different loads. Or we may have to adjust 

Hie input stage for different gain requirements.
hit we can use it again and again.”

To emphasize1 his point, Voice shows how the 
me-watt amplifier can be used to drive an eight-

These bearings, through advanced manufacturing tech
niques, exacting inspections and controlled environmental 
tests, backed by 50 years of laboratory testing experi
ence, give precision and uniformity far above the most 
precise industry standards. They promise new perform
ance and reliability for the submarine-launched IRBM. 
You can look to improved performance and reliability 
when you include an N.D. Miniature/lnstrument Bearing 
Specialist in early design level discussions. Call or write 
Department L.S, New Departure Division, General 
Motors Corporation, Bristol, Connecticut.

rhase motor. We take seven watts from the line 
o power the fixed phase, and take one watt from 
air amplifier to power the control phase.

“Motor dissipation is the same as with balanced 
»peration. We lose about 30 per cent efficiency 
>n the torque for so large an unbalance, but it’s

new applications. Cliff Wrice

X converging test of this subassembly may take 
100 man-hours; this can be automated to involve 
inly a few hours on a punched-card comparator. 
According to W. Van Alan Clark, president of the 
'»ippican Corp, of Marion, Mass., “For short run 
production, using this process, it is neither neces
sary nor desirable to standardize on lead spacing 
or component location. Any standardization would 
be a hindrance rather than a gain.”

But he goes on to stress the value of using 
standard molds where possible. Fig. 3 shows an

At speeds up to 24,000 RPM precision rotor bearings in 
inertial guidance and navigational systems are highly 
critical components. Early research and development in 
design and manufacturing at New Departure is solving 
the problem and thus winning vital roles for N.D. 
integral rotor bearings in missile projects. For example, 
"B' Series bearings with separable inner ring developed 
by N.D. are helping set performance records in such 
inertial guidance systems as the AChiever.
New Departure is also supplying high-precision rotor 
bearings for the inertial guidance system in Polaris.

Try to Standardize a Missile
Standardizing is not always easy. In missile 

equipment, space limitations may prevent the use 
of standard modules. At Bendix Products Div.- 
Missiles, in Mishawaka, Ind., mechanical design 
engineers Grant Michael, Tom Collins, and John 
Cunningham point to configuration as a major 
limiting factor.

But even in this realm, they try to standardize 
as much as possible. They're trying to standard
ize on the size of printed circuit boards—at least 
in two dimensions. The length of the board, they 
may vary, or they may tie boards in series for 
larger circuits.

They use standard hardware where possible. 
They standardize on mechanical assemblies and 
try to use the same container wherever they can. 
They’ll standardize on chassis and subchassis 
mounting bolts, and will specify only the easier- 
to-buy machine screw sizes: 2-56, 4-40, 6-32, 8-32, 
10-32, 1, 4-28, etc. They try to lean heavily on a 
preferred parts list, issued to all designers.

Their work is made more difficult by the fact 
that, though they may be designing for but a few 
assemblies, they must assume that someday they
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Model A12’s pass rugged military environ* 
mental tests for altitude, shock, temperature, 
humidity and electro interference.
Design and construction techniques used in the Model A12 
amplifier are fully two years ahead of the field! These 
advanced techniques enabled the Model A12 to meet stiff 
environmental qualification tests which resulted in their 
being selected by Martin engineers for use in the Titan 
ground support equipment.

Use of totally transistorized circuits gives the A12 unmatched 
reliability7 and performance, and minimizes heat dissipation 
problems inherent in vacuum tube instruments. Plug-in 
etched circuit boards and modular internal construction 
make servicing and maintenance checks easy —the amplifier 
can be disassembled and reassembled in less than 10 minutes. 
Your E-I representatives can give you complete information.

for TITAN

f
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ground support 
equipment

Totally transistorized-dissipates only 7 watts. 
Drift less than 2 microvolts for 200 hours.
.01% linearity and stability.
100 megohms input impedance-40 milliohms 

output impedance.
|1 db DC to 10 KC.
Noise less than 10 microvolts wideband.
Single ended or differential input.
Operates to specifications from 0° to 50frC.
Self-contained power supply-operates on any 

line frequency from 50-400 cps.
Mil-type chopper gives unmatched reliability 

for the life of the instrument
7"x 19* panel accommodates 8 instruments

worth it because we can use small power tran
sistors—units we know and trust.”

Lear engineers have been designing with tran
sistor circuits since 1954. According to electrical 
engineering department head Mel Front jes, 
“. . . some of our engineers scarcely know what 
vacuum tubes are.”

All the basic circuits use silicon transistors 
rather than germanium. In many cases, the engi
neers could use germanium. But they feel that it’s 
not worth redesigning reliable circuits to see if 
germanium will work. Besides, they don’t have 
the' time.

Coupled with Lears emphasis on standard 
circuits, there is a drive1 to standardize packages 
—or at least—to go to standard packaging tech
niques and standard processes. An electronic 
packaging design section, headed by Roy Malarik, 
handles all the1 packaging.

This group tries te) use standarel transistor 
brackets, standard chassis types or other standarel 
hardware items. Most important, it tries to pack
age1 all the1 electronics with a view te) using avail
able1 machinery and available techniques.

Confronted by space1 limitations, the packaging 
engineers aren’t alw ays successful in using a stand
ard chassis. But they 're1 looking into new packag
ing techniques.

A promising package1, they feel, is the1 micro
module1 which use's layers of 1/3-inch sepiare 
ceramic w afers w ith components coated on them.

Lear engineers plan te) investigate1 these1 micro
modules for their serve) voltage amplifiers, quad
rature1 rejectors, modulators, anel demodulators. If 
these packages work well, Lear will standardize 
on these1 micromodular subassemblies—at least— 
for many applications.

What’s the Government Doing
In view of the enormous value of standardiza

tion, and in light of the cost-cutting role it could 
play in our country ’s space-age requirements, it 
seems strange1 that the1 government has contrib
uted so little in an area where it could be so 
powerful.

But the1 picture may change. Since 1945, the1 
Department of Defense has been active in es
tablishing a complete line of certain kinds ol 
standard components. Today, MIL-S-20708 en 
compasses draw ings and specifications for 60 and 
400 cycle synchros from size 8 to 37.

3540 AERO COURT
SAN DIEGO 11, CALIF.
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High density packaging
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wide standards
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I TOUGH MYLAR CASE 
© EPOXY ENO SEAL

rated voltage from 
125 C with 50%

' GOOD ALL

X663F
AXIAL LEADS

TEMPERATURE RANGE. Full

Commack, N. Y., says

SUPERIOR IR Insulation resistance of these rugged 
Mylar dielectric types far exceeds the IR obtain
able from paper designs. (See curve below for 
actual performance.) » B , lmi ' DuPont < »or poiyfttcr flint

10%, and

1 )D is currently sponsoring projects to insure

X663FR
RADIAL LEADS

TEST. 250 hours at 100 C

M1L-STD-710, they can ] 
dm ing spares inventories

"en. rators. In the distant futur 
spi‘( for standard gyros

established some standards 
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increase the benefits of standardized compo- 
in tomorrow’s systems. The aim is to have 
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hese units, available from several sources, can
<rjv ■ design engineers excellent instrumentation

“EDGE MOUNTING”. Because its cross-section is 
rectangular, Type X663F permits mounting with 
either the side or edge in contact with the chassis. 
Type X663FR is designed for edge mounting only.

and 125% M rated voltage.
CAPACITANCE TOLERANCES Standard tolerance

SPACE SAVING. Significant size reduction over film
foil and paper-foil designs can save vital space. 
The net volume saved increases with capacity 
value.

INSULATION RESISTANCE Greater than 30,000 
megohm-microfarads at 25 C but need not ex
ceed 30,000 megohms.
DISSIPATION FACTOR Less than 1% when meas
ured at or referred to 1000 CPS — tempera
ture of 25°C.
VOLTAGE RANGE Available in 100, 200, 400 and 
600 VDC.

Bv using these components, designers and man- 
iit icturers can avoid duplication of engineering 
charges as well as high costs due to short produc
tion runs.

( ommenting on this progress, Samuel Sherwin,

Standardize Printed Circuits
Edvv ard Kasner, project engineer of Stav id 

Engineering, Inc., in Plainfield, N J., views another 
area w here standardization could be inv aluable— 
printed circuitry.

Says Kasner, “Though printed circuit boards 
arc used by practically every firm that designs 
electronic equipment, and though each firm has

Tin* benefits of MIL-S-20708 are available today. 
Thcv are a good start. But the government should 
not stop at standardizing synchros. It should 
extend the standardization effort into other types 
of precision rotating components and allied 
equipment.

. no comprehensive 
en evolved which is 
I the armed services 
s have issued then 
75 (Ships), MIL-P-

ide to Stavid’s company

WEIGHT SAVING. The quantity of metal required 
for plates in these metallized Mylar ‘designs is 
less than 5'7 of that for an equivalent foil design. 
Weight saving increases rapidly as capacity value 
increases.

\s it in answer, Louis Schlesinger of the Office 
of tin* Chief Engineer of the Navy ’s BuOrd points 
out that the government does indeed intend to 
extend standardization to other precision rotating 
components. The government also expects to 
sponsor the development of a standard series of 
amplifiers to match standard resolvers and servo 
motors. They hope to be able to package resolvers 
and implifiers in single disposable containers—an 
answer to the trimming problem.

B i Ord hopes that standards, soon to be made 
available, will help simplify complex testing, 
o a lating, and inspection of many servo-type 
vom )onents. Some of these specs should stand-

CAPACITORS

1 00 4? 1 » 593 « ’S.
2 00 406 « 718 s P*
3 00 453 m 765 * P,
4 00 500 « 890 x P ,
S 00 484 ■ 841 « P4



Modular Design—
Mass-Production Benefits

Fig. 1. Sylvania's universal package has one 
logic card and as many as 12 single-element 
component cards. The straight conductor runs, on 
the back of the board, can be seen through the 
giass-base epoxy laminate.

MODULAR design, a powerful weapon in the 
war against the high cost of short-run pro

duction, is much akin to standardization. Many 
consider it a special form of standardization.

Its merits are impossible to evaluate in dollars 
and cents alone. How7 can one compute, for ex
ample, its value to logistics? Can one assign a 
money value to the fact that a military field com
puter may require an inventory of only 50 spare 
modules rather than thousands of spare parts?

Yields Mass-Production Benefits
Modular design enables designers to reap some 

of the benefits of mass production. Multiple-ap
plication modules can often be mass-produced 
by hundreds or thousands, though the system for 
which they were originally designed may require 
only dozens, hi this way, the designer can often 
take advantage* of cost-break quantity buying.

Like any good thing, modular design has its 
drawbacks. For one, use of standard, modular, 
building blocks may result in inefficient packag
ing density. But for many applications, this is out
weighed by compensating advantages.

Modules Should Be Logical
Modules must, of course, be designed with 

care. The designer must not fall into the trap of 
designing half a function on one module and the 
other half on another. He must make his modules 
logical units wherever possible.

He has to be careful about interconnections; he 
should minimize them between subassemblies. 
He must remember that his subassemblies may 

hay e to be handled, stacked, tested, and shoved 
around from position to position, even before 
they land in the final product.

Keep Circuits Simple
The aim of most modular design is to use sim

ple and universal circuits. One of the most fruit 
ful applications of such modules is in computers 
which use hundreds of identical circuits.

Often, six or eight basic module-types can serve 
as the backbone of a computer, while 15 or 20 
others complete the machine.

Fig. 2. This single-element 
card is one of the bricks 
Sylvania used in building 
MOBIDIC.
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Another Tinnerman Origina!

FASTEST THING IN FASTENINGS*

shoved 
before

Fig. 3. Librascopes universal-pattern circuit board 
permits assembly of logic modules before the computer 
design is firmed.

Brand Fasteners. Your Tinnerman representa
tive has complete information and samples. If 
he isn’t listed under “Fasteners” in your 
Yellow Pages, write to:
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ise sun- 
st fruit 
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Wherever you require a heavy-duty, multi
thread, self-retaining fastener, a Tinnerman 
Speed Grip Nut Retainer answers the need, 
holds down assembly costs.

Speed Grips snap into place. .. some into 
panel holes... others over panel edges. No 
special tools or skills required. Spring-steel 
fingers grip the panel, yet let the nut float to 
compensate for normal panel-hole misalign
ment. Welding, staking and clinching are 
eliminated. Speed Grips can even be applied 
after panels have been finished, avoiding paint- 
clogged threads.

Speed Grips are available in a wide range 
of sizes and types, including front-mounting 
nut and holt retainers for hard-to-reach or 
blind locations.

See your Sweet’s Product Design File, sec
tion 8-T for data on these and other Speed Nut

Like standardization, modular design takes dif
ferent forms. One fonn is exemplified by the 
printed circuit card which carries one or more 
basic circuits. This card may be used in many ap
plications without any change. Essentially, this 
type of module is used like an encapsulated as
sembly.

One of the newest module forms, the “micro
module. " consists of components deposited on tiny 
ceramic wafers, stacked in layers to form complete 
circuits. Pioneered by the Signal Corps, with RCA 
as the leader contractor, these micromodules are 
slowly finding their way into military equipment.

A very popular module form is that of the basic 
card (or chassis) which can easily be modified to 
serve in many* roles. It has basic circuitry or wir
ing which can be altered easily into many varia
tions.

m serve
5 or 20

CANAO* OtiMw Fasteten ttd Namito* Datan* GRUI BRITAIN SimmiMs Aer*cess*ne$ Ltt, lieferest. Wales FRANCE SimmNs SX 3 nie Salem* Re letkscbilí Surestes (Sem). GERMANY Meca*« B"nij tmM Nemi*ei| 
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The Universal Package

An excellent example* of this ty pe of module is 
Hie Universal package" designed by John Mar- 
zilb and Michael Berberian of the Data Systems 
Operations of Sylvania Electronic Systems at 
Mx dham, Mass.

•is package is intended to serve an unlimited 
van. ty of digital equipments. As shown in Fig. 1, 
it c msists of one logic card w ith a maximum of 
1- ■ ngle-element component cards attached to it.

1 ie logic card, with 35 straight conductors 
( tc d on one side of the board, has provision 
lor inserting jumper wires at every contact with 
the lement cards. At discrete intervals, there are 
pn isions for jumpering between conductor runs 
or om a conductor to a contact point. Where



Modular Design

in

>P

the

tro

Ol)<

01)1

e o e

42 EU

P" 
wc

can 
dril

ma, 
bei

si) 
an

mil
IIS(

logic packages, with combinations of etched 
cuitry and jumper wires, provide almost all 
logical interconnections.

Together they arc* the building blocks of

cir- 
the

Fig. 7. Output transformers for 100-watt frequency 
converters or 1000-watt units can be mounted on the 
same frame. The frame members are drilled and tapped 
to take several transformer sizes and they can be 
moved closer together or further apart.
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detection radar data take-off portion of BMEWS 
(Ballistic Missile Early Warning System).
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Fig. 4. A special ’ pulse generator, designed and delivered quickly, at low cost, by using 
minor modifications of standard, compatible modules. Electro Precision Corp, calls them 
Digitrol building blocks.

Fig. 5. The basic frame for Electro Preci
sion’s ' Digitrol” building blocks can carry 
a printed circuit card on its back for inter
connections between modules.

Fig. 6. TICs basic modules can be combined to form 
a wide variety of frequency converters.

necessary, the straight conductor runs can be n- 
terrupted by knifing aw ay part of the conduct ve 
material.

The element cards, (Fig. 2), house the cireui rv. 
They plug into the* logic card through stur h 
conductix e, contact fingers. The element ca ds 
have guide pins and alignment studs, coded to 
insure that the cards w ill be properly positioner 
on the logic card.

These small cards, available as single- or 
double-element units, can accommodate any digi
tal circuit within the limits of the system. The

Computer “Stock” Card
For similar applications, Librascope engineers 

have developed a “stock” card shown in Fig. 3. 
WTith a universal printed pattern, this card can be 
modified by interconnections to yield many circuit 
functions.

Before final design of a computer, components 
can be added to the card to form as many as 33 
individual logic modules. When the design is 
firmed, the modules can be interconnected.

This “stock” card technicpie, according to proj
ect engineer E. M. Zuchlke, permits a large 
amount of fabrication prior to full-scale produc
tion. Though it doesn’t provide the most compact 
packaging, and though it’s not particularly adapt
able to mass production, the card saves a great 
deal of time in short runs.

On these cards, the printed circuitry is carried 
through from the base plug connector to a dupli
cate connector at the top of the card. This permits 
the card to be plugged into the computer and to 
have* the entire plug available for testing or 
trouble-shooting. Troubles are quickly diagnosed 
w ithout recourse to circuit-crawling with a scope

Analyze, Then Design
Electro Precision (’orp. of Arkadelphia. \rk- 

cuts the cost of special-purpose control systems 
and computer designs by using a compatible set 
of predesigned functional components.

After analyzing a large number of special-pur
pose computers, instruments, and control systems. 
Electro Precision broke them up into block dia
gram form, and regrouped the block diagram'' to
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j TRUE Vet RATING

150 WATT POWER

DISSIPATION CURVE

erate Westinghouse silicon power transistors at the manu
facturer’s ratings without risking transistor failure. This 
TRUE voltage rating of Westinghouse silicon power tran
sistors coupled with their still unequaled low saturation 
resistance and low thermal drop makes them an ideal first 
choice for military, industrial and commercial applications.
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establish a minimum of functional elements which 
w mid yield the largest number of configurations.

Modular units, to work from a common supply 
\( Itage, were built for functional elements like 
si vo preamps, power amplifiers, servo multi
pl icrs, crystal clocks, frequency dividers, decade 
counters, and voltage regulators.

Each unit has its own front panel, so when an 
instrument is made up by plugging in the right 
combination of elements, the front panel is also 
completed. (See Fig. 4.)

Use of the plug-in modules slashes the time 
spent in detailed circuit design and in preparation 
of instruction manuals. Connectors, with in-line 
pins, are placed in the same relative position on 
the back of each module. As shown in Fig. 5, this 
simplifies wiring B-phis, ground, filament, input 
and output connections.

Build Large Circuits From Small
Though modular design is a natural for com

puters, it shows its great value in other fields as 
well. One can take, as an example, the* frequency 
converters manufactured by7 Tel-Instrument Elec
tronics Corp, of Carlstadt, N.J.

Using basic circuit modules, shown in Fig. 6, 
TIC was able to economize on a wide variety of 
one-, two-, or three-phase* frequency converters 
with power outputs ranging from 100 to 1000 
watts.

Larger systems could be made from smaller 
ones, or two- and three-phase systems from single 
phase units, by adding basic modules and making 
minor wiring changes. The same size chassis is 
used for any output from 100 to 1000 watts

Ibr converters w ith power outputs greater than 
250 watts, forced air cooling was easily provided 
hy a blower and pressure box underneath the 
chassis, and an exhaust box on top of the output 
chassis.

Output transformers, in a multitude of sizes, 
can be mounted on the same frame, suitably 
drilled and tapped as shown in Fig. 7.

TIC’s modular design reduced size and weight 
dramatically. The modular version of its 500 watt 
unit, for example, weighs 140 pounds and occu
pies 4-1/4 cubic feet. This compares with 600 
pounds and 16 cubic feet for the original, stand
ard construction counterpart.

1 IC’s senior mechanical engineer, George Kos- 
tid points to additional advantages of the use of 
modules: “They mean easier handling, storing, 
"ii ng, testing and fabrication because of the 
mu< 1 size of individual modules. They7 increase 

bility of design and permit tighter cost con- 
Ire over parts and labor.

nd let’s not neglect the more efficient use of 
ma bine time,” Kostick continues, “due to fixed 
hei ling and fabrication set-ups regardless of 
du sis type.” • ■

WESTINGHOUSE SILICON POWER TRANSISTORS

■■min

I. FORWARD BIAS

IT 

lc AMPERES

2N1O15
2N1O16

lililí uira

TRUE VOLTAGE RATINGS
Guaranteed by 100% power testing

This Power-voltage Test consists of testing the transistor 
in common emitter configuration under all bias conditions 
in the area defined by the TRUE voltage rating of the 
transistor (Vce); the constant power dissipation curve 
for the transistor (150 watts); and its rated current (2 
amps for 2N1015 and 5 amps for 2N1016).
The voltage at which alpha equals one, and other voltage 
ratings commonly given for transistors such as VCe«» 
Vcer, Vcex and VCbo» are above the voltage rating given 
to these transistors.
Each Westinghouse silicon power transistor has been com
pletely tested throughout its rated voltage-power-current 
region before shipping. Thousands of transistors perform
ing under all types of operating conditions have proved the 
validity of this method of TRUE voltage rating.

TRUE voltage ratings from 30 to 200 volts give you com
plete freedom in designing your equipment—you can op-

Type Vex* B (min) Rs (max) lc A (max) Tj max. 
operating

Thermal drop 
to case (max)

2N1015
2N1015A
2N1015H
2N1015C
2N1015D

30 
60

100 
150 
200

10
(<b|c=2 amp

.75 ohms
(n |c=2 amp 

Ib=300 ma
7.5 150°C

.7*C/W

2N1016
2N1016A
2N1016B
2N1016C
2N1016D

30
60

100
150
200

10
(o lc=5 amp

.50 ohms
(« lc=5 amp 

1 ■— 750 ma
7.5 150°C

7°C/W

*TRUE voltage rating (The transistors can be operated continuously at the Vet listed for 
each rating.)

you CAN BE SURE...IF irsW^2St 1 n ohousc
Westinghouse Electric Corporation, Semiconductor Department, Youngwood, Pa. C x



IMH Planning for Production

THE SPECIAL problems of the short run have 
forced manufacturers to evolve a whole new 

pattern of procedures—on the production line— 
and on back through the inception of design.

In groping for solutions, manufacturers have 
wandered down many strange pathways before 
arriving at “the best way” to organize for short- 
run production.

Most of the prevalent philosophies involve 
parallel courses of production planning and engi
neering. Many firms advance production planning 
to an early stage of design engineering. On the 
production line itself, techniques are in use which 
would be unheard of on a high-volume run.

Use Technicians for Short Runs
An International Telephone and Telegraph 

Corp.’s Laboratories, in Fort Wayne, Ind., they 

Fig. 1. A highly-skilled man assembles General Radio’s new impedance bridge.

use highly skilled men for short-run production. 
Especially for very short runs, they feel there is 
great advantage in using technicians instead of 
unskilled assemblers.

Ralph Bruce, manager of Services, Ed Byer, ex
ecutive engineer in the Instrumentation Lab., and 
Lambert Johnson, electronics engineer, all agree 
on the major advantage in using technicians: “You 
don’t have to spell out production requirements 
so much when you encourage labor to think.”

“Flex” Shop Helps
For similar reasons, but in a different way, Lear, 

Inc. uses skilled labor. The Grand Rapids firm 
takes advantage of a “flexible” shop. The “flex” 
shop, a cross between a model shop and a full- 
scale production facility, improves liaison between 
engineering and production.

Since this shop has mon1 highly skilled people, 
engineering can supply simpler drawings, thus 
saving time and expense.

The One-Man Job
At General Radio Co., in W. Concord, Mass 

the people on small-run production lines are all 
highly skilled. Each man on the line knows just 
what he’s doing; he knows how to read a print 
and how to understand it; he thoroughly knows 
the instrument he’s building.

One engineer is in complete charge of develop 
ing a piece of test equipment. And one skilled 
assembler (Fig. 1), puts it together. All parts arc 
brought to his bench. For particularly complex in 
struments, one man may make a part of the overall 
instrument, while another will put the parts to 
gether. But the instruments stay put—the man 
moves.

Assemblers get to know their instruments. 
Working under an incentive pay plan, they learn 
to produce their instruments most efficiently’.

Move Parts or People?
Hewlett-Packard, of Palo Alto, Calif., and the 

Kin Tel Division of Cohu Electronics, of San 
Diego, use production-line approaches which are 
diametrically opposed. H-P uses a conventional 
mass-production technique of moving components 
past the assemblers, while Kin Tel moves the op 
erators past the components.

On a different plane, both of these companies 
use an approach unlike those of G-R or ITTL 
Both H-P and Kin Tel use unskilled assemblers 
G-R and ITTL use highly skilled assemblers. I
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Fig. 2. A small part of Hewlett-Packard’s "push-along-' assembly line. H-P has more than 
a mile of conveyor like that shown in the foreground.

“Push Along" Slashes Delivery Time
By going to “push along” production, H-P’s 

in-process inventory was cut directly in half. Ac
cording to production manager Stan Selby, an 
inventory7 of $1.5 million worth of uncompleted 
instruments was reduced to $0.75 million when 
the company switched from “stand-up’ batch pro
duction to the more usual mass production tech
nique wherein girls remain at their work stations.

“We don’t believe in handcrafting generally,” 
says Selby7. “We avoid having to hire highly 

Fig. 3. An operator at 
H-P can assemble even 
very complex subassem
blies easily.
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skilled people to do complex assemblies. We di
vide the job into simpler parts. But at the same 
time, we don’t like ‘stand-up’ runs, where each 
girl does just one operation at a time, either. 
They ’re inefficient.”

Delivery Starts Fast
“With the batch system,” Selby explains, “the 

entire production run is finished before one in
strument is available for delivery. With our push- 
along system, production lines start delivering 

steadily. With the batch technique, test benches 
may be idle until all instruments are finished. 
Then they’re swamped with work.

“With push-along operation, mistakes are discov
ered immediately. In ‘stand-up’ systems,” Selby 
continues, “if a lead girl makes, say four mistakes 
in the first oscilloscope, the entire run will have 
four mistakes. This won’t be discovered until the 
batch is tested.

“Moreover, we get better quality and fewer 
mistakes, because the responsibility for a given 
operation is fixed. This is very important. The in
strument is the line supervisor’s baby—and the 
operator at a given position knows she is respon
sible for her own work. She does a good job.”

H-P’s production line is a good example of the 
push-along system. All benches are conveyor type, 
with instruments on pallets, riding freely and 
easily along the length of the bench. (Fig. 2.)

There is more than a mile of conveyor through
out the plant area, so very little effort is required 
to send an instrument chassis along to the next 
station.

Selby estimates that efficiency is upped some 20 
per cent by the operators’ being able to sit down 
and have the instruments come by. “If a girl has 
to move 100 chassis a day, and each weighs 20 
pounds,” Selby calculates, “that’s a total of one 
ton. That takes energy!”

H-P manufactures 400 different types of instru
ments with an average run of 50. For these short 
runs, as much planning as possible is done at the 
line level.

Line supervisors spend an average of four 
hours a week planning production runs. The oper-

45



Planning for Production

ators help with the breakdown of operations—and 
this helps build morale.

“Stand-Up" for Very Short Runs
For very short runs, H-P uses the “stand-up 

technique. If only one or tw7o instruments are to 
be built, the time spent in planning and breaking 
down the operation would not offer a sufficient 
return, though the efficiency might increase. Up 
to 20 instruments might be manufactured by 
"stand-up” production.

Small, complex parts, like resistor boards or 
decked rotary switches, are built differently. The 
philosophy is that of a miniature “stand-up” run. 
Lazy Susans (Fig. 3), with positions for up to 25 
components, are filled w ith a batch of, say, rotary 
switch decks. The operator has a completed rotary 
switch to copy from.

She solders one component at a time, then spins 
the Lazy Susan from one switch to the next. 
Though the switch may be complex, a girl can 
produce it easily by doing one thing 
and copying from the finished unit.

at a time

much as 35 per cent of labor costs on each item 
produced. Recently this amounted to savings of 
$4600 on a short production run of galvanometers.

Under the old system of component assembly, 
operators worked on units moving by them. Learn
ing to solder more than a few parts often took 
girls on the line as much as six day s to reach 50 
per cent efficiency, and four more to reach an 
efficiency’ of 85 or 90 per cent.

“Large, mass-producing industries can tolerate 
this loss of time,” says Kin Tel’s chief industrial 
engineer Ren Singleton. “Companies with short 
runs cannot; the entire run might be completed 
before the assemblers have learned the job.”

Singleton, under the direction of Robert Lux, 
vice president for manufacturing, maintains that 
thi* “progressive operator” system is ideal for the 
short production run. Here’s how7 the system 
works:

\ lead girl attaches one part to the first assem-

Fig. 4. Kin Tel moves assemblers past stationary parts, cuts learning time to zero.
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Since Kin 
components

Move Girls, Not Parts
Tel started moving assemblers past 
(Fig. 4), the company has saved as

bly in a line. A second girl watches her, then ta <e$ I 
a container of parts and installs that part on e di I 
piece of equipment in the line.

Meanwhile, the lead girl solders the next j art I 
and a third girl repeats that operation all aroindl 
the line.

Learning Time Approaches Zero
In this way, the learning time for an operat on I 

is practically zero. By the time a girl has soldered I 
the same part twice, she has become an expert in I 
soldering that part. Using this system, Kin Tell 
recently produced 500 galvanometers without al 
single assembly error. “It is virtually impossible? I 
claims Singleton, “for an operator to forget to I 
place one component in each basic unit and in its | 
correct location. I

Several additional advantages soon become evi-1 1 
dent. All but very large units can be built com! 1 
pletely in one location. They do not have to be | ] 
moved from one operator position to another. I !

Under the “progressive operator” system I 
absenteeism costs no additional time, as any other | 
operator can be assigned to a group and keep I 
pace with the others in the group. On the com en | I 
tional assembly line, substitute operators, usualh | s 
paid at a higher base rate, had to fill gaps in thi I v 
line. I I'

Relief operators are not required, as girls can I c 
take breaks as soon as they’ have finished any cycle I ' 
without stopping the line. I P

Production rates can easily be accelerated or de | 
celerated by changing the number of girls at any | 
time. This has particular value when parts short-1 a 
ages cause a line stoppage in the midst of a run | 11

And fluctuations of monthly schedules, that usu-1 ai 
ally7 play’ havoc with conventional assembly set I a: 
ups, are easily7 accommodated. | a]

I d'
Define the Product I a

Bendix Products Div.—Missiles joins Hewlett-1 
Packard and Kin Tel in opposition to the use oi | S1' 
highly skilled assemblers. Says mechanical engi-1 SF 
neer John Cunningham, “We want to avoid com-1 m 
plex assemblies. We don’t want operations which I Pr 
require high skill. We want to make our parts as I 
simple as possible.” I

His colleagues, Grant Michael and Tom Col I Pa 
lins, emphasize Cunningham’s comments: “If you I Pa 
have technical people assemble the equipment I 
you never define your product or document it I 
adequately. I

“A technician who know s a screw is short will I Pr’ 
go to a stock room and get a longer one. But next I its« 
time you build the equipment, that technician! ma 
may not be there, and his correction has not been I an 
reflected back into the drawing. Irne

“The technician may introduce his own engi-1 1 
neering skills in a design—but they never get on I aP] 
paper. Furthermore, if you need a highly skilled II ELI
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Raise Temperature Ratings 

• Reduce Rejects

Plan Far Ahead
Most short-run production today involves not 

only low volume and high unit-cost, but also, a 
requirement for exceptional reliability.

To cope with these demands, many companies 
have organized not only their production lines but 
many other operations as well. In efforts to im- 
prove reliability and producibility at the earliest 
possible time, many try to integrate the work of 
several departments. Though all have the common 
goal—reliable, lower-cost production—the ap
proaches vary widely.

At Librascope, Inc., in Glendale, Calif., produc
tion planning is aided by an active Industrial En
gineering Department. This department develops 
manufacturing, assembly, test and handling tech
niques. Members of this department work hand- 
in-hand with design engineers from the early 
stages of design.

Unitize The Wiring
I ibrascope has tackled one of the most difficult 

pn ess in electronic production—the wiring 
itsc 'f. The necessity for proper positioning of what 
ma be thousands of separate leads has defied 
air attempts at automation, or even of simple 
mt hanical aids for the assembler.

1 1 inted circuit boards were the answer for many 
apt I ¡cations, but even with use of such boards.

hmM mica

electrical properties, handling characteristics have all 
been vastly improved until now, in many applications, 
it surpasses conventional pasted-up mica products.

Make The Mockup Early
To reduce the lag between design and produc

tion of complex data-processing equipment, Libra
scope industrial engineers start mockup planning 
while a unit is in the final design stages. Particu
larly in defense equipment, where dimensions and 
configurations of cabinetry are specified in ad- 
vance, preliminary mockups can be made to 
permit development of the most efficient produc
tion techniques.

Mockups, like those shown in Figs. 5 and 6, 
are generally constructed of wood. They follow 
in exact detail the exterior and interior dimensions 
and configuration of the equipment. Dummy sub
assemblies, meters and other integral components 
are made of wood, and placed in the mockups to 
determine the most desirable arrangement from 
a standpoint of production and servicing.

When the mockup is complete, cabling is de
signed and provisions are made to install it in 
special channels, or with clamps, or by other 
methods. Color coding is established both as a 
production aid, and as a help in future servicing. 
When the cabling has been worked out, diagrams 
are immediately turned over to the cabling de- 
paitment where special harness boards are pre
pared in advance of production.



WHICH BENDIX TRANSISTOR
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Planning for ProductionTYPICAL OPERATION AND MAXIMUM RATINGS OF BENDIX GERMANIUM PNP TRANSISTORS

High Power Transistors (g)

Medium Power Transistors (h)

Military Types

CHARACTERISTICS OF BENDIX SILICON RECTIFIERS

LONG BRANCH, N. J.

T-con
com-

Fig. 5. At Librascope, wooden mockups of 
equipment are used to lay out wiring prior 
to aclual production.

units are bolted into the cabinet, and intei
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Write Semiconductor Products

Division

gram. Rather than requiring the worker to stand 
at a cabinet and wire the entire bay, Librascope 
has grouped the connectors in three panels, which 
are individually wired (Fig. 7), at benches where 
the wirer may sit and work under optimum light
ing conditions. At the completion of wiring, the

West Coast Safet office; 117 E. Providencia Ave., Burbank, California • Midwest Salet offices 4104 N. Harlem Avenue, Chicago 34, Illinois 
New England Sales office: 4 Lloyd Road, Tewksbury, Massachusetts • Export Sales office: Bendix International Division, 205 E. 42nd Street, New York 17, New York 

Canadian Affiliate. Computing Devices of Canada, Ltd., P. O. Box 508, Ottawa 4, Ontario, Canada
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terminals and subassemblies must still be hand- 
wired together. In a typical, large Librascope 
computer for a defense contract, connectors for 
printed circuit boards are mounted in a bay and 
connected hy thousands of insulated wires. They 
must follow a direct point-to-point path from one 
terminal to another. This requires hundreds of 
hours of assembly time for a single computer 
cabinet.

To simplify the process, Librascope industrial

AVIATION CORPORATION

1 Type
I Number

PRIMARY APPLICATIONS MAXIMUM RATINGS TYPICAL OPERATION

Audio
Push
Pull Switch

Power 
Supply

Collector 
Voltage 
Vce (a)

Collector 
Current 

Ic

Thermal 
Resistance 

(b)

Junction 
Temp.

Tj

Current Gain Circuit 
Gam 
db

Power 
Output 

W
hFE Ic 

Adc

2N155 X 30 Vcb 3 Ade 3° CW 85°C 40 (c) 0.5 33 2 1
2N176 X 40 Vcb 3 — 90 45 (c) u5 35 2 I
2N234A X 30 3 2 90 25 (c) 0.5 30 2
2N235A 1* X 40 3 2 90 40, 60 (c) 0.5 33, 36 2 I
2N236A, R X X 40 3 2 95 40. 60 (c) 0.75 33, 36 4 1
2N242 X 45 Vcb 2 3 100 — — 35 1
2N255 X X 15 Vcb 3 3 85 40 05 22 1 1
2N256 X X 30 Vcb 3 3 85 40 0 5 25 2 1
2N257 X 40 — — 85 55 (c) 05 35 1 1
2N268 A X X 80 Vcb — — 85. 90 —, 40 -, 2.0 31. - 1 - 1
2N285H X X 40 3 2 95 150 (c) 0 5 40 2 1
2N297 X 60 Vcb 5 2 95 70 05 — 50(d) 1
2N301 A X 4(> 60 Vcb 3 — — 63 (c) 0.7 33 3
2N307, A X 35 Vcb 1, 2 5. 3 75 80 0.2 -, 27 -, 1 1
2N399 X X 40 3 2 90 40 (c) 0.75 33 8 (e> 1
2N400 X X 40 3 2 95 50 (c) 1.0 36 6 1
2N4O1 X X 40 3 2 90 40 (c) 0.5 30 5e- 1
2N418 X X 80 5 2 100 50 4.0 — 100 (d 1
2N419 X 45 3 2 95 60 (c) 0.5 — 5 1
2N420, A X X 40, 70 5 2 100 50 4.0 — —
2N637, A, B X X X 40 70, 80 5 2 100 45 3.0 — 35, 70 (d) I
2N638, A, B X X X 40, 70, 80 5 2 100 30 3.0 — 35,70 (O> I
2N639, A, B X X X 40, 70 80 5 2 100 23 3.0 — 35, 70 (d) 1
2N677, A B Cand2N10?9 A B C replaced by 2N1031 A. B. C
2N678, A, B, C and 2N103G A B, C replaced by 2N1032 ABC
2N1031 A, B C X X X 30. 40, 70 80 15 1 5 100 40 10.0 — 75 125, 250 (d) 1
2N1032 A H, C X X X 30, 40, 70 80 15 1 5 100 75 10.0 — 7b, 125. 250 d) 1
2N1073 A B (i) X X 40 80, 120 10 2.0 100 40 5.0 — 100,150,206.3) 1
2N1136. A B X X X 40, 70, 80 5 2.0 100 75 3.0 — 35, 70 (d) 1
2N1137, A, R X X X 40, 70 80 5 2.0 100 115 3.0 — 35, 70 (d) I
2NH38 A B X X X 4G 70 80 5 2.0 100 150 3.0 — 35. 70 (d I
P 177 X X 30 3 2.2 90 150 (c) 0.5 39 2 1
B 178 X 30 3 2.2 90 40 (c) 0.5 33 2 I
8-179 X 40 3 22 90 25 (c) 0.5 28 2

2N1008, A, B X X X 20, 40, 60 300mA i'.15°C/mW 85 95 (c) 10mA — 400mW (f)
1 2N1176. A, K X X 20, 40, 60 300mA U20'C/mW 85 50 (c) 10mA — 300mW if

.a) Vce except where noted. Equivalent Vcb's are 20-50% higher (b) Collector dissipation i: the difference between the maximum junction temperature and the mounting base temperature divided by 
the thermal resistance, (c) hfe, AC current gain, (d) Square wave output power, (e) Push-pull output (f) Pc—Maximum collector dissipation 25°C. (g) TO-3 package (h) TO 9package (i) Diff used- 
Alloy Power DAP transistor.

2N297A (g) X X X 50 5 2.0 95 70 0.5 — 35 (f)
2N331 (h) X X 30 Vcb 200mA 0 15°C mW 85 50 (c) 1 0mA — 4J0mW (f;
2N1011 (g) X X X 70 5 2.0 95 55 3.0 — 70 (d:

j 2M120 (g) X X X 70 15 1.5 95 35 10.0 — 250 (d)

1 Type 
Number

Io 
Adc

PIV 
Vdc Lib

Type 
Number

Io 
Adc

PIV
Vdc Lib

Type 
Number

Io 
Adc

PIV 
Vdc

Lib 1

1N536 0.75 50 10 uAdc (At 25°C) 1N1434 30 50 5 mAdc (At 150°C) 1N1612 5 50 1 mAdc (At 150 C) 1

1N537 0.75 100 10 uAdc 1N1435 30 100 5 mAdc 1N1613 5 100 1 mAdc
1N538 0.75 200 10 uAdc IN 1436 30 200 5 mAdc 1N1614 5 200 1 mAdc |

1N539 0.75 300 10 uAdc IN 1437 30 400 5 mAdc 1N1615 5 400 1 mAdc 1

1 1N540 0.75 400 10 uAdc IN 1438 30 600 5 mAdc 1N1616 5 600 1 mAdc |

1N547 0.75 600 10 uAdc
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In Canada: Canadian Marconi Co., Ltd.
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Then, if you wish a water* and vapor-tight housing, have it encapsulated. 
That’s the Clarostat POTPOT encapsulated control. Completely sealed 
with exception of external shaft assembly and terminal ends.
Special water-tight provision for shaft. Meets MIL-STD-202 Test 
Specification. Also necessary salt-spray, humidity and 
temperature cycling requirements of MIL-E-5272.

Select that Clarostat standard wire-wound or composition-element 
potentiometer (Series 10, 48M, 49M, 43, 37, 51 or 58) for 
superlative electrical and mechanical characteristics.

INC., DOVER, NEW HAMPSHIRE
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Fig. 6. Worker prefabricates cable harness on wooden 
dummy of equipment. After harnessing is complete, 
cables are removed and installed in final equipment.

The two-stage assembly permits a greater num
ber of wirers to work on the terminal bays, and

A recent innovation has been the adoption of 
solderless crimped connectors, which has effec
tively increased production by more than 30 per 
cent, and has reduced “workover’’ of improper 
connections to a minimum. At the completion of 
wiring, the bays are tested automatically, by spe
cialized equipment which checks continuity and 
potential of all connections in the cabinet.
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Buy Long-Lead Items Early 
laterial control moves into the picture just 

pr >r to the final release of a new product by en-

Integrated Cooperation
Avien, Inc. of Woodside, N.Y., uses “integrated 

cooperation” among manufacturing, material con
trol, purchasing, and manufacturing-engineering 
personnel.

When engineering begins work on a new prod
uct, a production engineer is immediately assigned 
to the project.

The production engineer guides the design en
gineer by providing all the necessary production
capabilities information that may have a bearing 
on the design of the product. He points out char
acteristics in the initial design which can develop 
into serious production problems. When the unit 
is finally readied for production, the production 
engineer can bring to production a thorough 
knowledge of the new unit.

Keeping in close touch with the progress of en- 
gii eering work, the manufacturing manager holds 
weekly “new unit status” meetings with repre- 
sc' tatives of all manufacturing sub-departments 
an 1 with representatives of other operating de- 
pa tments.



Planning for Production

are
for a program.

The advantages of Packard Bell
manager.

This pl

Fig. 7. (below) Worker mokes point-to-point connections to terminals on connector panel for plug-in circuit boards 
This is the first phase of a Librascope simplification of a wiring problem.

been in effect on several test

Manufacturing Enters After Breadboard
A variation on this approach is used by Packard 

Bell Electronics of Los Angeles, Calif. There, the 
manufacturing processes start concurrently with 
the construction ot the engineering prototype. 
Basis of Packard Bell’s plan is a complete engi
neering-manufacturing group under a program

manifold. According to Project Manager Max 
Ganstwig of the Technical Products Division, 
“. . . the plan not only considers the requirements 
of schedule, but includes the necessary controls 
to give reproducibility and interchangeability 
during a period when a large number of engineer
ing changers may be encountered.'

The idea of marrying engineering and manufac
turing is not unique. In one form or another, it is 
practiced by many firms. At Epsco, Inc., in Gam

equipment programs, most notable of which has 
been the group support equipment for the Thor 
missile. Under this plan, all necessary manufac
turing support personnel (purchasing, expediting, 
etc.) are assigned directly to the project on a full 
time basis.

During the latter part of the breadboard phase, 
and prior to the prototype stage, the manufactur
ing section works directly with design engineers

to evolve a design which not only meets perfom 
ance requirements, but assures production repn - 
ducibility.

During this stage, engineering personnel ai 3 
purposely transferred back and forth betwee 1 
manufacturing and engineering to add to the r 
knowledge and capabilities.

An additional benefit gained by this procedui 3 
is that the manufacturing people become famili. r 
with the equipment before they have to produce 
it. This extends their learning time.

To assure proper use of existing facilities, 
Packard Bell has formed a “make or buy’ com
mittee. Gonsisting of representatives from engi
neering, purchasing, and manufacturing, it gen
erates a “make or buy” decision on all material

gineering. Sufficiently ahead of time, engineering 
releases to material control a list of long-lead-time 
items that will be needed for the new product. 
These are specially coded on red IBM cards for 
immediate attention.

When the design is well advanced, a meeting 
is called to determine test and inspection require
ments. A program is set up to assemble test and 
inspection equipment.

Arthur Gray, manager of manufacturing engi
neering, warns against the temptation to cut cor
ners at this stage. Inadequate test equipment,” 
he points out, “always increases the possibility of

error or inaccuracy. When such inaccuracy is un
covered, it is frequently and wrongfully blamed 
on the product rather than the test equipment.’

Gray hails Avien’s integrated cooperation ap
proach. “It pays oft,” he claims, “by providing a 
forum for interested parties to discuss all areas of 
the new product thoroughly.” The “new unit 
status” meetings, he points out, act as a single, 
complete source of information on the status of 
all new products.

example, engineering people
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Fig. 8. Connector panels 
are grouped to form 
equipment bay. Here 
a worker interconnects 
panels—the second part 
of Librascope's two- 
phase assembly pro
gram.
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move right into the pilot line production area 
during a pilot run of a product.

No Project Team

Lear, Inc., of Grand Rapids, Mich., is rather 
unique in not having project teams at all. Engi
neers are organized on a specialty basis rather 
than a project basis. Circuit designers do all the 
circuit design. Packaging specialists do all the 
packaging. Circuit designers do no packaging; 
hence, they make no packaging errors.

“Advantages of organization on a specialty 
basis are strong ones,” say Mel Frontjes, head of 
the electrical engineering department. “Special
ists carry ideas from one application to another. 
What they learn on Project A, they can apply on 
Project B.”

Frontjes points to an additional advantage in 
that it’s not necessary to repeat talent in different 
project groups. He admits though, that the spe
cialty type of organization may not be practical 
foi very large companies.

Only ME’s Design the Package

Vt Bendix Products Div.—Missiles, in Misha
waka, Ind., only a mechanical engineer designs 
pa kages, except for critical ones like rf circuits. 
Ai electronics designer will double-check his 
pa kage and finally, the two men will work to- 
ge her to prepare it for production.

Tefore packaging, a mechanical engineer may 
sp nd two or three days talking with the elec
ta lies man. He’ll learn the circuit peculiarities 
to ;uard against. The electronics engineer may tell 
hi: i, for example, to keep certain temperature-
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sensitive components away from heat sources—or 
to watch out for noise and leakage across printed 
circuit tracks.

The Bendix man will construct a “bull'’ model, 
a breadboard which looks like the final package 
should look. Then the experimental shop will 
make the engineering prototype—to drawings 
rather than sketches.

Aim for Prototype Like Final Product

At Stavid Engineering Inc., the aim of design 
is to make an engineering prototype that will 
closely resemble the final production product. At 
this Plainfield, N. J., firm, people with production 
know-how are included in all the project design 
teams.

To design reliability into a product, rather than 
attempt to improve reliability after the design 
is completed, quality control, reliability, and com
ponent personnel contribute their specialized 
knowledge early in the design phase.

Project engineer Edward Kasner contends that 
this parallel planning is far superior to the tradi
tional series plan in which design engineering is 
followed by production engineering.

Says Kasner, “The glorified breadboard model, 
ceremoniously referred to as the ‘preproduction 
prototype’ is invariably unfit for production. To 
improve producibility, it is turned over to a 
product engineering group (looked upon as pro
duction people by the design group, and as de
sign engineers by the production group).

“This process,” continues Kasner, “wastes time. 
It requires consultation between design and prod
uct engineers, about seemingly minor changes, at 

the crucial time when the product should already 
be crossing the bridge to production.”

Assemble by Hand or Machine

Kasner goes on to challenge a popular notion. 
“Mechanical assembly in itself,” he says, “does 
not necessarily promote production efficiency. In 
the instances where mechanized assembly is used 
to economic advantage, the equipments were 
shrewdly engineered so the assembly operations 
could be most efficiently performed by the ma
chinery intended for the task.”

Warming up to his subject, Kasner continues: 
“Production-cost analyses, and time and motion 
studies have shown that the simple, repetitive 
motions performed by assembly machines can also 
be performed, optimally, by human operators.

“Psychological production aids such as air and 
color conditioning, proper illumination, music, 
coffee breaks, etc., do much to minimize operator 
boredom and fatigue. In many industries where 
these aids have been used, especially when sup
plemented by incentive-pay systems, industrial 
engineers have shown that the substitution of 
complex, expensive mechanization for human 
operators is not necessarily justified.

“The ideal electronic equipment design should 
be equally amenable to manufacture by either 
mechanized or manual means.

“With a mechanized-assembly capability in
herent in its design, the military electronic prod
uct can be manufactured economically in small 
quantities by manual assembly methods and 
in large quantities by mechanized-assembly 
methods.” ■ ■

51
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Speed Short-Run Production
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Fig. 3. Melpar’s Mini-Mech selects components, posi
tions boards, inserts components, and solders them in 
place. Unit at the right is the punched-card program
mer.
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Ideas and Tools

Fig. 2. Dnyasert ma
chines cut leads, bend 
them to fit holes in the 
circuit board, insert com
ponents, and crimp the 
leads.

Fig. 1. Operators at
circuit 
Dyna- 
auto- 
inser-

Librascope guide 
boards through 
sert machine for 
matic component 
tion.

Characteristic of the short run is the fact 
that it can rarely justify the purchase of costly, 

single-purpose, mass-production machinery. But 
the short run can be mechanized—and to great 
advantage.

Before considering machinery for fabricating 
parts or assembling components, the design engi
neer should study his design. Many errors can 
creep into a design that can make it unproducible. 
■ First of all, he should design so his parts can 
be manufactured on standard machines—if at all 
possible.
■ He should design for tools that exist, and should 
know the capabilities and limitations of available 
machines. He should know, for example, when to 
use a drill fixture, when to use a punch.
■ He should be careful, for example, not to put 
a mounting hole where a machine can’t get at it. 
He should not have too narrow a flange on a 
chassis. Bending brakes just can’t handle narrow 
flanges reliably.
■ He should pay particular attention to tolerances 
especially around sheet-metal bends—and should 
remember that tolerance errors add up.
■ He should investigate the possibility of using 
production tooling on engineering models.
■ He should take advantage of contract expend
able tools—patterns, castings, jigs, punching tem
plates, holding fixtures, etc.
■ He should determine the extent of tooling he’ll 
go to on the basis of his contemplated quantity.
■ He should learn to adapt available equipment 
to his needs.
■ He should not overlook processes which are 
usually considered for high production only. Die
casting, for example, is usually considered only 
for very large production lots. Yet, for close-toler-
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And another step forward too: Semiconductors shrink 
further still as General Instrument engineering ad
vances the art of micro-miniaturization to include even 
more sophisticated designs than micro-modules. Now the 
complete range of standard silicon and germanium diode 
types is available in these wafers and configurations — 
and in a wide variety of special packaging. We’ll gladly 
supply engineering data sheets upon request.
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Fig. 4. The component inserting tool and anvil 
of Mini-Mech, shown in the stapling position

Semiconductor Division
GENERAL INSTRUMENT
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machinery he can 
nbling components. 
? aware of a very

Having assured himself that his design is pro
ducible and that the bugs are out, an engineer

are used, hve semi- 
as many as 60,000 per

Machines Can Assemble Parts
Perhaps the most useful machine for electronics 

work is one that can install components. Many 
such machines arc in use. Engineers at Librascope, 
Inc. of Glendale, Calif., have speeded computer 
construction by using many automatic and semi
automatic assembly techniques.

They use precision drilled boards throughout

The key to mechanization of the short run is m 
the use of versatile machines—machines that can 
handle a variety of components or a variety of 
sizes—machines that can do more than one job— 
and machines that can be changed oxer quickly 
Irom one operation to another.

parts or assen 
ie can become

nïlslmm» 
ir ’to

GENERAL INSTRUMENT CORPORATION INCLU« ES F. W. SICKLES DIVISION, AUTOMATIC 
MANUFACTURING DIVISION, RADIO RECEPTOR CO., INC., MICAMOLD ELECTRONICS 
MANUFACTURING CORPORATION AND HARRIS TRANSDUCER CORPORATION (SUBSIDIARIES)

General Instrument Semi
conductor Division de
veloped this paper thin 
gold bonded germanium 
diode under the Signal 
Corps micro-module pro
gram and is now delivering 
in production quantities 
against government con
tracts. Actual size is .310" 
square and .016" thick. 350 
of them weigh just an 
ounce!

nice complex parts, it is often cheaper to die-cast 
is few as 50 pieces than to machine them.

1 tending three machines. The components are 
lomatically aligned and sorted by these ma
ines, xx ire leads are clipped to length, bent to 
the circuit board’s holes, then crimped into 

ice. The crimped leads hold the component

B



Ideas and Tools

SILICONE NEWS from Dow Corning

In Both Heat And Humidity
firmly until they are dip-soldered to the printed 
circuit.

For larger boards, a Librascope-developed cy
cling feed automatically moves the boards into 
position for multiple insertion of diodes. For spe
cial test or prototype runs, manual insertion is 
used, but even here, special semi-automated lead- 
forming machines preform component leads at 
high speed.

The machines cut the leads to size, shape them, 
and bend them to any required angle. Parts are 
hopper-fed into the machines, and are automati
cally aligned and sorted before forming.

Assemble, Then Solder

For component assembly, few systems are more 
versatile than the Mini-Mech System developed 
by Melpar, Inc. of Falls Church, Va., for the Navy 
Bureau of Ships. This equipment, shown in Figs. 
3 and 4, is now commercially available, either as 
a complete unit, or in part.

Mini-Mech, programmed manually or by 
punched card can select components automatically 
from a supply of 24 types, and can install them in 
their proper places on automatically positioned, 
foil-clad circuit boards.

It handles only axial-lead components, and only 
up to about the size of a one-watt resistor. This 
takes care of about 90 per cent of all circuit re
quirements. Mini-Mech bends component leads 
into shape, simultaneously cleans them, then 
solders them (either through plain holes or eye
lets) to the printed circuit foil, and provides an 
excellent heat sink during soldering. And the 
soldering is far more reliable than one could 
expect from a human with a soldering iron.

On the subject of soldering, A. Arnold Lawson, 
Melpar’s project engineer who headed the de
sign team responsible for Mini-Mech, poses this 
rhetorical question: “What is the mathematical 
probability of obtaining a reliable hand-soldered 
connection?”

Calculating quickly, Lawson estimates, “The 
mathematical probability of obtaining a reliable 
hand-soldered connection is almost as good as 
picking a winner at a dog track.”

Lawson doesn’t reveal how well he docs at dog 
tracks, but he lists 10 possible causes for failure in 
soldered connections.

Silicone Laminates Aid Missile Reliability
In these black boxes for the Jupiter missile control system, terminal 
boards are made of silicone-glass laminate. Specified for their excellent 
resistance to space age environments, silicone laminates are easy to work 
with. too. Soldering heat doesn't loosen terminals as complex wiring is 
accurately secured.
Throughout the electronic control system of the Army-developed Jupiter. 
Chrysler Corp. Missile Division engineers have specified numerous uses 
for Type GSG silicone-glass laminates. Made with Dow Corning silicone 
resins, these glass laminates conform to MIL-P-997, retain their excellent 
dielectric properties despite heat, moisture, storage, environmental aging, 
rapidly changing ambients, and vibratory shock. Silicone-glass laminates 
also have excellent resistance to ozone, arcing, corona, and fungus attack 
. . . even to the formidable combination of high humidity and high voltage.
As a result of these properties, glass laminates made with Dow Corning 
Silicones are highly reliable dielectrics for all units that must face adverse 
environments. In addition, they are easy to fabricate and assemble, having 
good physical properties and resistance to creep under pressure.

CIRCLE 600 ON READER-SERVICE CARD
Temperature—too low or too high.
Timing—too short or too long. 
Poor contact of iron to junction. 
Improperly made junction.

Your nearest Dow Corning office is the 
number one source for information 
and technical service on silicones.

I.
2.
3.
4.

ELECTRONIC DESIGN • November 25, 1959



:ard

CIRCLE 602 ON READER-SERVICE CARD

959

MIDLAND. MICHIGAN
branches: atlanta boston Chicago ch

in any environment, silicones protect

Fluid Short-Stop Deflects Moisture
Employed in many airborne guidance, tracking, comput
ing. and telemetering units, “Vitramon” Capacitors are 
porcelain-bodied to resist adverse conditions such as heat 
and humidity. But Vitramon engineers realized that only 
a small amount of condensation on the porcelain could 
cause leakage paths and lead-to-lead shorts. They solved 
the problem by dipping each capacitor in Dow Corning 
silicone fluid. The micro-thin coating is moisture-repellent 
... durable. The silicone surface “beads” water, preventing 
condensed moisture from forming a conductive film.

CIRCLE 601 ON READER-SERVICE CARD

This Resin Is As Good As Its Bond
The Osborne Electronic Corporation makes, among other 
things, specialty transformers for airborne electronic sys
tems. Look hard and you'll see an Osborne unit in the 
Jupiter Ground Support Equipment control box on the 
facing page. At the center of each Osborne transformer 
is a coil bobbin which must have maximum mechanical 
and electrical strength in minimum thickness to allow 
maximum copper content in the core window area. Normal 
tolerance is ±.015. In addition, they must withstand 
temperatures from —65 C to over 200 C, be free of 
voids or pinholes. Osborne engineers have found the most 
economical way of producing top quality silicone-glass 
laminate coil bobbins of special sizes and shapes for 
their custom transformers is by winding glass tape on a 
n andrel. then saturating it with Dow Corning solventless 
n sin applied by paint brush. Dow Corning resin cures 
u th heat; no pressure needed. It provides the high 
physical strength to resist heavy wire winding pressure.

Silastic Insulates Beyond The Call
This giant Klystron focusing coil, a product of Varian 
Associates, is destined for a vital role in space-age elec
tronics. Designed for 5000 hours minimum life, it operates 
at 1650 watts input and is cooled by liquid heat-exchange. 
Intel coolant temperature is 125° C!
Where does Silastic, the Dow Corning silicone rubber, 
fit in? It’s over, under, and around every layer of the 
coil. A paste form of Silastic is coated on each successive 
winding and over the copper cooling coils as well. Dielec
tric strength, resiliency, and resistance to heat and 
moisture are essential. The coil must withstand water 
immersion tests, v ibration tests, a shock test of 10 G’s for 
15 cycles of 11 micro-seconds each, and environmental 
testing which includes severe thermal cycling.

CIRCLE 603 ON READER-SERVICE CARD

Fig. 5. Operator positions material by follow
ing a template on this Wiedemann turret 
punch press.

5.
6.
7.
8.
9.

10.

Improper fluxing.
Improper solder.
Improper heat capacity of the iron.
Disturbance of joint before solder has set.
Improper heat sinking.
Improper degree of cleanliness.

In view of these, he advises close supervision of 
all personnel with soldering irons in their hands. 
He recommends, as far more reliable, mechaniza
tion of soldering. He points out that Mini-Mech 
offers complete control of all the variables which 
are the general causes of failure. In controls the 
time, temperature, pressure, and quantity of 
solder which will be used in a connection.

Flexible Fabricators

After assembly machines, the most useful equip
ment for electronics manufacturing consists of 
tools for punching chassis and circuit boards. 
Here too, one can find versatility in commercial 
machines. One very versatile machine is Wiede
mann’s RA-4 IP turret punch press, shown in Fig. 
5. Equipped with as many as 20 turret stations, it 
can quickly punch a wide variety of hole sizes and 
shapes. Individual punches and dies are easily re
placed to increase the number of hole sizes and 
shapes available.

This machine* combines the versatility, accuracy,
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DELCO RADIO
ANNOUNCES

REDUCED PRICES ON

Ideas and Tools

POWER 
TRANSISTORS

Fig. 6. General Electric s automatic positioning control 
combines with the power of this Wiedemann press to 
provide great production speed and flexibility.

Fig. 7. This Wales-Strippit Fabricator, with an auxiliary 
Duplicator, follows a template to provide a wide variety 
of precisely positioned holes.

Effective November 1, Delco Radio’s line of high quality, high reliability power transistors 
is now being offered at prices reduced as much as 34% in production quantities.

Lower prices are possible at this time as a result of new manufacturing techniques, 
design improvements, and increased production.

Delco Radio’s power transistors have established enviable records for performance and 
reliability in virtually limitless applications. The new prices reflect Delco Radio's policy 
of offering products of the highest quality and performance at the lowest possible price.
These reduced prices will now permit many additional applications where transistor cost 
has been a limiting factor. Contact your Delco Radio representative for details and for 
applications assistance.

DELCO
RADIO

DIVISION OF GENERAL MOTORS
KOKOMO, INDIANA
BRANCH OFFICES
Newark, New Jersey 
1 1 80 Raymond Boulevard 
Tel: Mitchell 2-6165
Chicago, Illinois 
5750 West 51st Street 
Tel: Portsmouth 7-3500
Santa Monica, California
726 Santa Monica Boulevard
Tel: Exbrook 3-1465

and high speed of a pantograph for rapid hole 
location, with rapid punch and die selection.

Where quantities can justify the cost, the new, 
high-speed, tape-controlled Wiedematic press 
(Fig. 6), can prove enormously useful. Controlled 
by a modified General Electric Mark III automatic 
positioning control, this machine handles all press 
functions automatically—tool selection, material 
positioning, and piercing.

Tape control provides great advantages. From 
the viewpoint of inventory, it allows fewer pieces 
to be carried in stock since setting-up is merely 
a tape-ont-of-the-file away.

From the viewpoint of engineering, it simplifies 
the preparation of information for the shop. With

ELECTRONIC DESIGN • November 25, 1959
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Punch Chassis or PC Cards

GRANT INDUSTRIAL SLIDES
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Grant Slides have been the pattern for all slide designs. While Grant is flattered, it is important to point 

out to designers and engineers that Grant research, design and sales engineering have been and are 

the factors that place the nation’s leading industrial manufacturers on our list of customers.

If you require imaginative assistance in determining the proper slide for your equipment —or, if you’d 

simply like to discuss the possibilities for slides in your units, Grant sales engineers are at your service 

— as they have been ever since the first industrial slide (a Grant slide!) was marketed.

nation's first and leading manufacturer of slides
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Fig. 8. Complex, short-run ¡obs like these are handled 
quickly by the Wales-Stnppit Fabricator-Duplicator.

tape-controlled machines, shop people no longe 
need conventional drawings.

rvivjkrm nrrtrnvz » >r». rr, n» »,. ~ . / 21 High Street, West Nyack, New York
GRANT PULLEY AND HARDWARE CORPORATION a., T n i a r a i >1^191,1, Long Beach Avenue, Los Angeles 21, Cal.

Wales-Strippit, Inc. of Akron. N.Y., manufac- 
tur s ,i “Fabricator” (Fig. 7), which punches, 
not lies, or nibbles sheet material, and can dimple 
Hudi-head fasteners. It is just as useful in punch
ing the metal chassis show n in Fig. 8 as in punch
ing printed circuit cards.

Fig. 9. The Dupl-O-Scope locates the position of holes 
optically. It can help the Fabricator prepare a template 
for use with the Duplicator.



PUTTING MAGNETICS TO WORK
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Hold your frequency under fire (and ice) I
New linear permalloy core keeps filters frequency-stable over 

a wide range of temperature conditions—at half the cost
Designers of audio filter networks, faced with the high price 
of components and the need for frequency stability over a 
wide swing in ambient temperatures, can now benefit from a 
most significant development—the linear molybdenum perm
alloy powder core.
The linear cores we’ve developed are used with polystyrene 
capacitors. This combination costs as little as half the price 
of temperature-stabilized moly-permalloy cores and the sil
vered mica capacitors with which they must be used.
What’s more, frequency stability is increased! For tempera
tures ranging from —55"C to 4-85°C we have observed fre
quency stability variations as low’ as 0.05%. This is consider-

ELECTRONIC DESIGN • November 25, 1959

Fig. 10. Librascope-developed drill can drill as many 
as six circuit boards at a time. A fìnger follows a 
drilling path etched on the template, to position the 
boards.

points, even v 
are off-center.

hole points on

Upside-Down Drill Follows “Finger"

For automatic assembly on printed circuit

uses a pantograph principle to follow the position 
of a stylus in template pilot holes.

Another accessory, the Dupl-O-Scope of Fig. 9, 
locates holes optically, from a drawing, layout, or 
sample part. On printed circuits, holes can be 
centered from the Ol) of round circuit connection

mHcnmcsinc.

ably less frequency shift than normally expected with tem
perature-stabilized combinations.
We guarantee the temperature coefficient of these linear 
cores within a very narrow range! Information regarding 
sizes, prices and performance behavior awaits your request. 
Popular sizes, in 125 permeability only, available immedi
ately from stock. Magnetics, Inc., Dept. ED-74, Buller, Pa.

Fig. 11. When the “fìnger’ drops into an indenta* on, 
the drill rises from below
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Contact Arrangement
Up to 12 springs maximum form A, B or C
Contact Rating
2 amperes resistive or 1 ampere inductive 
ot 29 volts d-c or 115 volts o-c
Low level or 5 ampere contacts available 
on request
Standard Coil Voltages
Suitable coil resistances can be supplied 
for operation at any voltage within the 
range of 0.5 to 130 volts d-c
Coil Power
Nominal: 700 milliwatts
Minimum Operate Power: 60 to 150 milliwatts 
depending on application, contact arrange
ment and coil resistance.
Timing at Nominal Voltage
Operate time: 7.5 milliseconds maximum
Release time: 3.5 milliseconds maximum
Vibration
10-55 cps at .062 inch double amplitude 
55-500 cps at a constant 10g
Shock: 25g operational
Enclosure
Open, dust cover or hermetically sealed
Weight
Open type 1.0 ounce maximum
Sealed type 2.0 ounces maximum

lany 
vs a

must be positioned precisely. To meet this re
quirement, Librascope has developed a ganged
drill.

Using this machine, shown in Figs. 10 and 11, 
an operator gangs as many as six circuit boards 
by placing them in a special positioning fixture. 
The fixture, a rigid metal plate backed by a re- 
ii forced plastic, has a surface plate with a drilling 
p ith etched into the metal. Positioning indenta
ti ms correspond to the holes to be drilled.

As the positioning finger drops into an inden
ti don along the contact path, the operator touches 
a toe switch and a special carbide drill, located 
b low the table, makes the holes.

The drill itself is completely automatic, rising 
a a controlled rate and spinning at a pre-set

Fig. 13. Hinchman’s Unex Jet Molder uses interchange 
able injection cylinders and dies.

w..
Company, Inc^BU

Germany but with

TYPf-TAHG u

H 2 3 16 « W- 1 7/ 16 * 1-15/8

Fig. 12. The new Hermes Engravograph can be used 
for marking or for deeper cutting applications.
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Fig. 18. A simple hermetic-seal rig developed 
by Newark Controls.

Ideas and Tools
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minal leads on this toroid. These markers are un-

Brady.

One-of-a-kind assemblies can be marked almost

components.

Another versatile machine is the model ITX

Flexible Plastic Molder

Fig. 14. Raytheon's Weld
power Control applied to sol
idly packed circuit “sticks.“

speed. It cannot rotate until the exact position for 
a hole is located bv the operator.

Two-Job Engraver

Engravograph manufactured bv New Hermes En
graving Machine Corp, of New York City. This 
engraver, shown in Fig. 12, does two kinds of 
jobs. As a marking tool, it makes signs and name
plates, engraves names and numbers on parts, in
strument panels, legend plates, dials and knobs.
As a production tool, it handle's many surface-
cutting applications.

For short-run plastic molding and encapsula
tion, Hinchman Manufacturing Co., Inc. of West 
Concord, Mass., makes a Unex Jet Thermoplastic 
Molder. Shown in Fig. 13, this machine uses in

Fig. 17. Burndy s Hyfen connectors allow individual or 
gang connect or disconnect. The simple extraction tool 
is used for individual disconnect.

terchangeable injection cylinders and a variety of 
standard dies to make components of different 
materials, shapes or colors within minutes.

Don t Overlook Welding

W ithin the past two years, welding has become 
more and more popular as a means of joining 
components. A proper weld can provide a far bet
ter joint than solder, and can remove the possi
bility of undetected cold solder joints.

Furthermore, in miniaturization applications, 
the bulge of a solder joint may occupy too large 
a volume. A weld, of course, takes up no addi
tional space. In some low-noise applications, the 
noise contributed by the solder joint is objection
able. And since a weld is made in milliseconds, it 
is not necessary to heat-sink temperature sensitive

Welding lends itself beautifully to some of the 
new’ packaging techniques using conventional

Fig. 16. These “micro markers flag the four fine ter

affected by coil-generated heat.

components. Fig. 14 shows Raytheon s Weld
power Controls used in Raytheon’s Welded Mod
ule construction.

Raytheon’s Commercial Equipment Division in 
Waltham, Mass., manufactures a variety of types 
of welding equipment for ultra-small and rather 
large applications. Flexibility is inherent in the de
sign of the equipment.

For example, Raytheon can provide a welding 
system for a pilot run. This equipment includes a 
welding head, a simple fixture for manual feeding, 
and a power supply.

When the customer’s requirements grow, Ray
theon can supply equipment to automate the 
welder for high-volume production runs. The au
tomated equipment provides completely auto
matic feeding, wire-cutting, welding, and ejection.

It uses part of the customer’s original pilot-run 
equipment so that a customer can salvage more 
than 70 per cent of the cost of his pilot-run equip
ment when he switches to automatic equipment.

Fig. 15. All leaas of this wiring harness are perma- 
nenlly marked with seif-sticking markers made by W. H.

Identify Parts
Positive identification of wires in mass-produced 

equipment and assemblies is important. In short
run production, it s often vital. Good identification, 
as in Fig. 15, can save hours and dollars in circuit 
checkout and hook-up time and can prevent costiv 
errors due to improper connections.

as quickly and economically as their mass-pro
duced counterparts. Particularly useful are the 
self-sticking wire markers like the Perma-Code 
series manufactured bv the W. II. Brady Co. of
Milwaukee, Wis.

These adhesive-backed markers are supplied on
self-dispensing cards, ready for rapid application.
Until recently, most markers were a bit too large 
for very small assemblies. But Brady’s new “micro 
markers can be used on even very small sub
miniature assemblies, as shown in Fig. 16.
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Ketay preeieion 
component»'
SYNCHROS 
RESOLVERS 
POTENTIOMETERS 
SERVO MOTORS 
TACHOMETERS 
SERVO AMPLIFIERS 
GYROSCOPES

Catalogue» available
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Watch the Connections
In short runs, just as in long runs, the reliability 

o equipment depends largely on the reliability 
o the connections. For short-run work, compres- 
si in connectors of the Hyfen type can be particu
larly useful.

As shown in Fig. 17, these connectors, manufac
tured by Burndy Corp, of Norwalk, Conn., allow 
removal of individual wires with a simple extrac
tion tool. This feature can be a boon to the man 
who has to check that hard-to-get line that always 
terminates in the center of a connector.

Use What's Commercially Available
For short runs, a good rule is: “Don’t make 

what you can buy. Too often, an engineer gets 
into a bind trying to fabricate customized compo
nents. The engineer usually has the fixed idea that 
“nobody’s going to make the stuff in the kind of 
small quantities I need.’’

But many manufacturers do provide short-run 
services. Even cable, which usually comes in 5000 
foot lengths can be purchased in small runs. Alpha 
Wire Corp, of New York City for example, uses 
special techniques to provide “customized cable” 
runs as short as 50 feet.

Adapt What's Available
Often, when the purchase of specialized equip

ment is not justified, equipment on hand can be 
modified easily to fulfill a short-run requirement. 
For example, Newark Controls Company of 
Bloomfield, N.J., uses the simple rig shown in 
Fig. 18 to hermetically seal covers on gas density 
switches.

The cover fits snugly over the switch and is 
held in place by a nest and spring-activated 
clamp. The component is turned by a foot-pedal- 
operated, motor-driven shaft. A soldering iron 
heats the piece sufficiently in four revolutions so 
that solder can be hand fed during the fifth revo
lution.

Even unskilled operators can distribute the sol
der smoothly and evenly with this little fixture and 
the cost is negligible.

HOW MUCH
HEAT 
CAN

PRECISION 
POTENTIOMETERS
TAKE?

Ideas Wanted
Designing for short-run production is challeng

ing. The problems are many. Many of the tech- 
niques developed over the years for mass produc
tion simply cannot be applied to the short run.

But many can! They arc waiting to be used— 
n ually with modifications. But the modifications 
r quire thought and planning—lots of planning. 
\ ith proper thought and planning and with the 
n e of available mechanical aids, short-run pro- 
d iction can be profitable.

The stimulation provided by the challenges of 
s ort-run production has even prompted some en- 
g neers to claim “The short run can be fun.’ ■ ■

Special Ketay sector potentiometers have been designed to 
operate in ambient temperatures up to 500° C.
Ketay precision single-turn, multi-turn, rectilinear and sector 
potentiometers for control and instrumentation purposes feature 
compactness and high sensitivity. They are custom engineered for 
applications once considered too severe because of shock, vibration, 
torque, resolution or destructive environment.
Potentiometers that meet the most rigid specifications result from:
Creative Engineering—for example, very accurate single-turn 
ganged potentiometers in size 9 with linearity as fine as 0.15% 
and 2" diameter units with linearity as fine as 0.07%.
Superior Materials—selection to give optimum service for 
particular performance and operational requirements.
Advanced Manufacturing Techniques—such as the ability to weld 
taps to a single turn of wire as small as 0.0004" diameter (1/10 the 
diameter of a human hair).
Ketay potentiometers are being produced in a wide range of types 
and sizes, from tiny precision pick-offs to complex function 
and multi-wiper units.

• J
* NORDEN * Division of United Aircraft Corporation 7KETAY ▼ DEPARTMENT, Commack, Long Island, N.Y.
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Electronic Filter

Provides Linear Phase

OUT

36db/0CTAVE

LOG cu

FREQUENCY RESPONSE TRANSIENT RESPONSEPHASE RESPONSE

Fig. 1. Unity-gain dc amplifier with feedback network. 
Transfer characteristics are defined by passive elements 
rather than vacuum-tube characteristics. By interchang
ing R's and C's, filter can be made high-pass.
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Low-pass linear phase elec
tronic filter with a frequency 
range from 10 cps to 80 kc is 
designed to give a constant 
time delay and optimum tran
sient response.

Since often the engineer wants to place the 
cut-off frequency of a low-pass filter as high as 
possible and still attenuate disturbing signals that 
are near the cut-off, the obvious solution is to 
extend the frequency response and increase the 
attenuation rate above the cut-off point.

This is possible within limits, notes Morrison, 
but there are undesirable side effects. One result 
of this kind of maximally flat filter is a poor 
transient response; another is time distortion. 
Both of these can he compensated for if square 
waves or sine waves are being processed. This is 
rarely the case, in practice. In fact, the square or 
sine wave response of a filter is usually only of 
academic interest.

pRA( TK’AL solutions to design problems have 
1 produced an electronic filter with constant 
time delay and optimum transient response. By 
cascading three amplifiers having staggered 
dampings and natural frequencies, a low-pass 
filter with a terminal slope of 36 db per octave has 
been obtained. The instrument’s output is not 
distorted by random signals.

Designed by Ralph Morrison of the Dynamics 
Instrumentation Co., 1118 Mission St., South 
Pasadena, Calif., the Model 2200 covers the fre
quency range from 10 cps to 80 kc in tenth decade 
steps. Output has less than one mv rms noise and 
hum; drift is less than 10 mv per hour when the 
filter is operated from a regulated power line.

Fig. 2. Phase response of cascaded system is shown in (a); frequency response in (b). At cut-off, frequency response 
curve is rounded, but this is said to be desirable. Rise time, in the transient response curve (c), is only 0.4 sec.
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NEW FROM-CORNING
C-42 low-power, low-cost film-type resistor

You can get the new C-42 in resistances 
from 200 ohms to 1.5 megohms.

For all the facts, including detailed 
comparison of the C-42 with MIL-R- 
11B. write to Corning Glass Works, 
540 High Street, Bradford, Pa. Or con
tact our sales offices in New York, 
rhicago, or I os Angeles.

What this Country needs is a good five- 
cent resistor—and here it is.

At the heart of the C-42 you'll find 
a glass core coated with a very thin film 
of metallic oxide. It’s this construction 
that gives you the exceptional perform
ance you’ve come to expect from metal
lic film-type resistors.

In every characteristic, this new C-

three amplifiers similar to the one
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that 
is to

42 outperforms the requirements of 
MIL-R-11B.

Here’s a quick summary of some of 
the important data:
Humidity: 1% max. resistance change
Shelf life: 0.2% per year, maximum.
Noise output: .1 microvolt per volt

Nominal length of the C-42 is ’ti«"
± ’32". Power rating is 2 W at 70°C.
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Electronic Components Department
CORNING MEANS RESEARCH IN GLASS 

CIRCLE 46 ON READER-SERVICE CARD

Fig. 1 are cascaded —and where »Sh and are 
6.4 ± J4.0; £3 and are 3.9 ± jl 1.7; and S5 and 
St! are 20.4 and 5.37, respectively the net result 
is a low-pass filter with a phase response like that 
in Fig. 2a. Frequency response and transient 
response for the same filter are shown in Fig. 21» 
and c.

Note that while the transient response is good 
the frequency response is rounded in the region 
of cut-off. Morrison contends that far from being 
undesirable, a low-pass filter with this character
istic is ideal for handling random signals.

Other Considerations

A single switch on the filter provides for high- 
pass operation. This is accomplished by inter
changing the K’s and C’s of Fig. 1. The circuitry 
was arranged so the crossover frequency for any 
low-pass-high-pass setting occurs at the three1 
db point. For both modes of operation the terminal 
slope is 36 db per octave.

Input impedance is more than 100 K for all 
frequencies. Output impedance is low: maximum 
output voltage is ±20 v with maximum output 
current of ±20 ma. The low output impedance is 
to ensure that the filter transfer characteristics are 
’datively independent of loading, which is difficult 
io obtain with a passive filter

To eliminate any troublesome ground tie be- 
tween filter channels in a multichannel system, 
he Model 2200 is built so the shield and Bo 
input-output common) are free from any cabinet 
onnection. The power transformer is doubly- 
hielded to prevent common-mode power line 
ignals from generating reactive ground currents.

For further information about this well-designed 
inear-phase electronic filter, turn to the Reader- 
^ervire Card and circle 101.

Design

Lach of the three cascaded amplifiers can be 
d scribed as a single-degree-of-freedom system, 
with natural frequencies and dampings and only 
two energy storage elements like capacitors and 
inductors.

Requirements for the amplifiers include zero 
output for a zero input de signal, freedom from 
drift and noise. Using feedback introduces the 
desired transfer characteristics — determined by 
passive elements and not by vacuum tube charac
teristics. The feedback circuit shown in Fig. 1 
transforms a de amplifier with high input and low 
output impedance into a single-degree-of-freedom 
system.

1'he transfer function of the system can he 
written



Intercoupling Circuit for Precision Amplifiers

Whether engaged 
on major project as
signments or minor 
development work, 
George Hall enjoys 
the challenge of sim
plifying circuitry. He 
feels that a circuit 
devoid of reactive 
components, such as 
described, is ideal 
for medical and hi-fi 
applications.

George H. Hall
Research Engineer 

Arthur D. Little, Inc. 
Cambridge, Mass.

De amplifiers, when compared with ac ampli
fiers and chopper-rectifier combinations, offer 
superior performance in terms of higher signal- 
to-noise ratio and zero phase shift over a wide 
band width. Drift, the serious drawback, is 
minimized drastically by the novel interstage 
coupling principle described.

O ERIOUS PROBLEMS associated with de am- 
plifiers are drift and the necessity to operate 

succeeding stages at higher and higher potentials. 
Using a tube and small bias battery arrangement1 
as an interstage coupling device results in size, 
weight and cost reductions when compared with 
conventional direct coupling techniques. In addi
tion, the elimination of excessively high poten
tials by this coupling approach reduces the shock 
hazard and improves amplifier stability.

Conventional DC Amplifiers
Comparing ac amplifiers, with chopper input 

and rectifier output, against de amplification, de 
amplifiers have no chopper noise, higher signal- 
to-noise ratio, and zero phase shift from de up to 
frequencies vv here interelectrode capacity of tubes 
become effective. Furthermore, ac amplifiers are 
limited by being unable to go down to de, and 
by having a narrower bandwidth than de ampli
fiers. Therefore, de amplifiers are especially desir
able for use in instrumentation work requiring 
precision.

How ever, a serious problem in de amplifier cir
cuits is drift and the fact that the output of any
given stage is at a higher de level than desired

for input to the next stage. The usual methods of 
combatting this second problem are direct cou
pling, resistive divider coupling, or voltage regu
lator tube coupling. These methods are generally 
unsatisfactory.

When the control grid of a stage is maintained 
at the same de potential as the plate of the pre
ceding stage, the plate supply voltage must be 
succeedingly higher for each stage so that the 
necessarv grid potentials mav be maintained. This 
results in high-voltage supplies which are expen
sive, unstable, and dangerous. In addition to the 
plate-supply problem, the filament supply is com
plicated by the restrictions in maximum cathode- 
filament voltage specified by the tube manufac
turer, and by the generation of hum and noise 
when circuits are operated at levels far removed 
from ground potential.

Battery coupling is expensive, bulky, and intro
duces phase shift. Coupling with voltage regu
lator tubes results in additional noise and there
fore is undesirable at low signal levels. Sometimes 
a voltage divider is used in the coupling circuit, 
but this method proportionately attenuates both 
the de level and the signal level.

The novel interstage coupling principle de-

scribcd permits dropping the potential level from 
the previous stage without appreciably distorting 
or diminishing the magnitude of the signal. The 
resulting amplifier is characterized by high gain, 
low drift, and low noise-to-signal ratio. Phase dis
tortion is eliminated, because no reactive compo
nents are used in the amplifier circuit.

A simple circuit illustrating the technique is 
shown in Fig. 1. V2 is the coupling tube. Between 
its grid and cathode is a bias battery so that the 
grid is held negative by the small voltage egk sup
plied by this source. (A mercury cell is very satis
factory in all respects.) As the signal from the 
previous stage Vt varies, the plate voltage of the 
coupling tube changes. The plate-to-cathode volt
age, however, remains substantially constant and 
equal to As a result, signal variations are 
transmitted to the cathode resistor and appear al
most without loss at a de level determined by the 
no-signal plate current times Rk, and the value of 
the negative bias supply.

Thus there is basically a fixed voltage drop
across the top leg of the output divider com
posed of V2 and Rk. This is equivalent to insert
ing a large battery or a gas tube of constant volt
age drop equal to In this instance, the volt-
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dot of equivalent static resistance 
¡stances. (Fig. 2b)
\t the operating point on the 5755 tube charac 
i sties, the de resistance is:

Whether your instrumentation requirements involve 
meters of standard or special, custom engineered 
design, a Hickok Engineer is ready to help you. There 
is no obligation. Write for full technical information.

COUPLING
TUBE

Fig. 1. Basic circuit illustrating the use of a tube (V2) 
plus bias battery as an interstage coupling element.

Over the past half-century, HICKOK-pioneering in electrical indicating meters has 
resulted in such important developments as . . .
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10525 DUPONT AVE. 
CLEVELAND 8, OHIO

In close cooperation with leading engineers in the 
aeronautical, nucleonic and electronic fields, Hickok 
has repeatedly produced meters of the highest relia
bility in unique, complex designs for custom instrumen
tation requirements.

Perfection of the internal pivot movement
Development of the miniaturized long-scale (250 angular deflection) panel meters
Origination of the sub-miniature (1" diameter) long-scale ruggedized meter
. . . and, the latest break-through . . . ultra-sensitive class 0.5 Hickok Taut-Band Suspension 
(friction-free) panel meters.

age gain of the tube is used to decrease the size 
of the battery required for this task. Altema- 
tively,2 may be considered a “high-vacuum neon 
lamp whose running voltage is adjusted by the 
selection of the grid-to-cathode battery.

The application of the technique to a difference 
amplifier is shown in Fig. 2a. The characteristics 
of this coupling circuit may be shown as an 
equivalent circuit similar to voltage divider type 
circuit, but the two resistance elements are a re
sistor and the cathode-plate electron path of a 
vacuum tube.2 The circuit constants are arranged 
so that the vacuum tube operates at a point on 
its characteristics where the de plate-to-cathode 
resistance is high and the dynamic resistance, i.e., 
im remental change in voltage corresponding to a 
similar change in plate current, is relatively low. 
[ l ube H,, (de) is high-Dynamic rp (ac) is low.] 
I is coupling device is shown schematically with

STANDARD or 
CUSTOM 
ENGINEERED 
TYPES

dual °
CONCI MRiC
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Fig. 2a. Interstage coupling principle applied 
difference amplifier.

225K?
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Typical Applications

This coupling unit is one key to simplifying dc 
amplifier circuitry, and it can be used in all types 
of conventional amplifiers, single-ended or differ
ential.
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Cutting size and weight 75% or more, the new “Weld-Pack” con
struction as produced by Sippican Corporation for MIT’s Instru
mentation Laboratory stacks components in true three-dimensional 
packaging of almost any shape or module. Packaging densities rang
ing to 260,000 components per cubic foot are achieved only through 
Weldmatic welding, which cannot damage adjacent components 
through unwanted heat. “Weld-Pack” eliminates unnecessary weight 
of phenolics and lack of continuity in printed wiring — gives de
signers unlimited freedom. For this fresh, new concept in pack
aging, Sippican Corporation depends on weldmatic electronic 
welders chosen after careful evaluation of all stored-energy equip
ment. Unvarying uniformity of welds; accurate, repeatable pressure 
— these are some of the weldmatic features so important to con
structing “logic sticks” and other component packages to new stand
ards of quality.
imagine reliability of only one reject in one million welds... no 
cold joints...no flux contamination...greater mechanical strength. 
find out how Weldmatic welding can help you with difficult metal
joining production problems.
(Above) Sippican assembler uses two Model 1032 Welding Heads and 
companion Weldmatic Power Supply in performing two separate weld
ing operations on a " Weld-Pack” without changing electrodes or fixtures. 
(Right) Following wiring diagram on Mylar insulation sheet, operator 
welds nickel ribbon buss to both tinned copper resistor and dumet semi
conductor leads in this computer logic stick.

IMEG 

----------------------300V

I MEG

or 93.75 per cent efficient for the transfer of the 
signal voltage.

The series resistor Rk is large (1 meg), and the 
voltage across it is applied to the grid of the suc
ceeding stage. With this arrangement, the dc volt
age across it is considerably less than the dc level 
across the tube as the other element of this di
vider. However, since the resistance of this re
sistor is much greater than the dynamic ac resist
ance of the vacuum tube, substantially all of the 
signal voltage appears across this resistor and is 
thus applied to the grid of the succeeding stage. 
This coupling circuit has very useful characteris
tics since it generates negligible noise and signal 
distortion, and the phase shift over a wide operat
ing range is virtually unmeasurable.
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If you have this problem, investigate
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an example of Phelps Dodge’s

realistic approach

sue-
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FORT WAYNE. INDIANA

fig. 2b. Average plate characteristic 
¡755 tube used for interstage coupling.

To develop a solderable film-coated wire without fabric for winding 
universal lattice-wound coils without adhesive application.

Any time magnet wire is your problem, consult Phelps Dodge 
for the quickest, easiest answer!
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Phelps Dodge Grip-eze—a solderable film wire with controlled 
surface friction for lattice-wound coils that provides mechanical 
gripping between turns and keeps wire in place.

References
2 Gray—“Applied Electronics” John Wiley & Sons, Inc. 
( )58) pp 486,

lonipson, North, Harris—“Fluctuations in Space-Charge 
1 mited Currents at Moderately High Frequencies,” 
1 :A Rev. 4 (1940) 269-285, 441-472,
1 2A Rev. 5 (1941 ) 106-124, 244-260, 371-388, 505-524, 
1 3A Rev. 6 (1941) 114-124.

1 The interstage coupling circuit described is offered 
ir der license by Arthur D. Little, Inc., Cambridge, Mass.

Coils wound with (a) conventional film wire; (b) Grip-eze. Note clean 
pattern of Grip-eze as compared to fall-down of conventional film wire.

\ typical circuit incorporating this interstage 
coupling circuit is a pneumatic sine wave gener
ator designed for use in testing hydraulic flight 
control systems. The amplifier in this system has 
a gain of 30,000, background noise is approxi
mately 55 db down, and the bandwidth is 100 kc. 
Phase distortion is so low that it cannot be meas
ured.

The circuit is especially suitable for any appli
cation that requires extremely high-quality ampli
fication. It is particularly well adapted for medical 
amplifiers used in encephalography, catheter 
work, heart stludies, and nerve impulse research 
w here fidelity is of utmost importance. It will op
erate from dc to 0.5 mc for transient pulse meas- 
m ement in biophysical work, and as an amplifier in 
a” instruments requiring best possible fidelity. ■ ■

■0.5VJ
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•2.0V

25v
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Fig. 3. The protected amplifier incorporates Zener 
diodes Zl for transient limiting and Z2 as power 
supply regulator.

quite small since* the power output of a Class B 
stage

Bernard B. Daien
Contributing Editor, ELECTRONIC DESIGN

Built In Transient Susceptibility
The fundamental class B amplifier in Fig.

Protect Transistors Against Destructive Transients
Supply voltage transients are one ot the most frequent causes of transistor 
power amplifier failure. Here is a simple explanation of how transients 
penetrate circuitry, and an easy low-cost means of avoiding their destruc
tive effects.

Supply voltage transients in transistor amplifiers 
can be affectively minimized with relatively 

low-cost components. By analyzing the transient 
paths and providing the necessary precautions, 
substantial savings in “down” time, replacement 
costs, and maintenance can be achieved.

serves to clarify the text, and is also representa
tive of basic servo amplifiers.

Driver transformer Tl matches the high collec
tor impedance of driver TRI to the low input 
impedance of the class B stage. In consequence, 
the inductance of one half the secondary vv inding 
appears between the base and emitter of each 
of the output transistors. Invariably the circuit 
designer thinks of this winding in terms of its dc 
resistance in his preoccupation with the stabiliza
tion problem (which demands a low dc resistance 
path between base and emitter). The effects of 
this inductance are therefore overlooked.

The power amplifier load impedance is made

Fig. 1. The fundamental Class B or servo amplifier.

p — - (supply voltage)2
collector to collector load resistance

A line transient will therefore encounter very 
little opposition in its path to the collectors of the 
output stage through the primary of T2. If the 
transient has a fast rise time, the above men
tioned driver transformer T2 will appear as an 
extremely high impedance to the sudden increase 
in collector junction leakage caused by the tran
sient. Referring to Fig. 2, the base-to-emitter re
turn path is seen to be a very low resistance for 
dc but essentially a high impedance for the fast 
transient, as compared with the relatively low 
emitter to base junction impedance. As a result, 
the increase in collector to base leakage due to 
the transient flows through the base-emitter junc
tion, is amplified by Beta, and appears as a sud
den large increase in collector current. Since the 
increase in collector current occurs during the 
existence of the transient, it is apparent that the

Fig. 2. Collector junction leakage paths. 

design limits for voltage, current, and power ire 
simultaneously exceeded.

Another transient is the pulse which appears 
across the base-emitter junction of each output 
transistor through driver transformer Tl, as TRI 
is similarly affected by the transient. Fortunately 
I Rl has appreciable impedance in series with its 
collector, in the primary of Tl, which usually 
protects it. The pulse which results may be of 
such amplitude and polarity as to exceed the 
low inverse rating of the base-emitter junction 
of the output transistor.

Curing The Transient Problem
In Fig. 3 are simple circuit additions which 

minimize the effects of destructive transients.
Resistors Rl, placed across each half of the 

secondaiy of Tl, limit the maximum impedance 
of the base to emitter path to the value of Rl. 
Suggested values for Rl are 100 ohms, with lower 
values preferable. Drive power must be increased 
to allow for the shunting effect of Rl, but this is 
a small price to pay for the improved transient
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makes of comparable ratings. The types in all three

Write for NEW Stock Catalog 30

models provide additional current without overvoltage. The 
next time you need variable transformers, select from the 
line with advanced design—Ohmite.

QUALITY 
Components.

positive current transfer is achieved with direct brush to 
slip-ring, pig-tailed connection. Adjustable shafts on sizes 
VT4 and VT8 extend either to the brush or the base side. 
These two models also are interchangeable with competitive

spears 
)utput 
s TRI

Now you can get fast delivery from stock on 35 different 
models of Ohmite variable transformers. This newly ex
panded selection covers a high percentage of industrial 
needs. In it you will find single and three-phase units, two 
and three-in-tandem assemblies (not shown above), plus a 
variety of other cased and uncased models.

Ohmite “v.t.” variable transformers combine fresh think
ing in design with traditional Ohmite quality. For example,

f the 
dance 
f RL 
lower 
eased

VT8
VT8N
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offer the heavy capacity demanded for general laboratory and industrial applica
tions. Model VT8 (with overvoltage). Volts output: 0-120/140; amps output: 7.5 .. . Model VT8N 
(without overvoltage). Volts output: 0-120; amps output 10.0. Units available for 240-volt input also.

Models VT4 and VT4N provide output capacity greater 
than other units of comparable size and price. Model 
VT4 (with overvoltage). Volts output: 0-120/140; 
amps output 3 5... Model VT4N (without over
voltage). Volts output: 0-120; amps output: 4 75-

The author gratefully acknowledges the assistance of- 
red by the AVION DIVISION, A.C.F. INDUSTRIES 
the preparation of the necessary art work.

be of 
d the 
notion
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Popular, small Model VT2 (with overvoltage). Volts 
output: 0-120/132: amps output: 1.5 ... Model VT2N 
(without overvoltage). Volts output: 0-120; amps 
output: 1.8. This model delivers more current than 
existing transformers of comparable size and price.

¡innunity afforded, and is certainly lighter, 
smaller, and less expensive than an LC filter in 
the power input lead.

Zener diodes, 71, are placed across the collector 
to emitter of each output transistor. These Zeners 
are rated at 1 w and twice the voltage of the dc 
supply (to allow for the normal peak signal swing 
plus supply voltage.) The Zener simply affords 
protection against overvoltage; it does not protect 
against that portion of fast rise time transients 
below the Zener breakdown voltage. RI is there
fore desirable despite the Zeners. Without RI, 
repetitive fast transients may result in sufficient 
heating to set off runaway.

Zener diode Z2, and its associated resistor R2, 
limit transients appearing at the collector of the 
driver transistor. This limits the pulse through / / 
to a reasonable value, protecting the base to 
emitter junctions of the output transistors.

VT2
VT2N

VT4
VT4N

VARIABLE TRANSFORMERS
Complete Line Now Available 
from Stock

Reducing Immunity Cost
By selecting the voltage rating of Z2 somewhat 

lower than the minimum supply voltage antici
pated, Z2 functions as a regulator and decoupling 
filter for the driver and preamplifier stages. Un
like a capacitor, the Zener impedance remains 
small at low frequencies, hence prevents low- 
frequency feedback through tin* power supply 
more effectively than a capacitor. The regulated 
voltage so obtained may be used as a stabilized 
source for obtaining bias for the driver and pre
amplifier. The resulting reduction in operating 
point shift, due to changing line voltage, permits 
the use of less degeneration, enabling greater 
stage gains to be realized. The cost of Z2 may 
therefore be recovered by’ eliminating the need 
for a decoupling section normally used.

The cost of ZI is recovered by using output 
transistors with a lower collector voltage rating, 
since the Zener affords positive overvoltage pro
tection, eliminating the need for a “safety factor.'

Practical Example
A 28-v servo amplifier, immunized in accord

ance vv ith these principles, was repetitively pulsed 
with 300 v’ transients of 1 msec duration. The 
transients had extremely fast rise times. Despite 
this there was no observable deterioration of the 
amplifier or of the transistors which were tested 
before and after the pulsing. It is suggested that 
for extremely severe transient conditions, 7A be 
made as large as necessary to handle the peak 
current; 200 mw units proved unsatisfactory’ in 
this test.

The same amplifier without modification re
] eatedly suffered destruction of one or both of 
the output transistors after only a few pulses 
i ider the same test conditions. • ■

RHEOSTATS RESISTORS RELAYS 

TAP SWITCHES TANTALUM CAPACITORS DIODES 

VARIABLE TRANSFORMERS R. F. CHOKES

OHMITE MANUFACTURING COMPANY
3643 Howard Street, Skokie, Illinois



How Large Should a Module Be?

W. Van z\lan Clark, Jr., presi
dent of The Sippican Corp., de
scribes himself as a backslid 
economist. A product of Williams 
and MIT, he joined the MIT 
faculty in 1946, becoming, in 
1954, Associate Professor and 
Assistant Dean of MIT’s School 
of Industrial Management.

He views the electronics in
dustry as an ideal industry for 
the practical education of an 
economist since “it provides a 
maximum risk and a minimum 
profit potential.*’

In this article, he shows how 
an economist would solve the 
problem of module size.

W. Van Alan Clark, Jr.
The Sippican Corp.
Marion, Mass.

WHAT’S the best size for an expendable 
module? The module may be a true chuck- 

away or a chuckaway which is actually “swapped” 
at the field level. It may be repairable at the 
depot level or separable at the depot level into 
yet smaller chuckaway modules.

Determining module size is complicated by the 
fact that the decision involves a number of cost 
elements which are hard to think about with intui
tion alone.

There are the costs which occur when the sys
tem is built. There are those which are required 
to fill the supply and maintenance pipelines to 
obtain full operation of the system. There are 
further costs which are in the future (which means 
that we must discount them to their present 
value). There are uncertain costs, whose value we 
must find by multiplying their probability by their 
cost when they do occur.

There are variables in repair cost which depend 
on the amount and kind of training that repair 
personnel must have at various repair points. And 
there are ultimate salvage values (negative costs) 
at the end of the useful life of a system.

Different sized modules can affect the value of 
a system by affecting its weight and size, its per
formance, and certainly, its reliability. These costs 
are very real but are usually hard to estimate, let 
alone document.

Make an Economic Model

One way to look at this problem is to construct 
an economic model—an expression of the way the 
costs of the system may be expected to behave- 
and to optimize this expression.

Engineers are accustomed to optimizing equa
tions to find the best part of a curve. Where the
equation is known, they will differentiate it with
respect to variable to be optimized and set the
differential equal to zero. Then they will solve

ELECTRONIC DESIGN • November 25, 195?
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Cdr/F) + C weight > U 

Salvage Value 
construction 
supply and maintenance 
probability’ of failure 
downtime per failure

f the best value of the variable.
Similarly, economists, who often don’t have 

1 rmal equations to deal with, explore margins to 
find the slope of the total cost curve. Often, they 
v ork with a cost curve and a value curve. By find
ing the effect of marginal changes in cost or value 
(by determining the slope of these curves), they 
learn something about the slope of the total cost 
curve and thus determine in which direction the 
optimal total profit point lies.

magnet wire • lead wire • power supply cords • cord sets • portable cordage • electronic wire 

• automotive replacement wire and cable • aircraft wire • electrical household replacement cords

fr/F — field repair per failure.
If we look at this expression and think about it 

v ith respect to module size (i.e., take out the 
partial derivative for module size), we find that 
v e may have no real data. But by estimating the 
\ ly the module size affects the various terms, we 
< n at least find out which terms are most signifi-

’ this is no joke. The best way to do an efficient job on 
a operation is to get rid of it Thus, one can often elimi- 
i te a chassis (make it equal zero pounds) and make a 
s f-supporting circuit module.

Grid Wires

uired 
es to 
i are 
leans 
esent 
e we 
their

Economics of Module Size

Applying these thoughts to the field of module 
size, one finds an expression of cost. Expressing it 
verbally the cost of a system is the sum of the fol
lowing costs:
■ The cost of constructing it.
■ The cost of filling the supply and maintenance 
pipeline.
■ The likelihood of system failures times the cost 
of these failures when they occur. This cost of 
failure includes down-time cost, repair cost (both 
labor and material), and in many cases, the cost of 
sending the system or parts of the system back for 
depot or factory repair.
■ The cost to the performance of the system of 
added size and weight above the theoretical 
minimum (zero weight)* regardless of cost.
■ Today’s value of the eventual salvage value 
(negative cost) of the system.

To behave like reasonable economists or eco
nomically literate engineers, we should reduce all 
future costs in a system to their present value. To 
recognize time as a factor in the equation, we 
should divide each cost by the compound interest 
factor (1 -j- ty to obtain its present discounted 
value.

For simplicity, we can ignore the effect of time 
and build an equation of system cost which looks 
something like this:

Belden
WIREMAKER FOR INDUSTRY

SINCE 1902 
CHICAGO .



...and you’ll see why
Acheson’s EMRALON
is providing new
application stories.

take a card 

...ANY card!

The recent introduction of ‘EMRA
LON’ surface coatings has literally 
“opened the door” for scores of man
ufacturers seeking the unparalleled 
properties of du Pont’s tetrafluoro
ethylene (TFE) but handicapped by 
the high fusing temperature. With 
‘EMRALON’ 310*, a one hour cure at 
300°F. is all that is necessary. For 
substrates even more sensitive to 
heat, there is air drying ‘EM- 4 
RALON’ 320f. In either 
case, these versatile new \ 
coatings provide excellent \ 
adhesion, low coefficient of \ 
friction, toughness and corro- \ 
sion resistance. What’s more, \ 
‘EMRALON’ can be applied by \ 
conventional paint spray equip
ment.

REGULATORS &

Why not test ‘EMRALON’ 310 or ‘EMRA
LON’ 320 on your application. Send for an in
troductory package complete with data sheet. 
The cost is only $4.25 prepaid for enough 
material to coat 5,000 sq. in. of surface. ($4.50 
west of the Rockies) Write today!

ACHESON COLLOIDS COMPANY
Dept. ED-119, Port Huron, Michigan
Gentlemen: Your new 'EMRALON* turface coatings suggest themselves as 
possibilities for a current design problem. Send an introductory package 
to me promptly.

□ 'EMRALON* 310 (bake type) □ Check enclosed

□ 'EMRALON* 320 (air-dry) □ Please have your service engineer call

□ Bill me on Order No--------------□ Send descriptive literature

NAME:TITLE:

COMPANY:

ADDRESS:

CITY:STATE:

APPLICATION:__________________________________________________________

I_____________ ____ __________ ______________

?.nder Sxî"”,ve ,,e«nM ,ram E '*« Pon* <!<• Nemours A Co. (Ine.» under U. S. Patent 2.825,706. Not licensed for use or for sale for use in providing electrical Insili at ion, 
VEMRALON* 320 — Patent applied for

cant and which terms dominate the equation n
sheer orders of magnitude.

For any particular system, we may find the^e
things happening:

Larger modules may make the system cheaper 
to build, for there may be less cabling and fewer 
connections. But if the system involves many un
reliable components, smaller modules may be bet
ter.

The cost of putting the system in service will 
be greatly affected by module size. Large modules 
may permit a quantitative difference (in the 
amount of training needed by field service person
nel), as well as an important qualitative difference 
(men may be more highly trained in system 
analysis with less emphasis on detailed electronic 
skills). It is the system which is important at the 
field level.

The size of modules will affect the nature of 
the logistic pipeline and the number of identical 
modules possible in the system. This, also, is a 
function of module size as the number of identical 
modules will affect the inventory required.

The probability of failure (pF) is a function of 
many things. Among them is the manner in which 
failures occur. They may be a function of hours 
of use, times turned on and off, or exposure to 
specific environments.

Module size and the manner of joining modules 
can certainly affect the failure rate. Murphy’s 
Law, which holds that what might come apart 
probably will, has not yet been abrogated. Thus, 
a totally “hard” system is likely to have fewer 
failures than one with many connectors and much 
cabling.

Failure probability is also affected by the 
amount of maintenance required in use. It is fairly 
certain that the reliability of many systems is re
duced by their being worked on.f

The cost of a failure, once it occurs, is the sum 
of at least three costs.

1. The first, the cost of unscheduled downtime 
(or a fizzle), may be simply a by-event. Or it may 
be greatly affected by the number of minutes or 
hours involved in making the repair.

2. The repair cost is negligible when compared 
with the cost of on-line downtime in large elec-

CIRCLE 52 ON

ACHESON Colloids Company
PORT HURON, MICHIGAN

A division of Acheson Industries, tnc.
Also Acheson Industries (Europe) Ltd. and affiliates, London, England 

READER-SERVICE CARD

f An airplane is most likely to have troubles immediate!}’ 
after overhaul. If you own one, make the mechanic go 
up with you for the first flight.
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Over 70 years’ leadership in electrical 
measurement... that’s the tradition behind 
each of these instruments ... the reason for 
the world-wide preference they’ve earned. 
You’ll find just the model to meet your switch
board or panel needs in the Weston Catalog 
— including all versions of the famous instru
ments pictured on this page.

ired 
lec-

For specifications . . . information ... or 
the address of your nearest distributor, con
tact 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.

*Weston offers the broadest panel instrument coverage in the industry ... in terms of shapes, scale lengths, ranges, accuracies, sensitivities and sizes. 
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h nic systems. This tends to encourage large 
i; idules which can be exchanged after a quick 
< ignosis. For such major systems, large modules 
v iich are exchanged at the field level and re- 
p ¡red at the depot level, make logistic sense.

3. Consideration of the cost of the module 
eventually thrown away may reveal (in view of 
the total system costs) that many systems pay a 
very high price to save a small amount of mate
rial.

Weight and volume reduction have a high value 
in many systems. But they involve a cost which is 
hard to pin down with any precision. Increased 
weight, as it ripples through the design of a sys
tem, may involve an astronomical cost compared 
to the cost of reducing the weight in the first 
place.

In some cases, very high component density 
may impair system performance through inter
ference. In other cases, large modules may im
prove performance through reduced line length.

Large modules almost certainly reduce system 
weight and size. They permit simpler chassis 
structures, less intermodular cabling, and fewer 
mechanical connectors or junction boxes.

ules 
hy’s 
part 
hus, 
wer 
uch

Why compromise on your panel 
or switchboard instrumentation?
SPECIFY WESTON: The finest instruments available . .. 
combining long-range economy, lasting quality

Some Costs Aren’t Important
Some terms are unimportant from the viewpoint 

of module size. Salvage value, for example, is 
likely to be far in the future. Discounting this 
event to its present value makes it an unimpor
tant cost.

Other terms drop out entirely and are not even 
included in the original cost equation. Module 
size should not affect component cost or power 
consumption, for example. This is an obvious 
effect of differentiation; terms which do not vary 
in relation to the variable in question drop out.

This exercise of constructing a total system cost 
model may appear to be a foolish waste of time. 
To others, it may seem that the attempt to con
struct a cost model—even one arrived at induc
tively and with no proof—is nearly as valuable a 
design tool as is the construction of a physical 
model.

By looking at a design mock-up in physical 
form, we raise questions and find answers before 
being committed to expensive hardware. Simi
larly, by constructing an economic model, we 
raise questions and see answers in better perspec- 
tiv ■ than we might by considering the various 
as ects of the design separately.

dost important, if we construct a total cost 
nr lei which describes the costs of an apparatus 
ox r its lifetime, we quickly determine which 
cc ts are most important. We do not trap our-

A-C voltmeters 
AC ammeters 

A-C milliammeters 
A-C rectifier-type Instruments 

D-C voltmeters 
D-C ammeters 

D-C micro- and milliammeters 
D-C millivoltmeters 

Polyphase wattmetors-varmeters 
D-C A single-phase A-C 

wattmeters 
Single A polyphase power 

factor meters 
Frequency meters 

Thermo Instruments 
Synchroscopes

Model CIO

hich minimizes one cost at the expense of
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Solid State 10 mc Counter 
Uses Diode Logic

NWL 
SEQUENCE 

CONTROLLED 
DC POWER SUPPLY

This unit is especially designed to produce a high magnetic field 
inside a high compression molding dye for the manufacture of magnetic 

ceramics. The output is 60 volts, 1000 amperes and the ripple is less 
than 5%. Sequence timers and reversing switches, located internally, 

make the output positive or negative to produce magnetizing and 
de-magnetizing fields as required. The output is varied over a wide 

range by a saturable core reactor. The intensities of the magnetizing 
and the de-magnetizing fields are controlled 

independently by manual adjustments.

The DC power supply illustrated, is only one of many special units 
manufactured by NWL, such as: Air and iron core reactors, large power, 

electronic and pulse transformers, chokes, etc. 
Each NWL power supply is thoroughly tested and must meet all customer 

requirements before shipment. We shall be pleased to quote you up to 
300 KV and up to 500 KVA, depending on your individual requirements.

ESTABLISHED 1920

NEMA’

THOUGH there's nothing new about 
■ counting at a 10 mc rate, there is 

something quite unusual about doing it 
with transistors in a commercial counter- 
timer.

Transistorizing a counter offers the ad
vantages of cutting size and weight and 
reducing power consumption. But it pre
sents a problem. For it is no small feat to 
switch 10 mc pulses and run them around 
a chassis—even with vacuum tubes.

To dodge the switching problems 
found in high-frequency vacuum-tube 
equipment, engineers at Computer-Meas
urements Co., 12970 Bradley Ave., Syl- 
mar. Calf., used digital logic for switching.

In their Universal Counter-Timer, 
Model 727A, all switching is accomplished 
at dc levels only. No pulses or high fre
quencies are switched through mechani
cal switches or switch cabling. Instead, 
all pulses are gated to amplifiers and to 
the decade counting units by means of 
digital logic circuitry.

For example, in the time-base gate 
selector shown in the logic diagram, the 
AND gates are enabled by a mechani
cally-switched 12 volt signal which allows 
the various time base signals to pass to 

an OR gate and thence to the amplifier 
driving the decade counters.

The AND-OR elements use IN34’s in 
conventional diode logic configurations. 
Their effect on even the high frequency 
signals is negligible. Hence, no pulse re
shapers are necessary.

For contrast, a gate selector in a typical 
v acuum tube counter would have pulses 
from time base dividers routed through 
a rotary switch and its associated cabling. 
The sw itch and cable capacitance would 
limit the frequency which could be 
switched.

Vacuum tubes which generate control 
signals must first charge the cable ca
pacitances before they can send a signal 
through to the output. This requires high 
power from the driving circuits, and at 
high frequencies, the tubes must really 
be driven hard.

The high frequency pulses which are 
forced through switching networks, long 
lines, and cables require reshaping to re
store them to useful form. CMC’s tran
sistorized counter requires no pulse 
shaping.

Since all switching is at dc levels, the 
internal circuitry is adaptable to remote

SAY: NO-TEL-FER

NOTHELFER WINDING LABORATORIES, INC., P. 0. Box 455, Dept. ED-11, Trenton, N. J.
Specialists in Custom-Building
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Electronic Products NEWS
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PJLSt

9KV 
ISOLATOR

GLOBAR
SP RESISTOR 

100a

Vacuum-tight, matched 
expansion GLASS-TO
METAL WINDOWS

MEGAWATT transient handled by GLOBAR® 5 Watt 
SP Resistor to protect Miniaturized Pulse Generator

FROM TIME 
BASE DIVIDERS

kovar is an iron
nickel-cobalt al
loy used for 
making hermet
ic ceramic- or

NEW BOOKLET AVAILABLE 
ON KOVAR® ALLOY

accuracy of ±.001 and the hole spac
ing is held to a tolerance of ±.002. 
The drum with its stainless steel 
bearing sleeves is a direct ceram ic-to
metal assembly. The bearings must 
withstand a vertical load of 60 lbs. 
Three of the end holes are tapped. 
The slot, the pitch and the depth of 
the spiral winding groove are ground 
to tolerances of ±.001.

This is an example of the accurate 
specifications that can be met with 
equipment at Carborundum’s Latrobe 
Plant, which specializes in ceramic, 
ceramic-to-metal and glass-to-metal 
assemblies. Facilities are available 
for small or large production runs. 
For more information, write Latrobe 
Plant, Refractories Division, Dept. 
EDC119. Carborundum Company, 

Latrobe, Pa.
CIRCLE 714 ON READER-SERVICE CARD

to withstand the periodic 8000-v. dis
charge for several microseconds and 
to take a temperature of 1000 F. Since 
this resistor is non-inductive, it works 
well as decoupling element during 
normal operation, in addition to giv
ing the protection needed when 
arcing occurs. 5 watt size P/4" long, 
5/16" diameter, obviates any space 
problem.

This example may suggest many 
similar applications. For more details 
on GLOBAR resistors, write Globar 
Plant, Refractories Division, Dept. 
EDR119, Carborundum Company, 
Niagara Falls. N. Y.

CIRCLE 712 ON READER-SERVICE CARD

The drum coil and end plates shown 
in the photo are parts of a tuner for 
the Transport Radio Command and 
Ground Radio Command. The plate 
holes are ground to size with an

Windows of the type shown above 
have a variety of applications where 
truly reliable vacuum-tightness or 
gas-tightness over a considerable 
temperature range is desired.

The advantage of these windows is 
that the frame and glass are united 
to form a chemically bonded, her
metically sealed unit. Use of KOVAR® 
alloy and borosilicate hard glass, 
which have practically identical 
expansion characteristics, eliminates 
stress and strain,

Large quantities of these windows 
are manufactured by Carborundum’s 
Latrobe Plant. Bulletin 5133, giving 
complete information, is obtainable 
by writing to Latrobe Plant, Refrac
tories Division, Dept. EDS119. Carbo
rundum Company, Latrobe. Pa.

CIRCLE 713 ON READER-SERVICE CARD

CERAMIC DRUM AND END PLATES for radio tuner 
GROUND TO .OOI ACCURACY

seals. It has ap
plications in 

electronic equip-
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A tough problem was recently solved 
by Ramo-Woolridge, a division of 
Thompson Ramo Woolridge, Inc. It 
concerned protection against a transi
ent discharge that caused breakdowns 
in a miniaturized pulse generator.

The circuitry, as shown above, in
volved a modulator for a 1-kw grid- 
controlled traveling wave tube. The 
grid would often arc to ground, short
ing the energy stored m the condenser 
C2 through the modulator circuit and 
vaporizing the decoupling resistor R 
or the bias filter C3.

The answer was found in a 
GLOBAR Type SP 100Q resistor, able

ment This booklet is a complete 
catalog of specifications and ap
plications. For your copy write 
Latrobe Plant, Refractories Divi
sion, Dept. EDK 129, Carborun
dum Co., Latrobe, Pa.

Time-base gate selector uses AND-OR logic to 
switch high frequencies. Only dc goes through mechani
cal switch and cabling.

CERAMIC PARTS AND METALLIZED ASSEMBLIES KOVAR ALLOY CERAMIC RESISTORS VARISTORS
CIRCLE 712 THROUGH 715 ON READER-SERVICE CARD

CARBORUNDUM
Registered Trade Mark

TO INPUT
9 START 

CHANNELS

operation without regard to cable length, 
cable type, impedance matching, and 
switching transients. Thus, the instrument 
lends itself nicely to automatic program
ming, and all functions are brought out 
at the rear for remote use.

fn praising the virtues of the new 
counter, CMC chief engineer J. B. Olson 
points to low power consumption, weight, 
and size, and to high reliability. His com
parisons are impressive.

The transistorized counter consumes 
but 35 w. This compares with 320 w and 
600 w for competitive vacuum tube ver
sions. It weighs only 27 lb—quite a bit 
less than the 70 and 110 lb of vacuum 
tube counterparts. Its volume is less than 
a cubic foot as compared with almost 
two, and over 4 cu. ft. for competitive 
vacuum tube counters.

(.'MC has enough confidence in the 
unit’s reliability to offer a two-year serv
ice-free warranty. Says Olson, “We don't 
expect to have to do any servicing on 
these units for a good five years—espe
cially if we can devise a way to keep 
users from poking around inside.”

For more information turn to the 
Reader-Service card and circle 103.
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Part No. F D H
95.6006 11/16 .490 .175
95.6009 3/8 .281 .187
95.6010 7/8 .490 .078
95.6011 3/8 .250 1/8
95.6013 .220 .150 .150



New^acuum Gage Measures
Pressures in Two Ranges - - -

1/ 3 mm to 1 /x Hg
to 0.1 m/z Hg

GICT—Cabinet Model

High-Current Amplifier 
Drives Hi-Fi Galvanometers

The KINNEY GICT Ionization- 
Thermocouple Gage covers the 
range from 3000 microns to below 
10*7 mm Hg...a two meter instru
ment providing simultaneous 
Ionization Gage and Thermocouple 
Gage readings. Available in port
able cabinet and panel mounted 
models. The standard unit is sup
plied with one position Compen
sated Thermocouple Gage and it 
can be supplied in modified form 
with 2, 3, 4, 5 or 6 position Gage at 
extra cost.

Designed with the more critical 
applications in mind, the KINNEY 
GICT brings an important advance 
in high vacuum instrumentation for 
use wherever an accurate and 
highly dependable instrument is 
required.
Get the full story on such features 
as: Compensated Thermocouple 
Gage Tubes, Automatic cut-off relay 
to protect Ion Tubes from burn
out, Outgas circuit for elimination 
of false pressure readings, and 
many others.

MFG. DIVISION 
THE NEW YORK AIR BRAKE COMPANY

3561 LWASHINGTON STREET BOSTON 30 . MASS.

Ask for KINNEY 
Bulletin No. 3811.1 
just off the press.

Please send me Bulletin 3811.1 with full information on the GICT 
Ionization-Thermocouple Gage by return mail.

Name

Company.

Address_

J City Zone State.
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Galvanometer driver is designed to provide 100 ma dc to high- 
frequency galvanometers, which require more current than is avail
able from conventional voltage sources, such as dc amplifiers.

NEGATIVE 
REGULATED 

SUPPLY

+ GROUND Delivering
impedance of

100 ma at an output 
less than one ohm, a

INPUT OUTPUT

GROUND
H I------------- Q

POSITIVE
REGULATED 

SUPPLY

Fig. 1. Rasic dc amplifier circuit has 
low input impedance, only 1 per cent 
accuracy.

new dc amplifier fills a gap in the supply 
of voltage units for high-frequency 
galvanometers.

The recent availability of galvanom
eters with high-frequency response and 
their concomitant higher-current demand 
has created a need for an improved volt
age supply. The new unit, priced at $150, 
provides current that typical high-gain, 
dc amplifiers, telemetering receivers, de
modulators, oscillators or detectors can
not.

Manufactured by Video Instruments, 
3002 Pennsylvania Ave., Santa Monica, 
Calif., the Model 92 accepts maximum 
input signals ±15 v, has an input imped
ance of 100 K. Voltages up to 300 vdc 
between input and case ground are re
jected by 120 db. Voltages of 60 cps up 
to 20 v rms are rejected by 80 db.

An interesting circuit design is used in
the Model 92. It improves on the con-
vential basic circuit.

In the basic circuit in Fig. 1, transistors
V* and V5 are complementary pnp-npn
power transistors used as emitter-fol
lowers. These are used to couple the free
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tornino fed Plastic

INPUT OUTPUT
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Formica perfects new
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is now an
eproduction of the input to
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sisters 
p-npn

$150,
-gain,

accurate 
ithin 0.2

nents, 
onica, 
imum

1 vdc 

re re
ps up

:ed in 

■ con-

Vi and V2 have a 
this provides 46 db i 
the output voltage

Fig. 2. Improved circuit has added transistor network 
to get 100 K input impedance and 0.2 per cent accuracy.

voltage gain of 200; 
/er-all feedback, and

CTRONIC DESIGN • November 25

tv, telephone and aviation electrical devices,

Improved Design

To improve the accuracy to 0.2 pei 
cent and to get a high (100 K) input im
pedance. the input signal is applied to 
one side of a differential amplifier (see 
Fig. 2). The other differential input is 
tied to the output of the transistors. These 
are driven by the output of the differen
tial amplifier. In this way any difference 
between the input and output signals is 
sensed by the differential amplifier and 
used to correct the output.

Formica team:

(I to r) Eldon Fender, R&D; 
John Fitzer, Manager of Process 
Engineering; and Fenton Ham
ilton, Manager of Industrial 
Products—demonstrates flame 
retardant properties of new 
paper-epoxy grade.

per cent.
The Model 92 has a built-in regulated 

power supply, uses 8 w of 115 v, 50 to 
100 cps power. To protect the galvanom
eter, amplifier output is limited to ±11 v.

For further information on this solid
state galvanometer driver amplifier, turn 
to the Reader’s-Servicc ( ard and circle

Increased dimensional stability—30% greater than existing grades under 
moisture conditions—offers many other application advantages.

This basic new material offers the additional properties shown at left— 
so essential for dependable printed circuit performance. For complete in
formation, send for free test sample and data information. Formica Cor
poration, a subsidiary of American Cyanamid, 4512 Spring (»rove Ave., 
Cincinnati 32, Ohio.

The team shown above demonstrates the flame retardant, self-extin
guishing properties of the newest formica copper clad, EP-37. Because of 
these unusually effective properties, the new paper-epoxy is well suited for

put. Depending on the polarity of the in
put signal, either V4 or V5 conducts. Its 
emitter, connected to the output, will 
follow the input-signal voltage.

Simple. But there are two disadvan
tages. \ low input impedance results, be
cause the power to drive the transistor 
is supplied by the input. And because of 
the base emitter voltage drop, the output 
voltage will follow’ the input with an 
accuracy of only about 1 per cent.

Flame retardant

Self extinguishing

Dimensional stability under both 
solder dipping and humidity 
conditions

Million megohms IR

Cold punch 1/16" 

10# avg. bond strength 

500°F. solder heat resistance for 
25 secs.

POSITIVE 
REGULATED 

SUPPLY

NEGATIVE
REGULATED

SUPPLY



WAVEGUIDE
COMPONENTS

applications

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.

ANTENNA EQUIPMENT

> D. S. KENNEDY & CO.
COHASSET, MASSACHUSETTS EVergreen 3-1200

Writ Coast Affiliate . . .
SATELLITE KENNEDY,INC. of CALIFORNIA 
P.O. liox 1711, Monterey, California—F Flo ntl or 3*3461 
Down-to-earth SOLUTIONS to out-of-this-world PROBLEMS 
Tracking Antennae-Radio Telescopes-Radar Antennas 

“Trans-Horizon" Antennas-Tropospheric Scattar 
Ionospheric Scatter

CIRCLE 58 ON READER-SERVICE CARD



Replace both mechanical commutators and signal 
conditioners with

Low Level Solid State Multiplexer

LOW LEVEL (5mv full scale) trans
ducer signals as well as high level 

(to 5 v) signals can be multiplexed for 
PAM, PDM or PCM telemetering with 
a new solid state commutator and signal 
conditioner package. No external signal 
conditioners or amplifiers are needed for 
use with standard thermocouples, strain 
gages, resistance bridges, pressure, ac
celeration or displacement transducers.

Now in production at Servomechan
isms’, Inc., 12500 Aviation Blvd., Haw
thorne. Calif., tlit' signal conditioner-and- 

multiplexer provides strain gages anc 
resistance bridges with excitation voltage 
from its own supply. Need for specia 
power supplies is eliminated.

Telemetering engineers are not bounc 
to the use of any particular type of trans
ducer: the commutator provides for in 
dividual scaling of the 30 input channels. 
Any full scale signal from 5 mv to 5 v can 
be handled and converted to 0 to 5 v de 
pulse amplitude modulation, pulse dura
tion modulation or pulse code* modulation 
signals.

Low level solid state commutator ond signal conditioner give one per cent accuracy 
on 30 channels. At left is the production unit; next Io it is the original breadboard.
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Block diagram of the unit shown in the 
above photo. Counting clock and counter as 
one module, unit consists of five separate com
ponents.

For most applications, solid 446 stain
less alloy electrodes are best suited to 
our users needs. They are ideally suited 
to the perfect mating between our 
V24M glass and the pin. This fusion 
of glass and metal together with com
pression accounts for the rugged leak
proof character of Fusite Terminals 
under rough production handling and 
makes for easy solderability.

:uracy

Since both thermocouples anel strain 
gages, for example, put out a 10-30 mv 
full scale signal and have 10-20 pv thresh
old level resolutions, one' of the problems 
has been for the mechanical commutator 
and signal conditioner to provide com
parable accuracy anel resolution. The new 
unit has a sense resolution of 10 to 20 pv.

Consisting of fixe main modules as 
shoxvn in the block diagram, the solid 
state multiplexer has an overall gain of 
1000. Output impedance is 500 ohms, in
put on loxv level (0-5 mv input) 2 K, high 
level up to 500 K. Speed of commutation 
can be 25 kc. With some 30 channels in 
operation output noise on any given chan
nel is held to 20 mv—according to Servo
mechanisms engineers this includes cross
talk. Usable information band is 90 per 
cent of the total on time.

Rated environment for the solid state 
device is zero to 71 C, 50 g acceleration 
and 38 to 2000 cps ±20 g vibration. Un
der all conditions of this environment and 
with all 30 channels in operation accuracy 
is said to be ±1 per cent of full scale. The 
nexv unit xveighs 2 lb, measures 3-1/2 by 
2-3/4 by 2-1/2 in.

For further information on this solid 
state commutator circle Reader-Service 
number 104.

CONSIDER THE PLUS OF COPPER CORED ELECTRODES
When your application indicates the need for greatly improved 
electrical or thermal conductivity, you still need not sacrifice 
these inherent Fusite advantages. At slight additional cost, 
any of our terminals can be ordered with electrodes that have 
a copper core of as much as 25% of the total electrode area. 
Copper cored wire has up to 10 times increased current 
carrying capacity, yet, you maintain nearly all the advan
tages of solid 446 stainless.

Would you like to make tests'

, 1959

terminals
PROTECT PRODUCT 

PERFORMANCE

Write Department 07

THE FUSITE CORPORATION
6000 FERNVIEW AVE., CINCINNATI 13, OHIO

Woodford Mf0. Co., VorsoHlot, Kentucky. 
In luropoi FUSITI N. V. Königeweg 16, Almolo, Holland
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Covering all new products that might gener
ally be specified hy an electronics engineer
engaged in the design of original equipment.NEW PRODUCTS

Tape Recorder's Dimensions 
Are 5 x 4 x 2 in. Complete

This two-channel recorder measures 5 x 
4x2 in. complete, including all electron
ics. Its total weight is 2 lb. All applicable 
parts of MIL-E-4158A for ground uses are 
met, but it can also be furnished for spe
cial flight and other applications. Power 
requirements are 2.5 w dc. The unit in
cludes electronics for record and repro
duce and a timing reference source. It 
operates at any tape speed to 48 ips, bi
directional, with end-of-tape sensing. Fre
quency response is up to 160 kc, ±3 db 
at 48 ips.

Precision Instrument Co., Dept. ED, 
1011 Commercial St., San Carlos, Calif.
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Miniature Rotary Switch 
Weighs Less Than 3 Oz.

Weighing less than 3 oz and measuring 
1.5 in. long and 1.375 in. in diam, the 
Ledex BD2E rotary switch can be used 
for stepping, counting, programming, cir
cuit selecting and homing. It can be either 
self-stepped or externally impulsed. The 
switch is actuated by a rotary solenoid 
and remotely controlled. Up to four 12- 
position circuit wafers, with 2, 3, 4, 6, or 
12-electrical position selective control, are 
available. Wire sizes to accommodate 3 
to 300 v dc, 1000 v rms Hi-pot, are ob
tainable.

G. H. Leland, Inc., Dept. ED. 123 
M obster St., Dayton 2, Ohio.
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Leads Emerge From One End 
Of Tantalum Capacitors

The type TES tantalum electrolytic capacitors have both leads 
emerging from one end. Since a seal is required on only one 
end, there is a savings in overall length. The units are similar 
in performance to the axial-type TEF capacitors which meet 
all the requirements of MIL-C-3965 B. Containing a non- 
corrosive, wet electrolyte, the capacitors operate in a tempera
ture range of —55 to -|-85 C. The larger of two case size^ 
measure 1 in. in length and 0.375 in. in diam. For several 
hundred hours, the units will stand 105 C at SO'? of rated 
voltage and 125 C at 67% of rated voltage.

Transistor Electronics, Inc., Dept. ED, West Road, Ben 
nington, Vt.
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Electro-Magnetic Brake 
Measures 0.405 in. Overall

\\ ith an overall length of 0.405 in. and an output 
torque of 16 oz.-in. min at 24 v de, this electro
magnetic brake can be used in airborne and other 
miniaturized control applications. Made to meet 
or exceed applicable Mil specs, the unit has no 
slip rings, brushes, rotating coils, or other moving 
electrical parts. It comes in a size 8 frame and 
weighs 0.7 oz. Maximum drag torque is 0.05 oz- 
in., and its life is a minimum of one million cycles 
at 60 cps. The unit consumes 2 w at 24 v de and 
operates in a temperature range of 55 to 125 C.

Dynamic Instrument Corp., Dept. ED, 59 New 
York Ave., Westbury, L. I., N. Y.
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TRIPLE THE CAPACITY 
AT NO INCREASE IN SIZE

NEW FROM

actual size

MAX-

Wirewound Resistor Rated At 1 Meg 
Measures 3/16x3/8 in.

1 ie type 1274 wirewound resistor, measuring 
3 16 in. in diam and 3/8 in. in length, is 
m ide with a maximum resistance of 1 meg. The 
rr iximum wattage rating is 0.25 w. Resistance 
tc erances as close as 0.01% can be had as well as 
temperature coefficients as low as ±3 ppm per 
( The unit meets all charactertistics of MIL-R- 
9 3, Amendment 3, except physical size.

The Daven Co., Dept. ED, Livingston, N. J.
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JFD
MINIATURE 

TRIMMER 

SEALCAP’"

From JFD, pioneer in precision electronic compo
nents, comes the most importa it new miniature trim
mer development in years!

Now you can have triple the range previously at
tainable in a miniature trimmer capacitor — at no 
sacrifice in volume — with new MAX-C Sealcaps.

Imagine the possibilities in your circuitry!
This new series incorporates revolutionary new 

advances in trimmer production which combines the 
advantages of a thin dielectric gap with the struc
tural strength and ruggedness of a heavy wall glass 
tube. The result is a broad capacitance tuning range

at a SOO per cent saving in volume over other pres
ently available piston trimmer caps.

Also, MAX-C Sealcaps feature a new sealed, in
terior construction that locks out all atmospheric 
effects, locks in stable performance under critical 
extremes of altitude, vibration, shock, temperature 
and other rigorous environmental conditions.

These new trimmers along with the complete JFD 
line of miniature and subminiature trimmers, and 
LC tuners offer you new dimensions in design. For 
complete data, write today for bulletin *221.

Model
MC601 
MC603 
MC604 
MC606 
MC609

Min. Max. (pf)
1.0
1.0
1.0
1.0
1.0

14.0
28.0
42.0
60.0
90.0

distance
BEYOND PANEI

»«4 »

MAXIMUM 
DIAMETER 

5/16” 
5/16” 
5/16” 
5/16” 
5/16”

JFD
Also available in printed circuit lug and lead,and 4 wire lead type.

Pioneers in electronics since 1929

ELECTRONICS CORPORATION
1462 62nd Street, Brooklyn, New York

JFD International, 15 Moore Street, New York, New York

JFD Canada Ltd., 51 McCormack Street, Toronto, Ont, Canada

*TRADfMARK
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NEW PRODUCTS

II LEAD WIRE MATERIAL

III WHISKER WIRE MATERIAL

Gyro Wheel Supply

Amplifier type

. -a

V ENCLOSURE MATERIAL

'Patented processes of Metals & Controls Corporation.
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General Plate Clad Metals

2.
3.

2.
3.
4.
5.

**NOTE: These solders may be single or double 
clad on any of the base metals listed above. 
Solders in group B may be purchased unclad.

2.
3.
4.
5.
6. Silver Clad Tantalum
7 Aluminum & Nickel Double Clad Tantalum

Nickel
Alloy 20 (40% Nickel-60% Iron)
Alloy 30 (42% Nickel-58% Iron)
Kovar
Titanium
Tantalum

Copper Cored Rodar (Soft Glass Seals)
Copper Cored 52 Alloy (Compression Seals)
Copper Cored 446 Stainless Steel
Nickel Clad Copper Wire
Copper Clad Nickel Wire

95% Platinum-5% Ruthenium
99% Gold-1% Gallium
99.5% Gold .5% Antimony 
90% Platinum-10% Iridium

Aluminum Killed Low Carbon Steel Clad Copper
Stainless Steel Clad Copper
Nickel Clad Steel (Niter).«
Nickel Clad Copper
Nickel Clad Tantalum

1. Tin Clad Copper
2. Glass Clad Nickel Silver
3. Tantalum Clad Nickel Silver

IMPROVE PERFORMANCE - CUT COSTS

In Semiconductor Applications
SILICON TRANSISTOR GERMANIUM TRANSISTOR

COPPIN

GERMANIUM POWER TRANSISTOR

o

BASE METAL

95% Gold-5% Indium 
99.9% Gold-1% Boron 
99% Gold-1% Aluminum 
99% Gold-1% Arsenic

2.
3.
4.
5.
6.

4.
5.
6.
7.

7. Molybdenum
8. Silver
9. Platinum

8. Fine Silver
9. 99.5% Silver .5% Antimony

10. 95% Silver-5% Indium
11. Aluminum
12. High Purity Aluminum

B For Silicon (Single or Double Clad & Stripes) 
Solder
1. Gold
2. 99.5% Gold .5% Antimony
3. 99% Gold-1% Gallium

I BASE TAB MATERIAL
A For Germanium (Single Clad Only)

1. Tin Clad Nickel
2. Tin Clad Alloy 30 (42% Nickel-58% Iron)
3. 63.2% Lead-35% Tin-1.8% Antimony Clad Nickel
4. 63.2% Lead-35% Tin-1.8% Antimony Clad Alloy 30
5. 63.2% Lead-35% Tin-1.8% Indium Clad Nickel
6. 63.2% Lead-35% Tin 1 8% Indium Clad Alloy 30
7. 99% Tin-1% Gallium Clad Nickel
8. 98% Tin-2% Antimony Clad Nickel
9. 95% Tin-5% Antimony Clad Nickel

10. Tin Clad Steel
11. Tin Stripe on Nickel
12. Tin Clad Titanium

IV BASE MATERIAL

If you are seeking metals with useful characteristics that 
can’t be found in a single metal or alloy, investigate clad 
metals. General Plate Clad Metals do what other metals can’t. 
Made by metallurgically bonding single metals or alloys to 
other metals in the solid state by exclusive processes*, the 
composite metals give you the combined advantages of the se
lected metals and can yield new advantages such as lower cost, 
better fabricating qualities, improved parts performance, etc.

The General Plate Clad Metals for semiconductor applica
tions described here comprise only a partial listing. To find out 
more about these or other combinations to meet your specific 
requirements, write directly to Industrial Metals Product 
Manager, or request our special catalog on clad and solid 
metals for electronics applications.

711 FOREST STREET. ATTLEBORO. MASS. U S A.

A DIVISION OF TEXAS INSTRUMENTS INCORPORATED 
GENERAL PLATE PRODUCTS: Clad Metals . Electrical Contacts . Truflex® Thermostat Metal • Platinum Metals • Reactor Metals • Radio Tube * Transistor Metals ‘
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Can Type Relays

Rated for 10 amp de operation

Type FC-215 miniature hermetically sealed 
can-type relays are rated for 10 amp de opera
tion. They withstand 30 g vibration and 50 g 
shock. Designed for operation at ambient tem
peratures to —1-125 C, they meet or surpass MIL- 
R-575C and MIL-R-25018 requirements. The 
standard operating coils are rated at 26.5 v de 
nominal with a coil resistance of 400 ohms. Other 
de coil resistances are available. The relay weighs 
3 oz and the enclosure size excluding mounting 
and terminal provisions is 5 8 x 1-1 32 x 1-1 4 in. 
Hook type, long, and short wire lead terminals 
can be furnished. The headers have 0.2 in. grid 
spacing.

Struthers-Dunn, Dept. ED, Pitman, N.J.
CIRCLE 67 ON READER-SERVICE CARD

Type WS-213 gyro wheel supply is designed 
to drive three-phase gyros from a single-phase 
line. The unit contains a transistorized amplifier. 
One, two, or three gyros can be excited from the 
same wheel supply unit. The input is 115 v, 400 
cps, single phase and the output is 10 v, 400 cps, 
three-phase. The initial balance at a specified 
load is 3% and the regulation is about 5%. The 
temperature range is —55 to -|-7I C. The supply 
is furnished in a hermetically7 sealed enclosure 
and meets applicable Mil specs for shock and 
vibration.

Harrel Inc., Dept. ED, 1788 First Ave., New 
York 28, N.Y.
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Packaging
circuitry

is like child’s play
with Alden

Basic Building Blocks

Synchros

Transmitters, differentials, control transformers
THE PLUG IN COMPONENT IDEA - 
part of a continuing series

sealed 
opera- 
I 50 g 
t tem- 
; MIL 
. The 
> v dc 
Other 

veighs 
unting 
1/4 in. 
initials 
i. grid

These 60-cps synchro transmitters, differentials, 
and control transformers are designed for use in 
industrial servo systems. For operation in corro
sive atmospheres, they have stainless steel hous
ing, shaft, and ball bearing construction, plus 
laminations of corrosion resistant nickel steel. 
They may be used in servo systems for remote 
and automatic control of weighing operations and 
valve positions, and to regulate instrument dials 
and position potentiometers.

Kearfott Co.. Inc., Dept. ED, 1500 Main Ave., 
Clifton, N.J.
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75

High-Mu Triodes

Ceramic-metal construction

Iden plug-ins are beautifully, 
basically uncomplicated.
The design engineer starts with 
planning and layout. Alden offers 
him basic building blocks to solve 
that particular problem.
He wants to assemble his 
circuitry. Alden gives him 
everything he needs to tie that 
package up neatly — through a 
terminal card mounting system 
that unitizes circuitry in 
compact planes.
He is now ready to package his 
card-mounted sub-assemblies.
For this, Alden provides a variety 
of basic plug-in chassis, in which 
his circuitry is neatly deployed, 
function by function, in space
saving vertical planes. (That’s it 
in the picture). These chassis 
plug in, lock, and eject with a 
half-turn of the wrist.
Where does he house his 
plug-ins?
He can go to his own standard 
racks. Or, Alden has basic 
“housing” units, called 
Uni-Racks, that help him there. 
(See the next Alden ad — look 
for our engineer friend).
All along the way, Alden makes 
servicing and trouble shooting 
simple. Tell tales to spot 
trouble automatically. Easily 
traceable interconnections, with 
all leads brought to a single 
check point, numbered and 
color coded for quick testing. 
What does it add up to? 
Reliability in service.
We’ll have more to say on this 
subject next time we appear on 
these pages.
Write now for Alden’s 250-page 
handbook.
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Made for uhf service in portable field equip
ment, missile-guidance systems, and satellite- 
communication applications, types 7552 and 7554 
high-mu triodes are of ceramic-metal construc
tion. They can operate at plate-seal temperatures 
to 225 C and withstand conditions of nuclear 
radiation. They have good thermal stability and 
need 12 min warm-up time to reach 90% of dc 
operating plate current. The 7552 is made for 
cl iss A rf amplifier use up to 1000 mc and the 
7 54 is for class C operation as an oscillator, rf- 
ai iplifier, and frequency-multiplier up to 3000 
n \ Both types can be operated at altitudes to 
B 9,000 ft without pressurization and have a
n

New

PRODUCTS COMPANY
11139 N. Main St., Brockton, Mass.

The Alden Basic Plug-in Chassis — with circuitry 
arranged in space-saving veritcal planes for easy 
servicing, a typical chassis plugs in locks, ejects 
with a half turn of the wrist.
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ximum plate-dissipation rating of 2.5 w.
ladio Corp, of America., Electron Tube Div.,
pt ED, Harrison, N.J.
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THE ASSOCIATION OF TWO IMPORTAMI

MUSHLESS, MAINTENANCE-FREE REGULATED MOTOR-ALTERNATOR POWER-LINE BUFFER SETS MULTIPLE-OUTPUT PRECISELY-REGULATED MOTOR-GENERATOR SETS

ELIMINATE DOZENS OF ELECTRONIC POWER SUPPLIES, IMPROVE RELIABILITY of AUTOMATION SYSTEMSINCREASE RELIABILITY, IMPROVE PERFORMANCE of MILITARY GROUND-SUPPORT EQUIPMENT

Combining their 53 years of experience in the design of military and 
industrial power systems and components.
Offering the first completely integrated, completely specified, modern 
PRECISE-POWER SYSTEMS.

ELECTRIC SPECIALTY CO
202 South Street, Stamford, Conn.
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ELECTRIC SPECIALTY CO
Motors, Generators, Alternators, Converte» 
Dynamotors, and Positioning Devices.



ern

today for this complete, authoritative, 32-page 
illustrated technical manual describing 

ESCO-RI PRECISE POWER SYSTEMS.

GULATED HIGH-INERTIA

SYSTEMS

REGULATORS, INC.
453 Main Street, Wyckoff, N. J.
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We invite
inquiries on 
specific 
requirements. 
Consult us 
before 
specifying

your power 
system!

FREQUENCY CONVERTERS (60-400 cps)

CUT TOTAL POWER-SUPPLY COST, SIZE, HEAT, COMPLEXITY 
BY 50%-90% in ELECTRONIC COMPUTERS.

^MES IN THE ELECTRICAL POWER FIELD...

Gand REGULATORS, INC.
Solid-State Rectifiers, Power Controllers, 
and Power-System Regulating Devices.

Learn the facts about the modern 

way to build power supply reliability into 
your electronic system!



INTERNATIONAL RECTIFIER CORPORATION

it

Silicon Plug-In Equivalent of the Type 866 Mercury Vapor Tube 
Can Improve the Design of Communications Equipment 9 Ways!

High Voltage Rectifiers 
for High Altitudes — up to 

90,000 feet without Corona!
This new series of high altitude silicon 
cartridge type rectifier covers the PIV 
range from 600 to 10,000 volts, are cer
amic-encased to prevent surface creep
age and to minimize flashover problems 
encountered in high altitude opera
tions. Units tested to 90,000 feet simu
lated altitude operated at 1600 volts 
with no evidence of corona.

Designated JEDEC types 1N2373 
through 1N2381, this hermetically 
sealed cartridge series provides dc out
put currents from 75 to 250 ma (at

25°C). They have an operating tem- • 
perature range from 55 C to +150° : 
C, and feature wide application to ra- • 
dar power supplied, high voltage bias ; 
supplies and airborne/missile instru- ’ 
mentation ... wherever miniaturization, • 
top reliability, high temperature opera- : 
tion and high altitude performance are • 
required. :
To receive Bulletin SR-227 ...
CIRCLE READER SERVICE CARD NO. 547

Compact High Voltage 
“Packaged Rectifiers”

Provide up to 100,000 Volts... 
up to 1 Amp!

If rectifiers in this voltage range fit 
into your project plans, tirite to our 
Electronics Products Department where 
ratings, configurations and package de
signs can he tailored to your most ex
acting requirements.

«XKCUTIVK OFFICES! KL SEGUNDO. CALIFORNIA • RHONE OREGON S SISI • CAGLE RECTUSA
BRANCH OFFICES: NEW YORK CITY AREA OFFICE: 132 E. 70th St..TR«f«lt»,- 9-3330 • NEW YORK STATE AREA OFFICE: 2366 J»met St., Syracuse, N.Y., HOward 3-1441 • CHICAGO AREA OFFICE: 
205 W. Wacker Dr., FRanklin 2-3888 • NEW ENGLAND AREA OFFICE: 17 Dunater St.. Cambndf*. Mais.. UNiversity 4-6520 • PENNSYLVANIA AREA OFFICE: Suburban Square 3W« , Ardmore, Pa.. 
Midway 9-1428 • MICHIGAN AREA OFFICE: 1799 Coolidge H'way, Berkley, Mich.. Lincoln 9-1144 • IN CANADA: International Rectifier of Canada, Ltd., 1581 Bank St.. Ottawa, Ontario, Regent 3-6880

WORLD’S LARGEST SUPPLIER OF INDUSTRIAL METALLIC RECTIFIERS • SELENIUM • GERMANIUM • SILICON

Fulfilling the need for a compact, 
reliable unit to replace cumbersome, 
short-lived Type 866 mercury vapor 
rectifier tubes, a silicon plug-in equiva
lent is now available to design engi
neers. It offers real miniaturization and 
the reliability needed in a variety of 
communication and power supply 
applications.

In a compact package Is of the 
size of equivalent 866 tube circuitry, 
the new ST-7 silicon unit provides 
virtually unlimited life, operating 
temperatures from — 65°Cto + 75°C, 
requires no warm-up time and gen« 
erates a minimum of heat.

Silicon High Voltage Rectifiers feature Ultra
Stable Characteristics at High Temperatures • • •

Types INI 130 and IN 1131 1500 
PIV, 300 ma rated silicon rectifiers for 
missile and airborne equipment exhibit 
stability of characteristics at high tem
peratures never before attained. Units 
are stud mounted for optimum heat 
dissipation, may be operated up to 
15O°C. Their high inverse voltage (1500 
volt minimum) and ability to withstand 
shock and vibration especially suits 
them for missile and airborne equip
ment. Choice of polarity eliminates the 
need for high voltage insulation be
tween stud and chassis. Ask for Tech
nical Bulletin SR-226.
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The ST-7 is a multiple junction 
cartridge, hermetically sealed for high 
reliability and is equipped with radial 
cooling fins to provide optimum power 
dissipation. Rated at 6,400 FIX’, these 
units will supply de output currents of 
250 ma at 75 C ambient temperatures. 
The entire housing and cooling fins act 
as a highly efficient heat exchanger, and 
is equipped with a tube base for direct 
insertion into existing tube sockets if 
desired.
For complete data, and information on 
how it can improve equipment design 9 
ways, ask for Bulletin SR-2O9 . ..
CIRCLE READER SERVICE CARD NO. 548

NEW PRODUCTS
DC Amplifier

Bandwidth is from dc to 10 kc
Model 92 galvanometer drive r- 

amplifier has a bandwidth from dc 
to 10 kc, 0.2% linearity, and provid s 
±10 v at 100 ma. Typical voltage 
sources are high gain dc amplifier, 
telemetering receivers, demodu
lators, detectors, oscillators, and 
transducer-demodulator combina
tions. The unit has an integral, regu
lated power supply. Circuitry is iso
lated from the case.

Video Instruments Co., Inc., Dept. 
ED, 3002 Pennsylvania Ave., Santa 
Monica, Calif.
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Coaxial Connectors

For use up to 10.000 mc
Type QDS weatherproof, quick

disconnect type connectors are for 
use with medium size coaxial cables. 
They have a nominal characteristic 
impedance of 50 ohms, a piv of 1000 
v, and may be used at frequencies 
up to 10,000 mc. They employ three- 
ball positive-locking coupling, and 
metal-to-metal cable clamping con
struction. Teflon insulation is used. 
For use with armored cables, armor 
clamps can be incorporated or 
standard clamping hardware can be 
furnished. They are made to con
form to MIL-C-18867, MIL-Q- 
5923C, and MIL-Q-9858.

Gremar Manufacturing Co., Inc., 
Dept. ED, Wakefield, Mass.
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TV Tube

Operates in altitudes to 60,000 ft
Designed for TV cameras in 

military and industrial use, type 
7198 shock and vibration resistant 
image orthicon withstands operating 
conditions in altitudes to 60,000 ft. 
It operates at temperatures to 71 C 
and at relative humidities to 957. 
The resolution capability of the tube 
is better than 600 lines and the re
sponse covers the range of 3200 to 

< CIRCLE 547, 548, 549 ON
READER-SERVICE CARD
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ACTUAL SIZE

TECHNICAL DATA
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Rugged, hermeticallyMECHANICAL RELIABILITY
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sealed, subminiature packages. Designed to meet both 
military and commercial requirements.

250 MW Package . . .
Fast Switching and JAN Types 
Featuring . . .

ables. 
Tistic 
1000

>ncies

¡¡icon Junction Diodes Germanium Diodes Power Transistors Solder Lug Power Transistors

TRANSISTOR PRODUCTS
241 CRESCENT ST., WALTHAM 54, MASS.

e JAN TYPES—IN457, IN458 and IN459 
Conforming to JAN specifications

For details, write for Bulletin B217A-1 B217A-2

950 A. Made to lune a low target 
apacitance, the tube has negligible 
nicrophonics due to the movement 
(f the target and mesh with respect 

io each other. It is capable of re
producing motion in low-light-in- 
tensity scenes with a minimum of 
smearing. When used with low- 
noise amplifiers, it produces signal 
information with illumination on the 
photocathode as low as 0.00001 ft-c.

Radio Corp, of America., Dept. 
ED, 30 Rockefeller Plaza, New 
York 20, N.Y.
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Digital Computer

Easily programmed
Type DE-60 digital computer is 

easily programmed and can be used 
b\ nontechnical personnel. The key
board provides manual input 
through the automatic program 
( mtrol to the arithmetical center 
v hich computes, compares, iterates, 
branches, holds, or transfers infor- 
i iation. It operates from 115 v 60 
os power and draws 150 w. Com- 
] letely transistorized, it requires no 
• >ecial cooling system.

Clary Corp., Dept. ED, San 
ibriel, Calif.
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Solid State Relay

For teletypewriters
Made for installation in any tele

typewriter, model 550 solid state 
relay provides automatic control of 
the printer drive motor. The relay 
energizes the motor at the first sig
nal pulse, sustains operation 
throughout the transmission, and 
shuts down the motor after comple
tion of the message. The delay 
period between the last received 
pulse and automatic shut-down is 
factory adjusted to 180 sec. The unit 
is a self-contained, plug-in module, 
housed in a drawn-steel case meas
uring 3-1/4 x 2-5 8 x 4-1 4 in.

Trepac Corp, of America, Dept. 
ED, 30 W. Hamilton Ave., Engle
wood, N.J.
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. thermally stable . . . high forward 
efficient rectification.

CLEVITE
SILICON 

JUNCTION

OTHER CLEVITE DIVISIONS

Max. DC Forward Current 
Type Inver Oper. @ Specified

Voltage Voltage

Max. Inverse Current

@ 25°C @ 150°C Test 
Voits

IN457 60 V 20 ma @ 1.0 V 0.025 Aia 5.0 /za 60 V

1N458 125 V 7 ma @ 1.0 V 0.025 /za 5.0/za 125 V

1N459 175 V 3 ma @ 1.0 V 0.025 /¿a 5.0 /za 175 V

1N662 90 V 10 ma @ 1.0 V 20/za 100/za (@ 100° 0 50 V

1N663 90 V 100 ma @ 1.0 V 5.0 /za 50/za (@ 100° 0 75 V

1N778 100 V 10 ma @ 1.0 V 0.5/za 30/za (@ 125° 0 100 V

1N779 175 V 10 ma @ 1.0 V 0.5/za 30/za (@ 125° 0 175 V

Cleveland Graphite Bronze • Brush Instruments 
Clevite Electronic Components • Clevite Harris Products 

Clevite Ltd. • Clevite Ordnance • Texas Division 
Clevite Research Center • Intermetall G.m.b.H.



Electric Motor

Rated at 1/750 to 1/85 hp

88 ELECTRONIC

represents

i

Electronic Tube Generators from 1 kw to 1OO kw.

WRITE FOR THE NFW LEPEL CATALOG

IBI
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VIBRATION
GENERATOR

LIGHT 
CHOPPER

HIGH 
POWER 
CONVERTER

vides great 
studies.

PULSE 
POWER 
GENERATOR

Typical application is for life testing de
vices such as relays which must be 
cycled rapidly. Cost is much lower than 
a geared motor with cam actuated 
switch performing a like function.

Interrupts a beam of light at frequencies 
of 20 to 120 cps to provide a pulsating 
photoelectric output proportional to the 
light intensity.

Mechanical tapper tests for microphon
ics of tubes or other components.

Used as independent breaker points 
for car and aircraft heaters, jet engines, 
and other ignition jobs.

Used with frequency generators as low 
cost remote controls for garage doors, 
television, etc.

Used in instruments to check for “holi
days" in insulation on pipe lines, meas
ure insulation resistance, and test igni
tion systems and timing of cars.

TEST 
EQUIPMENT

Remotely controlled train whistles and 
engine noises generated by repetitive 
electrical or mechanical pulses.
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HIGH FREQUENC

HEATltd 
UNIT

(PEL HIGH FREQUENCY LABORATORIES, INC

55th STREET ond 37th AVtNUf WOODSIDE 77, N Y.

Design Economies
with

Vibrating Reeds

NEW PRODUCTS
Pressure Switch

Range is 10 to 3000 psig

TIMING OR 
WARNING 
ALARMS

ECONOMICAL CHOPPERS

Lepel induction 
heating equipment

Vibration on case or housing creates 
buzz alarm for appliances, such as auto
matic washers, dryers, ranges, etc.

TOY 
SOUND 
EFFECTS

FREQUENCY 
SENSITIVE 
RELAY

DEVICES

Available with power 
interrupting capability, 
low-noise and low- 
resistance variations.

Provides 100 cps from DC power source. 
Driving circuit isolated from chopper 
contacts. Now being used in medical 
and aircraft equipment. Frequency dou
bler chopper operates at 1 20 cps when 
driven by a 60 cps supply. Low cost 
60 cps chopper for commercial use. 
Polarized, will follow a 60 cps source.

FREQUENCY 
GENERATOR

Typical uses include: 20 cps bell ringers; 
60 cps timing motors for jobs such as op
erating taxi meters (eliminates ticking); 
60 cps constant frequency unit (±% cps 
over a voltage range of 4 to 1 j for pre
cision timers, clocks, tape recorders, 
meters, etc. The latter is an exclusive, 
Oak patented design.

Having a range of 10 to 3000 psig, type P36- 
1001 pressure switch combines a transducer, a 
solid state carrier oscillator, a ring demodulator, 
and a switching transistor. The dc input voltage 
is converted to ac for excitation of a variable- 
reluctance magnetic circuit. The absence of 
mechanical contacts permits no chatter or shift 
in the electrical output due to vibration. The 
maximum working pressure is 200% of nominal 
switch pressure, the accuracy is ±1.5% of setting, 
and the switch pressure adjustment is ±16% of 
nominal switch pressure.

Wiancko Engineering Co., Dept. ED, 255 N. 
Halstead, Pasadena, Calif.
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In addition to units for all standard pow
er ranges, Oak supplies a special high 
power vibrator (patented) which allows 
any number of vibrators to be operated 
simultaneously at the same frequency. 
Using this system, four vibrators have 
handled as much as 500 watts on an in
termittent duty cycle.

There are many ingenious ways to use vibrat
ing reeds, which can lower costs through 
simplified design.

If you've got an idea you'd like to de
velop, Oak's engineering specialists will be 
glad to help you work it out. Contact them 
today.

Oak also supplies a complete line of 
conventional vibrators, custom-built for any 
application.

Wwk ■■2^' MFG. 1260 Clybourn Ave., Dept. D— kk BS^wk CO. Chicago 10, Illinois
db ■ Phone: MOhawk 4-2222

Specialized Applications with Vibrating Reeds
CIRCLE 80 ON READER-SERVICE CARD

Type S/L-1085 electric motor has ratings of 
1 750 to 1/85 hp. The unit-bearing rotor turns 
on a stationary shaft at 3400 rpm without a load 
and from 2600 to 3200 rpm with recommended 
loads. The motor does not need lubrication and 
can operate over the temperature range of —10 
to -(-250 F. Its uses include cooling electronic 
data processing machines, driving exhaust fans, 
and operating liquid circulating pumps in ma
chines. It can be fitted with circulating blowers 
2 to 3 in. in diam, plasjc fans measuring 4 to 6 
in., or gear blowers.

Howard Industries, Inc., Dept. ED, 1760 State 
St., Racine, Wis.
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the most advanced thought in 
the field of electronics the most 

practical and eft oent source ol heat developed ' 
for numerous industrial appl.cations

You are invited to send samples ol work with 
specifications Our engineers will process and return! 

the completed job with full data and recommendat r-j 
without cost or obJ.gations

FLOATING ZONE UNIT FOR METaL 
REFINING AND CRYSTAL GROWING 
A new floating zone fixture for the 
production of ultra-high purity metals 
and semi-conductor materials. Purifica- 
tion or crystal growing is achieved by 
traversing a narrow molten zone along 
the length of the process bar while it is 
being supported vertically in vacumm or 
inert gas. Designed primarily for pro
duction purposes, Model HCP also pro-

flexibility for laboratory

Model HCP

• A smooth, positive mechanical 
drive system with continuously 
variable up, down and rota
tional speeds, all independ
ently controlled.

• An arrangement to rapidly 
center the process bar within 
a straight walled quartz tube 
supported between gas-tight, 
water-cooled end plates. Place
ment of the quartz tube is ra
ther simple and adapters can 
be used to accomodate larger 
diameter tubes for larger pro
cess bars.

• Continuous water cooling for 
the outside of the quartz tube 
during operation.

• Assembly and dis-assembly of 
this system including removal 
of the completed process bar 
is simple and rapid.
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semiconductors UTUMAT/C MINIATURIZED

REQUIREMENTS

other Automatic silicon rectifiers
are available upon request

Distributing 
Harrisburg ;

Electronics, 
5423, Tulsa

OKLAHOMA: Oil Capitol 
708 S. Sheridan, P.O. Box

Anßrl< • Vsllri 
• I'll! l.l I. 11 I ' I

OHIO: Buckeye Electronics Distribu
tors, 236-246 E. Long St., Columbus ; 
The Mytronic Co., 2145 Florence Ave., 
Cincinnati ; Pioneer Electronic Supply 
Co., 2115 Prospect Ave., Cleveland

Herbach A Rademan, Inc., 1204 Arch 
St., Philadelphia
Co., 2535

Semiconductor Division 
GENERAL INSTRUMENT CORPORATION

h dK" • lineland Pioneer Eh^tronp Suppl»
Hu b >n lta<ti<> X TelexKlon Corp Sun Radio X Elytron

WASHINGTON: Seattle Radio Supply 
Co., 2115 2nd Ave., Seattle

GENERAL IXSTBT HEXT DISTHIBITOKS Baltimor< I» X H DPtributinK < o 
EI<-< tronx' Supph C<< Burbank • Miluaukrr Radio Part- < <> ln< • X<u YorkWISCONSIN: Radio Parts Co., Inc., 

1314 N. 7th St., Milwaukee

MARYLAND: Radio Electric Service 
Co., 5 N. Howard St., Baltimore

INDIANA: Brown Electronics, Inc., 
1032 Broadway, Fort Wayne; Graham 
Electronics Supply, Inc., 122 S. Senate 
Ave., Indianapolis

meal 
mly 
oto- 
end

umm or 
sr pro
so pro- 
oroto'y

»idly 
¡thin 
tuba 
ight 
a<-

ra- 
con

• grr

ETAL 
WING 

for th* 
metals 

’urifica- 
ved by 
» along

N. 7th St..

for immediate 
delivery of 

General 
Instrument

SILICON RECTIFIERS

SILICON DIODES

at factory prices

and can give you mimetors
diate delivery from stock

The authorized distributors listed 
below carry a full stock of all 
General Instrument semiconduc

We've shrunk the size, but not

CONNECTICUT: The Bond Radio Sup
ply, Inc., 439 W. Main St., Waterbury

call your
stocking distributor

GERMANIUM 
DIODES

CALIFORNIA: Newark Electric Co., 
4747 W. Century Blvd., Inglewood ; 
Pacific Wholesale Co., 1850 Mission St., 
San Francisco; Shanks & Wright, Inc., 
2045 Kettner Blvd.. San Diego; Valley 
Electronic Supply Co., 1302 W. Mag
nolia Blvd., Burbank

DISTRICT OF COLUMBIA: Silberne 
Industrial Sales Corp., 3400 Georgia 
Ave., N.W.
ILLINOIS: Merquip Co., 5904 W. 
Roosevelt Rd., Chicago ; Newark Elec
tric Co., 223 W. Madison St., Chicago

MASSACHUSETTS: The Greene-Shaw 
Co., Inc., 341-347 Watertown St., Newton
NEW YORK: Hudson Radio & Tele
vision Corp., 37 W. 65th St., NYC. ; 
Sun Radio & Electronics Co., Inc., 
650 Sixth Ave., NYC

oval 
ha»

RD
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GENERAL INSTRUMENT SEMICONDUCTOR DIVISION

silicon power rectifiers

* Resistive or inductive load

JEDEC 
TYPE 
NO.

PEAK 
INV. 

VOLT- 
AGE 
(V)

MAX. AVG. 
RECTIFIED 

CURRENT (mA)*

MINIMUM 
SATURA

TION 
VOLTAGE 

@ 100° C. 
(VOLTS)

MAXIMUM 
REVERSE 
CURRENT 

@ PIV (uA)

MAXIMUM 
VOLTAGE 

DROP 
@ 400 ma 

DC 
@ 25° C. 
VOLTS DC

@ 25° 
C.

@ 150° 
C.

@ 25° 
C.

@ 100° 
c.

1N645 225 400 150 275 0.2 15 1.0

1N646 300 400 150 360 0.2 15 1.0

1N647 400 400 150 480 0.2 20 1.0

1N648 500 400 150 600 0.2 20 1.0

1N649 600 400 150 720 0.2 25 1.0

the quality All the outstanding 
characteristics and reliability 
you expect of products from 
General Instrument Corporation 
are present in these miniaturized 
units Data sheets on these and



NEW PRODUCTS
Heavy-Duty Hand Winder

Black Glass

For enclosure of semiconductor 
devices

ANOTHER WAY RCA SERVES YOU THROUGH ELECTRONICS

EAST: 744 Broad Street, Newark 2, New Jersey 
HUmboldt 5-3900

MIDWEST: Suite 1 154, Merchandise Mart Plaza
Chicago 54, Illinois—Whitehall 4-2900

WEST 6355 E. Washington Blvd.
Los Angeles 22, California—RAymond 3-8361

Winding speeds are 300, 400, 
800, and 1800 rpm

Models 510-AM heavy-dub 
winder has winding speeds of 30( 
400, 800, and 1800 rpm at full 1/i 
hp torque rating. For laboratory 
and production use, it winds win 
gages as heavy as No. 10 AWG oi 
spools to 8 in. in diam. It also winds 
extremely fine wires. The maximun 
coil OD is 12 in., loading distance 
between headstock and tailstock is 
12 in., and the output end of the 
spindle is a 3/4-in. keyed slot. The 
unit is furnished with a 1/2 hp, 
5000 rpm, 115 v, 60 cps motor with 
rheostat foot pedal, instant re-set- 
ting automatic counter, and a posi
tive stopping magnetic brake. Also 
available, model 510 has a dial 
counter instead of an automatic re- 
set counter.

George Stevens Manufacturing 
Co., Inc., Dept. ED, Pulaski Road 
at Peterson, Chicago 46, Ill.
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It’s Mr.Fortin’s job to be hard to please..• Bob Fortin isn't the easiest person in the 
world to get along with. He's in charge ot RCA's Current Product Design Group...and he's never content to let well enough 
alone. No matter how well a tube performs. Bob is always sure it can be improved...and he’s usually right. He keeps a watch
ful eye on manufacturing to spot problem areas; he helps devise and develop more accurate testing and inspection methods. 
Working with the Life Test and Rating Laboratory. Boh and his staff determine the limits within which tube types perform 
with maximum reliability. He constantly reviews tube design to make sure the best available methods and materials are used. 

Recently, for instance, Bob Fortin and his staff suggested the use of RCA's new vacuum-melt cathode material, N-132, in 
the RCA-5654 6AK5-W. This change substantially reduced leakage, extended tube life, and increased operating stability. 

With men like Bob Fortin on the job, you can always count on quality performance when you design around RCA Industrial 
Receiving Tubes. Make sure you specify the best...get in touch with your RCA Field Representative today.

Silicone Impregnating 
Varnish

Curing temperature is 150 C
Type SR-220 silicone impregnat

ing varnish cures at 150 C. Made 
for use in the production of trans
formers and electronics equipment, 
it can also be used over existing 
insulation systems. It has a high di
electric strength and long heat life. 
It also offers tank stability and ex
cellent shelf life.

General Electric Co., Silicone 
Products Dept., Dept. ED, Water
ford, N. Y.
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RADIO CORPORATION OF AMERICA 
xJEyjy Electron Tube Division Harrison, N. J.

Impervious to light, code 9361 
black glass is for enclosure of silicon 
semiconductor devices. Offered in 
the form of beads and cases for 
sealing to 0.017 Dumet lead wires, 
the glass filters out virtually all 
wavelengths of the ultraviolet.
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For instrumentsone

that deserve the
precision engineered look
specify Raytheon knobs
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194 styles* in stock for immediate delivery. 
Military or commercial applications. For 
further facts, write Dept. 6477, Raytheon 
Company, Industrial Apparatus Division, 
Waltham 54, Massachusetts.
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Sprague Electric Co., Dept. ED 
X. Adams, Mass.
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*Seven styles in six sizes — tactile 
shapes, color and color caps—plus 
hundreds of modifications on spe
cial order.

Excellence in Electronics

They meet the requirements of 
MIL-C-25A and MIL-C-25B, but

Capacitors

Have drawn rectangular
Type 27IP capacitors

isible, and near infrared spectrum, 
t has a thermal coefficient of ex- 
ansion of 92 x IO 7 per deg C. 

>oftening point is about 675 C, 
nnealing point about 495 C, and 

strain point about 445 C. The beads 
have an OD of 0.053 ±0.002 in. 
and an ID of 0.023 ±0.002 in. The 
cases have an OD of 0.095 ±0.002 
in. and an ID of 0.06 ±0.002 in.

Corning Glass Works, Dept. ED, 
( aiming, N. Y.
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signed to operate over the tempera
ture range of —55 to -|-85 C, and 
tvpe 272P capacitors will withstand 
operation at temperatures to 125 C 
without voltage derating. Both 
types have drawn-rectangular cases, 
use a dual insulation consisting of 
synthetic polyester film and high 
grade capacitor tissue, and use a

Polyester Film Capacitors

Temperature range is —55 to 4-85 C
Type 158P Filmite E capacitors 

operate over the temperature range 
of —55 to 4-85 C with no derating 
and have a dielectric of polyester 
film. They are protected against 
moisture by a polyester-film tape. 
The end seals are of a plastic resin 
which bonds with the film and the 
tinned leads providing a secure seal. 
They have good resistance to vibra
tion and shock. Made for both mili
tary and industrial applications, 
they are suitable for potting and 
• ncapsulating in subassemblies and 

Iters, digital computers, and in 
>ntrol apparatus.
Sprague Electric Co., Dept. ED, 

. Adams, Mass.
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are more compact th; 
size.

RAYTHEON



NEW PRODUCTS

CARD

Acton,

CARD

FRANKLINONE FLUID

MANUFACTURERS OF MATERIEL AND EQUIPMENT FOR U.S. DEFENSE

duction, correlation techniques for signal processing. 
Tropospheric scatter systems, Ionospheric scatter sys
tems, molecular beam techniques, long range micro
wave transmission, and missile check-out equipment 
using microwave and digital techniques.

Creative Imagination enabled Benjamin Franklin to 
orient all the observed electrical phenomena to his own 
“one fluid” theory—the basis of all our comprehension 
of electricity today.

At National Co. creative imagination is continuing to 
broaden our comprehension of the physical universe 
and apply it to the realization of such new means of 
communication as Ionospheric scatter systems.

The implications and applications of such new means 
of communication are vast.

National Co. is a community of minds and talents that 
enjoys the challenge and the prestige of success in such 
advanced fields as multipath transmission, noise re-

Corp., 
Acton,

National Co. has grown with the Tradition of New 
England electronics. Your needs and problems receive 
exceptional attention at National Co. because, here, 
creativity is required, recognized and rewarded.
Write or phone

problem of sliding friction. 
Technology Instrument

Dept. ED, 531 Main St., 
Mass.
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suitable for military use.
Technology Instrument 

Dept. ED, 531 Main St., 
Mass.
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Nation ci
National Company, Inc., Malden, Mass.

Servo Potentiometers

For airborne use
Series MFG rotary Metlfilm ser ) 

potentiometers are for use in m - 
siles and other airborne systei s 
where extremes in temperatuj 
acceleration, vibration, and sho< k 
must be met. The capsule conta t 
design protects the sealed resistan< e 
element from environmental deteri
oration and provides for accura< y 
over a wide temperature rang1. 
The pressure contact eliminates the

and the IONOSPHERE

Servo Potentiometers

Multiturn type
This line of multiturn servo 

potentiometers consists of four 
miniature types and one medium 
size type which have wirewound 
construction on insulated copper 
mandrels. The three, five, and ten
turn types provide close mechanical 
tolerances and high electrical ac
curacy . A miniature ten-turn model 
is designed for ganging up to ten 
cups per shaft. All models are

DC Power Supply

Provides 200 to 325 v de
This de power supply provides a 

continuously variable output of 200 
to 235 v de for load currents of 0 
to 100 ma. Input is 105 to 125 v, 
60 cps. Regulation is better than 1%. 
Ripple is less than 10 mv. An 
isolated ac voltage of 6.3 v at 3 
amp is available at the output 
terminal connections.

Associated Specialties Co., Dept. 
ED, 1751 Main St., Orefield, Pa.
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Carbon Resistors

Rectifier Transformers

Miniature
cton

LRD

met,

sealed encapsu

nical

Terminal Blocks

with Tung-Sol/Chatham 6336A!cton

les a

8000 breakdown voltage.

TUNG-SOL

stemming from 6336A’s long life and 
electrical stability. In all, Harrison Labs 
evaluates the Tung-Sol/Chatham 6336A 
a wise design choice.

Harrison Labs adds another name to 
the growing list of manufacturers bcne- 
fitting from the reliable efficiency of 
Tung-Sol tubes and semiconductors. So 
can you. Tung-Sol makes a quality unit 
for virtually every industrial and military 
need. Our applications engineers will 
gladly assess your circuitry and help 
discover how' you can profit by specify
ing Tung-Sol. Tung-Sol Electric Inc., 
Newark 4, New Jersey. twx.nk!93
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e-like grip

Engineer A. M Darbie installs a Tung-Sol/Chatham 6336A twin power triode in a Harrison Labs 2B 
regulator, part of a 200B high current power supply. Superior power handling ability of the 6336A 
lets Harrison Labs offer the regulator with a 5-tube complement m addition to a 7-tube model.

Harrison Labs Hab gains flexibility

Harrison Laboratories, quality manufac
turer of Berkeley Heights, N. J., offers 
designers its 2B regulator with a 5 or 
7-tube complement. Superior power han
dling ability of Tung-Sol/Chatham’s 
6336A twin power triode makes possible 
the 5-tube version that features opera
tion over a wider line voltage variation 
without change of transformer taps.

Over more than a year, Tung-Sol/ 
Chatham’s 6336A has performed with 
exceptional reliability. Users of Harrison 
Labs 2B regulator especially appreciate 
the reduced downtime and maintenance

each wire
tl rough-connected pairs eliminates 
s< Idering and offers protection from 
a cidental shocks.

Kulka Electric Corp., Dept. ED, 
6 L643 S. Fulton Ave., Mt. Vernon,

of 0
15 v,

Electronics Co., Inc., 
693 Broadway, New

They can be supplied either 
channel frame construction.

hermetically 
lated.

Ferrotrau 
Dept. ED,

Series I and H miniature rectifier 
transformers are useful in construc
ting compact low voltage power 
supplies which supply the collector 
voltage of transistors. They operate 
from an input of 115 v ac, 60 or 400 
cps. Requirements of MIL-T-27, 
class R, grade 4, conditions 02 areservo 

four
dium 
ound 
>pper

ura< y 
ange.

York 12, N. Y.
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) ten
arc

ser i 
i m> - 
stei s 
atuj -, 
sho< k 
>nta t 
tan- e

Are 1/8 and 1/4 w
1’hese Hot - Coat plastic-com

pound, deposited-carbon, 1% resis
tors, 1/8 w type CEL and 1/4 w 
tv pe CEH, are protected by a thick 
nonreactive coating. They are de
signed to meet the requirements of 
M1L-R-10509B.

Clarostat Manufacturing Co., 
Dept. ED, Dover, N. H.
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Pressure contact type
Made for heavy duty use, type 

9-85 pressure contact terminal 
blocks are of one-piece construc
tion, molded of general purpose 
phenolic or in plastics as per MIL- 
XI-14E. The top and bottom are 
closed with molded plastic. Avail
able in lengths from 2 to 12 termi
n Is, they are rated at 85 amp, and
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POWER SUPPLIES

tolerance is incorporated in the specifications to valueSufficient
for voltage drop in connecting leads. Dual outputs may

All specifications and prices subject to change without notice.

Bench Models are provided with 
signed, ventilated cabinets equipped

AC output is unregulated, isolated and 
a value of slightly higher than 6.3 V

(when 
allows

compact, specially-de. 
with carrying handles.

•‘de-rating” is necessary.
positive or negative terminal may be

allow for normal commercial component and tube devia
tions. Tube replacements may be made with any equivalent 
tulies meeting E.I.A. specifications.

GENERAL SPECIFICATIONS
fully loaded) at an input of 115 VAC. This

105 to 125 VAC. Xo 
Polarity: Either 

grounded.

AC OUTPUT The 
ungrounded. It has

INPUT 105-125 VAC. 50-400 CPS. single phase. Exceptions: 
Models 50. 50R and 71 — 105-125 VAC. 50-60 CPS.

DC OUTPUT Voltage Runge: Continuously variable over 
ranges specified, except where otherwise noted.

Current Range: The current ranges given apply to the 
entire DC output voltage range, and for input voltages from

Lambda Power Supplies have been the first choice 
of engineers in every independent poll

The only power supplies guaranteed for 5 years
This unprecedented five-year guarantee is the strongest proof of consistent 
trouble-free power supply performance ever offered. It is bolstered even further 
by a series of independent surveys which prove that Lambda equipment is 
preferred by more than 50% of the engineers who specify power supplies.

CHECK LIST: LAMBDA REGULATED DC

Model Style

Voltate 
Range 
(VDC)

Current 
Range 

(MA DC)

Regulation
Impedance C * VIC

Meter«

Output 
voltage 
Control

Output 
Terminal«

Sire 
Weight 

(Table ll)

(U.S. and 
Canada) 

f 0.6 factory 
College Pt

N. «
Ripple 

(Table 1)
Output 
(Amp,)

REGULATED POWER SUPPLIES-RACK MOUNTING
TRANSISTORIZED
LT 1095 Rack 0 32 0-100b a _ None Rear Rear SI 285.00
LT-1095M Rack 032 0-1000 A — 2'4" red Hear Rear S 1 315 00
LT-2095 Rack 032 0-200C B — None Rear Rear SI 365.00
LT-2095M Rack 032 02000 8 — 2’4" red Rear Rear SI 395.00

TUBE REGULATED
C2«0 Rack 0200 0-200 C 10A None Rear Rear S2 184.50
C280M Rack 0200 0-200 c 10A 3%" red Rear Rear S2 214.50
C281 Rack 125325 0-200 c 10A None Rear Rear S2 159.50
C-281M Rack 125-325 0-200 c IDA 3'4" red Rear Rear S-2 189 50
C282 Rack 325 525 0-200 c 10A None Rear Rear S2 169 50
C-282M Rack 325 525 0-200 c 10A 3'4" red Rear Rear S2 199.50
C480 Rack ß-200 0 400 0 ISA None Rear Rear S2 259.50
C-48uM Rack 020U 0400 0 15A 3’4" red Rear Rear S2 289.50
C-481 Rack 125 325 0 400 0 15A None Rear Rear S2 244.50
C481M Rack 125 325 0 400 D 15A 314" red Rear Rear S2 274.50
C-482 Rack 325 525 0400 0 15A None Rear Rear S2 259 50
C-482M Rack 325525 0400 0 15A 3’4" red Rear Rear S2 289 50
C-880 Rack 0200 b800 £ 20A None Rear Rear S3 340.00
C880M Rack 0-200 0-800 I 201 3’4" red Rear Rear S3 370.00
C-881 Rack 125 325 0800 r 20A None Rear Rear S3 315.00
C86>M Rack 125 325 0800 i 20A 3'4" red Rear Rear S3 345 00
C-882 Rack 325 525 0800 E 20A None Rear Rear S3 360 00
C-882M Rack 325 525 0800 Í 20A 3'4" red Rear Rear S3 390 06
C1580 Rack 0-200 0-1500 F 30A None Rear Rear S-4 550 00
C-1580M Rack 0-200 0-1500 f 30A 3'4" red Rear Rear S-4 580 90
C1581 Rack 125 325 0-1500 f 30A None Rear Rear S4 575.00
C1581M Rack 125 325 01500 1 30A 3’4" red Near- Rear S4 60500
Cl 582 Rack 325-525 0-1500 F 30A None Rear Rear SI 650 00
C-1582M Rack 325-525 0-1500 F 30A 3'4" red Rear Rear S4 680 00
28 Rack 200325 0100 6 3A None Real Rear S5 59.50
28M Rack 200 325 0100 G 3A 3'4" red Rear Rear S5 89.50
29 Rack 100 200 0-100 H 3A None Rear Rear S5 69.50
29M Rack 11 >200 0-100 H 3A 314" red Rear Rear S5 99.50
32 Rack 200-325 0-300 J 2 0 5A None Rear Rear S6 139.50
32M Rack 200 325 0300 J 2j 5A 3'4' red Rear Rear S6 169.50
33 Rack 100-200 0-300 1 2® 5A None Rear Rear S6 154.50
33M Rack 100-200 0-300 1 2® 5A 3’4" red Rear Rear S6 184.50
50R Rack 0 500 0-500 A 2 0 5A 414" red Front Fr 6 rear S7 420.00

0-50 ( Bias L
0200 1 High Imped M

REGULATED POWER SUPPLIES-PORTABLE AND BENCH
25 Bench 200325 0100 C 3A None Front Front S8 69.50
26 Bench 100-200 0100 H 3A None Front Front S8 79 50
50 Bench See Model 50R above S9 440.00
71 Portable 0500 0200 K 2 ® 5A 314" red Front Front S-10 310.00

050 ( Bias P
0200 1 High Imped 0

be connected in series or parallel.

DUTY CYCLE Continuous duty at full load.
METERS Where meters are indicated, a separate voltmeter 
and milliammeter are provided.

OVERLOAD PROTECTION Ample protection is provided 
against external overload and internal failure conditions by 
means of fuses.

Circuit breakers of the magnetic, “trip-free” type are 
employed in Models 50, 50R, 71 and LT series as protection 
against external overloads. And in the LT series, the tran
sistor complement is independently protected by special 
transistor circuitry.
STYLE Rack Models are designed fur mounting on standard 
19" relay racks.

LAMBDA
JKMLw 11-11 131 STREET •

ELECTRONICS CORP
COLLEGE POINT 56, NEW YORK

INDEPENDENCE 1-8500 CABLE ADDRESS: LAMBDATRON. NEW YORK

TABLE I
DC OUTPUT VOLTAGE REGULATION, 

IMPEDANCE, RIPPLE

65

REGULATION 
line lead

(105-125 VAC) (min to mail

_ Internal 
Impedance 

(ehm,)

Ripple, rm« 
(millivelts 

er %)

Less than Less than Less than Less than
A 0.15% oi 20MV 015%er20MV 0 50 1 mv
fl 015%er20MV 015%er20MV 0.025 1 mv
C 015% or 0 3V 3 25% or 0.5V 6 3mv

0 0.15% or 0 3V 0 25% or 0.5V 3 3 «v
E 0.15% or 0 3V 0.25% or 0.5V 1.5 3mv
F 015% or 0 3V 0 25% or 0.5V 0 75 3mv
6 1% 1% to 10 mv
H 1% 1% 10 5mv
J 1% 1% 4 10 mv
K 0.15% er 0.1V 0.5% ar 0 3V 2 6mv
L 0.1% unregulated 3.300 2mv
M 01% unregulated 17,500 5mv
N 015% er 0 3V 0.15% er 0 3V 4 5mv
P 01% unregulated 5,500 2mv
Q 0.1% unregulated 25,000 5mv

TABLE II

SIZES AND WEIGHTS
Size WEIGHT

NlWiD Net Shipping
linche«) «bit (Ib«)

S-1 314 x 19 x 14% 35 65
S2 5'4x19 x 14% 53 80
S3 7 >19 «14% 84 100
S 4 8% x 19 x 14% 120 140
S 5 5'/«x19 x 8 19 23
5 6 10'4x19 x 9% 42 52
ST 10'4x19 x 14% 89 140
$8 8 x 14 x 6 19 23
S9 12'4x22 x 15 110 158

49S-10 13 x 8% x 14’4

The power supply units may be removed from their cabinets 
for mounting in standard relay racks (except Models 25, 
26 and 71).

RATINGS AND COMPONENTS All components used are 
of the highest quality and are operated well within manufac
turers’ ratings. Herinetically-seaied, oil-filled capacitors arc 
used exclusively, except in LT scries, where special high 
purity foil, long-life electrolytics are used. ”C” and “LT” 
series power supplies use hermetically-sealed magnetic com
ponents exclusively. Ample safety factors are provided in the 
design to insure the long life, and the dependable, trouble
free operation so desirable in industrial and laboratory appli
cations.

Keep this 
check list handy

Monitors rf outputs
Type MA-437 (1N2771) po nt- 

contact silicon diode monitors 
power outputs of rf generating le
vices from 140 to 750 mc. Rectil ed 
current through the diode is m< ni 
tored in a standard holder at three 
frequencies: 140, 375. and 750 me. 
at input levels —2.8, 0, and 3.6 dbm, 
W ithin this power range, power 
monitoring error is less than 1 db. 
At any specific test frequency, the 
power error is less than 0.5 db. 
('artridge construction is used. The 
output is coupled directly to a dc 
microammeter. Requirements of 
MIL-E-1 are met. Applications are 
in communications and TV transmit
ters.

Microwave Associates, Inc., Dept. 
ED. Burlington, Mass.

CIRCLE 105 ON READER-SERVICE CARD

Decommutation System

Uses phase-lock loop technique

PAM and PDM telemetry signals, 
type 90 decommutator uses the 
phase-lock loop technique to main
tain synchronization with changes 
in commutation speeds of ±20% 
and over several segments of com
plete signal drop out. Three opera
tional-amplifier type integrators 
operate sequentially on data pulses 
to reduce crosstalk to less than 
± 0.1% and to a\ erage out the effects 
of noise on the recovered pulses. 
Translators have outputs of ±15 \ 
and deliver 10 ma to a 1500-ohm 
load. Output impedance is less than 
1 ohm from dc to l(X)0 cps. Trans
lators have standard accuracies of 
0.07%. Automatic zero level com
pensation reduces zero shifts of 
±10% to less than ±0.1%. Automatic 
gain compensation readjusts ±10% 
full scale shifts to less than ±0.1%

Telecomputing Corp., Data In
struments Div., Dept. ED, 12838 
Saticoy St, N. Hollywood. Calif.
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po nt- 
lonit >rs 
ing Ie 
ectiled 
» m< ni- 
t three 
50 me. 
6 dbm. 
power 

i 1 db. 
-V, the 
15 db.

Relay

Miniature, spdt type

d. The 
) a de 
its of 
•ns are 
msmit-

This spdt miniature relay is available with re
sistances of 50 ohms and 5 K. At 50 ohms the 
required pull-in is 18 ma, and at 5 K, 2.3 ma. 
The fixed contacts are made of nickel silver and 
the movable contacts are silver palladium. The 
unit weighs 0.37 oz and measures 0.402 x 0.687 x 
0.812 in. The relay is for use in multichannel 
radio control equipment and in computers.

W. S. Deans Co., Radio Control Research and 
Development, Dept. ED, 8539 Albia St., Downev, 
Calif.
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CARD

em

Ranges are 0 to 70 
me and 0 to 5 me

Spectrum 
Analyzer

ique
both 

ignals, 
?s the
main- 

langes 
±20? 

: com- 
opera- 
irators 
pulses

than 
effects 
pulses. 
±15 v 
0-ohm 
s than 
Trans
ies of
com- 

fts of 
amatic 
±10? 

±0.1?. 
ta In- 
1283S 
alif.
:ard

D

Type SPA-4 spectrum analyzer has independ
ent frequency dispersion ranges of 0 to 70 me 
and 0 to 5 me. Negligible internal frequency 
modulation permits narrow band analysis free of 
fm. A variable if bandwidth from 1 to 80 kc for 
analyzing wide or narrow pulsed rf signals is pro- 
vided. The sensitivity is 100 dbm. The unit in
cludes linear and power amplitude scales, a pre
cisely calibrated log, a tuning head with a 10 to 
4l-mc frequency range, and a self-contained 
n irker oscillator.

Panoramic Radio Products, Inc., Dept. ED, 514 
$ Fulton Ave., Mt. Vernon, N.Y.
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Distributed constant delay 
lines • Lumped-constant 
delay lines • Variable de
lay networks • Continu
ously variable delay lines 
• Pushbutton decade delay 
lines • Shift registers •

ESC DEVELOPS 
DELAY LINE WITH 

170 to 1 DELAY TIME/ 
RISE TIME RATIO
Model 61-34 Perfected 

For Specialized 
Communications Application

PALISADES PARK, N. J-An entirely new 
Lumped-Constant Delay Line, with a proven 
170 to 1 delay time rise time ratio, has been 
announced by the ESC Corporation, Palisades 
Park, N. J. The new delay line, known as 
Model 61-34, was specifically designed for a 
specialized communications application call
ing for the exceptionally high delay time/rise 
time ratio.

ESC, the world’s leading manufacturer of 
custom built and stock delay lines, is already 
widely recognized in the electronics industry 
for its exceptional engineering advances. In 
October, 1958, ESC broke through an existing 
design barrier and produced a delay line with 
a 145 to 1 delay time/rise time ratio. It had 
been thought, prior to the announcement of 
the Model 61-34, that ESC had reached the 
ultimate in this type of delay line.

CIRCLE 110 ON

EXTRA
Pulse transformers • Me
dium and low-power trans
formers • Filters of all 
types • Pulse-forming net
works • Miniature plug
in encapsulated circuit 
assemblies

SPECIFICATIONS OF NEW DELAY LINE 
MODEL 61-34

Delay time rise time ratio: 170 1
Delay: 200 usee.
Rise time: 1.16 usee.
Attenuation: less than 2 db
Frequency response: 3 db = 325 KC
50 taps with an accuracy of ±0.2 usee, at 
each tap.

Complete technical data on the new unit 
can be obtained by writing to
ESC Corporation, 534 Bergen Boule
vard, Palisades Park, New Jersey.

-SERVICE CARD
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SOME OF US WERE 
WONDERING IF YOU'D 
MIND SERVING ON 
THE BOARD AT THE 
CLUB, JIM. WE'D 
SURE LIKE...^-^^

WHY JIM! I JUST 
DON'T KNOW WHAT TO

SAY!...! WAS SURE
YOU..

OH DEAR! AND WE JUST 
SPENT $95 ON THOSE 

NEW DRAPES! AND JIM- 
WHAT WOULD MOTHER

SAY IF WE MOVED SO 
FAR AWAY?

A personal and (let us hope) encouraging message to an

ELECTRONICS ENGINEER IN A QUANDARY
When Dame Destiny crooks her finger at you and says, 

"Let's go with Bendix in Kansas City, old boy!" you face 
a set of small problems that are well worth solving . . ,

There is an excellent possibility 
that very soon we shall be offering 

• v you the position you’ve been wait
ing for. Ir could be a position at a higher 
level than the one you now hold and— 
have little doubt about this—you’ll be 
tempted.

You may, during this period of de
cision, suffer torments like the engineer 
we picture above. (We sympathize 
with him . . . most of us have been 
through it ourselves.) We’d like to 
help you then but we know that you 
yourself must measure these personal 
cataclysms and weigh them against the 
advantages of your professional future 
here. We can only suggest that Kansas 
City abounds with other potential play
mates or sweethearts, other teams hope
fully waiting for a star player, and— 
who knows?—your new drapes may 
need only slight alteration to fit Kansas 
City windows.

We’re supremely confident that some
how you will find the resolution and 
ingenuity required to solve these prob
lems if we give you sufficient incen
tive.

So let’s talk about incentive.

Because Bendix, Kansas City, is a 
long term prime contractor for the 
AEC, we can say little here about our 
products except that they are advanced 
electronic, electro-mechanical devices de
signed and manufactured to extraordi
narily high levels of reliability. After 
only ten years we have become the city’s 
largest manufacturer, and we’re still ex
panding. Recently-inaugurated programs 
make most likely that we can offer you 
a position that will fully utilize your 
talents in design, production or super
vision.

You should find our salary offer of 
more than passing interest.

In general, we need electronic engi
neers with at least a BS degree, although

DADDY! I SIMPLY WON'T 
MOVE AWAY FROM PEGGY 

AND SALLY! I WON'T! NO!

BUT DAD! NEXT SEASON
I'LL BE ON THE *A* SQUAD
AND BESIDES I COULDN'T f - <

LEAVE ALICE! B { (WTO

NEW PRODUCTS
Ferrite Shutter Switch

Has no moving parts

YOU TAKE JIM, NOW...
HE WON'T LET NOBODY 

BUT ME CUT HIS 
HAIR-NO SIR!

ACTUAL SIZE

in some openings a degree in physics 
is acceptable. Experience should range 
upwards of 5 years.

We welcome design and development engi
neers qualified in the design and development 
of miniaturized airborne electronic equipment, 
radar, servo, video, IF amplifiers or vacuum 
tube applications.

Automation engineers with a degree EE or 
physics would be well-advised to learn about 
our current major expansion into fully auto
mated testing of electronic assemblies.

Vacuum tube application engineers will 
find us attentive when they speak of their 
work in ruggedized sub-miniature tubes, planar 
triodes, thyratrons or special purpose micro
wave tubes.

Reliability engineers (preferably with an 
electrical degree and at least 7 years experi
ence, including some statistical work) will 
discover that our ever-increasing emphasis on 
reliability assures them i place in the sun.

We wish we could present all the 
facts you’ll need to weigh, but we find 
we’ve barely started. There’s much more 
to say . . . how the Bendix environment 
stimulates professional creativity and 
personal progress, how this area provides 
pleasant, easy-going, economical living, 
educational advantages, cultural and 
recreational facilities, etc. . . . but these 
can wait. For the moment let us simply 
assure you that—in far less time than 
you think—you and your family will 
feel at home here.

We’re ready to get very specific re
garding your financial incentive. We 
must first hear from you. May we, 
soon?

Write Mr. T. H. Tillman, Professional Personnel. 
Bendix, Box 303-MU, Kansas City, Missouri.

Model W574-1A-1 ferrite shutter switch is for 
use in monopulse and doppler radar systems, 
surveillance, and fire control systems. It has no 
moving parts and can be used as a shutter or 
switch element. The frequency range is 13.5 kmc 
± 15 me, isolation is 25 db min, and the insertion 
loss is 0.3 db max. The input vswr transmit is 
1.1:1 max at center frequency and the input vswr 
reject is 30:1. Rise time is 100 psec max, control 
coil power is 2 w max, and the ambient tempera
ture range is —85 to —f-105 C. The unit weighs 
5 oz and measures 2-3/8 x 1-5/16 x 1 in.

Kearfott Co., Inc., Microwave Div., Dept. ED, 
14844 Oxnard St., V an Nuys, Calif.
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Tape Handlers

For 35, 80, and 100 ft 
of tape

These three continuous-loop transports handle 
magnetic tape in lengths up to 35, 80, and 100 ft. 
Designed for detailed analysis programs, such as 
those with analog computers and wave analyzers, 
the loop mechanisms have an isolated tape path 
under the multitrack record and playback heads 
for precise low-flutter performance. Tape widths 
up to 2 in. can be changed. The units have up to 
nine tape speeds, dual tension sensors, slide 
mounting, and integral power supplies. Series 
3190 transport has a full view door with safety 
interlock. An adapter for series 3170 transports 
is also available.

Minneapolis-Honeywell Regulator Co., Dept. 
ED, 10721 Hanna St., Beltsville, Md.
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ELECTRONIC

New Miniate 

VARIABLE 
INDUCTOR
FOR VERTICAL OR HORIZONTAL

MOUNTING IN PRINTED
CIRCUIT BOARDS

This new, ultra tiny Variable Inductor, 
with amazing subminiature character
istics, has stable inductance at extreme 
temperature variations and high reli
ability, along with light-weight and min
iature size features.

• INDUCTANCE RANGE: 0.10 to 4700
• INDUCTANCE ADJUSTABLE: ±20%
• ENVIRONMENTAL: Encapsulated in 

epoxy resin for protection against cli
matic and mechanical conditions.

WRITE TODAY
Free Descriptive 

Literature Available

KANSAS CITY DIVISION

ESSEX EUCTROMICS
D I « I X I O M 0 1

550 Springfield Ave., Berkeley Height«, N. J. 
C Restview 3-9300
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ENGINEERING

ON BENDIX COMPONENTS

Dept. ED, 13214

ONE-MINUTE SYNCHROFlowmeter

SYSTEM ACCURACY
Electrical two-speed Autosyn* synchro features

qTAL

CIRCLE 128 ON READER-SERVICE CARD

For more detailed information on specific applications, write

luctor, 
acter- 
dreme 
i reli- 
1 min-

700 mH 

20% 
jd in 
st cli-

For 
model

Developed to meet need for accu
rate data transmission with maxi
mum system simplicity. Produces 
two electrical outputs from single 
shaft, thereby eliminating inac
curacies of two-speed gear system 
as well as installation and main
tenance costs of additional unit.

The synchro contains two sepa
rate sets of windings. One set pro-

specs are met.
Valor Instruments.

ARD
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CAM COMPENSATOR 
Efficient compensating device for 
servo system error.

Delay Line

Delay time is 1 psec

CLUTCHED SYNCHRO
Transmits corrective signal, o 
establishes new reference.

■ ACCURACY UNAFFECTED BY THERMAL AND MECHANICAL STRESS
■ HIGH SIGNAL-TO-NULL RATIO
■ ELIMINATION OF GEAR ERROR FOUND IN MECHANICAL TWO- 

SPEED SYSTEM
■ ADAPTABILITY TO GYRO PICKOFF

duces the normal signal pattern 
of one cycle of output voltage, 
while the other produces eleven 
cycles, for each rotation of the 
synchro shaft. Increase in accu
racy is very close to the 11-to-l 
theoretical maximum, resulting in 
a system error of ± 1 minute when 
used back-to-back with similar 
units. •REG. U. «. PAT. OFF.

ON OTHER BENDIX 
COMPONENT RACKAGES

District Offices Burbank and San Francisco, Calif.; Seattle, Wash.; Dayton, Ohio; and Washington, D. C 
Export Sales & Service: Bendix International, 205 E. 42nd St , New York 17, N, Y.

CIRCLE 130 ON READER-SERVICE CARD
Teterboro, N. J.
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The type CP-4-A1 is an integrated 
unit containing a high-precision 
pygmy Autosyn* synchro and an 
electro-magnetic clutch. Has gen
eral systemic application where it is 
desired to transmit a corrective sig
nal, or to establish a new reference 
as a result of a temporary condition. 
Removal of electro-magnetic clutch 
excitation instantly re-establishes 
Autosyn, or signal source, at zero. 
Three unit-mounted resistors pro
vide for proper output voltage as 
well as correct phase relationship of 
output voltage to excitation voltage. 
Write for further information.

26 volts, 400 cycles, single phase 
200 ma max. 

. 2.5 watts max.
.............350:1

3500

The type CP-20-A1 is a simple, en
tirely mechanical means of correct
ing an output data shaft in relation 
to either servo loop errors, sensing 
errors, or known environmental fac
tors affecting the system. Elimi
nates need for adjusting remotely 
placed or inaccessible units. Ask 
for full details.

E iCTRONIC DESIGN • November 25, 1959

ADDITIONAL CHARACTERISTICS
Input voltage (to rotor)
Input current
Input power
Signal-to-null ratio
Sensitivity (mv/degree)

Crenshaw Blvd., Gardena, Calif.
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Quadruple Exhaust Blower

Produces 250 cfm 
electronic cabinet cooling applications 
4EB300 quadruple exhaust blower pro

duces 250 cfm of air. Designed for rack mounting, 
it has vertical and diagonal exhausts with venti
lators on the front and rear of the cabinet. Panel 
height is 5-1/4 in. The filter is easily changed 
without removing the unit from the cabinet. The 
motor meets CC-M-636A specifications.

McLean Engineering Labs., Inc., Dept. ED, 
P.O. Box 228, Princeton, N.J.
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Having a delay time of I psec and a rise time of 
0.2 psec, type 10C5-5/14 delay line comes in a 
0.4 x 1.5 in. case. A lumped constant unit, it is 
suitable for printed circuit and transistor appli
cations. The characteristic impedance is 1400 
ohms, the attenuation is 3%, and the temperature 
coefficient is 0.03% per deg C. The temperature 
range is —55 to 4-105 C. The unit is molded in a 
hermetically sealed brass tube with the leads 
brought out through glass-to-metal end seals. Mil

Manufacturers of 
GYROS • ROTATING COMPONENTS 

RADAR DEVICES 
PACKAGED COMPONENTS 

INSTRUMENTATION

Eclipse-Pioneer Division

For aircraft use
Consisting of a flowmeter transmitter and a 

How-rate indicator, this flowmeter system measures 
the fuel flow rate in aircraft by mass rather than 
by volume. Flow rates to 1200 pph can be meas
ured. Its power requirements are 115 v 400 cps. It 
operates within the temperature range of —65 to 
-j-250 F and has a life of 500 hr continuous opera
tion. The unit measures 3 in. long and 2 in. in 
diam and weighs about 2 lb. Indication may be 
by an illuminated pointer or an integrally-lighted 
dial scale; unlighted indicators are also available.

General Electric Co., Dept. ED, Schenectady 5, 
N.Y.

Eclipse-Pioneer Division
Teterboro, N. J.



NEW PRODUCTS10,000,000 PERFECT OPERATIONS: 
reliability. . . achieved by the 
remarkable A.P.I. meter-relay Nonreactive Resistance Standards

Accuracy is 0.01%

Suitable for any electrically-measurable variable, the A.P.I. meter-relay 
gives you sensitive monitoring, reliable control, combined in a single com
pact unit. It is an essentially simple instrument, yet a highly accurate 
and dependable one.

HERE'S HOW IT WORKS

I. Basically, the A.P.I. meter-relay is 
an indicating meter with built-in con
tacts. One contact is on the moving 
(signal-indicating) pointer; the other, 
on the adjustable (set-point) pointer. 
The indicating pointer is a free-mov
ing element. The meter-relay has the 
high sensitivity inherent in a well- 
designed D’Arsonval movement.

2. At the instant of contact, a lock
ing coil, wound integrally with the 
armature coil, supplements the torque 
developed in the meter movement. It 
is this locking coil — exclusively fea
tured by A.P.I. — that assures posi
tive contact every time. It holds the 
contacts together, maintains firm pres
sure to provide a good control circuit.

3. “Making” of the contacts loads the 
flexure spring on the set-point contact 
arm. When the contacts are released, 
they are immediately pushed apart by 
the force of the spring-loaded arm. 
There is no teasing or sticking; the 
break is decisive. Wiping action keeps 
contacting surfaces clean.

If you need fully-reliable, stable control at a practical cost, you 
ought to have a look at our Catalog 4E. A copy is yours on request.

ASSEMBLY PRODUCTS, INC.
Chesterland 17, Ohio 8 A I1
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98

These nonreactive resistance standards have an 
accuracy of 0.01% from de to 50 kc. Model AC440 
covers the range of 11,111 ohms in 0.1-ohm incre
ments. Other models have from one to five dials, 
increments as small as 0.01 ohms, and resistance 
values up to 100,000 ohms. The method of re
actance compensation used permits a choice of 
minimum inductance error, minimum resistance 
error, or the best compromise. The effect of shield
ing capacity is eliminated.

British Industries Corp., Dept. ED, Port Wash
ington, N.Y.
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NOW...
A HIGH-HEAT 

NON-SLIP 
LACING TAPE

GUDEBROD’S 
TEMP-LACE H

Amplifier

Differential transformer type

Gudebrod synthetic rubber 
finish has now tamed slippery 
Teflon* by coating it with syn
thetic rubber. Once cables are 
laced with Temp-Lace H, 
they’re laced for good ... be
cause there’s no knot-slip; no 
harness slip. Assemblies stay 
tight and firm.

Model 401C differential transformer-amplifier 
provides an output suitable for viewing on cath
ode ray oscilloscopes or for direct drive of pen or 
light beam galvanometer recorder. The instrument 
has an internal excitation supply, self-checking 
features which eliminate drift errors, and five cali
brated sensitivity ranges which cover all usual 
scientific and industrial requirements. The fre- 
(juency response is flat from 0 to 200 cps and use
ful to 500 cps. The accuracy is 2% with a maximum 
resolution of 0.000005 in. of core displacement.

Daytronic Corp., Dept. ED, 225 S. Jefferson St., 
Dayton 2, Ohio.
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Flat-braided of pure, inert 
Teflon, Temp-Lace H is non- 
corrosive to hands or instru
ments. Now coated with Gude- 
brod’s non-flaking, fungistatic 
rubber finish, it’s non-slip, and 
flexible from —40° to 220°C. 
It won’t cut through insulation.

Temp-Lace H is available in 
five sizes; or we will engineer a 
tape to meet your specifica
tions. Write today for Data 
Book giving complete informa
tion on ALL Gudebrod Lacing 
Tapes and Drive Cords.
•Du Pont’s TFE fluorocarbon fiber

GUDEBROD
BROS. SILK CO., INC.

ELECTRONIC DIVISION 
225 West 34th Street, New York 1, N.Y.

EXECUTIVE OFFICES
1 2 South 1 2th Street, Philadelphia 7, Pa.
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without leaving our lab

Addres»

GENERALGENERAL
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SUB-MINIATURE: 2 amps at 28 
volts d-c, 115 volts a-c, double
pole double-throw. Excellent 
thermal life.

UNIMITE: The world’s smallest 
1-amp sealed relay; single-pole 
type. Isolated contact chamber, 
high speed 1.5 millisecond 
operation.

MICRO-MINIATURE: Crystal-can 
type, double-pole and new 
welded 4-pole units. Rated 2 
amps, 28 v d-c or 115 v a-c. 
Grid-space terminals available.

MINIATURE: Long-life type; 
rated 5 amps at 28 volts d-c; 
m 2- or 4-pole double throw 
and 6-pole normally-open 
forms. Ideal for ground use.

G-E miniature, sub-miniature, micro 
miniature and Unimite relays combine 
small size with unusual reliability under 
severe temperature, shock, and vibra
tion conditions to make them ideal for 
electronic jobs, both military and com
mercial. G.E.’s complete * line of sealed 
relays includes these basic types:

CARO

1959

dynamic contact-resistance check—the 
prime indicator of cleanliness.

For one demanding application, Gen
eral Electric and the customer sched
uled 109 tests for each unit. A 5% 
lot sample was subjected to destructive 
tests including monitored six-hour vi
bration and load-life tests. A single 
relay failure meant rejection of the 
entire lot. During this contract, 23 con
secutive lots (over 4000 relays) were 
processed without a lot-sample failure!

But testing is only part of G.E.’s re
liability story. Design leadership (such 
as produced the Unimite, the world’s 
smallest 1-amp relay) and advanced

Rapid acceleration, vibration, violent 
shock, extreme temperatures—these are 
the environmental conditions found on 
a trip to the moon . . . and tn General 
Electric’s relay-testing laboratory as 
well. Here, exhaustive tests—simulat
ing operating and atmospheric condi
tions—are conducted to continually veri
fy the reliability of G-E sealed relays.

Even in standard production testing. 
General Electric goes well beyond re
quirements to assure reliability. Each 
lot of G-E relays is subjected to 27 tests 
and measurements before being re
leased for shipment. For example, every 
relay built is subjected to a 15-cycle

manufacturing techniques (including 
new inert-arc welding to eliminate con
tact-contaminating solder and flux) con
sistently produce superior relays.

Obviously, all relays don’t require the 
same testing—but whatever your needs 
—General Electric has the know-how 
and facilities to meet them. See your 
G-E Sales Engineer, or mail the coupon 
at right General Electric Co., Specialty 
Control Dept., Waynesboro, Va.

relay for every 
circuit need—every 

reliability requirement

Generol Electric Co.
Section A792-11
Schenectady 5, N Y.

Please send me a free copy of the 
1959-60 Sealed Relay Catalog.

COLD
SHOCK

HEM

VIBRATION
ACCELERATION

SHOCK

HEAT

ACCELERATION
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I AM El) BY NEW PERKIN MER DC BOWER SLTPEIES

lin« and Irnul transients, use new Perkin MTB powci

ripple. Made without lulu s >r movii 
trouble-Ire«' service. The\ re ideal t

sustain shorts and overloads imlcfimtclx without sullciiir. 
damage or shooting spikes into the load, \lhi shorts, the 
normal operation automata alls. \nd their protection is co
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Microtran Co

N.Y.
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power
transformers are available in va

furnished.stud terminals are

Worm gear type

tiometers. tvpe

180:1 ratio which allows direct dial

horizontal.
NEW PRODUCTS

Control Transformers

Actual photographs 
of power supply

turn-on at 28v setting.
Scope settings: 5v per ci

\ ertimi, 0.2 sec. per cm

Come in frequencies of 50 to2600 cps

For control applications, these 
miniature epoxy-molded

I KANSISTOR KILLER: LUE VOLTACE SP1KF
ranges to 25 va and in frequencies 
from 50 to 2600 cps. They can be 
supplied to meet MIL-T-27 grades 
2 and 5. Nickel-plated brass screw

Mounting may be strap, insert, or 

Inc., Dept. ED,
145 E. Mineola Ave., Valley Stream,

Drive Unit

1 or use with rotary components 
such as resolvers, syncros, poten-

anu capacitors,
PDW-1 worm gear drive unit has a 

readings of 1 min of arc. Compact 
in design, the unit has a plexiglass 
hairline indicator and large size 
engraved dials. The spring loaded 
gears are made of stainless steel or 
aluminum. Spring loaded ball bear

parts are mounted in a machined.

can be supplied with the input 
shaft projecting from the back of 
the housing to allow driving from 
the rear and dial readout on the 
front.

Acton Labs, Inc., Dept. ED, 533 
Main St., Acton, Mass.

ustors in vour circuit in microseconds.
. to he a "turn-on transient one «>1 ■ 

emus instantaneous overshoots encounter«



Millivolt Potentiometer

TRANSFORMER 
RECTIFIER

TRANSISTOR 
REGULATOR

MAGNETIC 
AMPLIFIER 

REGULATOR

All models have Automatic Current Limiting protective 
circuitry which eliminates fusing. Voltage and current are 
automatically reduced to a safe level on overloads of 125% 
rated output and above, including dead short circuits. Over-

Dayton, O.—CHapel 4-5551
Denver, Colo.—SUnset 1-7375
Detroit, Mich.—HOward 8-2461
Indianapolis, Ind. —STate 7-0009
Kansas City, Mo.—HEdrick 2-2528
Los Angeles, Calif.—Hollywood 9-7294

WRITE FOR COMPLETE PERKIN CATALOG on tubeless power 
supplies and new technical article on de power sources for transistorized 
circuits.

loads and shorts can be sustained indefinitely without damage 
to the power supply. All units available standard 19" rack or 
cabinet mount. Dynamic impedance down to 25 milliohms.

SALES REPRESENTATIVES 
Albuquerque, N.M.—AMherst 8-1724 
Angola, Ind.-217 & 8101-R 
Atlanta, Ga.—BLackbum 5-6660 
Chicago, 111.—JUniper 8-0905 
Cleveland, O.—REdwood 2-7444 
Dallas, Tex.—FLeetwood 7-7080

Minneapolis, Minn.—Midway 6-2621 
New York City, N.Y.-DIgby 4-2997 
Orlando, Fla.-CHerry 1-2128
Philadelphia, Pa.-WAlnut 7-1820
Phoenix, Ariz. — WHitney 6-2111
St. Louis, Mo.—PArkview 1-6403

San Diego, Calif.—ATwater 3-2081 
San Francisco, Calif.—EMerson 9-3354 
Seattle, Wash.—PArkway 3-9000 
Syracuse, N.Y.— Gibson 6-0220 
Washington, D.C.—JUniper 5-7550 
Agincourt, Canada.— AXminster 3-7011

% ENGINEERING CORPORATION
345 Kansas Street, El Segundo, California • ORegon 8-7215

New England Area Office: 46 Amesbury St. • Lawrence, Mass. • MUrdock 3-3252

Insulation Papers

Melting point is 1900 F
Made of synthetic mica, the 

Crystal M insulation papers have a 
melting point of above 1900 F when 
heated in a closed system, and con
vert to a higher melting ceramic 
body when heated in an open sys
tem. The material has an index of 
refraction of 1.5, a bulk density of 
2.7 g per cc, and is insoluble in 
water and organic solvents. It may 
be manufactured in calipers from 2 
to 10 mils, but is now available at 5 
mils only. It can also be made in 
blocks weighing from 10 to 20 lb 
per cu ft, and compression-molded 
shapes. Metal fibers, powders, and 
other conductive materials such as 
graphite can be included in the 
paper to produce controlled resistiv
ity. It can be used on wires and 
cables as high temperature insula
tion and can be laminated to other 
materials.

Minnesota Mining and Manufac
turing Co., Dept. ED, St. Paul 6, 
Minn.
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NEW SOLID STATE REGULATION PRINCIPLE:
magnetic amplifiers for efficiency and reliability, transistors for fast response 

Rugged magnetic amplifiers provide steady-state regulation of line and load. Fast-acting 
transistors suppress ripple and transients. Because the transistors function only during 
instantaneous line and load changes, their actual use is held to a minimum. MTR units 
thus have far better dynamic regulation than magnetic amplifier-regulated power 
supplies and much higher reliability than fully transistorized supplies.

Range is —11 to 4- 101 mv
Type 8690 millivolt potentiom

eter has a range of —11 to -1-101 
mv, eliminating the need to reverse 
input leads. It can be used in rou
tine in-place checking of thermo
couples, recorders, and controllers 
as well as for tests involving tem
perature measurements and calibra
tion studies. The measured values 
are read directly in digits and a scale 
interpolation is obtained from a 
central reading window. The limit of 
error is ±0.05% of reading 4-20 pv 
without reference junction compen
sation, and ±0.05% of reading 4—10 
pv with reference junction compen
sation. Completely self-contained, it 
has a manually-operated reference 
junction temperate compensator. It 
has a nine-position function switch.

Leeds & Northrup Co., Dept. ED, 
4934 Sten ton Ave., Philadelphia, Pa.
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IFor 10V step change on 115V nominal input units; 107c step change on Model MTR 28-100
♦ IFor changes no load to full load or full load to no loud On fractional load changes, specifications are improved.

PERKIN / MTR REGULATED LOW-VOLTAGE DC POWER SUPPLIES prompt delivery

Model 
No.

D.C. Output Static Regulation Dynamic Regulation
A.C. Input 

60 CPS Ripple
Volti Amps Line Load Linef LoadH Volts Phase RMS

MTR060-1 A 0-60 1 ±10MV ±25MV ±10MV ± .2V 95-135 1 2MV
MTR060-5 A 0-60 5 ±10MV ±25MV ±10MV ± .3V 95-135 1 2MV
MTR036-5 0-36 5 ± 10MV ±10MV ± 10MV ± .2V 105-125 1 1MV
MTR036-15 0-36 15 ± 10MV ± 10MV ± 10MV ± .2V 105-125 1 1MV
MTR636-15 6-36 15 ±25MV ±50MV ±25MV ±.75V 105-125 1 5MV
MTR636-30 6-36 30 ±25MV ±75MV ±25MV ±.85V 105-125 1 5MV
MTR615-5 6-15 5 ± 10MV ±50MV ±0.1% ± ,2V 105-125 1 3MV
MTR28-2 24-32 2 ±0.1% ±0.1% ±0.1% ± .2V 105-125 1 5MV
MTR28-3 24-32 3 ±0.1% ±0.1% ±0.1% ± .3V 105-125 1 5MV
MTR28-5 24-32 5 ±0.1% ±0.1% ±0.1% ± .3V 105-125 I 5MV
MTR28-10 24-32 10 ±0.1% ±0.1% ±0.1% ± .4V 105-125 1 2MV
MTR28-30 24-32 30 ±0.1% ±0.1% ±0.1% ± .5V 105-125 1 5MV
MTR28-100 24-32 100 ±0.1% ±0.1% ±0.5% ±2.0V 208/230/

460 ±10%
3 20MV



NEW PRODUCTS

EPOXY ENCAPSULATED/RUGGED CONSTRUCTION 
IMC's new BT505 Size 5 servo motor is miniaturized for stringent aircraft and missile 
applications ■ Only one inch in length, this 400 cps servo motor is a rugged low 
inertia unit with high torque to inertia ratio ■ Its high torque per watt is unusual 
for its small size and weight ■ Control phase designed for transistor operation ■

ime 
SIZE 
.5 

SERVO
ONE 
INCH 
LONG

I

AC Amplifier

For airborne and telemetering use

Co 
tiv 
wo

Stall Torque, Oz. In. 
No Load Speed, RPM 
Rotor Inertia, 6M CM2 
Theo. Accel. RAD/SEC*' 
Time Constant, SEC 
Weight, Oz................. .

0.265 1.000

0.036
0.046

0 453 
DIA —

0.3750 n

__ 0.09
.....9500
.. 0.15 

42,500
... 0.024

0.68
6 LEADS

10 LONG

(1500
0.499

I
0.046

», U- b8 MIN rULL TOOTH

Voltage, Volts .............
Current, Amps* ..........  
Power Input, Watts* 
Power Factor*............
R. Ohms 0C .........
R Ohms*...................
X. Ohms*....................  
Z. Ohms* .................... 
Effective R, Ohms 
Parallel Tuning Cap 

for Unity P.F., MFD*
* Measured at Stall

FIXED 
PHASE

. 26 

.0.080
1.75 
0.85
185 
276 
173
325
383

MOTOR

0.60

570 MAIN STREET / WESTBURY, L. I., N.Y.

CONTROL 
PHASE 

26
0.080 

1.75 
0.85 
185 
276 
173 
325 
383

0.60

nduction Motors Corp.
6058 WALKER AVENUE / MAYWOOD / CALIF.

Model WC-222 ac amplifier is for use in telem
etering instrumentation, for amplifying the output 
of capacitive generator type transducers, and in 
missile nose cone instrumentation. The input sig
nal range is 0 to 660 mv. A variable gain up to 20 
db is available. The output impedance is about 
5000 ohms. Frequency response can be altered 
to meet specific requirements. Both limited and 
unlimited outputs to match subcarrier oscillators 
and storage devices are available. Silicon tran
sistors are used throughout. Potting and sealing 
offer resistance to environmental conditions and 
to shock and vibration. The largest dimension of 
the unit is 3-1/2 in. Requirements of MIL-E-8189 
and MIL-T-5272 are met.

The Wurlitzer Co., Electronics and Defense 
Products Dept., Dept. ED, N. Tonawanda, N.Y.
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Universal Bridge

Accuracy is 0.1%

Type B-221 universal bridge provides for two, 
three, or four terminal measurements of an im
pedance or transfer admittance with an accuracy 
of 0.1%. Measurements provided are: capacities 
from 0.0002 ppf to 11 pf, resistance of 10 ohms 
to 100 meg, and inductance from 1 mh.

Wayne Kerr Corp., Dept. ED, 1633 Race St., 
Philadelphia 3, Pa.
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ELECTRONIC

audible and visual 
WARNING DEVICES
—small, accurate, 
extremely reliable

Miniature Keyers, Flashers and 
Signals are as small as 2 cubic inches 
...weigh as little as 2 ounces. Accu
racy of flashing rates is nominally 
±10%.
Solid state reliability. Units are 
static, and employ only semiconduc
tors. Elimination of rotating parts 
and thermal elements means in
creased life and drastically reduced 
maintenance.
MIL Specs. Units are designed and 
manufactured to applicable Mil Specs. 
Applications: Warning systems for 
fire and overheat, landing gear, air 
speed limits, navigation and position 
lights, stall indicators...tracking 
signals, signal coding. Any mount
ing orientation and connector. Write 
for complete data.

Other solid state devices, DC-DC con
verters, DC-AC sine wave inverters, 
frequency sensors, voltage sensors, 
time delays and programmers, etc.

r I a division of

THE VICTOREEN INSTRUMENT COMPANY

3025 W Mission Rd., Alhambra, Calif.
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C Printed-wiring "Press-Fit” jack that 
mounts in three holes forming a triangle, 

and is dip-soldered from underside of board.

A Non-breakable patch-cord board with 
“Press-Fit” jacks mounted in metal 

plate to take matching plugs and cords.

B Typical “Press-Fit” jacks and plugs in 
wide range of designs and sizes, even 

to subminiature test-point jacks.

139 HOYT STREET • MAMARONECK

Using 
Thermistors

Edited by
FENWAL ELECTRONICS, INC.

RF CABLE CONNECTORS.—Snap-on versions of 
the firm’s standard 50- and 75-ohm ConheX con
nectors are available. A spring ring or band around 
the slotted coupling sleeve provides the attachment 
means. These connectors are reduced in length and 
diameter.

Sealectro Corp., Dept. ED, 139 Hoyt St., Mamaro
neck, N. Y.

CIRCLE 146 ON READER-SERVICE CARDSTABLE THERMISTORS PERMIT 
HIGH CONTROL ACCURACY

WITH SIMPLE CIRCUITRY

Circuit shown for the Fenwal 
Electronics’ Model 150 Temperature 
Controller is typical. It has a sensi
tivity of 0.001°C throughout its 
working range!

New, extremely stable, probes per
mit full exploitation of thermistors’ 
inherently high sensitivity to tem
perature change.

NYLON STRAPPING.—Has 5/8 in. width and is 0.07 
in. thick. It is available in either 25 or 50 ft rolls 
in black or natural color. It can be furnished either 
plain or with continuously-spaced center holes. The 
strapping can be used as cable clamps and hangers 
for wiring, switches and other components. It can 
be safely used in temperatures from —60 to -|-250 F.

Weckesser Co., Dept. ED, 5701 Northwest High
way, Chicago 46, Ill.
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MOTOR.—Designed to conform to specifications 
CC-M-636, this motor is totally enclosed, and self 
cooled. The motor operates from 115 v ac, 60 cps, 
single phase. It measures 4.25 in. in diam by 6.75 in. 
in length and weighs 10 lb. Designated model 33N29, 
the unit is rated at 1/4 hp at 3300 rpm.

Western Gear Corp., Electro Products Div., Dept. 
ED, 132 W. Colorado Blvd., Pasadena, Calif.
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Fenwal Model 1 50 Thermistor Controller

Operating characteristics of the 
new probes are precisely predictable 
and repeatable over the entire con
trol range. Furthermore, the large 
change in resistivity of a probe in 
response to a small temperature 
change greatly simplifies circuit de
sign. (Resistance can change as much 
as 4000 ohms or more — for a 
change of only 1° in temperature.) In 
most cases, a standard resistance 
bridge circuit is ample for measure
ment of signal output.

For full details on thermistors, 
send for Catalog EMC-2. Further 
details on Model 150 also available 
<>n request. Write Fenwal Elec
tronics, Inc., 310 Mellen Street, 
kramingham, Mass. And simplify 
your circuit design problems with a 
<1200 Experimental Kit of thermis
tors. Available from Fenwal Distrib- 
1 tors or the Framingham plant.

GROMMET.—This one-piece solid grommet is made 
from Zytel 103 nylon. It can be used in the tempera
ture range of —65 to -f-300 F. The grommet is in
serted through the aperture and flanged over with a 
tool. Each size, from 3/16 to 2.5 in. in diam, fits 
sheet gages ranging from 0.025 to 0.25 in. in four 
basic lengths.

Western Sky Industries, Dept. ED, 21301 Cloud 
Way, Hayward, Calif.
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DISCRIMINATOR CHECKOUT SYSTEM.—Will 
operate in automatic, semi-automatic, and manual 
modes. In the automatic mode, up to 18 discrimina
tors can be given an 11-point checkout in 11 sec at 
an accuracy of better than 0.1% linearity.

Dynatronics, Inc., Dept. ED, Box 2566, Orlando, 
Fla.
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Making Precision Thermistors 

Make four Design Ideas Come True 
CIRCLE 145 ON READER-SERVICE CARD

OXIDE CERAMICS.—The Degussit line, sintered 
at about 1900 C, includes alumina, spinel, stabilized 
zirconium oxide, magnesium oxide, and kaolin 
bonded corundum. Type A1-23 pure alumina, sin
tered into tubes, rods, discs, and other configura
tions, is stable in oxidizing and reducing gases, in a 
high vacuum, and against all metals.

Materials for Electronics, Inc., Dept. ED, 152-25 
138th Ave., Jamaica 34, N.Y.
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Only
Sealectro
offers

TEFLON
JACKS a/7i/ PLUGS
in 10 CODE COLORS!

UF

Making and breaking electronic con
nections is easier with genuine Sealectro 
“Press-Fit” jacks and plugs and break
away connectors. Wide choice of types 
provides just the right answer for each 
application. And it's easier, because: 
■ One-piece jack or plug. No threads, 
nuts, washers, lockwashers or other 
hardware required. Minimum labor.
■ Teflon body provides maximum 
electrical insulation in minimum bulk. 
High immunity to shock, vibration, 
breakage, heat and other operating 
conditions.
■ “Press-Fit” jacks, accepting probes 
from .040" to .090", have heat-treated 
beryllium contacts for easy insertion 
and withdrawal, as well as longest serv
ice life.
LITERATURE...
Latest “Press-Fit” catalog containing a 
wide selection of Teflon jacks, plugs 
and connectors, is yours for the asking.

♦ Reg. Trademark of E. I. DuPont de Nemours & Co., Inc.

D Simple “Press-Fit” jack that mounts in 
printed-wiring board and right-angle panel.
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Your best combination of
V-PLUS HIGH BETACBO

Tl germanium power transistors!
TYPICAL SOLENOID RELAY DRIVERTYPICAL AUDIO AMPLIFIER to watts output

Efficiency

TEXAS ohmt

INSTRUMENTS 2N1039

EMICONDUCTORS
• HEAT SINK ¿

1.25-w power transistors20 w power transistorsDELIVERED relay drivers

OFF-THE-SHELF /NIO3»

ratings of

ACTUAL SIZE
ACTUAL SIZE

ELECTRIC CO
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Tl 2N1042 series alloy-junction transistors 

guarantee 20 w dissipation at 25°C with voltage

lOOOpf 
TOO* 48 ohm» MIN 

la MAX

Transformer: Nt :N2:N3 - 1:1:1 
To Minimize Cross-Over Distortion the 
Coils Should be Bifilar Wound.

80, and — lOOv. You get

TRANSISTOR vo|“oh™

1N538
’Diode D| is used to clip reverst 
voltage swing across solenoid 
when transistor is turned off.

Distortion 
% at Po = 1 Ow

germanium and silicon transistors 
silicon diodes and rectifiers 

r«»Tlcw» solid tantalum capacitors 

precision carbon film resistors 

sensistor silicon resistors

/«■i ELECTRIC COMFA NY
'Dept. ED-Ó • 223 W Modi* on Street 
STote 2-2944 • Chicago 6, Illinois

Your Authorized 
Tl Distributor

Tl semiconductors are USE-PROVED 
by thousands of customers and 
GUARANTEED for one full yearl 
Now available at Factory Prices in 
1 -999 quantities:
Silicon transistors, germanium tran
sistors, silicon diodes and rectifiers 
and carbon film resistors.
sensistor silicon resistors: 1-499 
tan-TI-cap tantalum capacitors: 1-99

medium speed switching circuits • relay drivers • 
low-power audio and pulse amplifiers

Tl 2N1038 series alloy-junction transistors 

guarantee 1.25 w dissipation in moving free 
air at 25°C with voltage ratings of —40, —60, 

—80, and —100 v. Guaranteed 20-to-60 beta 
spread at — 1 amp and low 0.2 ohm saturation 

resistance assure reliable performance.

From

NEWARK

2N1O42 
2N1043
2N1O44
2N1O45

FREE
Newark Electric's all-new 
1960 INDUSTRIAL ELEC
TRONICS CATALOG = 70 
Order your copy now! Over 500 
industrial s u p p 11 er s in one giant 
404-page reference! An up-to-the
minute guide to the la'esf listings of 
electronic eguipment . . including 
Texas Instruments complete line 
of semiconauctors and components

guaranteed 20-to-60 beta spread at —3 amps 

and low 0.16 ohm saturation resistance at the 

—3 amp maximum collector rating.

Tl GERMANIUM POWER TRANSISTOR CHARACTERISTICS AT 25 C

Type

Dissipation 
at 25°C 
Watts

Max 
Collector 
Voltage 

Volts

Max
Collector 
Current

Amps
hFE 

mm max

Collector 
Reverse Current 

ko 
max

Typical 
Saturation Resistance 

Rcs
Ohms

2N456 50 -40 -5 10 fe —5a 50 —2ma © — 40v . 048
2N457 50 -60 -5 10 fe —5a 50 —2ma © —60v 0 048
2N458 50 -80 -5 10 fe —5a 50 —2ma © —80v 0 048
2N511 80 -40 -10 10 fe —10a 30 —2ma © -20v 0 025
2N511A 80 -60 -10 10 fe -10a 30 —2ma © —30v 0 025
2N511B 80 -80 -10 10 fe -10a 30 —2ma © —40v 0 025
2N512 80 —4U -15 10 fe —15a 30 —2ma © —20v 0 025
2N512A 80 -60 -15 10 0. -15a 30 —2ma © —30v 0 025
2N5Í2B 80 -80 -15 10 & —15a 30 —2ma © —40v 0 025
2N513 80 -40 -20 10 fe —20a 30 —2ma © -20v 0 025
2N513A 80 -60 -20 10 fe —20a 30 —2ma © —30v 0 025
2N513B 80 -80 -20 10 @ —20a 30 —2ma fe —40v 0 025
2N514 80 -40 -25 10 fe -25a 30 —2ma fe -20v 0 025
2N514A 80 -60 -25 10 fe -25a 30 —2ma fe —30v 0 025
2N514B 80 -80 -25 10 fe —25a 30 —2ma © —40v 0 025
2N1021 50 -100 -5 10 fe -5a 30 —2ma fe — lOOv 0 08
2N1022 50 -120 -5 10 fe -5a 30 —2ma fe — 120v 0 08
2N1038 1 25 -40 -1 20 fe —la 60 —125^3 fe —20v 0 2
2N1039 1 25 -60 -1 20 fe —la 60 —125^3 fe —30v 0 2
2N104O 1 25 -80 -1 20 fe —la 60 — 125m3 fe —40v 0 2
2N1041 1 25 -100 -1 20 @ -la 60 —125^3 fe —50v 0 2
2N1042 20 -40 -3 20 © —3a 60 —125^3 © —20v 0 16
2N1043 20 -60 -3 20 fe —3a 60 —125^3 @ —30v 0 16
2N1044 20 -80 -3 20 « —3a 60 —125^3 fe —40v 0 16
2N1045 20 -100 -3 20 © —3a 60 —125^3 © —50v 0 16
2N1046 35 -80 -3 20 e-3a 160 —Ima fe —40v ü 9



DC-TO-DC POWER CONVERTER 630-watt output at 90% efficiency TYPICAL SWITCHING CHARACTERISTICS

too n2N514A

TYPICAL SWITCHING TIMES TEST CURRENTS2N5I46

2ü20w
(Collector Current*

ACTUAL SIZE ACTUAL SIZE

2N511 2N1046high current switching applications computer core drivers deflection circuits
light weight converter applications

Tl 2N511 series alloy-junction transistors guarantee collector
currents of 60 and

TYPICAL DC TO DC POWER CONVERTER

EFFICIENCYTRANSISTOR

2N457

INPUT 28 vdc1OK
OUTPUT 130w

2N457

2.2K
1N538

1011

* HEAT SINK

ACTUAL SIZE ACTUAL SIZE

high voltage power converters
audio servo
power applicationscurrent switchers power converters

Tl 2N456 series alloy-junction transistors with guaranteed
50-w dissipation,

Department TI-K

Check the specifications at left for the unit most suited to your particular requirements.
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INPUT 
230 0

2N1021
2N1022

-80
-100

OUTPUT 
PULSE

INPUT 
PULSE

2.2K 
ion

DISTORT ON 
20 WATTS

Your Authorized 
Tl Distributor

20/4 
® 20v

your authorized 
Tl Distributor

Storage Time 

Fall Time

Delay Time

Rice Time

less than 0.048 ohm saturation resistance provide optimum 

performance characteristics.

—80 v ratings. All units provide low 0.025 ohm saturation resist

ance and typical switching times at 25°C of 12.5 /xsecs (ton) 

and 8.0 /¿secs (tOff).

110 Federal Street 
Boston 10, Mass. 

HU 2-7850

Tl 2N1046 alloy diffused transistors combine high power, high 
frequency and high voltage performance in a single package. 

Guaranteed 35-w dissipation, collector breakdown voltage to 

—80 v, and low 0.75 ohm saturation resistance with 12 me 
typical alpha cutoff insure reliable operating characteristics.

I 50
A'.V 

20w

1000 uf
150 V 

2N1022*

100 6th Ave 
New York 13. N.Y. 

WO 6-5300

Li. La — 4 turns each -16
Q i Qz—2N514B 80 volt 25 amp each mounted 
on a min of 200 sq in ot aluminum to be 
good to 50 C
D i -1 Nl 124 mounted on a mm cd 1 sq in of 
exposed 1 16" aluminum. Operation to 50 C. 
Frequency about I kc.
Core type 50022-2A Magnetics, Inc

20, and —25 amps in

Write on your company letterhead to your 
nearest Tl sales office describing your 
application for specific details on Tl products.

NOTES N2 and N3—88 TURNS 18 
Ni and Na-12 TURNS’22 
„ n2(Vsec)

CORE: 28
Toroidal ribbon wound core with maximum flux 
density - 14 8 kilogauss at a cross-sectional area 
of 1.37 sq. cm.

24 Central Ave 
Newark 2, New Jersey

MA 2-1661

(Turn-off Current) = + 30ma

COMPLETE LINE 
AT FACTORY 

PRICES!

60, and -80 BVcbo ratings and

Tl 2N1021 and 2N1022 alloy-junction transistors guarantee 
maximum operating voltages of —100 v and —120 v respec
tively, low 0.08 ohm saturation resistance, and typical betas of 

60 at -1 amp, 23 at -5 amps. You get guaranteed collector 
reserve current of —2 ma maximum at full rated voltage.

139 W 2nd Street 
Plainfield, New Jersey

PL 6-4718

20;.f 20v

high power/high frequency 
switchers:

high beta power amplifiers 
audio amplifiers •

165-08 Liberty Ave. 
Jamaica 33, New York 

AX 1-7000

For fast, reliable delivery on 
all TI use-proved, guaranteed 
semiconductors and components, 
just call Lafayette Radio and 
get off-the-shelf delivery in the 
following quantities:
silicon and germanium tran
sistors, silicon diodes and 
rectifiers, carbon film resistors: 
1-999
sensistor silicon resistors: 1-499 
ton-TI-cup tantalum capacitors: 
1-99

TYPICAL 20 WATT AMPLIFIER power gain = 23 db

INPUT . _ , 
28 volti 
25ao.pt ^50v

Instruments
INCORPORATED
S MICONDUCTOR-COMPONENTS DIVISION 
1 500 N. CENTRAL EXPRESSWAY

From

Lafayette Radio

Transformer N| N?:Ni - 1:1:1
2N1022* To Minimize Cross Over Distortion the Coils 

- Should be Bifilar Wound.

L* may be wounq according to the output 
voltage desired, allowing about J.639 turns per 
volt Tne wire size should be large enough to 
allow one circular mil per milla. ipere The 
output current and load will then determine 
Ds, Da, Ds. De and Ca.
Lz, Lj—17 turns each »10 bifilar wound

. 2N1046
600 fl L— /C* 

X— 44

DELIVERED
IMMEDIATELY

Texas Instruments 
SEMICONDUCTORS

25ao.pt


NEW PRODUCTS
More on the way!

FANSTEEL 
35 AMP.

Silicon Power Rectifiers
1N SERIES-TYPE 4A

We’re making them and shipping them out faster than ever to 
meet your increased needs for Fansteel Type 4A Silicon Power 
Rectifiers ... and more help is on the way. Work on Fansteel’s 
expanded plant facilities is nearly completed and soon, Type 
4A 35 Amp. Silicon Power Rectifiers will be shipped even 
faster, with stock delivery on all popular ratings.

IN Series operate within — 65°C. to + 165°C. ambient range 
and are unaffected by storage temperatures to +200°C. Maxi
mum peak reverse voltages 50 to 400; they deliver up to 105 
amps in bridge circuits. Type 4A’s are shock and vibration re
sistant, hermetically sealed... can be mounted in any position.

Ask for complete data . .. Bulletin 6.305-1

RELIABILITY

E5911A

FANSTEEL METALLURGICAL CORPORATION North Chicago, III., U.S.A.
CIRCLE 156 ON READER-SERVICE CARD
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Servo Amplifier

Comes with power supply

more
scope 
for
your

Model 652 servo amplifier contains its own 
power supply which furnishes both regulated 
plate voltage and regulated filament voltage to 
the dc amplifier section. The unit accepts several 
dc input or feedback signals and produces an out
put signal compatible with most electrohydraulic 
servo valves. The amplifier has a maximum gain 
of 100 differential ma per v when driving a 4000- 
ohm center-tapped load, and produces a maxi
mum differential current of ±40 ma. It has front 
panel controls for gain, dither, balance, and level. 
Power required is 115 v 60 cps.

American Measurement & Control, Inc., Dept. 
ED, 240 Calvary St, Waltham 54, Mass.
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Frequency Converter

For ground check-out use

For use in laboratories and in ground check-out 
equipment, model W-1477 frequency converter 
changes 60 cps power to 115 to 200 v, 400 cps, 
three-phase power with a 750 va load capability. 
The standard frequency stability is 0.1%; special 
units having a frequency stability of 0.01% can be 
supplied. The maximum distortion at any load 
does not exceed 5% and the phase balance is 120 
±2 deg. Regulation of standard units with varia
tion of input line from 110 to 120 v and variation 
of load from 0 to 750 va is less than 2%. The unit 
operates loads that vary from 0.85 lead to 0.9 lag 
PF. It withstands transient voltages of 80 v dc 
without damage. Operating life is in excess of 
25,000 hr. Designed to fit a 19-in. relay rack, the 
unit has over-all dimensions of 7 x 19 x 17 in.

Electrosolids Corp., Dept. ED, 13745 Saticoy 
St., Panorama City, Calif.
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with these new

WM16 DC-4O M/Cs

A highly sensitive instrument which 
meets general laboratory needs and is 
suitable for television, computer and 
millimicrosecond oscillography. Main 
features include:—
* Calibrated X & Y shifts - accuracy 3'
* Plug-in units for greater versatility
* Signal delay 0.2 microseconds
* Sensitivity 50 mV/Cm
*5' PDA CRT with 10-KV E.H.T.
* No selected components

WM8 DC-15 M/Cs

A new instrument with many varied 
facilities including:
* unique direct time and voltage measure

ment system
* balanced wide-band direct-coupled 

amplification with signal delay
* plug-in preamplifier available for 

greater sensitivity at same bandwidth

Full details of these and other instru
ments from:
J4. A. JJoffncan & Co., Anc.

35 OLD COUNTRY ROAD • WESTBURY • N.Y-
TEL: EDGEWOOD 4-5600 EI69
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FANSTEEL
iew

SOLID TANTALUM CAPACITORS
AMPfPfS

am

voltage regulation, theseDesigned for low

IDEAL

C59UA

CIRCLE 163 ON READER-SERVICE CARD

25, 1959

Accurate to within 2% of full scale 
All sizes and types available 
Scales to customers specifications

Model 460 B 
Bakelite 
4’/j Inch

For complete information on the 
Ideal line of precision-made panel 
meters, write to

Sold to Electronic Parti Distributors exclu
sively through Waldom Electronics, Inc., 
4627 West 53rd Street, Chicago 32, Illinois.

CIRCLE 160 ON READER-SERVICE CARD

LECTRONIC DESIGN • November

The most complete range of ratings... consolidated into four 
miniature case sizes ... unsurpassed stability at operating 
temperatures from 55 °C. to 125'C. ...ask your Fansteel 
representative for full information or get complete specifi
cations in Bulletin 6.112-5.

If you’re now using—or planning to use—solid tantalum 
capacitors, here’s good news. All ratings, all sizes of Fansteel 
S-T-A Capacitors are now available from stock for immedi
ate shipment. New and bigger production facilities, just 
completed, mean that now we can meet the constantly grow
ing demand for Fansteel S-T-A’s without delay ... without 
interrupting your production schedules. Order “close-to- 
the-belt” or order for months ahead—S-T-A stocks are here 
when you need them.

Zener Regulators

For low voltage regulation

The model E miniature rheostat potentiometer 
is now furnished in an enclosed style, consisting of 
a lightweight, drawn aluminum housing which is 
dust-tight. The three rheostat terminals are 
brought out to corresponding terminals on the 
back panel. Exclusive of the shaft, the enclosure 
measures 1-3/64 in. diam and 1-7/32 in. long. The 
unit is rated at 12.5 w at 40 C ambient tempera
ture. It can be used in military as well as indus
trial applications.

Ohmite Manufacturing Co., Dept. ED, 3661 
Howard St., Skokie, Ill.

Here’s the demand line that’s set
ting sales records across the nation 
. . . engineered and produced to the 
highest standards . . . assembled in 
controlled atmospheric and climatic 
conditions . . . 100% inspected at 
every step of production to ensure 
highest quality and dependability.

Zener regulators come in two types: type RS-6 
single anode unit and type RT-6 twin anode unit. 
Type RS-6 has a reverse voltage breakdown volt
age of 6 ±1 v and a maximum dynamic imped
ance of 15 ohms. The RT-6 has 20 ohms maximum 
dynamic impedance at the same reverse break
down voltage. Both ratings are at 10 ma dc. Both 
units are encapsulated in a hermetically sealed, 
corrosion-resistant case and operate over the tem
perature range of —50 to -j-80 C. Their applica
tions include voltage reference and regulation for 
12 and 24-v mobile power systems, replacement 
of gaseous tube regulators and reference units, 
and biasing and coupling elements in transistor 
circuits.

Hoffman Electronics Corp., Semiconductor 
Div., Dept. ED, 930 Pitner Ave., Evanston, Ill.
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Rheostat 
Potentiometer

Has enclosed design

a measure of 
perfection...
IDEAL 

PRECISION 
Panel Meters 
the complete line 

for every application

stock!

FANSTEEL METALLURGICAL CORPORATION North Chicago. III., USA

Model 275 PR 
Clear Plastic 
2% Inch

Model 350 P 
Clear Plastic 
3’/, Inch

Model 460 P 
Clear Plastic 
4'/j Inch

IDEAL PRECISION METER CO., INC
126 Greenpoint Ave., Brooklyn 22, N. Y



NEW PRODUCTSTANTALUM .HMW MBMB After 37 Years
J

Our Most Important Product

GLIM RAMSEY, Vic« Pr«»i. 
dent Fansteel Metallurgical 
Corporation and General 
Manager of Rectifier-Capaci
tor Division, displays (in right 
hand) porous tantalum anode 
he developed in 1936—the 
achievement which made 
today's miniature tantalum 
capacitors possible. One of 
the early applications of this 
anode was in a Fansteel 
surge arrester (shown on 
desk). Left hand holds pres
ent day tantalum capacitors.

There have been few developments in the past 
century that have been ol more benefit to science 
and industry than the discovery by Fanstecl of a 
method lor producing tantalum commercially.

Our st ientists have continued through the years 
to work on ways to improve tantalum and ways to 
use it. I'he development of the tantalum capacitor 
is one ol the most important “firsts” at Fanstecl. 
Contributing greatly to the age of miniaturization 
in electronics, the tantalum capacitor is character
ized by long life, stability and highest reliability.

In 37 years of tantalum leadership—through 
research, development, production and applica
tion—we have constantly learned more and more 
about tantalum. Fansteel experience with tan-

POIL • SHEET STRIP • WIRE • ROD • FABRICATED Will Lt ADS 
SINTERED POROUS ANODES • MIT AL POWDER

talum and tantalum capacitors adds the extra 
ingredient to Fansteel Capacitor Grade Tanta
lum. This experience can't be found in technical 
literature. And it can't be bought. But we have 
it, and it is available to you.

There is no short cut to perfection in anything, 
certainly not in a metal like tantalum. It has 
taken Fansteel a long time to reach its posi
tion of leadership, and we feel that there is still 
some distance to travel. But we have gone far 
enough to assure continued supply of Capacitor 
Grade Tantalum in quantity, and continued 
improvement in quality. Fansteel Metallurgical 
Corporation, Rectifier-Capacitor Division, North 
Chicago, Illinois.

TANTALUM
A Premium Grado of Tantalum available ta capacitor 

manufacturer* In these formst

Frequency 
Synthesizer

Has three ranges

Type NUB frequency synthesizer has range s 
from de to 100, 1000, and 10,000 cps with crystal- 
locked steps of 1, 10, and 100 cps and a maximum 
error of 0.5, 5, and 50 me. The output voltage is 
continuously variable from 3 mv to 3 v, sinusoidal 
and spurious frequencies suppressed by more than 
60 db. The instrument can be used in calibrating 
direct reading frequency meters, in investigating 
mechanical resonant systems, in measuring if 
crystals, and in engineering control.

Rohde and Schwarz, Dept. ED, P.O. Box 275, 
Passaic, N.J.
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X-Y Plotter

Operates from differential transformers

Designed to operate from differential trans
formers, model HR-94 plotter may be used to plot 
small mechanical movements or any related vari
ables which can be converted to mechanical move
ments. Applications include plotting contours of 
miniature bearing races, plotting surface and gear 
tooth irregularities, stress, strain, pressure, spring, 
and bellows deflections. The multiplication factor 
is adjustable to KMX): 1 with a total error of less 
than 0.15%. Movements of 20 pin. are detectable. 
Signal, reference, and rebalance circuits are 400 
cps originating from a built-in tuning fork oscil
lator. The servo systems operate from 50 or 60 cps 

■ line frequency. Pen speed is 2 in. per sec. Stand
ard 24 x 36 in. paper or 24 in. roll stock graph 
paper may be used.

Houston Instrument Corp., Dept. ED, 1717 
Clay Ave., Houston 3, Tex.
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Paints

Electrically conductive types
These electrically conductive sil- 

x r paints are used in color coding 
surfaces of components such as disc 
thermistors and in coding complex 
printed wiring. The paints can be 
brushed on the terminals of elec
tionic control assemblies during 
tests to facilitate connections. Avail
able are a silver conductive coating 
No. SCE22 and coatings having re
sistances of 20, 200, and 2000 ohms. 
Tvpe RSE32, having a resistance of 
2000 ohms, has abrasion, solvent, 
and slip resistance. The paints may 
be air dried or baked. Primers and 
thinners can also be furnished.

Micro-Circuits Co., Dept. ED, 
New Buffalo, Mich.
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ans-

DC Power Supply

Provides 4 to 35 v
This transistorized dc power sup

ply pro\ ides from 4 to 35 v at 0 to 4 
amp. The output is continuously 
variable by means of a knob on the 
front panel. Regulation is 0.1% for 
load and line variations with no in
ternal adjustments. The unit oper
ates from a 105 to 125 v, 60 cps line. 
It measures 3-1 2 x 10 in. and can 
be mounted in a 19-in. rack. Fully 
enclosed, it is also suitable for bench 
use. All parts are easily accessible.

Dynamic Controls Co., Dept. ED, 
155 Massachusetts Ave., Cambridge, 
Mass.
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in tubes 
for hi-fi!

Digital Data Printer

Stands 50 g shock
Designed for military uses, model 

2000 digital data printer withstands 
50 g shock. The unit operates di
rt < tly from electronically generated 
decimal or binary-coded decimal 
d tta sources. It operates in the tem- 
p nature range of 0 to 125 F and can 
b stored for indefinite periods in 
t< nperatures from —65 to -[—160 F.

Clary Corp., Dept. ED, San 
( briel, Calif.
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“low noise and low hum" characterize the performance of this 
high-mu twin triode-ideal for your pre-amplifier designs.

"versatility" keynotes the applications for this tube-a sharp
cutoff pentode and a medium-mu triode in one envelope-for 
low-level stages.

"compact, but powerful" can describe monophonic and stereo
phonic power amplifiers designed around this 9-pin miniature 
-a pair in Class ABI can deliver up to 20 watts output.

"power deluxe"—up to 76 watts with only 2% distortion from 
a pair in Class ABI audio service-new structure design pro
vides exceptional electrical stability and reliability.

ANOTHER WAY RCA SERVES YOU THROUGH ELECTRONICS

CORPORATION OF AMERICA
Harrison, N. J.

RCA-7025

RCA-7199

RCA-6973

From pre-amplifier to power amplifier, mono 
or stereo, you can design a comprehensive line 
of high-fidelity products around these 4 RCA 
tube types. And your designs with RCA tubes 
add up to recognition ... for quality, perform
ance, prestige. Contact your RCA Field Repre
sentative for details. For technical data, write 
RCA Commercial Engineering, Section 
K-18-DE4, Harrison, N. J.

RCA-7027-A
EAST :
744 Broad St., Newark 2, New Jersey. 
Humboldt 5-3900

MIDWEST :
Suite 1154, Merchandise Mart Plaza, 
Chicago 54, III.. WHitehall 4-2900

7 Electron Tube Division %
6355 East Washington Boulevard. Los 
Angelos 22, Calif.. RAymond 3-8361
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Indicator Driver

Is a BDC-to-decimal converter
New silicon triodes dissipate

Type NX-101 Nixie driver is a BDC-to-decimal 
converter that accepts the 8-4-2-1 binary decimal 
code from a decimal counter and applies the ap
propriate drive signals to the corresponding cath
ode of a Nixie tube. Each of the 10 stages consists 
of a npn transistor and a resistor decoder. The 
unit decodes signals from any flip-flop capable of 
sustaining an additional 3 ma in the on-transistor 
and having an off-collector potential of +17 v 
min. The power requirements are +195 v ±2% 
at 5.5 ma, +20 v ±5% at 9.5 ma. Input specifica
tions are +18 v ±10%, —5% at 3 ma, and the out
put specifications are +20 v at 2 ma.

Computer Control Co. Inc., Dept. ED, 983 Con
cord St., Framingham, Mass.
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Greatly magnified photo of silicon
transistor showing Fixed Bed Construc
tion. All parts are firmly fastened, with
no suspended parts except wire lead.
Transistor reacts as a solid block in re-
sisting shock and vibration. Power dis-
sipation is inherently higher.

Power dissipation of the 2N332A-through-2N336A silicon transistors (see chart below) 
ranges from 500 mw at 25°C to 83 mw at 150°C without heat sink. Note also (see chart 
below, left) the extremely low Icbo throughout 1000 hours of testing. Nearly 90% ot 
units fall within 100 mpa. Beta spread (chart above) is stable out to 1000 hours.

Silver-Zinc Battery

Has matched dual outputs
Model P43A silver-zinc battery consists of two 

battery sections having identical output and ca
pacity. It is for use where standby capacity is re
quired, or where one circuit must meet a heavy 
peak current demand, while the other has a 
steady, non-fluctuating load. Each 19-cell section 
provides a current of 3 amp at 26.5 v. Maximum 
current is 12 amp with a discharge time of 25 min 
at 3 amp. Capacity is 1.3 amp-hr. Internal voltage 
regulation insures less than 10% voltage fluctua
tion under maximum surge loads. Both sections 
are automatically activated in 0.5 sec; the signal 
required is 4 amp at 28 v. The unit withstands 
shock to 100 g, acceleration to 50 g, and vibration 
to 8 g along all three major axes. The tempera
ture range is 40 to 80 F; units operating from 
—65 to +165 F can be provided. The battery 
measures 5x5x6 in. and w eighs 7 lb.

Cook Batteries, Telecomputing Corp., Dept. 
ED, 3850 Olive St., Denver, Colo.
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500 mw without heat sink at 25 C
FIXED BED MOUNTED TRANSISTORS 2N332A-fhrough-2N336A ALSO FEATURE

.0054 VOLT V, GUARANTEED 45 VOLT

AT 25°C AND 30 VOLTS AND ELECTRICAL STABILITYPHYSICAL

ranges of 0 to 50, 100, and 500
ma,
monitor of the

orked aftei

Phase Shifter

For X-band use

2N332A 2N333A 2N334A 2N335A 2N336A

elec-
Vet (Sa»)

mpu

20001300 1700 3700750

avg. The unit uses a longi

?oo*c

ELECTRICGENERAL

and current 
The current

25*0

150°C)

Icto
ICEO

chert 
/o of

ranges of 25, 100, 250, and l(XX) 
through the detector provides i

ohm* 
pmhos 
pmhos

icon 
and

MAX. /cbo

an auto hubcap for 700 miles—a 
ward.
IMMEDIATELY AVAILABLE

ironically variable mismatch for frequency control 
of low-power magnetrons and klystrons. It can be 
designed to fit a number of frequency control and 
antenna phasing systems applications, including 
magnetron frequency controllers and serrodyne 
phasers. Phase variation is ±45 min. phase shift, 
driving power requirements are 0.6 w max, and 
typical de coil characteristics are 200 ohms max at 
—100 ma max. The power handling capacity is

this series of transistors. Storage and operating 
tests have resulted in a performance rate of better 
than 99.¿% after 1009 hours.

Besides the demonstrated electrical characteris
tics. General Electric’s silicon transistors can ab
sorb physical punishment far beyond normal 
specifications. All parts are solidly fixed together 
and react as a solid block in resisting shock and 
vibration. Test units have been fired from a shot
gun, struck with a golf club and rattled freely in

detector or of the cooling system. The resistance 
of a detector under actual conditions of use can 
be measured. Battery opeiated, the unit has a low 
noise figure. The battery7 life is 6 months under 
normal conditions. Accuracy is 1%. Fine control on 
voltage and overload protection on the microam
meter are provided.

Infrared Standards Lab., Dept. ED, 10555 Mag
nolia Ave., Riverside, Calif.
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ivailable now from warehouse stock. Call your 
ieneral Electric Semiconductor Sales Represent a-

Bias Supply

For measuring infrared photoconductors

Made for use with photoconductors or thermis
tor bolometers, model 501 bias supply has voltage

NPN triodes is a new series 
switching transistors capable of

CIRCLE 169 ON READER-SERVICE CARD
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TYPE 2N333.THR0UGH-2N335 SILICON TRANSISTORS MEET MU-T-19500/37A SPEC.
Designing to the new MIL-T-19500/87A Spec? General Electric types ¿N888, ¿\834 and -2X335 can I 

supplied from warehouse stock to meet this specification.

tudinal magnetic field with a ferrite rod supported 
ma foam dielectric.

Litton Industries, Dept, ED, 336 N. Foothill 
Road. Beverly Hills, Calif.
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line that operates the coolest. General Electric 
Company. Semiconductor Products Dept., Elec
tronics Park. Syracuse, N.

low Frequency Characteristics
Vci=5V;Ie= — 1 ma; f = 1000 cps) 

Forward Current Transfer Ratio 
Input Impedance 
Out ut Admittance 
Out ut Admittance
Hig ■ Frequency Characteristics

Common Base) (Vcs = 5 V; Ie = —1 ma) 
Out ut Capacity (f—1 mcl 
Cut tf Frequency 
Pov -r Gain (common emitter)

Vce —20 V; Ie= 2 ma. f = 5 me)

formance than ever before achieved.
Collector dissipation without heat sink is 500 

mw at 25°C ... 83 mw at 150°C. Since reliability 
is related to junction temperature, even those de
signs which do not require maximum-rated power 
may be enhanced greatly by this device series be
cause of the w ide safety-factor potential prov ided. 
FOUR OTHER ADVANTAGES - Collect or-to- 
emitter voltage is guaranteed at 45 volts. Col
lector leakage current is a maximum of 500 ni/za 
at 30 volts and 45°C. Collector-to-eniitter leakage 
current is 60 pa at 150°C. Minimum cutoff fre
quency is ¿.5 me, typical f«i, is 10 to 15 me. 
FIXED BED MOUNTING-Fixed Bed Mounting 
is an exclusive G-E construction technique which 
contributes to the extreme stability obtained bv

D C Characteristic*
Forward Current Transfer 

lc = 1 ma, Vce = 5 V)
Saturation Voltage

Is — 1 mo, lc = 5 ma) 
Cutoff Characteristics 
Collector Current

Vcs-30 V; Ie = O; Ta 
Collector Emitter Current

Vce 30 V; l«-O. Ta

SPECIFICATIONS

Absolute Maximum Ratings (25°C) 
Voltages

45 voltsCollector to Base Vc»
Collector to Emitter VCE 45 volts
Emitter to Base 

Current
Vu 4 volts

Collector
Power

Ic 25 ma

Collector Dissipation RMS Pc 500 mw @ 25°C (Free A<r'

Temperature
Pc 83 mw @ 150°C (Free Air)

Storage Tstg -65 to 200°C
Operating Junction Tj -65 to 175°C



NEW PRODUCTS
PESCO

STATIC 
INVERTERS

Shift Registers

Repetition rotes are 10 to 400 kc

SPECIAL REPORT 
ON SYNCHROS:

NO 
TRANSISTORS

HIGHLY 
RELIABLE

FEWER 
COMPONENTS

SHORT 
CIRCUIT 

PROTECTED

A high degree of efficiency and 
reliability is assured by the new PESCO 

Static Inverter developed by BORG-WARNER research.
Utilizing controlled rectifiers and no transistors, the new unit offers 

exceptional performance under space flight conditions.
Fewer components increase reliability. Operation at ambient 

temperatures of —55°C up to + 135°C is possible without 
fans or coolers. Built-in short circuit protection, automatic or 

manual (local or remote) reset, is accomplished without fuses or 
circuit breakers. Other outstanding characteristics include:

Voltage Regulation to ± 1%; Frequency Regulation 
to ±005%; Inherent sine wave output.

STATIC INVERTERS available from 250 VA to 3000 VA.

PESCO PRODUCTS DIVISION
Borg-Warner Corporation
3310 Vanowen Street • Burbank, California
24700 No. Miles Road • Bedford, Ohio

Ihe SRA-10 ten-bit magnetic shift registers are 
available with positive or negative outputs in five 
models: 50 kc at 6 and 12 v, 100 kc at 6 and 12 v, 
and 200 kc at 12 v. All units operate from zero to 
rated speed. The low shift drive permits 200 bits 
to be driven by 100 ma with a 5-v peak drop 
across the series shift line. The serial input and 
output are permanently wired on the printed war
ing board. At rated repetition rates, the power 
consumption is 1.2 w. Suitable for military and
industrial applications, the units have* a life 
pectancy of over l(XMMX) hr.

Di-An Controls, Inc., Dept. ED, 40 Leon
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Excitation Power Supply

Regulation is 0.2%

Designed for use in transducer excitation,

St.,

ac
meter calibration, and distortion measurement, 
model AP-0069 3-kc excitation power supply has 
a regulation of 0.2% under all conditions and a 
nonfundamental output of less than 0.05%. The 
power output capability is 5 w. Typical applica
tions include excitation of bridge-type testing 
devices for production or incoming inspection, ex
citation of strain gage or potentiometer trans
ducers, and use as a source in carrier data equip
ment.

C. A. Rypinski Co., Dept. ED, 2005 N. Oaks 
Ave., Pasadena, Calif.
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Induction Motors of California Size 8 Synch j

Induction Motors 
of California 

Manufactures
Complete Synchro 

Series
A full line of size 8 (.750" diam.) and 
size 11 (1.062" diam.) synchros, resol 
vers and linear tranformers for indica 
tion and control are manufactured by 
Induction Motors of California, May 
wood, California, in general accordance 
with MIL-S-20708.

GENERAL SPECIFICATIONS
FOR TYPICAL SIZE 8 SYNCHROS

26 VAC 400 CPS
± 7' MAXIMUM ERROR

30 MV MAXIMUM NULL

Detailed Specifications Available Upon Request

IMC 
TYPE

INPUT 
(MA)

PHASE 
SHIFT 

(DEGREES)
OUTPUT 
(VOLTS)

Torque 
Transmitter 
9708-002 
008-235

150
100

12
8

11.8
11.8

Control 
Transformer 

9708-003 
9708-007 
008-334

120
7

29

12
17
8

23.5
22.5
22.5

Resolver 
Transmitter 
9708-004 50 22 10.4

Linear 
Transformer 

9708-005 110 10 18.0
Control 

Differential 
9708-006 

(Rotor Primary)
100 12 11.8

OVER 100 DESIGNS AVAILABLE
Induction Motors of California has 
over 50 standard Size 8 designs. Any 
of these may be furnished with electri
cal or mechanical variations to suit 
your particular application.
Over 50 standard Size 11 synchro 
designs, including Navy BuOrd types, 
have been produced to meet exact cus
tomer requirements. A typical group of 
115V and 26V BuOrd synchros im
mediately available are:

11CT4b 11CX4b 11CDX4b 
11TX4b 11TR4b

Specifications on synchro components, 
as well as complete information on 
step-servo motors and solenoids manu
factured by our company, are available 
when requested on company letterhead.

Induction Motors 
of California

DIVISION OF 
IMC MAGNETICS CORP., N.Y.

6060 Walker Avenue, Maywood, California 
LUdlow 3-4785

Representatives in principal cities 
CIRCLE 175 ON READER-SERVICE CARD 
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Get this new TIC catalog with 
complete details on the most com
plete line of precision potentiometers 
by calling, writing or wiring.
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Burroughs 
NIXIE®

NUMERICAL 
READOUT 
TUBE

PAM/PDM Simulator

Tests decommutation systems WELVE
n IMPORTANT

nch j

ID 
59

ONTROLS

long life

ALL ELECTRONIC IN LINE READOUT 
CONTAINING TEN DIGITS “0” THRU “9”

The Ultra Long Life Nixie Tube offers 
increased life for those applications 
requiring continuous display of one of 
the ten characters for extended periods 
of time. Under these stringent condi
tions a minimum of 5000 hours life on 
one numeral can be expected. Where 
the display is changed sequentially, even 
as infrequently as every 100 hours, life 
in excess of 25,000 hours can be 
expected.

nixie Tube Exclusive Features:
• ALL ELECTRONIC
• LOWEST COST
• LOWEST POWER
• LIGHTEST WEIGHT
• MOST READABLE FOR 

NUMBER SIZE
• SMALLEST VOLUME AND 

NUMBER SIZE
• MAXIMUM TEMPERATURE, SHOCK 

AND VIBRATION SPECS
b AND NOW, LONGEST LIFE

Model 89A transistorized PAM/PDM simulator 
provides simulated PAM and PDM telemetry sig
nals and supplies pulse trains that conform to 
1RIG standards. The unit performs preliminary 
calibration and checks functional operation of de
commutation equipment. In PAM operation, the 
frame synchronization pulse duration can be two 
or three sample periods. Synchronizing pulse am
plitude is 10 \ peak-to-peak. The PDM output sig
nals swing from -|-4 to —6 v and the output signal 
reference is not adjustable. Accuracy of simulated 
analog data is within ±2% and sampling rates 
can be varied ±25/< of standard rates. The unit 
operates from 115 v ac power. It mounts in a 
standard 19-in. rack and is 3-1 2 \ 17-3/4 in.

Telecomputing (’orp.. Data Instruments Div., 
Dept. ED. 12S38 Saticoy St.. N. Hollywood, Calif.
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Harmonic Generators

Consist of two waveguides

Designed to generate energy in frequency 
ranges where signal sources are not readily avail
able, these harmonic generators consist of two 
waveguides coupled to each other by means of a 
probe structure terminated in a crystal element. 
The input waveguide receives the excitation fre
quency, which is coupled to the crystal to cause 
harmonic generation in the output waveguide. 
The harmonic frequency then propagates through 
the output waveguide. Three models are available, 
providing frequencies from 53 to 90 kmc. A BNC 
jack is provided for monitoring crystal current or 
for the application of dc bias.

Narda Microwave Corp., Dept. ED, 118-160 
Herricks Road, Mineola, NA.
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Uses include such 
equipment as aircraft 
instrument panels, 
shipboard control cen
ters, ground control 
equipment in either 
fixed or mobile instal
lations, industrial proc
ess control centers, 
electronic test instru
ments and computers. 
Twelve important con
trols to meet your de
sign problems provide 
a new standard in re
liability of operation.

TP SERIES —Types 
TP05, TP09, TP11, 
TP 13, TP 17 and 
TP20, in 6 sizes from 
/a" to 2" diameter. 
Each is a single-turn, 
high torque, rotary, 
wire-wound pot, engi
neered for peak per
formance under severe 
environmental condi
tions. Threaded bush
ings, precision register, 
mounting nut, lock 
washer and locating 
pin permit exact posi
tioning for precise con
trol. Available with 
non-linear functions, 
including complete 
series of sine-cosine 
functions. Accurate, 
dependable, long-life 
performance.

Pl-1/4

Pot^Om.T[ 
^Ens

MTF SERIES —Types M3TF, 
M5TF and M10TF. Housed 
in corrosion resistant box-like 
enclosures, all have a lead screw 
shaft arrangement for driving 
the wiper transversely from end 
to end of the resistance element. 
Encapsulated metallic film resist
ance element provides infinite reso
lution, 3, 5 or 10 turns (1080°, 
1800°, 3600°) of rotation for 
accurate setting. Threaded bush
ing, with concentric locking de
vice supplied to provide simple 
panel mounting knob for precise 
manual control.

P SERIES — Types Pl %, PIJ4 
and P3 with numerals desig

nating diameters. Espe
cially designed for low

P3
cost commercial ap

plications. These 
rotary type pots 
feature low in
ductance and 

capacitance. 
Available in 

linear or non
linear functions, 
single or ganged 

assemblies.

TECHNOLOGY INSTRUMENT CORP
555 MAIN STREET, ACTON, MASS.

Subsidiaries:
Technology Instrument
Corp, of C*lrf.

North Hollywood, 
California

Acton laboraforits, Inc . 
Acton, Mast.

Tucson Instrument Co'0.a 
Tucson, Any.

Servotrol. Inc., 
Chicago, IU.

Altomac Corp., 
Canton, Maafe
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OPEN

CLOSED

miniaturized
solenoid actuated

CAM SWITCH
/ Hermetically sealed
/ Extremely compact, light 

weight
/ "Reliability engineered" 

for guaranteed 
performance

/ Shock & vibration tested 
in conformance with 
MIL-E-5272A

/ Operates 24 to 30 volts, 
DC, at 125°C ambient

/ Rating, 1 amp.
/ Size, 1%"x12l/32wx2yZ
/ 7-pole, 18-position short

ing with interrupter 
and homing

Designed to meet standards 
for guided missile systems, 
this new Cam Switch is typi
cal of special designs by Tech 
Labs which can be easily 
adapted to specific needs. 
Write for complete data.

PALISADES PARK, 
NEW JERSEY

CIRCLE 180 ON READER-SERVICE CARD
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NEW PRODUCTS

Pulse Generator

Rise time is less than 2.5 mpsec

Model 120B pulse generator has a rise time of 
less than 2.5 mpsec. Two independent outputs are 
available providing precise widths from 2.5 to 25 
mpsec. Repetition rates from 10 cps to 10 me may 
be controlled externally. A fast flexible gating in
put is available for complex pulse-time and pulse
amplitude selection. A 15-v trigger output may be 
used to initiate timing cycles or to trigger an oscil
loscope.

E-H Research Labs., Inc., Dept. ED, 1922 Park 
Blvd., Oakland 6, Calif.
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Control Consoles

In aluminum, magnesium, or stainless steel
Made of aluminum, magnesium, or stainless 

steel, these control consoles can be adapted to in
dividual requirements in military and commercial 
applications. The sloping panel can be punched 
or drilled to specifications and is easily removed. 
The counter top is made of smooth Formica or 
Texolite bonded on plywood. The universal panel 
mounting can accommodate a variety of chassis, 
panels, slides, and other components. The consoles 
have a utility drawer and full-swinging front and 
rear doors.

Falstrom Co., Dept. ED, Passaic, N.J.
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Direct-Recording Oscillograph

Has 24 channels
Type 1108 direct-recording oscillograph allows 

recording of up to 24 channels of hf, high-sensi
tivity’ information from de to 5000 cps. Chart 
speeds are adjustable in 15 variations from 0.05 
to 80 in. per sec. This dry and dustless unit pro
duces records without processing of any kind. The 
light source is a high pressure mercury vapor 
lamp with maximum output in the ultraviolet 
region.

Minneapolis-Honeywell Regulator Co., Heiland 
Div., 5200 E. Evans Ave., Denver 22, Colo.
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BOURNS TRIMPOT' 
DISTRIBUTORS

ALABAMA
HUNTSVILLE
Curie Radio Supply No. 2 
101 Winston Street 
Phone: JE 4-6511

ARIZONA
PHOENIX
Radio Specialties & Appliance Corp. 
917 North Seventh Street
Phone. AL 8 6121 TWX: PX 125
TUCSON
Standard Radio Parts.lnc.
218 N. 1st Avenue
Phone MA 3 2545

CALIFORNIA
CULVER CITY 
Westates Electronic Corp. 
11334 Playa Street 
Phone: EXmont 1-6201
INGLEWOOD
Liberty Aircraft, Inc. 
9817 Inglewood Avenue 
Phone- ORegon 8-7163 
Newark Electric Co.
4747 W. Century Blvd. 
Phone: ORegon 8 0441 
TWX: INGL 2365
LOS ANGELES 
Kierulff Electronics, Inc. 
820-30 W, Olympic Blvd. 
Phone- Richmond 7-0271 

ZEnith 0271
OAKLAND
Elmar Electronics 
140 Eleventh Street 
Phone: Hlgate 4-7011 
TWX: OA-73
SAN DIEGO
Atlas Electronic,Inc. 
4618 Santa Fe Street 
Phone: BRoadway 4-3131 
Western Radio and TV Supply Co« 
1415 India Street 
Phone BEImont 9-0361
SAN FRANCISCO 
Pacific Wholesale Co. 
1850 Mission Street 
Phone: KLondike 2-0700

SOUTH BEND
Radio Distributing Co., Inc. 
1212 High St.
Post Office Box 1499 
Phone: ATIantic 8 4779

IOWA
CEDAR RAPIDS 
Deeco, Inc.
Post Office Box 1668 
618 First St.. N.W. 
Phone EMpire 4-2491

MARYLAND
BALTIMORE
D & H Distributing Co. 
2025 Worcester Street 
Phone: SAratoga 7-5100 
Kann-Ellert Electronics. Inc. 
Howard & Redwood Streets 
Phone: SAratoga 7-4242 
TWX: BA 587
SILVER SPRING 
Kann-Ellert Electronics, Inc.
11222 Triangle Lane 
Phone LOckwood 5-5200

MASSACHUSETTS
BOSTON
Radio Shack Corporation 
730 Commonwealth Ave.
Phone: REgent 4 1000 
TWX: BKN 262
CAMBRIDGE
Electrical Supply Corp. 
205 Alewife Brook Parkway 
Phone UNiversity 4-6300 
TWX CAMB MASS 429

MICHIGAN
DETROIT
Ferguson Electronic Supply Co. 
2306 Puritan Street 
Phone: UNiversity 1-6700 
TWX: DE 803

MINNESOTA
MINNEAPOLIS 
Lew Bonn Co.
1211 LaSalle
Phone: FEderal 9 6351

COLORADO
DENVER
Denver Electronic Supply Co.
1254 Arapahoe Street
Phone: AMherst 6-1671
TWX. DN 941

CONNECTICUT
NEW HAVEN 
Radio Shack Corp. 
230-234 Crown St.
TWX: NH 466 
Phone SP 7-6871

D. C.
WASHINGTON
Capitol Radio Wholesalers. Inc. 
2120-22 Fourteenth Street, N.W, 
Phone; HObart 2-0800

FLORIDA
MIAMI
Electronic Supply 
61 N.E Ninth Street 
Phone: FRanklin 7-2511 
TWX: MM 186
MELBOURNE 
Electronic Supply 
Post Office Box 1655 
909 Morningside Drive 
Phone: PArkway 3-1441 
TWX: 7138
ORLANDO
Goddard — Orlando 
631 W. Central Avenue 
Phone GA 5-5531
WEST PALM BEACH 
Goddard Distributors, lnc< 
Post Office Box 829 
1309 North Dixie 
Phone: TEmple 3-5701 
TWX: WP-38

GEORGIA
ATLANTA
Electro Air Corporation 
645 Antone Street. N.W.
Phone: TRinity 3-1651

ILLINOIS
CHICAGO
Allied Radio Corp.
100 North Western Ave. 
Phon«: HAymarket 1-6800 
Newark Electric Co.
223 W. Madison Street 
Phone STate 2 2944 
TWX. CU 1401

INDIANA
FORT WAYNE
Ft. Wayne Electronics Supply, Inc, 
3606 Maumee Ave.
Phone: EAstbrook 3431
INDIANAPOLIS
Graham Electronics Supply. Inc.
122 South Senate
Phone: MEIrose 4-8488

MISSOURI
ST. LOUIS 
Interstate Supply Co. 
4445 Gustine Ave.
Phone: FLanders 1-7585

NEW JERSEY
CAMDEN 
General Radio Supply Co., Inc. 
600 Penn Street 
Phone: WOodlawn 4-8383 (N.J.) 

WAInut 2-7037 (Phila.)
CLIFTON 
Eastern Radio Corp. 
312 Clifton Ave.
Phone: GRegory 1-6600 
MOUNTAINSIDE 
Federated Purchaser, Inc. 
1021 U.S. Route 22 
Phone: ADams 2-8200 
TWX: WSFD NJ 319

NEW MEXICO
ALAMOGORDO 
Radio Specialties Co. 
209 Penn Ave. 
Phone: HEmlock 7-0370 
TWX 5671U
ALBUQUERQUE 
Electronic Parts Co. 
222 Truman St., N.E. 
Phone: ALpine 6-0946 
Radio Specialties Co., Inc. 
6323 Acoma Street, S. E. 
Phone: AMherst 8-3901 
TWX: AK 561

NEW YORK
BINGHAMTON 
Federal Electronics, Inc.
P. O. Box 208
Phone: Pionear 8-8211
BUFFALO
Radio Equipment Corp.
312 Elm Street
Phone: MAdison 9676
JAMAICA
Peerless Radio Dist., Inc. 
92-32 Merrick Road 
Phone- REpublic 9-608>> 
MINEOLA, L. I.
Arrow Electronics. Inc. 
525 Jericho Turnpike 
Phone: Pioneer 6-8686 
TWX: G CY NY 460
Schweber Electronics 
Post Öffice Box 669 
60 Herricks Road 
Phone: Pioneer 6-6520 
TWX: GLY NY 580
NEW YORK 
Harrison Radio Corp. 
225 Greenwich Street 
Phone; BArclay 7-7777 
TWX: NY 1-177
Harvey Radio Company, Inc. 
103 West 43rd Street 
Phone: JUdson 2-1500
Hudson Radio and TV Corp. 
37 West 65th Street 
Phone: TRafalgar 3-2900

Milo Electronics Corporation 
530 Canal Street 
Phone: BEekman 3-2980 
TWX: NY 1-1839
Sun Radio and Electronics 
650 Sixth Ave.
Phone: ORegon 5-8600
TWX: NY 1-4022
Terminal Radio Corp. 
85 Cortlandt Street 
Phone: WOrth 4-3311
ROCHESTER
Rochester Radio Supply Co , In 
600 East Main St 
Phone: LOcust 2-9900
SYRACUSE
Syracuse Radio Supply Co. 
620 South Salina Street 
Phone: 74-2927

NORTH CAROLINA
WINSTON-SALEM 
Dalton-Hege Radio Supply Co. 
912 West 4th St.
Phone: 5-8711 
TWX- W-Sal 373

OHIO
AKRON
Akron Electronic Supply, Inc. 
107-117 South Arlington St.
Phone: POrtage 2-8818
CINCINNATI
Herrlinger Distributing Co 
115 Corwine Street
Phone: GA 1 5282 TWX: Cl 125
COLUMBUS
Thompson Radio Supplies, Inc. 
182 East Long St.
Phone: CApital 1-7434
DAYTON
The Stotts-Friedman Company 
108-112 North Jefferson Street
Phone: BAIdwin 4-1111

OKLAHOMA
TULSA
Indel Supply, Inc.
Post Office Box 3443 
538 South Lewis Avenue 
Phone: WE 9-7585

PENNSYLVANIA
PHILADELPHIA
Albert Steinberg & Company 
2520 North Broad Street 
Phone: BAIdwin 3-9400
Almo Radio Co. 
913 Arch Street 
Phone: WAInut 2-5918
PITTSBURGH 
Cameradio Co. 
1121 Penn St. 
Phone: EXpress 1-4000 
TWX: PG 438 
(Note: See Camden, N.J also)

RHODE ISLAND
PROVIDENCE 
Wm. Dandreta & Co. 
28 Wolcott Street 
Phone: UNion 1-2800

SOUTH CAROLINA
GREENVILLE
Carolina Radio Supply Co 
227 West Washington St 
Phone CEdar 2-6740

TENNESSEE
NASHVILLE
Electra Distributing Corp.
1914 W. End Ave.
Phono: ALpine 5-8444

TEXAS
DALLAS
Engineering Supply Company 
6000 Denton Drive
Phone: FLeetwood 7-6121
TWX: NNG
HOUSTON
Harrison Equipment Company. Inc. 
1422 San Jacinto Street
Phone: CApitol 4-9131

UTAH
SALT LAKE CITY 
Standard Supply Co. 
225 East Sixth South St. 
Phone: ELgin 5-2971

WASHINGTON
SEATTLE 
Seattle Radio Supply, Inc. 
2117 Second Avenue 
Phone MA-2345
TACOMA
C & G Radio Supply Co. 
2502 Jefferson Street 
Phone: BRoadway 2-3181

WISCONSIN
MILWAUKEE
Taylor Electric Co.
4080 N. Port Washington Rd.
Phone WOodruff 4-4321
TWX: Ml 118
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POTENTIOMETERS

RIMPOT

«ber
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500,000 STOCKED BY DISTRIBUTORS AND FACTORIES

?BOURNS®7wWP0r
5h 2091 -50 -502 5- 

- BOURNS, INC. 
, , » vf«SI5f CAu* amb io* • < »a* »?■*?>: <&’. 'i

IATE

Inc

in Canada: Douglas Randall (Canada). Ltd., licensee

P.O. Box 2112y Riverside, California Plants: Riverside, California and Ames. loua
Exclusive manufacturers of TRIMPOT®, TRIMIT®. Pioneers in potentiometer transducers for position, pressure and acceleration.
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Immediate “off-the-shelf” delivery is available of the entire line of standard Trimpot potentiometers-20 basic models...4 terminal types... 
3 mounting styles’ More than V2 million units are stocked by franchised distributors across the nation and at Bourns plants in Riverside, 
California and Ames, Iowa. Wherever you are, whatever standard unit you need, there’s a Trimpot source close at hand waiting to fill that 
rush order...no need to hold up your prototype or production projects.
This fast service is made possible by mechanized production processes, enlarged facilities, and greatly expanded engineering and production 
staffs. All this is part of our intent to provide the finest customer service program. It is another Bourns plus—in addition to the high quality, 
reliability, and performance that have won Trimpot potentiometers a place in major missile, aircraft and commercial electronic systems. 
A complete list of distributors appears on the opposite page. Write for price quotations or help with your special requirements-today.
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Yes! Schweber can sell up 
to 2000 pieces of any model 
of BOURNS TRIMPOT® 

at factory prices. 
Sizeable quantities are 

available for immediate 
shipment from stock from 
Schweber's warehouse.

ELECTRONICS
«0 HERRICKS ROAD. 
PIONEER e-eS2O
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Introducing a NEW FAMILY OF

1 Ml 838

PHILCO sets the pace with 
outstanding crystal performance
Announcing a new family of low-noise microwave diodes. Here is 
a major step forward in the development and control of germanium 
and silicon crystal diode performance. Philco microwave diodes 
are designed to meet the most stringent military environmental 
and electrical requirements for shock, vibration, torque and 
strain. Each of these new diodes is unsurpassed for performance. 
\\ hen only the best will do . . . the experts choose Philco.

The first atul only Germanium Mixer Diode 
specifically designed for ultra-low noise perform
ance in Doppler receivers. Through Philco’s exclu
sive anchor whisker construction the practical 
elimination of microphonics is assured. The 
IN 1838 is hermetically sealed and has been 
uniquely engineered for Doppler equipments 
operating at 8,800 and 13,5OOmc. Particular em
phasis has been placed upon minimizing crystal 
noise in the range from 1 to 100 kc.

1N28 
1N28A 
1N26B

1N263

These Silicon Mixer Diodes bring tremendously 
improved performance to this family designed for 
high reliability operation tn the 24,OOOmc region. 
As a result of Philco’s unparalleled engineering 
activity in this area, existing performance limits 
in the 1N26 series have been greatly extended: 
by addition of the 1N26B . . . maximum operating 
temperature more than doubled (to 150° C); 
VSWR reduced to 1.5; IF impedance range nar
rowed (400 to 600 ohms). All members of this 
family have a metal-to-ceramic hermetic seal guar
anteeing reliable performance under extreme 
environmental conditions.

1N78 
1N78A 
1N78B 
1N78C

Write Special Components Dept. ED 1159, Lansdale Tube Company Division, Philco Corporation, Lansdale, Pa.

PHILCO
LANSDALE TUBE COMPANY DIVISION 

LANSDALE, PENNA.

• Exceptionally Low Noise Figure

• Outstanding Performance at 150° C

• High Resistance to Burn-Out

• Absolute Hermetic Seal

Here’s a Hermetically Sealed Germanium Crystal 
Diode designed for exceptionally low noise 
mixer performance at X-band. It has been engi
neered to such a degree that its tightly controlled 
characteristics assure that any two lN263’s will be 
a matched pair; its symmetrical construction 
allows easy polarity reversal in balanced mixers. 
The crystal may be used fixed-tuned over the 
range 8600 to 9600mc. IF impedance (Zif)... 140 
to 210 ohms; RF impedance (VSWR)... 1.3 max; 
Overall noise figure (NFrec) - • • 7.5db max.

These Silicon Mixer Diodes offer new and un
surpassed performance characteristics to this estab
lished family designed for maximum sensitivity 
operation in the 16,000mc region. The new 
member of this family is unilaterally interchange
able with existing types while incorporating 
strikingly superior features conversion loss (Lc) 
reduced to 6.0db max; IF impedance (Zif) range 
tightened (400 to 565 ohms); RF impedance 
(VSWR) reduced to 1.5; temperature range ex
tended (150° C.). Engineered to meet the most 
demanding military applications, all the members 
of this series are packaged in a hermetically 
sealed case.

NEW PRODUCTS

Photoconductive Cell

Made of cadmium sulphide

Type ORP90 cadmium sulphide 
photoconductive cell has an aver
age cell current of 20 ma at 10 v 
de, 4.5 ft-c, with the lamp color 
temperature at 1500 K. The maxi
mum ac cell voltage is 250 v. The 
unit mounts in any position and can 
be used in the ambient temperature 
range of —40 to ¿-70 C. Having a 
high sensitivity, the unit provides a 
maximum response in the red and 
infrared region.

International Electronics Corp., 
Dept. ED, 81 Spring St., New York 
12, N.Y.
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Waveguide Switch

For use in the S-band
Type SP2T remote-controlled 

waveguide switch is for airborne, 
marine, and ground use in guidance 
and communications in the S-band 
from 2.6 to 3.95 kmc. It can be 
switched under power and has a 
switching time of 0.02 sec. When 
used as a power divider during the 
switching cycle, the vswr is 2.1:1. 
The rf characteristics include 60 db 
isolation and 1.15:1 max vswr. The 
unit weighs 4.5 lb.

Don-Lan Electronics Co., Dept. 
ED, Santa Monica, Calif.
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Style your career 
to the space age...

DOUGLASAIRCRAFTCOMPANY
MISSILES AND SPACE SYSTEMS

has immediate openings 
in the following fields—
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New styles for the man-about-space

Every time a space traveler leaves home (earth), he has to wrap himself in 
the complete environment necessary to his physiological and psychological 
well-being. Styling sealed space capsules to suit man's every requirement 
has been a major project at Douglas for more than ten years. Forty basic 
human factors areas were explored in these studies. Now Douglas engineers 
have evolved plans for practical space ships, space stations and moon 
stations in which men can live and work with security thousands of miles 
from their home planet. We are seeking qualified engineers and scientists 
who can aid us in furthering these and other out-of-this-world but very down- 
to-earth projects.

Dr. Eugene Konecci, Head, Life Sciences Section, reviews a new concept 
in space cabin design with Arthur E. Raymond, AC

Senior Engineering Vice President of UvUvLhu
ISSUE AND SPACE SYSTEMS ■ MILITARY AIRCRAFT ■ DC-8 JETLINERS ■ CARGO TRANSPORTS ■ AIRCOMB ■ GROUND SUPPORT EQUIPMENT 

Please write direct to advertiser mentioning ELECTRONIC DESIGN
F ECTRONIC DESIGN • November 25, 1959

Electrical and Electronics*.
Control System Analysis & Design 
Antenna & Radome Design
Radar System Analysis and Design 
Instrumentation
Equipment Installation
Test Procedures
Logic Design
Power System Design

Mechanical Engineering—
Analysis and Design of the following:

Servo Units
Hydraulic Power Systems 
Air Conditioning Systems 
Missile Launcher Systems 
Propulsion Units and Systems 
Auxiliary Power Supplies

Aeronautical Engineering:
Aerodynamic Design
Advanced Aerodynamic Study
Aerodynamic Heating
Structural Analysis
Strength Testing
Dynamic Analysis of Flutter 

and Vibration
Aeroelasticity
Design of Complex Structure
Trajectory Analysis
Space Mechanics
Welding
Metallurgy

Physics and Mathematics:
Experimental Thermodynamics
General Advanced Analysis in 

all fields
Computer Application Analysis
Computer Programming and 

Analysis
Mathematical Analysis

For full information 
write to:
Mr. C. C. LaVene
Box 601-E
Douglas Aircraft Company, Inc.
Santa Monica, Calif.
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Galvanometers

KELVIN

ELECTRONIC

RANSCO
PRODUCTS INC.

12210 NEBRASKA AVENUE 

LOS ANGELES 25, CALIFORNIA

Send for complete 
product data

CIRCLE 196 ON READER-SERVICE CARD

DESIGN • November 25, 1959

VSWR 1.1 
INSERTION LOSS .2 
CROSSTALK 30 db

.Compact design
Compact in design, these galvanometers are de

signed for operation in horizontal, vertical, or 
tilted positions. Model 2435 reflecting galvanome-

Transco specializes in 
designing and manufacturing 
microwave components 
and systems for transmission 
control that meet your every need!

Gertsch 
Complex Ratio 
Bridge

-ri i t

NEW PRODUCTS

Transistor Transformers

Miniature size

-measures both in-phase and quadrature 
voltage ratios - with high accuracy

This instrument cancels quadrature effects, giving a sharp, true 
null.
In eliminating quadrature voltage, this Gertsch bridge achieves 
an in-phase ratio accuracy as good as 0.001%. Quadrature voltage 
ratios are read as rectangular coordinates, tangent of phase-shift 
angle, or magnitude of phase-shift angle in degrees directly.

Write for complete data in Bulletin CRB.

switching 
COAX?

AT X BAND

SELF CONTAINED 
PHASE-SENSITIVE DETECTOR 
SIX-PLACE RESOLUTION 
TWO FREQUENCY RANGES

-30 TO 1000 CPS
-50 TO 3000 CPS

GERTSCH PRODUCTS, Inc.
3211 South LaCienega boulevard, Los Angeles 16,California 

UPton 0-2761 - VErmont 9-2201

CIRCLE 192 ON READER-SERVICE CARD

256 resistors
\ \per cubic inch

micro - miniature, idre - ivound

The newly-developed Kelvin Type 301-P precision, noninduc- 
tive wire-wound resistor measures only y^ dia. x y^ long, 
with axial or axial/radial leads. Resistors are encapsulated 
to withstand extreme humidity, severe mechanical shock, 
and a temperature range of —65 C to + 125 C. Temper
ature coefficient is ±.002%/deg. C; Wattage rating is 0.10, 
100 K ohms max., 1 ohm min., 100 v max. All connections 
are welded. Kelvin “relaxed winding” techniques produce 
tension-free windings .. . practically eliminating resistance 
drift with age and “shorts” or "opens” frequently caused 
by thermal shock. All units are temperature-cycled and 
tested, surpassing military requirements.

Send for complete literature on encapsulated and ceramic

ELECTRIC COMPANY
5907 Noble Avenue, Van Nuys, Calif.
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These transistor transformers are available in 
MIL-AG construction 1 x 1 x 1-3/8 in. or in cylin
drical construction 15/16 in. in diam and 1-3/8 in. 
high. The use of mu metal in place of steel cans 
provides a hum pick-up reduction of about 20 to 
30 db. The units are supplied with either high 
compression glass or ceramic terminals. They meet 
MIL-T-27A grade 4 class R and have a life rated 
at 10,000 hr.

Microtran Co., Inc., Dept. ED, Valley Stream, 
N.Y.
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DC Motor

Provides 16 oz-in. torque at 1000 rpm

Designed for use as a magnetron tube drive, 
model P7P6TFRP 28vdc permanent magnet 
geared motor provides 16 oz-in. torque at 1000 
rpm. It is furnished with a thermal protector for 
overload and stall conditions as well as a radio 
filter. The requirements of MIL-I-6181B are met.

Western Gear Corp., Electro Products Div., 
Dept. ED, 132 W. Colorado Blvd., Pasadena, 
Calif.

CIRCLE 195 ON READER-SERVICE CARD
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extreme
sensitivity
10 me to
44,000 me

MORE USEABLE SENSITIVITY

ter consists of an internal-magnet galvanometer 
system, a 10-in. folded optical system and a lamp- 
and-scale reading device assembled in one unit. 
Four interchangeable oil-damped galvanometer 
systems are available with periods of 4 sec or less. 
Model 2340 pointer galvanometer has an internal
magnet system which permits changing the sensi
tivities by loosening two screws on the top plate. 
It has a clear plastic window.

Leeds & Northrup Co., Dept. ED, 4934 Stenton 
Ave., Philadelphia, Pa.
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Snap-Action Switches

For printed circuit applications

► -
-2—

F

PANORAMIC'S

SPA-4
SPECTRUM 
ANALYZER

BAND
10 — 420 MC 

350 — 1000 MC 
910 — 2200 MC

1980 — 4500 MC
4.5 — 10.88 KMC 

10.88 — 18 0 KMC
19 0 — 26.4 KMC
26.4 — 44.0 KMC

RF SENSITIVITY*
—95 to —105 dbm 
—90 to —100 dbm 
—90 to —100 dbm 
—80 to — 95 dbm 
—80 to — 95 dbm 
—70 to — 90 dbm 
—60 to — 85 dbm 
—55 to — 85 dbm

•measured when signal and noise equal 2X nois# 
Using one tuning head which contains one 
triode and two Klystron oscillators, Model 
SPA-4 offers more exclusive advantages for 
applications demanding extreme sensitivity, 
stability, versatility, accuracy.
• Three precisely calibrated amplitude scales- 

40 db log, 20 db linear, 10 db power.
• Two independent frequency dispersion ranges 

—continuously adjustable 0-70 me and 0-5 
me. Negligible internal frequency modulation 
permits narrow band analysis of FM prob
lems.

• Variable I.F. bandwidth from 1 kc to 80 kc.
• Push-button frequency selector.
• Synchroscope output with 40 db gain.
• Accurate measurement of small frequency dif

ferences. A self-contained marker oscillator, 
modulated by a calibrated external generator, 
provides accurate differential marker pips as 
close as 10 kc.

Tremendous flexibility and many unique ad
vances of Panoramic's compact SPA-4 make it 
unsurpassed for visually analyzing FM, AM 
and pulsed signal systems; instabilities of 
oscillators; noise spectra; detection of para- 
sitics; studies of harmonic outputs; radar sys
tems and other signal sources.

a
 Writ», wire or phone today for 

detailed SPA-4 bulletin

For printed circuit applications, series S30-42B 
switches have special terminals for easy insertion. 
They have positive overtravel stop and over 50 
actuator variations. Gold flash contact material 
can be supplied for low voltage applications. The 
following ratings are available: 10 amp at 125 v 
ac, 5 amp at 250 v ac, and 1/3 hp at 125 to 250 v 
ac. The switch measures 1/4 x 1/2 x 1 in.

Cherry Electrical Products Corp., Dept. ED, 
1650 Deerfield Road, Highland Park, Ill.
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EXCEEDS 70 DB
7 0 .-2—------ --------- -—

2 3 4 5

FREQ. KMCS

Panoramic
RADIO PRODUCTS INC.

524 So. Fulton Avo., Mount Vornon, N. Y. 
OWens 9-4600
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Laminated Plastic

Glass-base, epoxy resin
Type GEC-111 glass-base, epoxy-resin lami

nated plastic meets the specifications for NEMA 
grade G-ll and military grade MIL-P-18177B 
type GEB. A sheet 1/8 in. thick retains at least 
68% flexural strength after 1 hr at 300 F. The ma
terial is suitable for use as the base material for 
copper-clad laminated plastics. In continuous use, 
the maximum temperature to which it is resistant 
is 350 F. Water absorption after 24 hr immersion 
is 0.2% max. The laminated plastic is furnished in 
sheets having thicknesses of 0.01 to 1 in. Sheets 
up to 3/32 in. thick may be cold punched. As a 
copper-clad laminate, it is supplied with rolled 
copper foil, type GEC-111R, or with electrolyti- 
cally deposited foil, type GEC-111E.

Taylor Fibre Co., Dept. ED, Norristown, Pa.
CIRCLE 201 ON READER-SERVICE CARD

SPECIFICATIONS
Range of

frequencies: 200 MC to 10.000 MC 
Power Ratings: to customer specs.

to customer specs, 
no greater than 2:1 
in pass band

less than 1/2 db.

New high-power 
band-pass filter 

ELIMINATES RADAR INCOMPATIBILITY
-permits two or more systems 

to operate in the same band 
with a minimum of interaction.

30

20

Bandwidth;
SWR:

Band Pass
Insertion Loss:

Here at last is a filter which narrows the overall 
radiated bandwidth of a radar transmitter to an 
optimum width The ANTRAN filter also provides 
pre selectivity to receivers, making them sensitive 
only to a narrow bandwidth. Unit attenuates un
wanted signals and passes desired signal, with 
only '/2 db insertion loss... filters out unwanted 
radiation and spurious energy, including sub
harmonics and harmonics for a specific applica
tion. This is the only filter insuring compatibility 
of similar multiple radar systems.

ACCEPTS HIGH POWER. Whatever RF power 
goes through your waveguide will go through the 
ANTRAN without breakdown. Cut-off points can be 
designed for a specific radar system or problem.

EASY TO install - the ANTRAN fits into a 
standard waveguide junction, using existing hard
ware. No extras to buy-merely install the filter. 
Or, if you prefer, we will install it and be responsi
ble for its successful operation.

Units available on 30-day deliveries. Send us 
your requirements for a quotation. Bulletin 101 
on request.

— a division of
International Electronics Manufacturing Company

2nd Street Extended, 
Greenwood Acres, 
Annapolis, Md.
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NEW PRODUCTSFor LABORATORY or INDUSTRIAL APPLICATION 
with COMMERCIAL or MIL-SPEC REQUIREMENTS

S YSTR OKT 
COTTSTTERS

• RELIABLE BEAM-SWITCHING COUNTING DECADES 
• IN-LINE INDICATION • 50% TUBE REDUCTION
Systron offers a complete line of standard and custom counters, 
precision engineered to deliver dependable, accurate results for 
any and all applications. Next time, specify Systron Counters, and 
get the finest!

NUCLEAR
SCALERS 
SERIES 1091

MEGACYCLE 
MICROSECOND 
COUNTER-TIMER 
MODEL 1031

1OO KC 
FREQUENCY 
COUNTER 
MODEL 1O1O

SYSTRON
960 Galindo Stroot

The Universal Counter-Timer 
measures: Frequency from 0 to 
1,()()(),()()() cycles per second — 
Time intervals from 1 micro

second to 10' seconds — One 
or ten periods from 0 cps to 
1,000,000 cps — Phase Angles 
from O to 360° — Ratio of two 
external frequencies. Ideal all
purpose counter.

This high speed electronic 
counter is combined with an 
ace urate time base to provide 
an IN-LINE indication of fre
quency from 0 to 100,000 cps 
and periods from 10 microsec
onds to l(f seconds. It is ideal 
for use as an electronic tachom
eter, or a multi-purpose labora
tory instrument.

Specifically for measuring sub
carrier frequencies in IRIG 
FM/FM telemetering. Model 
10 ¡3 also serves as a frequency 
counter for precise low' frequen
cy measurements. Features a 
normalized count of 20,000 in 
1/5 second for each of 18 IRIG 
channels anel a period selection 
up to 100,000 for low fre
quency measurements.

Where Reliability is the- prime 
factor the one microsecond 
pulse paired resolution scalers 
offered will solve all applica
tions. Predetermined count 
and/or time are offered as 
standard options.

Write today for complete 
specifications of all models 
illustrated and your free copy 
of our Short Form Catalog.

CORPORATION
Concord, California 

ves in Principal Cities

120

DC Modulator

Is spdt, 60 cps

This spdt, 60 cps, de modulator is suited for 
computer systems, servo mechanisms, automation, 
and vacuum tube voltmeters. Each unit has less 
than 1-mv de offset, and less than 1 mv-drift over 
long service periods. Normal contact dwell time is 
55%, changing less than 2% during the first 1000 hr. 
A magnetic driving system prevents magnetic and 
electrostatic interference between coil and con
tact. The rms noise voltage generation is kept 
below 1 pv. Life expectancy is from 10.000 to 
25,000 hr.

Millivac Instrument, Div. of Cohu Electronics, 
Inc., Dept. ED, Schenectady, N.Y.
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Contacting Counters

Two designs available
Series 1100 and 1200 contacting counters are 

compact units designed for telemetering shaft 
rotation and position. Series 1100 counters have 
electrical contacts which correspond with each 
number on each wheel. Series 1200 counters have 
precision resistors mounted between the contacts 
to form a stepped potentiometer or voltage divid
ing network; resistance ratios are directly propor
tional to the visual indication.

Photocon Research Products, Dept. ED, 421 N. 
Altadena Dr., Pasadena, Calif.
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Recording System

Digital
This digital recording system may be used for 

any recording of data where input variables in the 
form of emf’s in the range of 0 to 10 mv are avail
able. It will sequentially select to 200 input vari
ables and digitally record each with three-digit 
point identification by means of a motorized tape 
punch. The data is recorded in an eight-channel 
code. Cycle time per data point is 1 sec. The 
maximum recording cycle is 15 min. Accu
racy is ±0.5% of full scale.

Datex Corp., Dept. ED, 1307 S. Myrtle Ave., 
Monrovia, Calif.
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MEDALIST* ¡"„“d!
READABLE ... WIDE RANGE SENSITIVITY

Modern MEDALIST design provides far 
greater readability and modern styling in 
minimum space. Unique core and magnet 
structure provides Li ua/mm sensitivity at 
null point with sharp square law attenuation 
to 100 ua at end of scale in Type A. Internal 
resistance is 2000 ohms. Other sensitivities 
available. ASA/MIL 2mounting. Standard 
and special colors. Bulletin on request. 
Marion Instrumont Division, Minnoopolis- 
Honeywell Regulator Company, Manchester, 
N. H., U. S. A.

*T.M Reg U.S. PH. Off. U.S. A Foreign Patents 
Copyright i£> 1958. Marlon

manon
f WHfJf tltCrSONlCS MifTS tYt"

meters
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5^8"

NEW PULSE MODULATOR TETRODE
FOR SEVERE ENVIRONMENTS
This recently developed Eimac pulse modulator tetrode 
is designed for operation under severe physical environ
ments. In prototype equipment, this tube is withstanding 
in excess of 10G vibration. Identified as the Eimac 
X-643F, the tube operates at:

• DC Plate Voltage: 20 Kilovolts
• Pulse Plate Current: 18 Amperes
• Heater Voltage: 6.0 Volts

Except for heater voltage, electrical characteristics are 
similar to the widely-used Eimac 4PR60A. Write today 
for complete technical data, specifications, and applica
tion information.

EITEL-McCULLOUGH, INC.
San Carlos, California

CIRCLE 208 ON READER-SERVICE CARD
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NPN-PNP Power Transistors

Collector current is 3 amp max

CABLE CONNECTOR, 350 5C00 MCS.RIGHT ANGLE ADAPTER. 350-5000 MCS

S-BAND SCIMITAR ANTENNA. 2350 5000 MCS.WAVEGUIDE TO COAX ADAPTER. 2350 3600 MCS.

a maximum

IT TO “N" TYPE TRANSITION, 350 5000 MCS.COAX SLOTTED LINE, 1500 5000 MCS

This

a new
Silicon Diodes

thermostat
your

Star

space
FASTENERS

temp. 350° F.)
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7.000 
less

Recovery time is 
0.8 usee

THAN
Stain

Steel

collector current of 0.5 amp

These operational configurations comprise a representative 
selection of Tamar “hardware” designed and tested to meet 

all military and industrial specifications.

Ask for 
copy of 
big new 
Catalog 
DAY. 
MORE

Meeting all high-precision re
quirements for exceptional 
corrosion-resistance, high 
strength, light weight, Inquir
ies invited; prompt quotes on 
your specs and drawings.

Designed for operation from —65 to +150 C, 
types 1N690 through 1N693 silicon diodes have 
a maximum recovery time of 0.8 psec to return to 
10 K when switched from a forward current of 
2-psec pulse of 500 ma to a reverse voltage of 
—50 v. They switch from a 5-ma forward pulse 
to - 40 v and recover to 100 ohins in 0.5 usee. 
Forward conductance is 400 ma at 1 v and leak
age is 50 pa at 150 C. These diodes meet the re
quirements of high current pulse circuits for high 
speed computer switching, pulse clamping, gating, 
blocking, and diode logic circuits.

Sperry Semiconductor Div., Sperry Rand Corp., 
Dept. ED, S. Norwalk, Conn.
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thermal resistance 3 deg per C per w. Types 
2N1320 through 2N1334 plus type 2N1078 are 
hermetically-sealed in welded TO-10 male and 
TO-13 female packages and exceed the require
ments of MIL-T-19500A. The use of these tran
sistor pairs in push-pull class B circuits eliminates 
the need for input and output transformers. Other 
uses are in balanced modulators and collector- 
coupled multivibrators. They are available with 
collector-to-base voltages up to 100 v at 25 C and 
can be supplied with solder lugs or flying leads.

CBS Electronics, Semiconductor Operations, 
Dept. ED, 900 Chelmsford St., Lowell, Mass.
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These complementary npn-pnp power transis
tors have a maximum collector current of 3 amp 
a minimum large-signal current gain of 30 for a

designed for 
dependability, efficiency 

and economy • • • in a minimum of

TAMAR ELECTRONICS, INC.
2339 COTNER AVENUE • LOS ANGELES 64, CALIFORNIA 

CIRCLE 209 ON READER-SERVICE CARD
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h now from STAR 
1 your favorite 

Right off the shelf® 
■ source...

■ “Right off the shelf’® 

Star stainless screw co.
■ 663 Union Blvd., Paterson 2, Now Jersey

Telephone: CLifford 6-23OO
B" Direct New York City phone: Wisconsin 7-6310 

Direct Philadelphia phone: WAInut 5-3660

minimum production order 
quantity accepted—25

The 11-T Series operates on the 
Therm-O-Disc free bimetal disc principle 

to provide a “snap action” of the 
contacts. Temperature calibration is 

factory preset and non-adjustable. This 
new series is designed for both single 

pole single throw and single pole 
double throw operation. Available with 

normally open or normally closed 
contacts. Surface or watertight 

mountings. Enclosed or exposed 
bimetal discs. Your choice of 

inclined blade, vertical blade or 
screw terminals.

write for free bulletin

THERM-O-DISC, Incorporated
MANSFIELD, OHIO

TITANIUM
BOLTS, NUTS, WASHERS 
to your blueprints or specifications

(basis 100,000

Resistiva Inductive Load: Pilot
Heater 10 Amps, full ’oad & 120 VAC Duty:
Load: 60 Amps, locked rotor @ 120 VAC

6000 Watts, 5 Amps, full load @ 240 VAC 125 Volt
240 VAC 30 Amps, locked rotor @ 240 VAC Amps,

3000 Watts, Recommended Direct Current Ratings 120/240
120 VAC 1 Amp, 125 VDC 12 Amps, 30 VDC VAC



NEW PRODUCTS

inc

me

WHO MAKES FINE MOTORS THIS SMALL?
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Globe Industries makes motors this small to make your 
design more compact, reliable and salable. If you make 
miniature instrument packages tor space exploration — if 
you build airborne and ground support equipment—if you 
want to design smaller typewriters, computers, recorders 
or other products, look at these 3 motors:

Proximity Limit Switch

Operates from 50 to +250 F

ELECTRONIC DESIGN • November 25, 1959

TYPE VS—The smallest, most powerful precision minia 
ture d.c. motor for its size. Only flat, four VS motors fit 
in a regular cigarette pack with room to spare. It has the 
power to lift its own weight to the top of the Empire State 
Building in 1 minute1 Typical continuous torque—.25 oz. 
in.; typical intermittent torque—.5 oz. ins. We can design 
gear units, governors and brakes to meet MIL specs also.

General Equipment and Mfg. Go., In 
ED, 116 S. Campbell. I .ouisville 6. Ky.

CIRCLE 215 ON READER-SERVICE CARD

Rate Gyro

Measures 1-58x31 2 in

TYPE SS — Only in diameter, Type SS d.c. motors 
typically produce continuous duty torques of .3 oz. in.; 
intermittent torques to 6 oz. ms. With the basic Type SS 
motor you can specify any of 21 planetary gear speed re 
ducers or 28 spur gear speed reducers. Governors and 
brakes are available also. Designed to meet MIL specs.

TYPE MM —The most widely used precision 1’4" d.c. 
motor in the world. MM motors typically produce 5 oz in. 
in continuous duty applications — 1 0 oz. in intermittent 
duty. Choose from 101 ratios of planetary gear speed re 
ductions Brakes, governors and clutches can be included. 
MIL specs are invited

For details about these motors request Bulletin VSM. 
Globe Industries. Inc., 1784 Stanley Ave., Dayton 4, Ohio.

It has a dc motor and potentiometer pickoff. Made 
for high altitude rocket research, it operates in 
the temperature range of —65 to +180 F. It 
withstands shock of 75 g for 6 to 12 msec on any 
axis, acceleration of 50 g, and vibration of 0.06 in. 
double amplitude at 10 to 2000 cps. Output po
tentiometer values can be provided to meet the 
usual requirements. The motor operates on 28 v 
dc 150 ma max running current.

Humphrey, Inc., Dept. Ei). 2805 Canon St.. 
San Diego 6, Calif.
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Made to operate from —50 to +250 F, this 
proximity limit switch lias only one moving part. 
Like a mechanical limit switch, it has a self-con
tained set of contacts that operate in response to 
the actuating means provided. Like proximitv 
switch systems, it operates without physical con
tact with the actuating means. It operates with
out transistors, tubes, coils, relays, or amplifier. 
Protection from coolants, abrasive dust, and (hit 
is provided. Dimensions are 1-12 x 1-12 x

SHOA

Jiow '3

OIHO'NOLAVG 
Ni 39010 M3W



Transistor Tester

Direct readout type

this 
part, 
•con
ic to 
mit\ 
con- 
vith- 
ifier.
dirt 

'2 x

>ept.

Model 545-B transistor tester has direct readout 
of the input impedance, the hybrid parameter 
Beta, and the collector cut-off current with accu
racies of 5%, 3%, and 2%, respectively. Voltage for 
the transistor under test comes from either an in
ternal battery or an external dc source. Designed 
tor both laboratory and production use, the in
strument may be used to detect defective transis
tors, match and compare transistors, check toler
ances, and to accumulate design information for 
transistor circuits. The Beta ranges arc from 0 to 
30, 100, and 300. Test frequency is normally 1 kc 
from an internal oscillator, but any frequency 
from 200 cps to 50 kc may be used by plugging 
in an external oscillator. Input impedance may be 
measured from 500 to 20,000 ohms. Collector cut
off current is measured from 0 to 50 ma.

Metronix, Inc., Dept. ED, Chesterland, Ohio.
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Sola Constant Voltage DC Power Supplies are designed for intermittent, variable, pulse or high-amperage loads.

Sola packs 6 amps of 300-watt regulated dc power 
into 5x/4 inches of relay-rack space

Trimmer Potentiometer

Power rating is 0.25 w

i. in 
■tor. 
lade 
s in

It 
any 

3 in. 
po
tile 

>8 v

St.,

Model 235 carbon potentiometer has a power 
r, ting of 0.25 w, an operating temperature range 
o —85 to +257 F, and resistance values from 
1 K to 30 meg. It has a 22-turn screwdriver ad- 
ji stment, a self-locking shaft, and an idling wiper. 

I aree terminal types are available: stranded insu- 
1 ted leads, solder lugs, and printed circuit pins, 

ue unit measures about 5 16 x 1 4 x 1-1/4 in.
• d w eighs 3 oz.

Bourns, Inc., Dept. ED, P.O. Box 2112, River-
1 le, Calif.
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Looking for a source of regulated dc power that fits into 
a small space? You’ll probably find that the Sola Con
stant Voltage DC Power Supply offers what you want.

This compact unit has exceptional performance char
acteristics, too — it delivers current in the “ampere 
range,” regulates within ±1% even under a ±10% vari
ation in line voltage, has less than 1%> rms ripple, and 
even tolerates dead shorts. It is 80% efficient and has 
a very low static output impedance.

How’s it done? Sola managed it through a balanced 
assembly of three complementary components ... a 
special Sola Constant Voltage Transformer is teamed 
up with a semiconductor rectifier and a high-capacitance

For complete data write for Bulletin 31K-CV-235.

Sola Electric Co., 4633 W. 16th St., Chicago 50, III., Bishop 2-1414 • Offices in principal cities • In Canada, Sola Electric (Canada) Ltd., 24 Canmotor Ave., Toronto 18, Ont.

CONSTANT VOLTAGE TRANSFORMERS 

filter. Electrical characteristics of the transformer maxi
mize most of the advantages of the rectifier and filter, 
while virtually eliminating all their disadvantages. The 
resulting regulated dc power supply is simple, highly 
reliable, compact and moderately priced.

These benefits are exhibited by the entire line of Sola 
dc power supplies. Sola has designed and produced hun
dreds of ratings to meet requirements of equipment 
manufacturers. The company is set up to handle specific 
needs for custom-designed units in production quanti
ties. A Sola sales engineer can supply all the facts. In 
addition to this custom service, Sola currently stocks 
six models ranging from 24 volts at six amps to 250 
volts at one amp.

MERCURY LAMP TRANSFORMERSREGULATED DC POWER SUPPLIES Fl UORf SCENT I AMP SALLASTS

ON OF BASIC PRODUCTS CORPORA'
CIRCLE 219 ON READER-SERVICE CARD
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Trademark

reliable... long-lived 
...rechargeable!

NEW PRODUCTS
Millivolt Potentiometer

Range is —10.1 to -|-100.1 mv
Type 8686 portable millivolt po

tentiometer has a range of —10.1 
to -¡-100.1 mv. As a laboratory in
strument, it can be used to calibrate 
millivoltmeters and potentiometer 
indicators, recorders, and controllers. 
In industrial use, it can perform on- 
the-Iine checking of recorders and 
controllers and temperature check
ing. It can measure throughout the 
entire emf range of thermocouples 
without reversing the leads. The 
measured value appears in a central 
reading window as a single row of 
digits plus a scale interpolation. 
Small fluctuations of measured 
voltage can be followed rapidly 
and accurately because the final in
crement of potentiometer voltage is 
spread over the 220-division slide
wire.

Leeds & Northrup Co., Dept. ED, 
4934 Stenton Ave., Philadelphia, Pa.
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Subcarrier Oscillator

Measures 1-3/8 x 7/8 x 1-1/16 in.
Type TS-50 voltage controlled 

subcarrier oscillator measures 1-3/8 
x 7/8 x 1-1/16 in. The weight is 
1-3/4 oz. The unit is transistorized, 
encapsulated, and has no adjust
ments. It operates from —55 to 
+125 C.

Vector Manufacturing Co., Dept 
ED, Southampton, Pa.

CIRCLE 222 ON READER-SERVICE CARD

Pressure Transducers

Range is 0 to 2 through 0 to 100 psi
Made to meet the requirements 

of the explosion test described in 
MIL-E-5272A procedure 1, these 
absolute pressure transducers have 
a range of 0 to 2 through 0 to 100 
psi. Resistance is 1 to 15 K, resolu
tion is 0.2% to 0.5%, linearity is 
±0.6%, and hysteresis is 0.4% to 0.5%.

You can read a watch in the dark with any 
flashlight. The difference in the one the night nurse 
is using is that it will probably last a lifetime.

That’s because it’s powered by a sealed nickel cadmium 
button cell battery that’s recharged simply by 
plugging it into an ordinary wall socket for a few hours.
Result: A dependable flashlight that can’t corrode 
and never needs battery replacement.

How Can You Use These Versatile Batteries?
The rechargeable Life Lite is only one of many 
interesting ways in which imaginative engineers are 
employing these Gulton VO batteries.
Other applications: transistorized radios, guidance canes, 
missiles, photoflash power packs—wherever small size, 
large capacity, light weight, long life, no maintenance, 
complete reliability, and easy recharging are desired.

Most Complete Line Available
“VO” cells are available in capacities of 100, 180, 250, 500 and 
1750 mah; have a nominal 1.2 voltage; can be packaged 
in any combination to meet your voltage specs.
Patented sintered plate construction provides exceptional 
cycling characteristics; highest capacity per unit size.
Like more information? Write us for Bulletin No. VO-110.

e Available from stock -
GLENNITE BATTERY DISTRIBUTORS 
92-15 172nd Street, Jamaica, New York

Gulton Industries, Inc.
Alkaline Battery Division, Metuchen, New Jersey,

124

deep drawn aluminum boxes and covers

Choose from more than 11,600 sizes, shapes and heights 
of square, round, rectangular boxes and covers — 

pay no tooling charge! Ail can be trimmed and modified 
to your specification . . . brackets and fasteners can be 

installed, holes and louvers punched, etc. Complete facilities 
for welding and painting too! Send print or contact your 

Zero Representative for quote on custom deep drawn 
parts using the exclusive Zero-Method tooling.

11,600 
Standard 

Sizes 
and 

Shapes 
WITH NO TOOLING COST!

ZERO
MANUFACTURING CO.
1121 Chestnut Street, Burbank, California
Telephone Victoria 9-5591 • TWX 9869

representatives in 26 key cities covering the U.S.
factories in Barbank, California and Palmar, Massachusetts

WRITE FOR 
NEW ZERO STOCK 

BOX CATALOG

CIRCLE 220 ON READER-SERVICE CARD CIRCLE 223 ON READER-SERVICE CARD
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The power rating is 0.8 w at 45 C 
and the operating temperature range 
is -55 to +120 C. Model 409 has 
outputs which are linear with pres
sure or altitude and are used for 
automatic flight control systems. 
Model 509 differential pressure 
version has outputs which are linear 
with pressure or air speed for telem
etering flight test data.

Bourns, Inc., Dept. ED, P.O. Box 
2112, Riverside, Calif.

CIRCLE 224 ON READER-SERVICE CARD

signal generator followed by a low- 
level traveling wave tube amplifier 
driving a high level traveling wave 
tube output stage.

Levinthal Electronic Products, 
Dept. ED. Stanford Industrial Park, 
Palo Alto, Calif.

CIRCLE 225 ON READER-SERVICE CARD
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Signal Source

Covers from 1 to 11 kmc
Model 229T signal source covers 

the entire spectrum from 1 to 11 
kmc in four segments: 1 to 2, 2 to 4, 
4 to 8, and 8 to 11 kmc. The indi
vidual signal sources are all con
tained in a single housing. The in
strument features cw operation plus 
internal modulation for pulse, 
square wave, and fm output. There 
are also provisions for external 
modulation. Each section includes a

Gear Mechanisms

Come in sizes 8, 10, II, 15, and 18
These standard gear heads, speed 

reducers, and speed increasers have 
a wide variety of ratios and come 
in sizes 8, 10, 11, 15, and 18. De
signed for extreme reliability, they 
transmit higher torque in a compara
tively shorter over-all length. All 
units operate from —55 to +150 C 
and have a maximum backlash at 
the output shaft of 30 min. They 
use either sleeve or ABEC 7 ball 
bearings. Mil specs are met.

Kinetic Instrument Corp., Dept. 
ED, 1070 Linwood St., Brooklyn 8, 
N.Y.

CIRCLE 226 ON READER-SERVICE CARD

... requires no 

external drive 

transformer

ACTUAL 
SIZE

«ÍMCWH i X 
y * _ '

NULLS-PHASE-VOLTS
specify NORTH ATLANTIC'S
PHASE ANGLE VOLTMETER—

4 Atonckvuf of

FEATURES
Direct reading 0-360°, no ambiguity. 
1 mv to 300v full scale.
VTVM operation to 50kc.
10 microvolt null sensitivity. A
10 meg input impedance. 1
Available in any frequency. f
Unaffected by harmonies with optional filters. I 
Low noise.
Signal and/or Reference Isolation.

PLUG-IN ACCESSORIES
• Reference Isolation Module
• Bridging Transformer Module
• Summing Module

MODEL 202BR

READS 
DIRECTLY

VOLTAGE 
QUADRATURE ’ 
IN-PHASE 
DEGREES

NORTH ATLANTIC industries, ine.
60S main street, westbury, n.y. EDgewood 4-1 iss

The AIRPAX type 6025 transistor chopper has a SPDT 
switching action capable of handling signal voltages 
up to 100 volts. Inclusion of drive transformer in the 
assembly provides signal and drive isolation.

Switching action can be any frequency from 50 to 
5000 CPS, using sine or square wave drive. Ideal for 
use in operational amplifiers, DC measuring instru
ments, servo systems, and similar applications where 
fast response and wide-band operation is a necessity.

• High Signal Handling Capacity
• Wide Frequency Range

• Minimum Drive Power Requirement
• Impervious to Shock and Vibration

• Phase and Dwell Time Unaffected by 
Temperature Changes

CM3I

CAMBRIDGE DIVISION, CAMBRIDGE, MARYLAND

CIRCLE 228 ON READER-SERVICE CARD
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NEW LITERATURE

IF YOU USE

Only a microwave engineer who has extensive experi
ence with Travelling Wave Tubes and Backward Wave 
Oscillators can fully appreciate this latest advancement 
in the power supply art.

Look at these exclusive features...
• built-in delay line sweep over the entire range from 

150 to 3600 volts
• built-in Automatic Gain Control
• built-in front panel switching for grid or anode 

modulation
• built-in digital readout for delay line supply
• built-in dual output jacks for parallel tube operation 

or external metering
PLUS automatic sequential application of filament, grid 
and collector, delay line, and anode voltages... each with 
its own front panel adjustments.

Naturally, there is automatic safety overload protec
tion in the anode, delay line, and collector current cir
cuits. The best news (of course) is that the PRD 813 
BWO TWT Power Supply is available FROM STOCK.

For the full story on the PRD 813, contact your 
nearest PRD representative or write:

BWOs/TWTs
POLYTECHNIC RESEARCH & DEVELOPMENT CO., INC. p

Factory & General Office: I
202 Tillary St., Brooklyn 1, N. Y. ULster 2-6800 \.

Western Sales Office :
2639 So. La Cienega Blvd., Los Angeles 34, Calif.

UPton 0-1940

YOU NEED < 
PRD 813 ; 

power 
supply

CIRCLE 229 ON READER-SERVICE CARD

Precision Counters 230

This two-page data sheet gives technical de
tails, including dimensional drawings and illustra 
tions, of precision degree and mil counters. The 
units have no transfer masks or shade and no in- 
teirupted gearing. Series AD-1 counts hours, de
grees, mils, minutes, etc., returns to zero and re
peats. Photographs, technical data, and dimen
sional drawings are included. Chicago Dynamic 
Industries, Inc., Precision Products Div., 1725 
Diversey Blvd., Chicago 14, Ill.

Mica Products 231

Revised catalog and price list No. 25, which 
deals with compressed sheet mica products, in
cludes these two new materials: India alkyd vinyl 
segment plate, and India epoxy segment plate. 
The latest listings are also carried on flexible mica 
Mylar combinations, epoxy mica molded rings, 
and alkyd vinyl mica molded V rings, as well as 
the firm’s standard lines. Insulation Manufacturers 
Corp., 565 VV. Washington Blvd., Chicago 6, Ill.

Definition Of Relay Terms

This standard contains definitions of the various 
types of relays such as electromagnetic, thermal, 
magnetostrictive, and electric field devices, as well 
as approximately 200 other terms associated with 
relays. Several diagrams are used in the publica
tion to clarify definitions. The standard, No. 
C83.16-1959, was based, in part, on a booklet 
published in 1955 by the National Association of 
Relay Manufacturers, as well as on other sources. 
Send $2.00 to the American Standards Associa
tion, Dept. PR 101, 70 E 45th St., New York 
17, N.Y.

Voltmeter and Power Supply 232

Features, applications, circuitry, and specifica
tions of a de voltage standard and null meter are 
included in bulletin No. 15-7, two pages. The bul
letin describes the model 301 high-precision in
strument that can be used to measure de voltages 
in the range of 1 to 501 v, full scale. Data is also 
given on the instrument’s use as a de voltage 
standard. A circuit diagram and description pro
vides data on the instrument’s operation. Detailed 
specifications are listed. Cohu Electronics, Kin Tel 
Div., 5725 Kearny Villa Rd., San Diego 12, Calif.
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R sistors 233

3 NEW MIL SPEC

Plastic Parts 234

WHAT IS YOUR POWER NEED?Automatic Testing Systems 235

Indicator Lights 236

"DOtNOAHt QUALITY -IN QUANTITY"
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TYPE 
TYPE 
TYPE

2N1Ol 1 
2N1120 
2N297A

3AMP to 80 Volts (meets MIL-T-19500A/67 Sig
10AMP to 80 Volts (meets MIL-T-19500A/68 Sig
3AMP to 60 Volts (meets MIL-T-1 95 00 A/36 Sig

FOR COMPLETE TECHNICAL INFORMATION regarding Motorola power 
transistors contact your nearest Motorola Semiconductor regional office:

RIDCEFIELO, NEW JERSEY
540 Bergen Boulevard 
WHitney 5-7500
from New York WI 7-2980

C) 
C)
C)

use

MOTOROLA 
SEMICONDUCTORS
MOTOROLA, INC.,
5005 E. McDOWELL, PHOENIX, ARIZONA

OUTSIDE U.S.A. ANO CANADA WRITE MOTOROLA INTERNATIONAL, S.A. 
4545 West Auguste Boulevard 
Chicago, Illinois

CHICADO 39, ILLINOIS HOLLYWOOD 21, CALIFORNIA
5234 West Diversey Avenue 1741 Ivar Avenue
Avenue 2-4300 Hollywood 2-0821

230

de- 
stra- 
The 
j in

de-
1 re- 
nen- 
amic 
1725

The firm’s Bobbinless precision wirewound re- 
si tor is described in brochure No. GR-30. It con- 
t -ins complete details and specifications on three 
of these resistors. By eliminating the bobbin and 
floating the resistive element in a special viscous 
fl id, the resistors gain in stability and reliability. 
The resistors are available in power ratings up 
to 12 w, with tolerances as low as 0.05%, and a 
temperature coefficient as low as 2 ppm per deg 
C. General Transistor Corp., 91-27 138th Place, 
Jamaica 35, N.Y.
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This four-page bulletin describes extruded 
shapes and precision fabricated parts made from 
nylon, Delrin, or Penton. It outlines the advan
tages, uses and limitations of the three plastic ma
terials. Text is arranged in three columns, one for 
each material. The bulletin also tabulates stock 
sizes of extrusions available in rod, tubing and 
strip form. A tabular comparison of the material’s 
properties is also included. The table covers basic 
mechanical, electrical, thermal and miscellaneous 
properties. National Vulcanized Fibre Co., 1059 
Beech St., Wilmington 99, Del.

rious 
•mal, 
well 
with 
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No.

aklet 
in of
rces. 
ocia- 
York

Programmable Automatic Testing Systems are 
(kscribed in this four-page bulletin, No. 1100. 
Included are systems for missile checkout, dy
namic system testing, quality control, simulation 
and production testing. Products covered are: an 
automatic multiple circuit analyzer, a universal 
test station, and a computer test set. The bulletin 
contains photographs. Consolidated Diesel Elec
tric Corp., 880 Canal St., Stamford, Conn.

232
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This four-page brochure, Form L-162, describes 
four series of assemblies designed to mount in a 
15 32-in. clearance hole from the front of the 
p inel. The assemblies contain two-terminal sub- 
n ¡mature indicator lights. The series discussed 
a e: the neon series which uses a T-2 neon glow 
L mp; and the incandescent series which also in- 
c ides water-tight assemblies and edge lighting 
i semblies. All assemblies meet applicable Mil 
? ecifications. Complete lamp data, illustrations 
< the assemblies, features, specifications, and 

icmatics are included. Dialight Corp., 60 Stew- 
Ave., Brooklyn 37, N.Y.

proven reliability for all applications

POWER TRANSISTORS
FROM MOTOROLA

For highest reliability in the toughest environments, specify one of these new Motorola germanium PNP, 
alloy junction power transistors :

Immediately available from Motorola’s bonded warehouse, these high-voltage units are designed for 
in military equipment where semiconductor devices must meet MIL-T-19500 specs—including audio 
amplifier, power supply and converter applications in aircraft and ground support equipment. Motorola s 
copper-strap internal construction provides the ruggedness they need for operation under environmental 
extremes at temperatures ranging from —65 C to +10()<C. All are hermetically sealed in an industry 
standard TO-3 package with type 2N1120 having .052" pins with solder lugs attached.
Production Quantities available from Motorola stock for immediate delivery. For engineering quantities, 
contact your nearest Motorola Semiconductor distributor.

Motorola’s complete range of industrial power tran
sistors gives you power for every purpose. Three 
separately designed series offer current handling 
capacities of 3,10 and 25 amps...and a wide range of 
voltage ratings to suit your individual requirements. 
All of the transistors listed in the adjoining table 
have welded hermetic seals and meet or exceed 
mechanical and environmental requirements of 
M1L-T-19500A.

POWER Maximum Ratings Typical Electrical 
Characteristics

TRANSISTOR Type 
Number

BVcbo 
volts

BVces 
volts hre lc amps

2N1167* 100 75 25 25
2N1166 100 75 25 25

J L 2N1165* 80 60 25 25

Z^AMP 2N1164 80 60 25 25

te 2N1163* 50 35 25 25■■■ w 2N1162 50 35 25 25
TO 100 VOLTS T, = 100°C

2N630* 100 75 18 104 2N629* 80 60 18 10
I ll AMD 2N628* 60 45 18 10
LU 2N627* 40 30 18 10

MM V 2N1120* 80 70 20 10
TO 100 VOLTS Tj = 100"C

3 AMP
TO 80 VOLTS

*Supplied in TO-3 package with solder terminals.

2N375 80 60 22 3
2N618 80 60 35 3
2N297A 60 50 35 2
2N1011 80 80 45 3

Tj = 100°C



NEW NEW LITERATURE
EECO

for extremely 
reliable operation
in the 0 to 250 kes range

DECADES

ma
ACTUAL SIZE

APPLICATIONS
New EECO N-Series Transistorized Decades 

are miniaturized plug-in units designed for re
liable pulse counting and frequency division in 
the frequency range of 0 to 250,000 pulses per 
second.

SPECIFICATIONS

FEATURES
• Small, compact size.
• Simple power supply requirements (for 

example, Models N-101 and N-102 
require only —12 volts).

• Low power consumption.
• Compatible with EECO T-Series circuits.
• Auxiliary 9-step staircase output available.
• Most units plug into special 13-pin miniature 

socket. Others take standard 29-pin socket 
(Continental No. MM-29-22S).

• Pin connections arranged for in-line wiring 
of power and grounds.

• Extreme reliability, due to saturation 
techniques and consistent derating of 
component tolerances.

The N-102 Transistorized Decade, 
which includes visual readout of 
numerals 0 through 9 displayed 
vertically and illuminated by 
incandescent lamps, is identical 
electrically with Model N-101. 
Abbreviated specifications are as 
follows:

INPUT
Minimum Trigger Input: (0-100 

kes): 7 volts pos. pulse or step 
at 0 5 Msec, rise time. (100 kes 
to 250 kes); 7 volts pos. pulse 
or step at 0.2 Msec, rise time.

Max. Operating Frequency: 
250 kes.

Input Impedance: 470 MMfd. ca
pacitance, max.
DC Reset input is provided 
(normally supplied by EECO 
T-129 DC Reset Generator).

WIDE SELECTION
EECO N-Series plug-in Decades are avail

able in the following standard models:
MODEL
N-101
N-102
N-104

N-105
N-106

N-107

N 108

N-lll

OESCRIPTION
No readout.
Incandescent readout.
Incandescent readout (remote). Typically a projec

tion readout module.
Nixie readout. (Can be cabled to remote Nixie.)
Nixie readout with preset control switch. (Can be 

cabled to remote Nixie.)
Incandescent readout with inputs for external pre

set control.
Incandescent readout (remote) with inputs for ex

ternal preset control.
No readout, but with 1-2-4-2 code.

OUTPUT (No Load)
Amplitude: 8 volts, peak to peak 
Output Levels: (N/ 10)and (N/10)’:

— 11 volts DC and —3 volts 
DC, nom. Staircase: —11 volts 
DC to —3 volts DC in 9 steps. 

Rise Time: (N/10): 0.5 Msec.;
(N/10)’: 0.5 Msec.

Load: Typical, one N-Series 
Decade or one T-Series flip
flop. (Load information avail
able on request.)

OPERATING TEMPERATURE 
RANGE: —45°C to 4-65°C.

SIZE: 1-5/32" wide x 2-3/32" 
deep x 3-7/8" seated height 
(including handle). Dimensions 
are exclusive of external ad
denda found on external preset 
and Nixie models.)

Additional information on N-Series Transistorized 
Decades and other EECO products available on request

íNGINfttíD
Cf IflKHOHKS

Compon y

ENGINEERED ELECTRONICS COMPANY
(a subsidiary of Electronic Engineering Company of California )

506 East First Street • Santa Ana, California

Military Components Catalog

This catalog, No. 50, 32 pages, describes U. S. 
military specifications covering those components 
which the firm makes. It includes such products 
as fixed power resistors, adjustable power re
sistors, precision resistors, rheostats, tantalum ca
pacitors and relays covered by the latest military 
specifications. The catalog reduces military specifi
cations to the “type” designation: the combination 
of letters and numbers by which military parts are 
described and ordered. “Type” designations for 
each military specification are explained in a 
graphic manner and the options permitted for 
each type of component are clearly outlined. The 
physical and electrical parameters of the style are 
stated and a sample “type” designation for that 
style is shown. Symbols and data to complete the 
sample “type” designation are provided on fold- 
out master sheets in each section. The books con
tain summary charts in the introduction to each 
section which permit a preliminary choice of size 
and style. It contains dimensional drawings and 
derating graphs. Write on company letterhead to: 
Ohmite Manufacturing Co., Dept. ED, 3675 
Howard St., Skokie, III.

Magnetic Tape Recorder/Reproducer 239

Bulletin 1576, illustrated, describes the type 
5-752 magnetic tape recorder/reproducer. A com
plete system in a single cabinet, the 5-752 ac
commodates seven different types of record and 
reproduces amplifiers for analog, fm or PDM 
modes of operation, and can be adapted to PCM 
(digital). Sections of the brochure describe physi
cal and operating features. Photographs and 
block diagrams are included. Consolidated Elec
trodynamics Corp., 360 Sierra Madre Villa, Pasa
dena, Calif.

Electro Clutch Line 240

Detailed information on the firm’s complete line 
of electromagnetic clutches, in six series with 
torque capacities from 1.8 through 13,000 Ib-ft, is 
furnished in this 20-page bulletin. The bulletin, 
number R-6304-1B, provides design, specification 
and application material, including photographs, 
drawings and sketches. The clutches provide in
stantaneous pushbutton or automatic program
ming control of shaft-driven machinery in a va
riety of fields including radar antennas and test 
equipment. Clutch accessories and components are 
also described. I-T-E Circuit Breaker Co., 1900 
Hamilton St., Philadelphia 30, Pa.

f—“—.MM.MWBMWa-. 

wir produce up tt 
6,000 welds per hour... automat 
ically... with one operator.

TWEEZER

Mr Precision
- Resistance Welding 

Equipment

model 
DC80

BENCH MOUNTED 
STORED ENERGY WELDER

• New TW5 low friction welding . 
head

• Stored energy panel of 80 Watt 
second capacity

• Discharge time of 0.0008 to 
0.0012 second

• Permits welding of difficult 
materials, i.e.: copper, silver, 
tungsten, etc.

• Reliable welds without discol
oration, deformation, metallur
gical change

- \
COMPACT 
SYNCHRONOUS 
WELDING 
TIMER 
6" wide 
IOV2" high 
8V2" deep 

model T-3

TRANS-SYNC 
WELD-TIMER

• 1 KVA capacity utilizing semi
conductors.

• Also ideally suited with high 
speed automatic machinery.

• Operates at a rate up to 1200 
welds per minute . . . welds 
partially oxidized materials 
with ease.

• Welding time: ¥2 cycle (8 milli
seconds) to 10 cycles (160 
milliseconds).

EDERAL TOOL ENGINEERING CO.
1400 Pompton Ave. 

Cedar Grove, New Jersey

rwffWk .•«■.v
WRITE FOR 

INFORMATION
CIRCLE 241 ON READER-SERVICE CARD 
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243Soldering

244Photoelectric Equipment

245

246Encapsulated Transformers

ELECTRICGENERAL
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range of stock items for immediate 
yes, immediate — delivery.

This technical guide to soldering, titled “Guide 
To Automatic Soldering,” offers data on solder 
preforms—their selection and use. Also discussed 
are flux-filled washers for automatic soldering and 
the process of converting to automatic soldering. 
“Tips On Soldering, another brochure, deals 
with the subject of solving soldering problems. 
The “Flux Finder Guide’ brochure is designed to 
aid the user in finding the right flux for every 
need. Alpha Metals, Inc., 56 Water St., Jersey 
City 1. N.J.

IRCLE 242 ON READER-SERVICE CARD
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Need High Purity 
fused quartz components?

Miniaturized electric-eye applications for 
counting, sorting, monitoring, assembling, and 
automatic weighing as applied to packaging, 
printing and general production is described in 
this 16-page bulletin. The equipment described 
in bulletin No. 571 ranges from direct or partial 
cut-off to reflector type units. It contains an ex
panded section dealing with specific in-plant in
stallations. Technical and specification data in
cludes dimensions, circuitry, speed, monitoring 
and relays. Photomation Inc., 96 S. Washington 
Ave., Bergenfield, N.J.

The various components of the firm’s ground 
decommutations system and how they operate are 
described in an eight-page brochure titled “M- 
Series Ground Stations for PAM/PDM Decom
mutation.” Basic, recommended systems layouts 
for telemetry decommutation stations are given 
along with accessories that may be used with 
them. Complete system specifications are pro- 
v ided. Applied Science Corp, of Princeton, a 
division of Electro-Mechanical Research, Inc., 
Box 44, Princeton, N.J.

This four-page brochure, titled "Encapsulated 
Transformers,” describes performance character
istics and applications of HR/Epseal and Electro
seal transformer construction. Three basic design 
improvements, which achieve higher reliability, 
reduced size and weight, and improved cooling, 
are illustrated. Typical transformer configurations 
are shown in photographs. Units are designed to 
custom requirements from microwatt ratings to 
250 kva for both commercial and MIL-T-27A, 
Grade 2 or 5, applications. Electro Engineering 
Works, 401 Preda St., San Leandro, Calif.

Remember diall...
Easy to Mold
Easy to Machine
No Post-Mold Shrinkage
Resistant to Solvents 

and Corrosives
Unaffected by Moisture
Fungus Proof
Does Not Corrode Metals
All Colors Available

Please address ad inquiries regarding
Diall molding compounds to

MESA PLASTICS COMPANY...
12270 Nebraska Avenue
Los Angeles 25, California
Dept. 14

ALL-NEW 40-PAGE G-E CATALOG-FREE!
Contains pictures, prices and properties 
(physical and chemical) on G-E Fused 
Quartz ingots, plates and discs; tubing 
and rod; laboratory quartzware; im
mersion thermocouple tubes and com
bustion tubes; plus quartz yarn, wool 
and mat. For your free copy, write: 
General Electric Co., Lamp Glass De
partment ED-119, Willoughby Quartz 
Plant, Willoughby, Ohio. And you can 
get free engineering assistance just for 
the asking—when you write.

DIALL 
molding compounds

CHEMICAL 
RESISTANCE
GREATER 

than any other 
comparable 
molding compounds

Recent tests of Mesa Diall 
molded parts in different 
chemicals show unusually 
high resistance to chemical 
disintegration. In the field, 
a Mesa Diall compound 
shows indefinite resistance 
to 45% solution potassium 
hydroxide...other plastic 
materials actually fell apart 
within 2 months on 
exposure to this solution.
Write Today for test data 
on chemical resistance of 
Mesa Diall! When you need 
chemical resistance . .. 
specify Mesa DIALL!

HERE'S GOOD NEWS for anyone in the 
semi-conductor field making silicon 
and germanium and using ordinary 
crucibles or thin wall tubing for zone 
refining. General Electric offers the 
industry’s most complete line of semi
conductor components of extremely 
High Purity fused quartz. This enables 
you to fill all your quartz require
ments from a single source—simplifying 
ordering, stocking and bookkeeping.
STOCK ITEMS AVAILABLE. General 
Electric now has plant facilities devoted 
exclusively to the making of fused 
quartz products —and offers a wide



NEW LITERATURE

C MAGNETS t ' * J
Instrument Standards

This standard, No. C39.1-1959, applies to de a d 
ac ammeters, voltmeters, wattmeters, varmett s, 
frequency meters, power-factor meters, and otl r 
instruments operating on the same principles I it 
indicating derived quantities. It is the fifth c K- 
tion of the standard. Special purpose instrumei ts 
such as ultra-sensitive de microammeters a d 
thermovoltmeters of the vacuum-couple type are 
also covered, with suitable exceptions. All these 
instruments may be panel or switchboard 
mounted, or they may be portable. The standard 
does not cover indicating instruments provided 
with arrangements for curve drawing, contact 
making. Nor does it cover small instruments of 
types and sizes where the indications are only 
approximate. The standard contains 52 pages and 
includes illustrations of the various types of in
struments and a tabulation of detailed require
ments. Send $2.50 to the American Standards 
Association, Dept. PR 103, 70 E. 45th St., New 
York 17, N.Y.

Mercury-Wetted Contact Relays 249

A full line of the firm’s mercury-wetted con
tact relays is illustrated and described in Cata
log 201. Relay types are for both single- and 
multi-element operation, biased with permanent 
magnets, or adjustable to provide single-side- 
stable, bi-stable, or chopper characteristics. C. P. 
Clare & Co., 3101 Pratt Blvd., Chicago 45, Ill.

THOMAS & SKINNER MAGNETS FOR MICROWAVE “PLUMBING”
If you’re working on micro

wave projects, here’s a good 
way to speed the development 
of your prototypes: Turn your 
permanent magnet problems 
over to Thomas & Skinner.

For many years T&S engi
neers have worked constantly 
with electronics manufacturers, 
evolving countless magnet de
signs to meet critical require
ments. No matter how complex 
the circuit assembly, T&S en
gineers can help you achieve

the best possible compromise 
as to PM shape, size and 
strength.

When writing for personal 
engineering assistance, please 
include a blueprint or sketch 
giving dimensions, tolerances, 
flux density or magnetic force 
required, magnetization with or 
without pole pieces, and any 
unusual operating conditions 
which might affect the magnet’s 
performance.

Here are some of the T&S

magnets available for wave 
guide applications:

LOAD ISOLATORS
BACKWARD WAVE 

OSCILLATORS
REFLEX OSCILLATORS
MAGNETRONS
TRAVELING WAVE TUBES 
DUPLEXORS
Numerous designs in C mag

nets are available from stock 
tooling. Consult Thomas & 
Skinner for expeditious han
dling of prototype or produc
tion requirements.

Test Equipment Carts 250

Four carts for oscilloscopes and other test 
equipment are described in this one-page data 
sheet. Model numbers, applications, features, di
mensions, weight, and price are given. The carts 
are made of 14 gage steel and finished with light 
grey enamel. Photographs are included. North
eastern Engineering, Inc., 25 S. Bedford St, 
P.O. Box 150, Manchester, N.H.
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8 int» SPECIALISTS IN MAGNETIC MATERIALS—
Permanent Magnets SiFe Mag Tapes 
Laminations & Wound Cores

Position Indicators 251

Technical details of the series 2600 drum type 
latitude and longitude precision counters are 
given in this two-page data sheet. Dimensional 
drawings and illustrations are included. The coun
ters are completely contained within a movable 
mask. Chicago Dynamic Industries, Inc., Pre
cision Products Div., 1725 Diversey Blvd., Chi
cago 14, Ill.
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I1120 East 23rd Street, Indianapolis 7, Indiana 
CIRCLE 248 ON READER-SERVICE CARD
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252

let«

mei ts
253Moisture, Corrosion Inhibitor

SIX

Circuit Design Reliability Problems
s and

254Microwave Meters and Filters

249

treme values1
UV

255Electronic Equipment

250

data

carts

orth

1500 tests a minute

Write for full details

divided into sections

NEW YORK

3540 W. Osborn Road, Phoenix, Ariz,
CIRCLE 257 ON READER-SERVICE CARD

worst case” tech

corrosion and lubricates is discussed

juire- 
dards

New

brief descriptions 
C.S.S.-8-59. The c

anent 
-side
C. P.

lire included

nique. Circuits may be tested for all 
combinations of anticipated low and 
high values for as many as 16 param
eters. Up to 1500 tests per minute 
may be conducted.

Digital read out permits determina
tion of circuit combinations which 
produce unacceptable performance. 
The total number of available circuit 
parameters combined with the total 
number of parameters successfully 
tested to their extremes, provide a 
measure of the reliability factor of 
the circuit under test.

LECTRONIC DESIGN • November 25, 1959

md a page is given to ordering information oi 
olid electrolyte tantalum capacitors. U. S. Semi 
onductor Products, a Division of Topp Indus

Harvard Industries 
Park, N.J.

con
Cata
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ndard 
vided 
intact 
its of

Detailed descriptions and illustrations of elec
tronic equipment for research and industrial uses

mation on custom design and prototype develop
ment engineering services offered by the firm. 
Davenport Manufacturing Co., 2530-32 N. Elston 
\ve., Chicago 47, Ill.

\n inhibitor that displaces and seals out water 
id moisture, protects metal surfaces against

Precision frequency meters in the 500 to 18,000 
mc tuning range and tunable band pass filters 
with tuning ranges from 960 to 9600 mc are dis
cussed in this 12-page catalog. In addition to 
photos and graphs, such electrical characteristics 
as cavity types, frequency response, and insertion 
loss are covered. Frequency Standards, Div. of

tonai 
toun- 
able

re coverei 
1 tided are 
oltmeters,

this 12-page, two-color book. In
i' power supplies, digital readout 
line voltage regulators, and infor-

page, illustrated folder. Called CRC 2-26. this 
liquid formula has been developed for manufac
turing and maintenance use in electronic equip
ment. The folder includes an explanation of how 
(RC 2-26 works, its benefits, and details on its 
physical specifications. Corrosion Reaction Con
sultants, Inc., 116 Chestnut St., Philadelphia 6, Pa.

AIRBORNE INSTRUMENTS 
LABORATORY

Tape wound cores which can be obtained in 
wo new core materials to precise limits are de
cribed in this eight-page, illustrated catalog. Core 

design data is included as well as new case sizes. 
Bulletin TB-105 contains diagrams, charts and 
tables. G-L Electronics, 2921 Admiral Wilson 
Blvd., Camden 5, N.J.

mew tool for the Reliability Engi
neer . . . the AIL Type 90 is designed 
to test low frequency (audio, video 
and computer) circuits by the “ex

Semiconductor, Capacitor Catalog 256

This eight-page catalog covers the firm’s line of 
diodes and capacitors. Basic specifications and

1345 NEW YORK AVENUE, HUNTINGTON STATION, 

A DIVISION OF CUTLER-HAMMER, INC.

AIL Type 90 Circuit Design Reliability Tester $2950.00
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PRINTED

3« deliveries

Besides

PRINTED tA N S L E Y> CIRCUITS
I

Adds a third dimension to printed circuitry It 
may answer your design problem Ask us for 
details

R
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Deliveries are representative of the efficiency of any 
organization. OURS ARE ON SCHEDULE...
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Air-Marine Motors has developed for both industry 
and military a complete line of fractional horsepower 
motors, blowers and fans. Let our engineering sales 
force serve you better.

• reliability
Our environmental engineers, using the latest 
techniques and equipments available, insure the 
performance of every Air-Marine product.

2« engineering "back-up”
A field engineering force stands behind every unit 
manufactured by Air-Marine. More than this our 
liaison engineers will assist in special application 
problems.

DESIGN . PRODUCTION . ASSEMBLY 
Completely Integrated Service 

Printed Circuit» for Military and Induttrial 

Electronic Equipment

’’Packaging” of circuits, from schematic 
diagram into Printed Circuit or Modular form

Production in small or medium quantities - 
prototypes to a few thousand boards.

Secondary operations Plating — Fabrication 
— Assembly - Dip Soldering — Encapsulation 

Rigid Inspection and Quality 
Control insure the production of High 
Reliability Printed Circuits to Exacting 
Specifications

Ansley plus 
Module

CUSTOMERS OF 
AIR-MARINE MOTORS 

( BLOWERS & FANS TOO )

air-marine motors, Inc

ORd.

132

369 Bayview Ave. 
Amityville, N.Y.

2221 Barry Ave. 
Los Angeles, California

CIRCLE 262 ON READER-SERVICE CARD 
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Write today for literature on our complota lino 

CIRCLE 258 ON READER-SERVICE CARD

How to design, breadboard, and ana
lyze servo systems rapidly is discussed in 
this six-page report. Photographs illus
trate the uses of the servo system simula
tor. The report explains how the unit can 
simulate portions of a servo system, simu
late complete systems, analyze compo
nents, debug prototypes, life-test systems, 
and perform quality control tests. Servo 
Corp, of America, 111 New South Road., 
Hicksville, N.Y.

Microminiature panel meters, 1/2-in. 
in size, are featured in this two-page bul
letin. Specifications, photos, a table of 
standard ranges and approximate resist
ances, and an outline drawing describe 
these meters. Dejur-Amsco Corp., Elec
tronic Sales Div., 45-01 Northern Blvd., 
Long Island City 1, N.Y.

CIRCUITS

Scale drawings of solder terminals wit 
dimensions and materials appear on th 
21 x 27 in. wall chart. The solder termin; 
kit is also included. Cambridge The; 
mionic Corp., Concord Ave., Cambridg 
38, Mass.

Transistor Manual

This 227-page manual, the fourth edi 
tion, contains rewritten information on 
transistors and their use in electronic cii 
cuits. Included in the 20 chapters are data 
on basic semiconductor theory, transistor 
construction techniques, biasing, switch 
ing characteristics, and circuits. An up-to- 
date listing ol all American JEDEC- 
registered transistor types with basic 
specifications and interchangeability in
formation also appears. Send $1 to Gen
eral Electric Co., Dept. ED, Charles 
Bldg., Liverpool, N.Y.

PRINTED CIRCUIT 
DESIGN and PRODUCTION 
ARTHUR ANSLEY MFG. CO. 

NEW HOPE. PA. PHONE. AXTIL 7-2711 

Write for our booklet. . . "Some Suggestions 
on Printed Circuit Layout and Design.”
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Catalog No. 96 provides 22 pages of in- 
1 niation on microwave receiver front 
t >ds, rf, if, and twt amplifiers, telemeter
ing preamplifiers, noise test sets, and 
b< aeons. Information is included on elec
trical characteristics, mechanical con- 
si ruction, and general applications. A 
number of new product additions are de
scribed, including an X-band low noise 
microwave mixer-amplifier assembly, a 
hybrid transistorized amplifier with a 
ceramic triode input, and a crash locator 
beacon. Pictorial material is also given. 
Lei, Inc., 380 Oak St., Copiague, L.I., 
N.Y.

This four-page, two-color bulletin de
scribes the model TU-1A telemetering 
system. The system can be applied to 
pressure vessels, radomes, and moving 
and rotating equipment. It is fully de
scribed as to configuration and opera
tional performance. Photographs are in
cluded. Telemetering Corp., P.O. Box 
645, Mesa, Ariz.

Inductors 266

Glow Lamps 264

This file folder contains specification 
sheets on glow lamps for the appliance, 
electrical and electronic industries. A 
3 x 5 in. file card, which summarizes the 
range of glow lamps and allied devices 
available from the firm, tears easily from 
the folder cover for filing purposes. Sig
nalite Inc., Neptune, N.J.

A line of small light-weight toroidal in
ductors which have high Q values is de
scribed in this two-page data sheet. A 
typical 1-mh inductor operating at 40 kc 
has a maximum Q of 240. Complete tech
nical specifications, dimensional draw ings 
and ordering instructions are included. 
Units are supplied with inductance values 
from 1 mh to 5 h. Designated as series 
785, these inductors are fully encapsu
lated and hermetically sealed and meet 
MIL-T-27A and MIL-E-5272A specifica
tions. Arnold Magnetics Corp.. 4613 W. 
Jefferson Blvd., Los Angeles 16, Calif.

environmental

1 f

«MU»

TESTING 
problems?

SINUSOIDAL and RANDOM VIBRATION 
(5 TO 5000 CPS — 120°F TO + 600°F 

200,000 FEET ALTITUDE)
(WITH AUTOMATIC CONTROLLING, PROGRAMMING 

AND RECORDING)
HIGH INTENSITY ACOUSTIC NOISE 

(WITH DIRECT RECORDING)
HIGH-LOW 1200 F TO -120 F TEMPERATURES 

(AT ALTITUDES TO 200,000 FEET)
MISSILE SHOCK ACCELERATION TESTING 

(SAWTOOTH - SINEWAVE - SQUAREWAVE)
SALT SPRAY FUNGUS 

SAND & DUST HUMIDITY 
ROTARY ACCELERATION

EXPLOSION 
RAIN SUNSHINE

SHIELDED ROOM
FACILITIES QUALIFIED PERSONNEL

Suddenly.. ..it’s dark!

A pretty dark situation, indeed—when a single electron tube failure can 
shut down an equipment or entire production line test facility! Use 
lERC's new set of a, b, c’s to help you get improved electronic equip
ment reliability. 3* The practice of replacing tube failures in manner 
and attitude like that of replacing a light bulb is neither protection nor 
cure against a continuing high rate of electron tube failures! b* Down
time, labor replacement costs often add up to 10 times the tube cost! 
C« You can actually increase tube life up to 12 times by specifying and 
using IERC Heat-dissipating Electron Tube Shields! The full facts, in 
the form of d» complete product literature, 3« test reports, f* engineer
ing data and ^htube shield application guides, especially prepared to 
help you “see the light," are available on request—write today!

Patents 2807659, 2766020 or Patents Pending.
Cross-licensed with North American Aviation, Inc

International Electronic Research Corporation
145 West Magnolia Boulevard 

Burbank, California

Foreign Manufacturers: Europelec, Paris, France. Garrard Mfg. & Eng. Co., Ltd., Swindon, England.
CIRCLE 268 ON READER-SERVICE CARDCIRCLE 267 ON READER-SERVICE CARD
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Union
Miniature
Relays

Tops in reliability !

Used in seven successful missiles. Union Miniature Relays originally 
were developed for air-borne and guided missile electronic equipment; 
they meet or exceed the requirements of MIL-R-25018, MIL-R-6106C, 
and MIL-R-5757C. They are now being utilized in the following mis
siles: The Matador, Thor, Talos, Vanguard, Atlas, Titan, and the 
Jupiter C.

The excellent reliability and small size of the Union Miniature Re
lays have led to their use in traffic control systems, computers, resist
ance welders, and other equipment.

OUTSTANDING FEATURES

NEW LITERATURE
Digital Systems 270

“Symbolic Logic, Boolean Algebra and 
the Design of Digital Systems,’ a 34- 
page illustrated booklet, discusses the 
binary number system and its relationship 
to dyadic or two-valued logic, the method 
of expressing the variable functions in 
terms of two-valued logic, and the means 
of implementing these functions elec
tronically. A description of the theoretical 
methods for minimizing a logical func
tion follows. Basic logical circuits are 
analyzed and implemented. Computer 
Control Co., Inc., 2251 Barry Ave., Los 
Angeles 64, Calif.

Power Supplies 271

Standard and special power supplies 
are described and illustrated in two-page 
data sheet 100A. A power supply require
ment check list covering any supply 
problem is included. Burmac Electronics 
Co., Inc., 142 S. Long Beach Rd., Rock
ville Centre, N.Y.

5x10

Servo Components 4 72
Control and tonpie synchros and re

solvers, and data about the firm ant its 
personnel are featured in this illusti le] 
brochure. Photographs, tables, and di
mensional diagrams are included. V< ni
tron Corp., 136 Church St., New oik 
7, N.Y.

Silver-Zinc Batteries 273

Design details for over 20 manual and 
automatically activated silver-zinc pri
mary batteries appear in this six-page 
brochure. Specification tables show elec
trical performance, environmental capa
bilities, physical specifications, energy-to- 
weight ratios, and automatic activation 
times. The brochure illustrates batteries 
featuring rectangular, and cylindrical 
sector case configurations. Cook Batteries. 
Sub. of Telecomputing Corp., 3850 Olive 
St., Denver 7, Colo.

HLLO CONTACTS—Permit high and low load handling in same 
relay. Dry-circuit contacts available for extremely low-level loads.

COIL RESIST ANCE—In standard case, from 0.9 to 8750 ohms; in 
long case, from 1.6 to 13,000 ohms.

TEMPERATURE RATING—Class A -55 to +85 C; Class B -65 
to +125°C.

AC OR DC—Nominal operating voltages from 1.5 to 160 volts, DC;
115 volts, 60 to 400 cps, AC. Built-in rectifiers in AC relays.

TYPES AND MOUNTINGS—6PDT or 4PDT; plug-in or solder-lug 
connections. All usual mountings.

SPECIALS—Slow-acting relays if you need a differential between 
operating time of various relays. Plate-circuit relays—operate on less 
than 8 milliamperes; double-coil relays—either coil operates relay. 
Write for complete information.

See us at Eastern Joint Computer Conf. Dec. 1, 2, 3, 1959, Statler Hilton Hotel. Boston, Mass. Booths #1 and #2.

(/kmeM in, (Aidh-(Button, Science,”

UNION SWITCH & SIGNAL
DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY — 

PITTSBURGH 18, PENNSYLVANIA

With Laboratory Standard JKFS-1100T

FREQUENCY 
STANDARDS

Fully Transistorized, with Double 
Proportional Control Oven

0"H x 33/m"W x 
litçrature on JKFS HOOT

Today's most advanced design, with 
each unit aged in and calibrated direct
ly with WWV at Washington, D. C. 
Input: 24 to 32V DC. Output: 1V 
into 50 ohms at 1 MC and 100 KC. 
Dimensions: 6.0"H x 4,3/i«"W x 12 '/<? "0.
Power Supply Unit: operates from 
115V AC, with 12-20-hour self-con
tained stand-by batteries. Fully auto
matic switch-over. Dimensions; 6.

121/2"D. Write for

THE JAMES KNIGHTS COMPANY, Sandwich, Illinois
CIRCLE 269 ON READER-SERVICE CARD CIRCLE 274 ON READER-SERVICE CARD
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Transistor Chart 276
Silicon Power Rectifiers 279

277

Differential DC Amplifier 280

IT

□ Send more information about the Readall instrument

Title

StateZone

Union Switch & Signal
Division of Westinghouse Air Brake Company
Pittsburgh 18, Pennsylvania
Here is a possible application we have in mind for the Readall instrument

•scription of sili

tteries. 
) Olive

We knew we had an outstanding instrument 
in our product line when this readout device 
was introduced several years ago. It proved 
to be ahead of its time during those early 
days, but now this remarkable precision 
instrument for displaying data is gaming 
acceptance in many industries. It’s about as 
big as a candy bar, and it will display, store, 
or transfer up to 64 different numbers, 
letters, or symbols without using complicated 
conversion equipment and “black boxes.”

This is an entirely new species of readout 
device so we had to give it a new name, 
the Readall* readout instrument.

We developed the Readall instrument for 
data display in flight control equipment. We 
knew the Readall instrument was fine but 
didn't know just hon valuable it was. But 
one of our engineers did. He designed a 
complete new pipeline control system based 
on the new instrument. The application was 
a breakthrough in data handling, and the 
control system is ¿1 big success.

Naturally, we put the Readall instrument

What can you do with a 
remarkable instrument like this?

This revised replacement chart for tran
istors, two pages, lists types similar or 

identical to the firm's transistors. Bendix 
Aviation Corp., Red Bank Div., 1 ,ong 
Branch, N.J.

the isolator's entire frequency range. Poly 
technic Research & Development Co. 
Inc., 202 Tillary St., Brooklyn 1, N.Y.

This illustrated eight-page booklet de
scribes 24 packaged pulse-handling units. 
\ megacycle variable scale counter and a 
high frequency pulse generator are in
cluded in the brochure. Burroughs Corp., 
Electronic Tube Div., Plainfield, N.J.

Design, specification and application 
data for electromagnetic clutches are 
given in this 20-page bulletin. Operating 
characteristics, dimensions, torque ratings, 
speeds, and prices are covered for the six 
series of clutches. Photographs and draw
ings illustrate the units. 1-T-E Circuit 
Breaker Co., 1900 Hamilton St., Philadel
phia 30, Pa.

ix-p ige 
v elec-

capa- 
•rgy-to- 
ivation 
itteries on the market so systems engineers could 

use it to improve their control systems. We 
announced the Readall instrument as “. . . 
an electro-mechanical, D.C. operated, read
out device for displaying characters in ac
cordance with a pre-determined binary code 
. . . a compact, self-contained device . . . 
which can be applied to the output of digital 
computers, teletype receiving equipment, 
telemetering systems, or wherever data must 
be displayed.”

Other systems have been developed with 
separate units for data display, decoding, 
storing, and electrical readout. These sep
arate units cost more and occupy more 
room. Market response confirms the need 
for one, small, inexpensive unit that does 
all three jobs. The Readall instrument serves 
the purpose.

We’d like to discuss possible applications 
for the Readall instrument with you. If you 
want information as to possible applications 
you have in mind for this remarkable in
strument, please nil in the coupon.

*1 rademark

See us at Eastern Joint Computer Conf. Dec. 1, 2, 3, 1959 
Statler Hilton Hotel, Boston, Mass. Booths #1 and #2.

CIRCLE 282 ON READER-SERVICE CARD

Name___  

Company 

Address_

City_____

Features of the firm's wide-band low- 
level differential de amplifier appear in 
bulletin 105801, four pages. Photos of the 
unit and a graph illustrating wide-band- 
width are included. Epsco, Inc., 275 
Massachusetts Ave., Cambridge 39, Mass.

eon power rectifiers, which operate from 
one to 15 amp, appear in data sheet 
71059. The diagram gives dimensions for 
these 7/16-in. hex stud base diodes. 
Syntron Co., 283 Lexington Ave., Horner 
City, Pa.

CIRCLE 281 ON READER-SERVICE CARD
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Microwave waveguide ferrite isolators 
are described in this two-page illustrated 
bulletin. Performance curves show vswr,

" PiweeM. itt PuaP Patton Potence"

UNION SWITCH & SIGNAL
DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY— 

PITTSBURGH 18, PENNSYLVANIA



GREEN 
PRINTED 
CIRCUIT 
DRILL

A Pneumatic Attachment 

on The Green Model D2 

Pantograph Engraver 

rapidly drills 

holes in printed 
m|B circuits by tracing 

S templates.

Drill at many as 100 holes per minute, Foot switch 
actuates air powered operation.
Drill speeds and feeds have independent adjustments. 
Feed regulated by air pressure.
Spindle speeds up to 26,000 rpm. Permits use of carbide 
drills when required.
D2-201 air attachment includes spindle air cylinder, 
regulating valve and pressure gauge, foot switch, 
filter and oiler, ready to operate when connected 
to compressor.

The Model D2 Heavy Duty Pantograph Engraver features ratios of 2 to 1 
to infinity. Unobstructed on three sides to handle large work. Micrometer 
adjustment for depth of cut. Vertical range 10" adjusting copy 
table automatically with pantograph.

GREEN INSTRUMENT COMPANY, INC.
361 Putnam Ave. • Cambridge 39, Mass.

CIRCLE 283 ON READER-SERVICE CARD

Patents pending

CHECK THE LOW COST of these 
new printed circuit test jacks

J___ U J II
For .052 application holes 

on .400 centers

Samples on request
Ucinite’s new test jack is designed for permanent, 
soldered assembly to printed circuit boards. Gold-over
silver-plated beryllium copper contacts provide low- 
resistance contact for repeated insertions of standard 
.080" diameter test probes. Nylon bodies are available 
in eleven standard code colors. Uniquely simplified 
construction affords economical usage in all quanti
ties. Immediate shipments from stock.

The UCINITE COMPANY
Division of UNITED-CARR Fastener Corporation 

Newtonville 60, Massachusetts
CIRCLE 284 ON READER-SERVICE CARD

NEW LITERATURE
Relay Control Amplifier 285

A high-gain dc to ac relay control amplifier is 
described in this four-page bulletin. It gives de
tailed information on principles of operation, per
formance ratings, and applications. Illustrations 
and graphs are included. The amplifier recog
nizes the polarity of a low-level dc input signal, 
converts it to ac, and amplifies it to a signal with 
sufficient strength to actuate its master relay in 
accordance with that polarity. Thermo Electric 
Co., Inc., Saddle Brook, N.J.

Digital Magnetic Tape Recording 286

A 1500 bit per inch packing density for digital 
magnetic tape recording is described in this 26- 
page report. It includes theoretical considerations 
with experimental test results. Information drop
out is examined, and descriptions and diagrams 
for the implementation of this technique are pro
vided. Potter Instrument Co., Inc., Sunnyside 
Blvd., Plainview, L.L, N.Y.

Silicon Power Diodes 287

Silicon power diodes, rated from 25 to 35 amp, 
are described in Bulletin XSR-310, two pages. 
Photographs, dimensional data, mechanical con
struction, and electrical characteristics are in
cluded. International Rectifier Corp., 1521 E. 
Grand Ave., El Segundo, Calif.

Permanent Magnets 288

LOU : —the rigid test GE relays are 
subjected to? In one case. 109 • 
separate tests were conducted, ■ 
including—

MAC plaving upon our subii mated • 
drives . —

The magnetic and material characteristics of 
Hyflux Alnico V-7 permanent magnets are cov
ered in this two-page bulletin, No. 350. Use of 
the magnets in lightweight ground or airborne 
generators, alternators and recording equipment is 
described. A demagnetization and energy product 
graph is included. The Indiana Steel Products 
Co., Valparaiso, Ind.

LOU Have you read Lady Chatterley’s

Precision Instrument Components 289

Printed on small size paper to save file space, 
this 416-page catalog lists over 10,000 items, in
cluding gears, shafts, collars, couplings, speed re
ducers, and differentials. In addition to drawings, 
specifications and prices, the catalog contains 
separate technical data, breadboard kit and tool 
components sections. PIC Design Corp., 477 At
lantic Ave., E. Rockaway, N.Y.

MICRO MINIATURE RELAYS
As advertised on pa^e 99

Fast delivery at factory prices from

i z&li+r :
ELECTRONICS

I HO HERRICKS ROAD MINEOLA LINY j 
PIONEER TWX GCY-NY-S8OU

CIRCLE 290 ON READER-SERVICE CARD
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292Silicon Transistors

COLUMBUS ELECTRONICS CWPORATION

COLUMBUS ELECTRONICSKORPORATION
DOUBLE DIFFUSED SILICON RECTIFIERS293Dielectric Materials

COLUMBUS ELECTRON S CORPORATION
DOUBLE DI ICON RECTIFIERSUSED S
COLUMB ELECT CS CORPORATION
DOUE* Fuse294 ICON TIFIERS
COLU ORATION
DOUR riFIERS

RPORATION
295Miniature Toroidal Inductors

DOUBLE DIFF/JSED SIU RECTIFIERS

296Transmitter Adapter

Coaxial Connectors

F. F. JOHNSON CO

CIRCLE 297 ON READER-SERVICE CARD
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HIGH 
VOLTAGE 

up to 2000 PIV

UFTi ITUD 7/1B-H/1I 

CENTER: AXIAL LEAD TOF NAT 

RIGHT: STUD INSULATED

FORWARD 
CURRENT 

up to 20 Amps.

■ with com 
communica

DOUBLE DIFFUSED SILICO/ RECTIFIERS

This two-page bulletin, complete with package 
photos, lists descriptions, important data and ap
plications of five new’ silicon transistors. An item
ized inventory w’ith operating characteristics of a 
line of silicon transistors available from stock is 
also included. Transitron Electronic Corp., 168
182 Albion St., Wakefield, Mass.

LOW 
FORWARD DROP 

1.5 Volte, DC

Designed for use with printed circuit boards or 
stacking on a single screw for chassis mounting, 
these miniature toroidal inductors are described in 
illustrated data sheet I 8-2. Specifications, dimen
sional drawings, and ordering information appear. 
Arnold Magnetics Corp., 4613 W. Jefferson Blvd., 
I jOS Angeles 16, Calif.

EXTREMELY 
LOW LEAKAGE

IM

1920 Second Avenue S.W. • Waseca, Minn.
CIRCLE 291 ON READER-SERVICE CARD 
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tions and test equipment are described in this 
data sheet. E-T-A Products Co., 6284 N. Cicero 
Ave., Chicago 46, Ill.

Properties of dielectric materials at microw ave 
frequencies over a wide range of dielectric con
stants and dissipation factors are given on this 
colorful chart. Emerson & Cuming, Inc., Canton, 
Mass.

Thermal Magnetic Circuit

Circuit breakers designed for use 
puters, data processing equipment, <

Features and specifications for the firm's single
sideband high frequency communications trans
mitter adapter are presented in this four-page 
brochure. Photos, graphs, and a block diagram il
lustrate the adapter system. Kahn Research Labs, 
Inc., 22 Pine St., Freeport, N.Y.

'll Now... an extensive line of 
high performance, hermetically sealed, 

silicon power rectifiers UP TO 35 AMPS.
JEDEC types exceeding MIL specifications.

Save valuable space 
in RF equipment...

Johnson miniature and sub-miniature air 
variable capacitors are available in a wide 
range of sizes, types, and capacities—per
fect for use in compact RF applications. The 
3 types described below have soldered plate 
construction, oversize bearing, and heavily 
anchored stator supports to prov ide extreme 
rigidity Inductance path to both stator sup
ports is extremely low with bridge-type 
stator terminal. Large compression rotor 
contact provides steady torque—rotor stays 
“put” where set. Rotor contact and all other 
metal parts are nickel-plated—steatite in
sulator is DC-200 treated.
SUB-MINIATURES—In addition to the minia
ture air variables described below, the new 
Johnson Type “T” and “U” sub-miniature 
capacitors are also available in production 
quantities. Write for our new components 
catalog 978 listing complete specifications.

This 46-page reference manual is designed to 
simplify specifying and ordering rf coaxial cable 
connectors. It provides the numbers assigned by 
leading connector manufacturers, large users, 
BuShips, as w’ell as military standards. The man
ual matches their equivalents with more than 
2000 stock items carried by the firm. Write on 
company letterhead to Gremar Manufacturing 
Co., Dept. ED, 7 N. Wakefield Ave., Wakefield, 
Mass.

TYPE “M"—Peak voltage 1250 volt» or 017' plate 
»pacing; 850 volt» on .01 3' »paced unit». Shaft »lotted 
for fait screwdriver adjuitment—mounting bu»hing 
threaded with flat» to prevent turning .—mounting nut 
furnithed Available in production quantitie» with the 
followira feature*: locking bearing»; 1 80° stop; vori- 
ou» »haft extension»; h gh torque; silver or other plat
ings. Single section, butterfly, and differential types 
available.

TYPE "S’*—Midway in physical size between the 
Type "M" and "K” capacitors, the Type "S" has a 
plate »pacing of .01 3* with a peak voltage rating of 
850 volt». Other spacing», »ingle hole mounting types, 
straight shaft, screwdriver shaft, or locking type screw
driver shaft available on special order in production 
quantities.

TYPE "K”—Widely used for many military and com
mercial applications, the Type “K" has a peak voltage 
ating of 1000 volts with a plate spacing of .015*

Unit is available in production quantities to meet 
MIL-C-92A specifications—other capacities and varia- 

ons for specialized military and commercial applica* 
'ons are also available in production quantities.

For detailed specifications, in
cluding engineering drawings, 
on Johnson miniature and sub
miniature capacitors, as well as 
other Johnson electronic com
ponents, write for your free 
copy of our new components 
catalog No. 978.

NEW NEW

WRITE FOR FULL DETAILS

YOnkers 8-1221 TWX-Yonkers, NY-1369

AVAILABLE UP TO 10 AMPS 
PER UNIT AND UP TO 2000 
VOLTS PIV.

INSULATED STUD silicon recti
fiers offering these quality 
features ...

SINGLE unit VERY HIGH 
VOLTAGE silicon rectifiers ex
hibiting these desirable char
acteristics ...

Simplify mounting
Save assembly parts 6 costs 
Obtain efficient heat transfer 
Give greater design flexibility

OHNSON MINIATURE 
CAPACITORS

COLUMBUS ELECTRONICS CORP.
1010 SAW MILL RIVER RD., YONKERS, N. Y.
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APPLICATIONS
I. Precision Filters
2. Linear & Non-Linear Networks
3. Magnetic Amplifiers

Close Inductance Tolerances 
0.1%, 0.05%
Maximum 0
Matched Pairs

Spectrum Analyzers

This 12-page catalog gives 
tions and descriptions for

904-6 TWENTY-THIRD STREET UNION CITY, NEW JERSEY 
UNion 6-5400

300

specifica
spectrum

keystone COMPANY

2.
3.

analyzers, special purpose instruments, 
accessory instruments, tracing systems, 
single sideband analyzers, rf-vhf-uhf and 
microwave analyzers, and telemetering 
spectrum analyzers and calibrators. Illus
trations include photos of the units dis
cussed, graphs, and diagrams. Panoramic 
Radio Products, Inc., 514 S. Fulton Ave., 
Mount Vernon, N.Y.

PRECISION RELIABILITY QUALITY

SPECIAL FEATURES
Silicone Rubberi.

ONLY CHART-PAK HAS IT!
Keeps tape edges clean 
No waste... use every inch 
Easy spindle storing 
Protected from damage

ALL CORE GRADES
Tape, Ferrite, Powder

1411 River Road, Leeds,

ORIGINATOR OF THE TAPE METHOD OF DRAFTINGSaves time .. .
Saves money!

Make conductor patterns and terminal pads for printed circuit 
layouts in minutes! Chart-Pak tapes and symbols are precision 
slit to .002". High dimensional stability. Non-reflective, opaque 
black surface. Adhesive backing holds firmly, will not melt 
under heat of reproduction; yet can be easily lifted and re
applied for corrections. Available in tape widths of 1/32" and 
up, and in die-cut lands, fillets, corners, tear drops, etc. Ideal 
for use on any surface, especially Chart-Pak precision grids.

MINIATURE SIZE 

ALL WELDED CONSTRUCTION 
MEETS STRINGENT 

MILITARY REQUIREMENTS 
MAXIMUM POWER IN 

MINIMUM SPACE 
IMPERVIOUS TO MOISTURE 

PRECISION TOLERANCES 

SILICONE COAT

Our latest catalog is 

available upon request
Write for full details or consult your Yellow Pages 
under "Charts-Business?

CHART-PAK, Inc.

Twelve-page illustrated bulletin CDS- 
170A describes room temperature vulcan
izing silicone rubber compounds and 
silicone rubber sponge. Suggestions for 
handling the compounds, curing and 
viscosity characteristics, and data on 
primers for bonding applications also ap
pear. General Electric Co., Waterford,

Included in this one-page brochure ar 
photographs and specifications for a trai 
sistorized voltmeter, a transistorized sig 
nal generator, a vibration meter, 
vacuum-tube voltmeter, a dc amplifier, 
microsource, and an audio response plot 
ter. Southwestern Industrial Electronic 
Co., P. O. Box 22187, Houston 27, Tex.

Bulletins IND-22 and IND-23, two 
pages each, describe copper-cored alloy 
glass sealing wires. In addition to data on 
specific soft glasses with which the wires 
are compatible, a comparison of the 
physical and mechanical properties of 
solid No. 446 alloy and copper-cored No. 
446 alloy also appears. Sizes, dimensional 
tolerances, weight, and coefficients of ex
pansion are covered. Texas Instruments, 
Inc., Metals & Controls Div., 34 Forest 
St., Attleboro, Mass.

Chart-Pak -Tapes for Printed Circuits 
now in NEW TAPE-SAVER DISPENSER 

(at no extra tost)

tru-ohm S AL SERIES
AXIAL-LEAD

PRECISION
WIRE WOUND

RESISTORS
WITH EXCLUSIVE SILICONE COATING

STANDARD SIZES OF 
1, 3, 5, 7, 10, 15 
and 20 WATTS

Mfg , Inc.

FACTORY:

HUNTINGTON.
INDIANA
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2800 N. MILWAUKEE AVE. CHICAGO 18. ILL.
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Transistor Dissipation Ratings 305

ight-page booklet AN-181 has been 
pr pared to help circuit designers deter
mine peak-dissipation values of 39 of the 
firm’s transistor types, which are used in 
pulse and switching service. A table gives 
the transistors’ maximum permissible 
collector-junction temperatures, typical 
thermal time constants, and maximum 
thermal resistances. Peak dissipation is 
determined in terms of pulse width, duty 
cycle, and either ambient or case temper
ature. Radio Corp, of America, Semicon
ductor and Materials Div., Somerville, 
N.J.
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Circular Slide-Rule

This pocket-size circular slide-rule is 
constructed of two durable aluminum 
discs and a clear plastic indicator. It per
forms multiplication, division, fractions, 
squares, square roots, cubes, cube roots, 
proportions, percentages, areas and cir
cumferences. Send $4.95 to Edmund 
Scientific Co., Barrington, N.J.

How to keep computers compact

Synthetic Mica 306

This eight-page news bulletin covering 
developments in the field of high tem
perature insulation will be published 
periodically. The inaugural issue features 
the first of a four-part series on the de
velopment of synthetic mica. Abstracts of 
technical papers delivered by the firm’s 
engineers at the WESCON show and 
other scientific sessions are included. 
Mycalex Corp., 125 Clifton Blvd., Clif
ton, N.J.

There are thirteen

□^SPRINGS 
in this dependable

AGASTAT* ’
time delay relay

Semiconductors

This semiconductor products’ hand
book HB-10, in loose-leaf form, covers 
semiconductor devices including transis
tors and silicon rectifiers. Intended uses, 
characteristics, operation, maximum rat
ings, terminal connections, commonly 
used curves plotted to easily readable 
scales for solving design problems, and 
mechanical dimensions are included. For 
a subscription to this handbook send 
$5.00 to Radio Corp, of America, Harri
son, N.J.

— because l-S Beryllium 
Copper Springs provide —

MAnUUM

AGASTAT* time delay relays are known 
world-wide for dependability.. function 
faithfully in tropic heat and polar cold. The 
thirteen l-S Beryllium Copper Springs in
corporated in the design help maintain the 
reputation of AGASTAT for exceptional 
dependability in continuous service. I-S 
Engineers are widely experienced in design
ing beryllium copper springs to obtain max
imum performance at minimum cost. They 
will gladly make recommendations for solv
ing your particular problem.
CATALOG AVAILABLE on Beryllium 
Copper compression springs, flat springs, 
strip springs, contact strips, contact rings 
and screw machine parts. Call or write for 
your personal copy today, or consult Sweets’ 
Product Design File.

• AGASTAT is a registered trade mark of Elastic Stop 
Nut Corp, of America, 1027 Newark Ave., Elizabeth 3, N. J.

• EXCELLENT ELECTRICAL 
CHARACTERISTICS

• COMPLETE FREEDOM 
FROM FATIGUE

• SUPER PRECISION ACCURACY

INSTRUMENT 
SPECIALITIES CO • INC 
270 Bergen Blvd., Little Falls, New Jersey 

Telephone-. Clifford 6-3500

-MtCSQ^S^ - WOCfSSfQ-

You can often save space, weight and money in equip
ment employing sine-cosine operations by "designing in” 
Gamewell Sinusoidal Potentiometers. Far lighter and 
more compact than gears, cams, and other complicated 
mechanisms, they’re widely used in analog computers, 
data converters, Tacan systems, and radar components. 
Advanced design produces functions with smoothness and 
precision unobtainable by other resistive methods. For 
details and latest catalog, write The Gamewell Com
pany, Dept. 14D, Newton Upper Falls 64, Mass.

CONDENSED SPEC OF RVG-30XS-4
Resistance.......................... 16,000 ohms±5*%>
Conformity........................peak to peak
Starting Torque.........................0.5 oz. in. max.
Angular Accuracy......................................±0.7
Weight................................................ 2 oz. max.
Mechanical Rotation.......................... Continuous
Electrical Rotation.........................................360
Nominal Life............................... 350,000 cycles

amlweli
PRECISION POTENTIOMETERS

INTEGRALS OF 
RVG-30XS-4 HIGH PERFORMANCE

CIRCLE 307 ON READER-SERVICE CARD
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Fig. 2. Waveforms showing typical time relation
ships between master timing pulse, common 12- 
ms gate and sample command pulse.
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TRANSISTOR CIRCUITRY 
ENGINEERING “KNOW HOW 

AND PRODUCTION

• How to get the optimum 
performance and reliability from an 
electronic component is often directly 
related to research and engineering 
’know-how ” of transistor circuitry.

The Acme Electric research and 
engineering staff have a wealth of 
experience to develop assemblies in 
this specialized field of manufacturing. 
A letter outlining your problem 
will have our prompt attention.

IDEAS FOR DESIGN

Many Output Punch Coils

WHEN PUNCHING output data from a logi
cal unit with a device such as a Teletype 

perforated tape punch, command pulses from the 
logic unit must be synchronized with the rotation 
of the motor supplying mechanical power to the 
punch. These short pulses must also be made to 
energize the punch coils (in the case of the Tele
type punch) for a period of 12 msec, starting at a 
definite point on the rotation cycle of the motor 
shaft.

The usual method of accomplishing this is to 
generate a 12-msec gate for each coil to be ener
gized. For example, a gate is generated individ
ually for the feed coil and each level punch coil 
of the perforated tape punch. The method de
scribed here uses only one gate, which is applied 
to all of the coil driver circuits. One coil-driver 
circuit is shown in Fig. 1.

COMMAND PULSES

12 msec

PUNCH 
COIL "A"

GND- 
-40 V

A notched flywheel on the motor shaft, and a 
magnetic pickup are used to provide timing 
pulses, Fig. 2. These timing pulses trigger a 12- 
msec gate circuit. They also permit the logic unit 
to send out its command pulses for the tape 
levels and feed, as desired.

The 12-msec gate is applied to each of the 
tubes VI in the coil-driver circuits. The tubes V2 
in the proper coil-driver circuits then receive 
command pulses from the logic unit, and the 
proper coils are activated. The circuit shown acts 
as an “AND” gate for firing, since both the gate 
and a command pulse must be present. After 
firing, however, only the presence of the gate is 
required to sustain conduction.

The 12-msec gate is applied to the grid of VI 
This tube conducts through RI and the punch or 
feed coil to which the circuit is connected. The

West Coast: 12822 Yukon Avenue • Hawthorne, Calif.
12 msec 

GATE INPUT

Fig. 1 . One of a series of coil-driver circuits which acts as "AND circuit for command pulse 
and common 12-ms gate.

CIRCLE 363 ON READER-SERVICE CARD

140 ELECTRONIC DESIGN • November 25, 1959



Equiflex mountings come in two basicStandard

■s

to 35 lbs.cover load ranges from

CIRCLE 364 ON READER-SERVICE CARD
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irrent flow is far too low to enable the coil to 
ill in its armature, since the value of Rl is very 
gb. Essentially all of the -f-B voltage is dropped 
•ross Rl, applying plate voltage to V2.
If this particular coil is to be energized during 

this cycle, the logic unit sends a command pulse to 
11 ie control grid of V2. V2 fires, and the circuit is 
then completed through VI, V2, R2, and the coil. 
I he circuit now supplies sufficient current to en
ergize the coil, which pulls in the armature.

Since V2 is now independent of its grid, this 
circuit will continue to supply current until the 
end of the 12-ms gate. At this time, VI is cut off, 
removing the plate voltage from V2, and opening 
the circuit until the next gate is generated.

Cl absorbs the inductive kick of the coil when 
the circuit is suddenly opened. Without Cl, the 
voltage surge from the coil would prevent VI and 
V2 from being cut off.

Dan M. Bowers, Project Engineer, Falls Church, 
Va.
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Inexpensive Transistor Pulser 
Simplifies Computer Test

An expensive transistor pulse generator was 
needed for testing out computer logic to simu
late timing pulses or input information. The ob
ject was to avoid tying up expensive pulse gen
erators for this simple task.

The circuit illustrated was developed to fill this 
need. The compact unit can plug in a spare 
socket in any rack, and couple into any circuitry 
under test. The output is a one-psec pulse. Repe
tition rate can be varied up to 50 kc by using a 
variable capacitor for Cl.

Walter D. Scott, Technical Engineer, RCA, 
Los Angeles, Calif.

959

< >mpact pulse generator frees expensive pulse gen- 
f Hors from routine computer test applications.

Cup type, size I.... !a Ib.
Cup type, size 3.... 10 lbs.

types... the Square Plate and the Circular Cup. Both 
types are available in three different sizes. . . size 1 
for light loads or small equipment, size 2 for medium 
loads or medium duty equipment, size 3 for heavy 
loads or heavy duty equipment.

Equiflex mountings withstand 100 hour salt spray 
tests, take 15G shocks without damage and will keep 
equipmentcaptive upto 3OGs. Extra-damped mount
ings are available in which each multiple coil spring 
is shrouded with polyethylene or Teflon tubing.

Equiflex vibration isolators can be supplied to

Square plate type, 
Size I.... % Ib.

• Greatly prolonged service life.
• Wide temperature range.
• Controlled damping.
• Can be loaded in any direction or 
position.

• Absence of drift or permanent set.
• Equiflex action or 1:1 ratio of ra
dial and axial spring rates.
• Integral single unit assembly with 
safety washers included and attached.

Division of United-Carr Fastener Corp., Newtonville 60, Mass.



A Leader in its Field

» growiNG!
The research, development and production of electronic and electro
mechanical training devices and industrial equipment is our business. 
We are proud of our growth and of the congenial groups who are 
making this growth possible.
Our main plant is located in pleasant surroundings in Stamford, 
Connecticut, a fine suburb 40 minutes from midtown Manhattan. 
Stamford has excellent schools and beaches and offers the utmost in 
recreational and cultural facilities.

High salaries. Supervisory positions. Challenging, self-satisfying 
work. Liberal employee benefits. Unlimited opportunity for recog
nition and progress.

Confidential inquiries are invited from

ELECTRONIC ENGINEERS

ELECTRO-MECHANICAL ENGRS

ELECTRONIC TECHNICIANS

DESIGNERS and DRAFTSMEN 
Mr. Earle J. Van Doren

ELECTRONICS INC.
STAMFORD, CONNECTICUT
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BEAD CHAIN9
Multi-Swage Parts

CONTACT 
PINS

TERMINALS

also PRINTED CIRCUIT 
MINIATURE PARTS

Contact pins, terminals, jacks or 
any small tubular parts. Maximum 

diameter x 1%" length.
Send sketch for quotations.

JACKS
BEAD CHAIN DRIVES

Low-speed positive drives or motion transfer 
... at far less costl

Send for Multi-Swage or 
Bead Chain Drive Catalogs!

THE Read CHAIN MFG. CO.
58 Mountain Grove, Bridgeport, Connecticut 
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IDEAS FOR DESIGN
Perforated Metal Chassis 

Eliminates Costly Hole-Drilling

When using metal breadboard chassis, hole
drilling can be costly and time-consuming. Drill
ing can be eliminated completely by using per
forated metal plate and stand-offs.

The plate is chosen so that the hole size is 
compatible with the stand-offs. A ceramic base 
mount can be used to get the plate up off the 
table. Perforated plate can also be obtained with 
holes that are the size of transistor sockets, so 
that a bank of transistors can be made without 
drilling a single hole.

Joseph W. Verzino, Design Engineer, G.E. 
(HMED), Court St., Syracuse, N.Y.

3ASE MOUNTS

O o o o o o O
o o o o o o

o o o o o o o
o o o o o o

O o o o o o Q

FREE! NEW 8 PAGE GUIDE
Complete information on solder preforms, their selection 
and use. Technical diagrams. Send for your copy today.

21-0143rd AVENUE. LONG ISLAND CITY 1, N.Y.

CIRCLE 367 ON READER-SERVICE CARD
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Perforated metal plate serves as a versatile chassis 
material when used with stand-offs.

Series Connection Allows Use of 
Germanium Transistors in HV 

Circuits

Series connecting transistors allow operation 
with higher voltage inputs than the voltage rating 
of the individual transistors. This extends the 
economy of germanium transistors into circuits 
normally thought to require use of their high- 
priced silicon brothers.

One application called for operation when the 
full input voltage into a transistorized power 
supply may be dropped by the series regulating 
transistor. Such a condition could occur w hen the 
output is short-circuited, and when the full input 
voltage at its highest input level will be im
pressed on the series transistors.

Under these conditions a current-limiting net
work will insure that no current is flowing

jQH ALLOYS UNLIMITED INC

COOLING 
PROBLEM?

WHAT
IS YOUR

For the right answer 
on small motor-blower 
assemblies— 
write today STOCKED 

FOR 
IMMEDIATE 
DELIVERY

RIPLEY COMPANY, INC
MIDDLETOWN, CONN.

FS
S' r
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ti rough the transistors. However, they will still 
1 ve to support the input voltage. The applica- 
t ii also specified that the input may contain 
ti msient spikes of short duration but high enough 
to exceed the voltage rating of a single transistor.

The availability of germanium transistors for 
higher voltage operation is limited. The rating of 
these transistors for voltage depends on the 
(initter to base bias. This in turn varies under 
transient conditions. (Electronic Design, July 22. 
1959, p 28)

To design for a proper voltage rating of the 
power supply while utilizing the most economical 
and readily available transistors, a series string is 
designed as shown in Fig. 1. RI, R2, and R3 are

°SlGNAL° 
OUTPUT

the highest,
the coldest, 

the hottest
...IN THE SMALLEST SPACE!

Fig. 1. Series string of transistors enables low-voltage 
rated transistors to accommodate high voltage input.

d inc

equal resistors forming a voltage divider across 
the transistors. They drop the same voltage as the 
transistors do.

Signal is applied to the base-emitter circuit of 
()/. Current flowing through QI biases Q2 and 
Q3 through their respective resistors R2 and R3. 
A reduced voltage absorbed by QI causes the 
base emitter voltage of Q2 to increase and reduce 
its emitter-to-collector voltage. The same applies 
to Q3. Thus, equal voltage division is obtained

ZENER ±

I-----------

QI ,______ « Q2

R2

RI * R2
QI = Q2

Tenney-mite STRAT <■
environmental chamber

03 1 PREAMPLIFIER

cr ERROR
DET

F g. 2. A transistorized power supply designed around 
S' ries connected transistors.

tween (H, Q2 and Q3. A circuit indicating 
w this w as incorporated into the power supplies 
shown in Fig. 2.
Raruch Berman, Chief Engineer, Avion Div. 
F, Paramus, N.J.

Altitudes to 200,000 ft., temperatures from -100° 
F to +350c F, in only 4 square feet of floor space. 
Now, any company can own a combined altitude 
and temperature test chamber . . . without 
sacrificing much valuable floor space. And the 
investment, too, is reasonable.

venneu
ENGINEERING, INC. J 0LOLDEST AND LARGEST MANUFACTURER OF ENVIRONMENTAL EQUIPMENT

1090 SPRINGFIELD ROAD, UNION, NEW JERSEY • PLANTS: UNION, NEW JERSEY AND BALTIMORE, MARYLAND 
CIRCLE 369 ON READER-SERVICE CARD
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Only Tenney Engineering, world’s largest 
and most experienced creator of environ
mental equipment, could produce the 
Tenney-mite Strat. Write for further 
information.

Write for a descriptive catalog and complete 
information on Tenney’s research and development, 

engineering consultation, and design services.
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By >

ONLY
Div$3.25

or

ELECTRONIC DESIGN BINDER

STERLING
TRANSFORMER 
CORPORATION 
—Write for

complete catalog 297 North 71h st Brooklyn 1 1 N Y

STagg 2-4200

bracket are ttandard.

3——Í 32 fem nuit on 
bracket are ttandard.

hole mounting with holes on 
center line. —4 40 Tern nuti 
ore fastened to Ihe bracket.

Noie Ì—”6 32 tern nuts on

PROTOTYPES DELIVERED WITHIN 1 TO 3 WEEKS • We are noted for our ability to solve special problems.

Dielectric test voltages: • All primaries 380-1000 cos
PRIMARIES 1000 Volts RMS • Epoxy resin used as encapsulant 
SECONDARIES 1500 Volts RMS Q Prices subject to change without notice
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Cat. Secendary 
Valls

t
Seeenpary 

Amps

»1 
. ■ Primary 

vans
Meld 
Site

Manmum 
Operating 
Ambient Price

4C1 6 3 CT 8 ¡500 115 SM3 100 c 16 50

4C2 i 41 CT I 2 1500 115 SM2 100 C 16 50

4C3 6 J CT 6 75
[ 1500

UO 115 >20 2 •oo C 26 50

4C4 6 3 4 9 1500 ¡15 3 90 C 23 70
6 3 ? 7 1500

4C5 6 3 CT 7 2 1 1500 115 35 120 C 27 50

4C6 6 3 7 1500 120 35 RO C 26 80
6 3 7 1500
6 3 I 5 1500

4C7 6 3 CT 7 1500 120 4 100 C 31 90
6 J CT 7 1500

4C8 6 3 137 1500 115 4 90 C 31 90
6 3 2 93 1500
6 3 0 3 1500

4C9 6 3 CT . 123 1500 115 5 100 c 29 50

4CI0 78 CT 0 6 1500 115 SMI 100 c 21 00

4C1I 1500 115 3 100 c 29 SO
75 1500

4 3 1500

4C26 4 3 CT 1500 115 SMI 100 c 21 00

4CZ7 6 3 CT 1500 115 IA 100 c 21 80 1

4C28 6 3 CT 1500 115 2 100 c 22 60 j

4C29 5 0 CT 3 2500 115 SMI 100 c 21 00

4C 30 ! 1 L ! o ____ 6______ 2500 115 2 100 c 22 60

4CI2 14 I 3 1500 100 c 22 50

4C13 21 9 1500 65 C 25 00

4C14 26 0 5 1500 115 SMI 55 C 20 50

4CI5 26 CT I 5 1500 115 3 65 C 21 20

4C16 28 CT 0 75 1500 115 2 65 C 31 80
6 3 CT 7A 1500

4C1 7 52 CT .192 1500 ¡15 SMI 100 C 22 75—■ ■■ — -- ■ ■ — —
♦CIS 90 CT 4 5 1500 115 9 100 C 43 00

4CI9 115 OS ¡500 115 SM2 100 C 16 80

4C?0 . 105 115 125 0 4 1500 105 115 125 2 90 C 24 30
1

4C2I 115 2 63 1500 115 ■ 100 c 35 00— -

4C22 334 025 j 1500 IIS SMI 120*C i 19 30

4C23 26 CT 3 1500 IIS 4 100 C 25 50

4C24 26 CT 9 1500 IIS A . 100 C 29 40

4C25 52 CÎ 2 1500 115 100 c 28 10 :

OFF-THE-SHELF CATALOG UNITS
ENCAPSULATED

400 CPS TRANSFORMER 
CLIPPER SERIES

For Minimum Size and Minimum Weight

These catalog items represent the most 
popular of the many custom transformers 
we have built in these standard molds. 
We also supply hermetically sealed and 
industrial open units of every type.

MOLD 
NO.

OVERALL DIMENSIONS
MIG. 

DIMENSIONS
*rr. 
Wl 

(l«s>
MTG.

METH.
L w H F 4

SMI 1 1 -1/4 11/1* 1 Nete 1 0.04 Nett 1

SM2 1 1/2 1 1/4 1 U/H 1 Nett 1 0.10 Nett 1

SMI 1-1/1 1-1/1 1-11/1* 1 1/» Nete 1 0 >6 Nett 1

1 1 U/H 1 ?/» 1 U/H 1-1/4 17/1* 0.15 N.t. 1

IA 111/1* 1-17/11 1 13/16 1 5/12 1-1/» 0 15 Nett 2

2 1 1 15/16 1-1/» 1 9/12 1-1/4 0.40 N.I. 2

1 Î 5/14 1 U/H 1.1/» 1-9/11 1 7/16 0 4S Nett 2

IS r 1/14 2 1/1 11/1* 1 17/32 1 11/16 0 70 Nett 2

4 : 5/14 1-1/1 2 9/14 1-17/32 1-11/16 0.90 N.t. 2

s 1 3/4 11/» 2 7/» 1-17/32 11/1* 120 N.t. 2

* 11/4 1-5/» 1 1/» 1 17/32 U/H 1.50 N.t. 2

1 1 1-7/» 11/» 1 25/12 2 1/1 2 00 N.t. 2

1 3 ’/■ 1-7/» 1 3/» 1 25/12 11/1 2.50 N.t. 2

13 3-3/4 1-1/4 3 1/» 2 1/4 1 1.25 Nett 3

U 3-3/4 1 -1/4 11/» 2 3/4 31/» 4.2S Nett 3

» 4-1/1* 11/« 17/1 1-1/1* 11/1 5.00 N.t. 1

10 4-1/1 115/1* 1-15/1* 2 1/4 11/» »00 Nett 3

TRANSFORMERS DESIGNED AND BUILT TO MEET YOUR SPECIAL REQUIREMENTS
For government and industrial specifications

Data Systems Dept.
NORDEN DIVISION

UNITED AIRCRAFT CORPORATION
13210 Crenshaw Boulevard • Gardena. California

CIRCLE 922 ON CAREER INQUIRY FORM, PAGE 179
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computer designers:
career progress stopped up?

Data Systems can pull the stopper. Computer design and development 
engineers are needed to work on a variety of commercial projects. These 
include automatic industrial controls. s|>ecial pur|x»se digital data process
ing equipment, and advanced mark sensing systems involving high speed 
pajier handling devices. Expansion of the department to twice its present 
size in the next six months is creating plenty of room for fast advancement. 
Pay schedules are excellent. Working conditions are ideal. A new facility 
is plann<*d for the Newport Beach (Southern California) area.

If your present position has lost its challenge, or if you feel you're ready 
for the next step up. contact John Flynn, Area 23.

IDEAS FOR DESIGN

675V

two

Capacitor and Switches Provide 
Inexpensive Memory for Lamp

th.'
urei

B
age

S3
NE2 

or
NE 51

Inexpensive memory is provided for neon lamp by 
67.5-v source, capacitor and three switches.

A memory for a pilot lamp can be provided at 
minimum cost by use of a 67.5-v battery or de 
source, a capacitor and momentary contact 
switches. The circuit illustrates the basic principle 
involved.

In this circuit, use is made of the difference 
between the starting and sustaining voltages of a 
neon lamp. The 67.5-v source is adequate to sus
tain the discharge in the neon lamp once it has 
started, but is not adequate to start the discharge

The capacitor which is charged from the 67.5-v 
source through switch SI supplies a pulse when 
discharged through switch S2. This charge adds 
to the 67.5-v source, and thus starts the dis
charge. Now the 67.5-v source is adequate to 
sustain the discharge and the neon lamp will re
main lit, until it is extinguished.

To extinguish the lamp, the capacitor is again 
charged through SI. Discharging the capacitor 
through S3 subtracts from the 67.5-v source volt
age, and drives the voltage below that which is 
necessary to sustain the discharge. Thus the lamp 
is extinguished. Actual switch arrangements can 
b(* altered to suit the application.

Jack Koff, Engineer, Farrand Optical Co., New 
York 70, N.Y.

Fig.
does

Def 
inpi 
to t 

in I

Fig.
mea

, . . KEEPS YOUR DACK COPIES FOR HANDY REFERENCE
These strong, 12%, 12% x 5" binders offer an easy means 

of filing your back copies of Electronic Design. Each binder 
holds 13 normal size issues, and permits substitution of maga
zines if desired. Cost to Electronic Design subscribers is only 
$3.25.
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Measure Open-Loop Gain 
With the Loop Closed

In order to insure stability of a feedback am
plifier, it becomes necessary to check the open
loop gain and phase response. In the case of a 
high-gain amplifier, this becomes quite difficult 
since noise alone might possibly cause saturation.

The open-loop gain phase response may be 
made with the loop closed and thereby eliminate

A 
for-1 
freq 
pl fi 
an I 
pl t; 
th 
ta ii
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uses
suitable for intermetallic com-ANTIMONYFrom Fig. 1,

np by

BISMUTH
content of lessCADMIUM

INDIUM INDIUM ANTIMONIDE mereiai purity

SILICON NEW!
By derivation,

Dividing and simplifying yields the expression

eNew
€

or

EASILY INSTALLEDan

Bulletin So. 102A On Request
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TADANAC BRAND

LIGHT WEIGHT 
MOLDED PLASTIC

RESISTS CORROSION

INSULATES CIRCUITRY 
and BODY CAPACITY

zinc and tell- 
than 0.01 ppm. 
content of less

e

ed at 
jr de 
intact 
iciple

COLORFUL, 
LOW COST, 
PRECISION 

SHAFT TURNS 
COUNTER

no single impurity in excess of 
1 ppm.
total impurity content of less 
than 2 ppm.

1 and (5 are both frequency dependent. Therc- 
for > any constant amplitude ac signal of varying 

|uency can be applied at Et so that the am- 
pl Her output does not overload. The voltages e

tl difficulties inherent in the open-loop meas- 
ur ment. The method is shown in the illustrations.

By definition, p is the ratio of feed-back volt
age to input voltage.

Write for 
Bulletin H5850

available without cabinet for mounting in standard 19" 
Panel height only 12M»" inches. Specify Model KM93

COLORFUL 
for CODING and DESIGN

HOWELL INSTRUMENT COMPANY
3101 Trinity Street, Fort Worth 7, Texas

no single impurity in excess of 0.1 
ppm also other grades with a wide 
range of preform shapes and sizes.

Additional Specifications
Less than 10% from 1/10 load to full load at 32 V. output.
40 Amps, continuously at 45°C. Ambient.
125% of rated current continuously (50 Amps.) at 30 C Ambient. 
Pos/Neg terminals are above ground and isolated from AC input. 
115 volts AC 60 cycles single phase.
Switch, fuse, line circuit breaker, voltage control, pilot light.
DC output panel binding posts and terminal board at rear.
AC input - barrier type terminal board at rear.
22"L x 14"H x 15"D Weight: 160 lbs.

43-16 WALKER STREET • NEW YORK 13, N Y 
Telephone: WOrth 6-0380

.1 3 = - - 1 e

■ ran total impurity content of less 
LLHU than 1 ppm.
Q|| urn total impurity content of less 
OILVuH than 1 ppm.
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Define e' as the voltage at the junction of the 
input and feedback impedances, with the input 
to the amplifier open and the output shorted, as 
in Fig. 2

Zf+(A + l)Zi

Fig. 1. Conventional feedback amplifier configuration 
does not permit measurement of open-loop gain.

Zi 0 =----------  
Zf + Zi

HIGH PURITY METALS
for SEMICONDUCTOR and other

pounds — with
urium each less
total impurity
than 1 ppm.
total impurity
than 1 ppm.

TIN 
ZINC

Write for our new bro
chure on TADANAC 
Brand High Purity 
Metals.

rence 
! of a 
> sus- 
t has 
large 
17.5-v 
when 
adds 

dis- 
:e to 
11 re-

igain 
icitor 
volt- 
ch is 
lamp

can

ain- 
pen- 
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r be 
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th 
ta

Fig. 2. Two-circuit changer permits open-loop gain 
measurement without danger of saturation.

1 e' are then measured for amplitude and 
se. When one is subtracted from this ratio, 
open loop response of the amplifier is ob- 

ied.
\rthur M. Goldschmidt, 531 Kings Highway, 
rristown, N.J.

Metal Sales Division: 215 St. James Street W., Montreal 1, Quebec, Canada — Phone AVenue 8-3103 
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Regulation: 
Capacity: 
Overload: 
Polarity: 
Input: 
Controls: 
Terminals:

Dimensions:

I 
I 
i

0-32 V.D.C
40 Amps 

V2% Ripple 
Model KM93B

RECTIFIER

POWER 
SUPPLY

Vacuum Varnish Impreg
nated Magnetic Compo
nents
Short Circuit and Over
load Protection 
Non-Ageing Silicon 
Rectifiers
Natural Draft Cooling
AW' Rectangular 2% Ac
curacy DC Panel Meters 
BUDGET PRICED

Also 
rack.

ELECTRIC COMPANY
¡^mediate'! 
I delivery h

TheVerniDial H585O is a light
weight, reliable and economi
cal turns counter for accurately 
positioning multi-turn devices 
such as potentiometers, ca
pacitors, valves and other 
equipment where micrometer 
readout of a setting is desired. 
Graduated in hundredths, it 
accumulates to 20 turns... 
reading or positioning from 
zero to 2000/100.

7 Colors (solid or combina
tions!) : Black, Gray, Off-white, 
Yellow, Orange, Red, Green.



IDEAS FOR DESIGN Thyratron Provides Double &
Triple Coincidence Control

Multivibrator Design Shortcut

A common practice in designing saturating 
flip-flops is to first define the collector and emitter 
resistors (Rr and R() in terms of the load require
ments of the circuit. Subsequent calculations of 
the cross-coupling networks may be simplified by 
determining the maximum value of R> in this 
manner.

__ . 5

Assume : V, R,

KP-80, Actual Size

The KP-80 is a coincidence thyra ton 
which may be used in double or t pie 
control coincidence circuits, as we as 
conventional single-signal applicat ms. 
Operating on the ion deflection p in- 
ciple (registered U.S. Patent Off e). 
the KP-80 provides true symmet ical 
grid sensitivity in that large signals 
applied to one grid alone will NOT fire 
the tube, while small, low current 
signals applied simultaneously to both 
grids will cause conduction. The KP-80 
is used as an “and” gate, a binary

Then:

For proper temperature 
must be less than 17 when 
mum value. Therefore

. Rx IG 
I * co .

IG + IG

stabilization 17 off
,0 readies its maxi-

can your 
business 

. afford

Fe___ . + i 
Hi + H.

co max

co max

IG IG 
IG IG. 
IG IG

IG + IG
I e R1 + Ve IG 

v, ig

counter, for relay closure, etc. Because it combines 
many circuit functions, the KP-80 eliminates from 14 
to 25 precision circuit components, thus reducing space 
and weight, and contributing to improved equipment 
reliability. The KP-80 is found in conveyor selection 
systems, coding & programming devices, automation 
control apparatus, etc. A subminiature version is also 
available (type KP-150) which also provides visual 
indication as well as double coincidence operation. For 
details on these and other special purpose electron 
tubes, contact:

17 R
KIP ELECTRONICS CORPORATION
Dept. 924, Box 562, Stamford, Connecticut 
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power supply-
failure ?

“Emphatically no”!, says Frank Marx, 
Vice President, engineering of the ABC- 
TV network in New York. “In network 
broadcasting a power supply failure can 
not be tolerated. That’s why ABC relies 
on transistorized power supplies by 
POWER SOURCES, INC.”

*vs* FOR TIMELY 
DESIGN 
INFORMATION

The power supplies shown in the photo
graph are Model PS-4000B . . . typical 
of the broad industrial line of POWER 
SOURCES precision, transistor regulated 
supplies. Other supplies available range 
in output front 4.5 volts at 10 amps to 
300 volts at 1.5 amps. Each is “short- 
circuit protected” and designed to provide 
a highly regulated source of power for 
critical Industrial or Military applications. 
Write for complete specifications.

POWER SOURCES
BY

POWER SOURCES, INC

Cross coupling network calculations are simplified in 
multivibrator circuit.

This relationship quickly determines an approxi
mate value for IG and the required value of IG 
may then be calculated using the minimum 
value of //ft.

In this discussion, only de was involved. Hence 
compensating capacitors were not included in 
the schematic.

Thomas L. Thompson, Cook Research Labs., J 
Division of Cook Electric Co., Chicago, III.
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WrIn Electronic Design, engineers find not only more new for 
products, but all the new products normally encountered in 
the design of electronic original equipment. 26-time publish
ing frequency brings this information quickly to the engi- e , 
neer’s attention, timed to a fast-moving industry. Electronic p ! 
Design is more up-to-the-minute, more complete, more help- k >i 
ful, and easier to read than any other electronic publication. | 
No wonder more and more engineers read Electronic 
Design first! F ,

ELECTRONIC DESIGN .
a HAYDEN publication J

830 THIRD AVENUE, NEW YORK 22, N. Y. 54

ELECTRONIC DESIGN • November 25, 1959 E

Burlington, Massachusetts
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SHOWN FULL SIZE

MODEL 1310N

ANALOG-TO-DIGITAL CONVERTERS
ndefinite long-term stability

one count accuracy

22V

4vpp 50yf, 25V
CIRCLE 380 ON READER-SERVICE CARD

3.3K I N9l

54 mw

BRIDGEPORT PENNA

CIRCLE 382 ON READER-SERVICE CARD

1471959

cation

ctronic

Outstanding Design in UHF, VHF, 
2-Way and Microwave Antennas

c new 
;red m 
ublish- 
; engi- 
ctronic

Eliminating standby power allows pseudo class A 
operation of transistor in power supply circuit.

#1975
-14 mmf

#1951 
- 35 mmf.

#1464
-75 mmf

#1875 
i -5 mmf

Efficiency
Stand-by power
Total harmonic distortion

Write ' 
for our 
new catalog

as follows: 
= 400 kc 
= 1.3 w 
= 530 mw 
= 1.8 mw 
— 20.5 db

J MANUFACTURING CORP.
18 Rockaway Valley Rd., Boonton, N J

lyre ton 
M' t pie 
we as 

icat ins. 
n p in- 
Ofi -e), 
net ical 

signals 
’OT fire 
cu. ent 
to both 
! KP-80 

binary 
)mbines 
from 14 
g space 
npment 
(dection 
imation 
is also 
visual 

on. Foi 
dectron

r We ore now 
located in our new, 

larger plant

RELIABLE! - JOHANSON'S SEALED 

VARIABLE AIR CAPACITORS

Donald W. Boensel, Member of Technical 
Staff, Space Electronics, Glendale, Calif.

Transistor Runs Pseudo Class A 
In Power Driver

Under zero signal conditions, QI is cut off and 
the collector current is maintained at a small value 
by the reverse leakage path afforded by diode 
DI and the emitter degeneration resistor. When 
signal is applied, capacitor Cl charges through 
DI to a positive voltage Vx as shown. This volt
age biases the transistor into a quasilinear oper
ating range for the particular average level of 
applied signal.

• High Q
• Low temperature coefficient
• Mechanically rugged

Write for complete information

Performance of the amplifier
Frequency
Pdc (required dc power)
Po (into 150 Q load)
Ptn (into eff. 800 Q Rin)

...two good reasons why Franklin’s Series 1300 
instruments are preferred in dozens of demanding 
applications But there's more ...
Series 1300 Analog-to-Digital Converters are avail
able in four basic configurations—off-the-shelf, ready- 
to-operate. Matching accessories perform additional 
functions—convert codes, extend sensitivity, provide 
for a-c input signals, furnish automatic features ... 
give the engineer complete freedom in his data system 
design.

For all the facts, request Bulletin 606.

Er .neered and manufactured for 
P ak efficiency, maximum mechani- 
c< stability, simple installation and 
k >| trouble-free life.
F RAI JLAS and Point to Point
f r 450, 90C, 2000 and 6000 MC. Up 
t 15 diameter. Rugged HELLIARC 
r ded aluminum construction.
F HWAY and VEHICULAR
r v lew profile R R antenna a brand 
r v Mark development!

argo Avenue W'ORchard 3-1500 Skokie, Illinois 
CIRCLE 381 ON READER-SERVICE CARD
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w 2 WAV COMMUNICATIONS
Mark High Gain patented Fiberglas 
Construction omnidirectional base 
station antennas provide gains up 
to 10 db.
SPECIAL DESIGN
Mark offers a complete engineering 
and research service in antenna de 
sign and manufacture . . . now sup 
plemented with greatly increased 
plant facilities.

2N6OI
s ^oad:
¿ I I5O.ÍT
<22Q 1---------

A medium power driver amplifier was needed 
to supply approximately 500 mw at 400 kc to a 
single-ended load. The design of a transformer
coupled push-pull stage was considered. How
ever, it was felt that the job could be done with 
a single, medium-power rc coupled transistor am
plifier operating pseudo “class-A”. Such a circuit 
would be acceptable if the objectionable stand
by power, usually associated with class A opera
tion, could be eliminated.

The solution chosen uses a 750-mw transistor 
in a signal-biased linear mode of operation. With 
this arrangement, collector dissipation decreases 
with signal level and becomes negligible under 
zero signal conditions. The circuit shown illus
trates the method.

ANALOG-TO-DIGITAL CONVERTERS

jtmaira

FOR SENSITIVITIES UP TO 100 MICROVOLTS PER DIGIT. 
SEE THE FOLLOWING LISTING.

MODEL * INPUT SIGNAL READOUT

POLARITY 
ANL DECIMAL 
INDICATION

1310 000 0 TO 120.0 V DC VERTICAL NO
1310N SAME AS MODEL 1310 IN LINE 

(NIXIE)
YES

1321 000.0 TO 123 0 V DC, 
1 TO 100,000 MMT

VERTICAL NO

1321N SAME AS MODEL 1321 IN LINE 
(NIXIE)

YES

FUNCTION AND RANGE EXTENDING AMPLIFIERS

MODEL GAIN RANGES

GAIN SWITCHING
AUTOMATIC 
POLARITYLOCAL REM. AUTO.

319RA 1, 10, 100, 1000 YES NO YES YES
319R 1, 10. 100, 1000 YES YES NO NO
319 1, 10, 100, 1000 YES NO NO NO
318RA 1, 10, 100 YES NO YES YES
318R 1, 10, 100 YES YES NO NO
318 1. 10, 100 YES NO NO NO
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Phone; Idlewood 2-8182A Division of Pacific Inducirlos. Inc

Capacitor Supplies
Solenoid Pull-in Energy

A high-impedance source may be adequate to
hold a solenoid once it is pulled in but not ade
quate for pull-in. A capacitor can often be used 
to advantage as shown to avoid replacing the 
power supply with a lower impedance source.

The energy for pull-in may be obtained by 
charging the capacitor across the high impedance 
line to full open circuit voltage. When the 
solenoid switch is closed, the capacitor discharges 
through the solenoid. This charge provides the 
initial burst of energy needed to operate the 
solenoid. As the surge decays, the normal supply 
takes over.

The capacitor will recharge when the switch 
is opened and will be ready for the next cycle. 
The rate of operation and the size of the capaci
tor are dependent upon the other circuit param
eters.

Arthur Goldschmidt, Electronics Engineer, 
Moorcstown, N.J.

Capacitor charge enables high-impedance source to 
pull in solenoid.

Speed and Direction Control of 
A Universal Motor

A simple method for remote, 2-wire, speed and 
direction control can make a small universal motor 
much more valuable in some applications. Here is

Simple rewiring and advanced brushes provides
speed and direction control for universal motor.

MILL M ICROSECOND
PULSE GENERATOR

Ultra fast risa time (2.5 millimicro-
seconds) and high frequency for

advanced solid sfafe, computer 
and research applications

MODEL 120B F.O.B. OAKLAND, CALIF. $1275

The 120B offers unique perform
ance advantages over mercury and 
competing electronic generators. 
The 2.5 millimicrosecond rise time 
feature is ahead of the field and 
offers a new tool for fast, high reso
lution work. Two independently 
variable outputs add to its flex
ibility, as does the wide range of 
frequencies provided (10 cps to 10 
Megacycles). Available also are an 
advanced scope triggering pulse and

W £

a fast, flexible gating input for com
plex pulse-time and pulse-amplitude 
selection.

SPECIFICATIONS
RISE TIME (10% to 90%)

Less than 2.5 millimicroseconds
PULSE WIDTH

2.5 to 25 millimicroseconds
REPETITION RATE (External or Internal) 

10 cps to 10 Mc
OUTPUTS

(Two Independent Output Channels)
Amplitude, 0 to —8 volts (also 0 to +8)
Impedance, 93 ohms

TRIGGER OUTPUT
Positive 15 volt pulse

CONNECTORS
All BNC type

TRIGGER ADVANCE
120 millimicroseconds

EXTERNAL DRIVE
Delay, 50 millimicroseconds
Amplitude Required, 3 volts rms

ELECTRONIC GATE
Gating Time, less than 
100 millimicroseconds
Amplitude Required, positive 20 volts

Write or wire E-H for additional information

T 
ir 
u 
N 
ci 
F 
o
Cl 
ir

E-H RESEARCH LABORATORIES, INC.
1922 PARK BLVD. • GLENCOURT 2-1314 • OAKLAND 6, CALIFORNIA
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Now from CMC Need a Miniature
SOLID STATE DCU’s

9
8
7
6
5
4
3
2
1

o

o0
these units may

1 me and 220 kc

Computer Measurements Company’*» 
high reliability transistorized DCU’s 
are ideally suited to industrial and 
weapons system applications.

Models 100T (0-220 kc) and HIT 
(1 mc) measure 1" W x 4%* H x 

D and weigh only 6 ounces. 
Power requirements are —18 v at 
170 ma, —6 v at 2 ma. Direct read
ing from 0 to 9 with either vertical 
numeral panels or Nixie readout, 
be connected in cascade to obtain

any total count required. 1-2-2-4 binary coded decimal 
output ia available to drive digital recorders, etc. Model 

100T — $130.00; HIT — $175.00. 
Quantity discounts and special OEM 
prices on request.

CMC i

Printed Circuit Switch?

S30-42B 
SERIES

CMC solid state DCU’s are part of 
। the most complete line of decade 

counting units available from one 
I source. Write for DCU catalog Dept. 
11911-A.

Computer 
Measurements Co
12970 Bradley Avenue
Sylmar, California

CALL OR WRITE

HERRY ELECTRICAL PRODUCTS CORP.
1645 Deerfield Rd., Highland Park, III.

* Gold flash and other special contact 
material for low voltage applications

• Positive overtravel stop
• Special terminals for easy printed 

circuit insertion
• Small size (’/4" x ’/2" x 1")
• Over 50 actuator variations including 

cam followers
• Rated: 10 amps/125 V a-c

5 amps 250 V a-c 
’/3 hp 125/250 V a-c

ELECTRONIC DESIGN • November 25. 1959



O volts
ormation

1959

CONSTANT IMPEDANCE 
MICROMICROAMMETER

ELECTROMETER 
AMPLIFIER

ELECTROMETER 
MULTIMETER

Model No. 203

This is a constant impedance 
instrument for automatic meas
urement of very low currents. 
Measures transistor Ieo, diode back 
current, capacitor leakage current. 
Fast response time, even with large 
overloads. Provisions for remote 
control. Both chopper and vibrat
ing reed models available.

Model 201C f.o.b. Oakland, Calif. $650

The 20IC makes both DC and AC 
measurements to 10'15 ampere in 
the low current region. Excellent 
DC stability, fast response, low 
noise and high sensitivity make 
it an outstanding instrument. 16 
ranges, IO’6 to 3 x 10 15 ampere, 
and response to 40 microseconds 
give it exceptional flexibility.

Model No. 215

Excellent stability 30^v/volt line 
change; high input impedance 
101SQ; good sensitivity 200^v; 
large band pass 5 Kc. Uses — 
via external R, C, or E: millivolt
meter, 10 mv to 10 v scales, fast 
response; ammeter, < 1014 amps; 
ohmmeter, >101H ohms; current 
integrator, < 1013 coulomb.

E-H instruments are designed to meet the critical requirements of advanced work. Thanks to superior 
engineering and the finest components, these instruments have a remarkable record for stable performance.

Write or wire E-H for additional information

CIRCLE 386 ON READER-SERVICE CARD

Small 
Custom 
Thermosetting 
Parts

Deeco Instruments, Inc 
manufactures the in
dustry's most complete 
line of filters as stand
ard items. Our research 
and engineering staffs 
are constantly working 
with customers to pro
vide filters to meet 
specific requirements.

Telemetering, Low Pass, High Pass, Band Pass
The BP-110 Series Telemeter
ing Band Pass Filter provides 
constant time delay through 
the passband. High impedance 
outside the passband allows 
single low impedance source.

Write today for 
complete technical 
data and 
information on 
other Deeco filters 
and toroidal 
components.

INSTRUMENTS, INC.r otxztA 14737 Armjnta st ( Van Nuys Cahf 
TRiangle 3-3911

in Quantities off 
50 to 200,000 
at low cost

Development of a unique automatic trans
fer press, permitting a simplified mold 
design and greatly reduced mold cost, 
has exploded the high cost of small run, 
precision thermosetting parts—runs of 
50 to 200,000 parts are economically 
produced.

Precise control of the molding cycle 
permits closer than normal tolerances.

This low cost molding operation, com
bined with specialized secondary equip
ment for drilling, tapping, insert assem
bly, etc. will give you economical 
custom-built components.

Request complete information

2-6660

INC.
565 HILLGROVf AVENUf • LA GRANGE, ILLINOIS • P.O. BOX 373

one method of accomplishing this modification 
that will fit most applications.

Advance the brushes ahead of the field-pole 
center by 45 degrees. If the brushes are then 
short-circuited, the motor will run in the reverse 
direction as a repulsion-induction motor. Thus, by 
running two leads from the brushes to the remote 
location, and connecting them to a variable 
resistor, speed control is obtained as the resistor 
is varied, going from full-speed in one direction to 
full-speed in the other.

Unless the motor is designed for this service, 
an ordinary motor will run hot. However, this is 
adequate for light or intermittent duty.

Robert A. LeMassena, Senior Engineer, Minne
apolis-Honeywell, Heiland Division, Denver 22, 
Colo.

Motor Drive
Helps Check Wide Range Amplifier
The motorized arrangement shown in the dia

gram was used to check the amplitude response 
of a 60 me logarithmic amplifier over a 60 db 
dynamic range. Suitably modified, the arrange
ment can be used to check other instruments over 
other ranges.

The 60 me pulsed oscillator supplies a test sig
nal which is fed to the waveguide attenuator. The 
decibel output of the attenuator is proportional to 
the position of the shaft which drives it. This shaft 
is driven by a small motor which also drives a 
10-turn helical potentiometer which supplies the 
sweep voltage for the scope.

The amplifier is assumed perfect when the top 
of its output pulses form a straight diagonal line.

D. Renkowitz, Engineer, Airborne Instruments 
Lab., Garden City, N.Y.

AMPLIFIER LnjiflJl SCOPE

8 DETECTOR

Wlr

60 me -Wr
10 TURN 

" POT.

CAM

MOTOR

WAVEGUIDE 
ATTEN.

ATTENUATION J /
SETTING SHAFT /

MICROSWITCH 7 

FOR REVERSING MOTOR

Simple arrangement checks response of wide-range 
logarithmic amplifier.
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PATENTS
Phase Shift Detector
Patent No. 2,901,612. Leo E. Dwork, 
Chaang Huang. (Assigned to Sylvania 
Electric Products, Inc.)

An fm discriminator comprises com
plementary symmetry transistors which 
produce a resultant output linearly re
lated to phase shift, essentially the devia
tion off resonance.

The pnp transistor T3 and npn tran-

I need creative engineers for 
advanced gyro and 

electrical components design 99

26

Jack Lower, Chief of Gyro Design 
Honeywell Aeronautical Division

LIMITER I

29

28-

36-^

R3

R4

dM

AUDIO 
AMPLIFIER

34

“Way back in 1949, my team at Honeywell developed and flight tested 
the floated gyro for control systems. Since then we have become the 
focal point for a multi-million dollar component development program, 
supporting the inertial navigation industry. This is, perhaps, the most 
advanced program of its kind. It has expanded rapidly and is now in 
need of additional top level engineers.

“The men I need to work with me are creative men—able to 
develop advanced concepts for gyros and to follow through on their 
projects. The work includes all areas of gyro design. It involves pre
cision gyro and accelerometer design, hydro-dynamic bearings, vibratory 
mechanisms, precision electric suspension techniques, gyro magnetics, 
and ferro-electric motors.

“The people I want have a minimum of two years’ (and up to 
twenty years’) experience in such areas as precision gyro mechanics, 
servo techniques, digital data handling, electronics packaging, advanced 
instrumentation, or magnetic component design.

“If you are such a person, I’d like to hear from you. Just drop 
a line to my technical director, Mr. Bruce D. Wood, including perti
nent information on your background, interests, and accomplishments. 
He’ll arrange a meeting—to answer your questions—to discuss your 
plans and the possibility of a career with Honeywell.”
Write: Bruce D. Wood, Technical Director, Dept. 73B.

Sampling Circuit
Patent No. 2,900,507. Samuel C. Rogers. 
(Assigned to Bell Telephone Labs, Inc.)

The pulse position demodulator de
velops a de voltage proportional to the 
time separation of two pulses.

Slope circuit 7 generates a linear volt
age waveform triggered by pulse refer
ence source 4; no current flows through 

sistor T4 are connected with the emitters 
and bases in common with diodes 36 and 
38 to prevent collector current flow when 
the emitter to base is cut off. At reso
nance, the input signals are shifted 90 deg 
in phase; below resonance the shift is less 
than 90 deg and above resonance the 
shift is greater than 90 deg. Due to the 
symmetrical arrangement of the comple
mentary transistors, the voltage developed 
across the load increases with frequency.

resistor 13, however, since battery 12 
initially sets pnp transistor 11 beyond cut 
off. Later, pulse code source 5 triggers 
generator 6 to drive the transistor to sat
urated conduction and capacitor 14 
charges during the pulse time to the 
instantaneous value of the linear voltage 
waveform. Subsequent discharge of the 
capacitor is determined by leakage resis
tor 15.

W MINNEAPOLIS -----------------Honeywell H
1433 Stinson Blvd., N. E, Minneapolis 13, Minn.

Fine opportunities also exist in other Honeywell development and manufacturing 
facilities in Boston, Philadelphia, Los Angeles, Minneapolis, Seattle, St. Peters
burg, Chicago and Freeport, Illinois and Denver. Send resume to H. T. Eckstrom, 

Dept. 73B, Director of Employment, Minneapolis Honeywell, Minneapolis 8.
CIRCLE 920 ON CAREER INQUIRY FORM
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the feedback network. This constitutes an

actance tube devices.

CIRCLE 921 ON CAREER INQUIRY FORM

-ECTRONIC DESIGN

DIVISION

Write: Bruce D. Wood, Technical Director, Dept. 73A

Delay Network

?atent No. 2,890,333. Manvel K. Zinn.
Assigned to Bell Telephone Labs., Inc.)

The circuit shown in the figure is an
all-pass network, since there is no loss at
anv frequency; the delay varies directly
with change of adjustable resistance.

stage 8 which is characterized by a series
LC between output and input and cou-
pled resistors 15 and 14 which respec-
tively adjust the tube transconductance
and output impedance reciprocally. When
the resistors track, the delay varies as
resistor 14. The height and shape of the

less 
the 
the 

ple- 
ped 
icy.

12 
mt 
ers 
at-
14 
he 
ge 
lie 
is-

Tubes 18 and 22 isolate phase adjuster
delay characteristic may be varied further
In making L and C variable.

~ <16 30

Cories Perkins, Chief of Flight Control Systems 
Honeywell Aeronautical Divisionxiuneyweu avion

* I need analytical, systems

Variable-Frequency Oscillator Amplifier 14 is tuned by the L-C tank
component engineers to

Patent No. 2,902,656, Robert O. Soffel.
(Assigned to Bell Telephone Labs, Inc.)

The oscillator is made variable by
means of an adjustable phase shifter in

improvement over the conventional re-

in the grid-cathode circuit and oscilla
tions are produced by feedback through
capacitor 18 in series with amplifier 19.
The frequency of oscillation may be
changed by resistor 20 in conjunction with
capacitor h and resistor 21.

The feedback path contains an addi
tional phase shifter comprising the inter-
nal resistance of tube 23, capacitors 25
and 26, and resistors 27 and 28. A control
signal applied to terminal 39 changes the
internal resistance of tube 23, shifting the
phase of the feedback voltage; the fre-
quency of oscillation changes to main-
tain zero phase shift at the grid of tube 14.

November 25, 1959

work in flight control system ° w
Our team at Honeywell introduced the first successful electronic auto-

pilot in 1941—the C-l of World War II fame. Since, we have produced
more flight control systems than any other company and have devel
oped concepts in flight control that are now standard in this field.
Today, most top aircraft and missiles are equipped with Honeywell
flight controls. Our group has expanded steadily and now we need
additional engineers.

I’m looking for analytical engineers capable of simulating (mathe
matically on paper or computers) characteristics and problems in
missiles and aircraft control, stability, and control systems. These men
have good math backgrounds with analog computer experience.

Systems engineers for our group should be capable of interpret
ing analytical results into navigation, guidance, or flight control sys-
tems. They should be electrical engineers experienced in systems—
ideally, with experience in flight control in the aviation industry.

Components engineers should be electronics men with emphasis
on transistor circuitry. These are the men responsible for designing com
ponents which go into the system. Must have circuitry design experience.

If you fit one of these categories, I’d like to hear from you. Just
drop a line including pertinent information on your background,
interests, and accomplishments to my Technical Director, Mr. Bruce
D. Wood. He will arrange a meeting—to answer your questions about
Minneapolis-Honeywell—to discuss your plans and the possibility of
a career with Honeywell.

■■T Wf MINNEAPOLIS V V -----------Honeywell H
UAU CVUUCI I

AERONAUTICAL
1433 Stinson Blvd., N.E., Minneapolis 13, Minn.

HONEYWELL

Fint opportunities also exist in other Honeywell development and manufacturing 
facilities in the Boston area, Philadelphia area, Los Angeles area, Minneapolis, 
Seattle, St. Petersburg, Chicago and Freeport, Illinois, Denver and the Washington, 
D.C. area. Send resume to H. D. Eckstrom, Dept. 7SA, Director of Employment, 
Minneapolis Honeywell, Minneapolis 8, Minnesota.



THE AMCO MODULAR 
INSTRUMENT ENCLOSURE SYSTEM

ACCESSORIES

■Ri
TWO COMPLETELY NEW LINES ADDED IN STEEL AND ALUMINUM TO GIVE 

3 COMPLETE MODULAR FRAME LINES IN ONE OVER-ALL SYSTEM
A Amco Custom Line. Removable multi- 

panels and cowlings based on 19' incre
ments of width. Custom, single-unit ap
pearance for frames mounted in series — 
ideally suited for complex console ar
rangements. The 19'if>* width of frame 
saves space in series mounting of frames. 
Constructed of double-channel 16 gauge 
cold-rolled steel. Conforms to EIA 
mounting standards.

B Amco Semi-Custom Line. Removable 
multi-width cowlings provide a semi
custom, single-unit appearance for 
frames mounted in series. Extra rugged, 
wide box-type channel frames provide 
greater internal mounting area. 19' wide 
panels of any thickness can be recessed 
— from a flush-mounted position to any 
desired depth. Box type channel con
struction of 14 gauge cold-rolled steel. 
Conforms to EIA mounting standards.

C Amco Aluminum Line. This system of 
aluminum box extrusions and cast 
corners allows easy assembly of cabinets 
in any size from 7' to 20' in height, 
width or depth. Corners and extrusions

lock together by hand with built-in lock
ing device. All sizes are standard. Ideal 
for stocking and odd-ball sizes. Cast 
and hardened corners of 356-T6 alumi
num as described in Federal Spec. 
QQ-A-596a. Extrusions of 6061-T6 
aluminum as described in Federal Spec. 
QQ-A-270a.

D Amco Accocaoriec. A full line of Amco 
integrated accessories such as blowers, 
chassis slidesand mounts, lighting, doors, 
drawers, dollies and many more avail
able for A, B and C shown.
Cost savings. All the above —or any 
part thereof—may be ordered under one 
combined discount schedule base de
termined by order dollar value. Orders 
received at one time with one delivery 
date may also be combined. Free pre
assembly by Amco provides additional 
savings in time and installation.
3 week delivery on all standard parts. 
We welcome inspection of our plant and 
facilities. Send for your free literature 
now.

PATENTS
Stereophonic Sound Propagation System

Patent No. 2,904,632. Sidney E. Levy. 
(Assigned to University Loudspeakers, 
Inc.)

Since, in a stereo system, only the 
higher frequencies are directive, a low 
cost system has been devised which uses 
one high quality speaker with one or more

LOIA/- PASS 
r/L r££.

coAmeoL

—/J

¿MPt/s/ee FT

Model 1245 
with 1 Oser

AMCO ENGINEERING CO.
7333 W. Aln»ll. Street, Chlcogo 31, llllnol» 
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cheap middle and high frequency re{ q. 
ducers.

Two systems are illustrated. In Fig h 
speaker 10 reproduces the full range of 
amplifier A and the low-pass filter 16 n- 
ergizes a separate voice coil 12 with sig >al 
from amplifier B; speaker 18 reprodi es 
the high-frequency output of ampli ier 
B. In Fig. 2, the two separate coils 25 ; nd 
26 are energized by the low frequent ies 
delivered by amplifiers A and B and e ch

¿£V£L

J
-22

$930

Q MEASUREMENTS?. . . 
1 Kc to 300 Me? . . .

New Q Meter Model 1245 has widest frequency range ever, 
is direct reading in Q and A Q and losses are so low that 
corrections are seldom required. Separate plug in oscilla 
tors add flexibility and economy. Does this one instrument 
cover all your Q measuring requirements?

Freq. Range 
Q Range 
J Q Range 
Cap. Range 
Oscillator 1246 
Oscillator 1247

IKc to 300Mc 
5 to 1000 
to ±50
7.5 to 500/z/zF 
40Kc to 50 Me 
20 to 300Mc

Technical Brochure 
Freely Available

Fig. 1
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111 CEDAR LANE • ENGLEWOOD, NEW JERSEY 
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For individual packaging or kits

Also Available in Color
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MGH-AISS 
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Wide range 
Lower ship-of sizes • 

ping costs
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ELECTRONICS ASSOCIATES, INC.
99 Dover Street. Somerville 44, Mass.

Somerset 6-5130 TMX SMVl 1S1 West. Union WUX

ipli ier 
25 und
lem ¡es 
d each

otherwise be a hill-range reproducer of 
the outputs of the amplifiers in a mon* 
expensive system.

Broadband Balanced Amplifier

Patent No. 2,904,643. Hugh P. Kelly and 
Robert L. Nichols. (Assigned to Bell 
Telephone Laboratories.)

In an RC feedback circuit, the amplifier 
is frequency-sensitive since the capacitive 
reactance is high for low frequencies. The 
invention is a circuit arrangement which 
provides de coupling of the degenerative 
feedback.

cost • Reusable

iitional speaker is controlled by an am 
Her exclusively at the higher frequen

It is obvious that speaker 24 migh

This 3" AJA AC EPOT® (shown Vs-scale) meeting all MIL 
specs, is available, in a range of accuracies, for prompt delivery.

is fed through resistor 13 in the cathode 
of the driver amplifier 5. The sense of the 
feedback through the common resistor 13 
is negative and the connection is direct 
without a coupling capacitor.

AccpofjO Acctrim* AcMct® Ateohm® Appi, fee

CIRCLE 394 ON READER-SERVICE CARD

Met the whole Ace family yet? ( h have your requirements to 
date in precision pots been only in Vi”, or wirewound? The 
famous Ace reliability, quality control and mass production 
facilities are not just limited to the above, no sir! Just consider 
Ace s complete range ol standard sizes lor instance — not just 
Vi”, I 1/16", but sizes including A.LA., up to 6"!

Write for complete prices and literature 

LERMER PLASTICS, INC.
572 South Avenue, Garwood, N. J.

PIONEERS ANO SPECIALISTS IN PLASTIC CONTAINERS SINCE 1919
CIRCLE 393 ON READER-SERVICE CARD
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All these, in bushing, servo and universal mounts, in potentiom
eter and trimmer parameters. And . . . there are specials, 
multi-gangs, quick-cup-change designs, linear and non-Iinears 
and rectilinears — all in standard and special accuracies and 
conformities, both in wire-wound and conductive plastic. In 
short, when you can get Ace-quality in your IT
every potentiometer need, get it the easy 
way: set your I repl \\ rite for complete

Shatterproof, Clear Plastic Containers 
far packaging individual components!

-.11 V / VO ' A



PATENTS

CTFDDFD automatic J I Er r Cn pulse timer
COUNT

SELECTOR 
KNOB—s

DIAL INPUT
PINION-7

COUNT SELECTOR i 
tJNPUT PINION 
\COUNT SELECTOR

GEAR-----7t

CAM FOLLOWER
\ LS-2

7.2 I 72:1

INDICATOR DIAL
INDEX CAM 
DRIVE GEAR

STOP 
WATCH

NCl
LS-I

WATCH-* 
SOLENOID

INDICATOR 
LAMP-?

SM-130 
STEPPER 
-MOTOR

INDEX
CAM

7.2 I — CAM 
FOLLOWER

CLUTCH

CLUTCH SOLENOID

4- GROUND -28V DC 
POWER +28V DC. 
EXTERNAL START 
EXTERNAL RESET 
PULSE INPUT

OPERATION KNOB
STOP & RESET- 

(START, STOP. & RESET)
AN3I02E-I4S-5P 

CONNECTOR

Polystable Trigger Circuit

Patent No. 2,901,608. Robert C. Paulsen 
and Arthur H. Dickinson. (Assigned to 
IBM Corp.)

A modified Eccles-Jordan trigger cir
cuit permits polystable switching which 
can easily be reversed. The circuit is suffi-

ciently stable for data processing appli
cations.

Let the manual switches be set to posi
tion 1 as shown and let W3 return to a 
negative bias supply. In this condition, 
triode x of V3 is conducting, tube V\ is 
cut off and tube V2 conducts slightly. A 
negative pulse from source S causes the

.American Beauty... an iron 
for every Soldering Job

This Automatic Pulse Timer mounts in a 
standard 31/»" mounting. The initial usage 
of the Automatic Pulse Timer was for a difficult instrumentation prob
lem encountered on test aircraft—timing the pulses from a fuel flow 
transducer and thus determining specific fuel consumption. It success
fully replaced a complex and unreliable method.
The Automatic Pulse Timer incorporates an uni-directional Stepper 
Motor along with complimentary gears, cams, solenoids, switches, an 
indicator light and—for an accurate independent time base—a stop 
watch. It is designed to visually record the lapsed time of an occurance 
of a specific number of electrical impulses. The Pulse Timer can count 
pre-selected quantity of 2 to 60 pulses, having a uniform or variable 
rate up to 25 pulses per second.
In this application the combined accuracy of the fuel flow transmitter 
and the automatic pulse timer is better than 1%, and of this the timer 
contributes essentially no error. When the broad input requirements 
are available, the unit can be used for timing pulses regardless of the 
source from which they may originate.
DETAILED OPERATIONAL SEQUENCE IS AVAILABLE UPON REQUEST.

STEPPER MOTORS corporation

Subsidiary of California Eastern Aviation, Inc.

203-B
WRITE FOR 20-PAGE ILLUSTRATED CATALOG CONTAINING FULL INFORMATION ON OUR 
COMPLETE LINE OF ELECTRIC SOLDERING IRONS—INCLUDING THEIR USE AND CARE.

Whatever your soldering problem, American 
Beauty has the right iron for your particular 
job. The finest engineering, best materials 
and on-the-job experience since 1894 is 
yours with EVERY American Beauty. 
There is a right model, correct tip 
size (J4* to 1^") and proper 
watt-input (30 to 550 watts) to 
do any soldering job. Ask 
about which iron will do 
your job best. American 
Beauty electric sol
dering irons are the 
highest quality 
made.

ILLUSTRATED IS 
CATALOG NO. 3125 

W TIP SIZE, 60 WATTS

TEMPERATURE REGULATING STANDS 
Automatic devices for control
ling tip-temperature while iron 

is at rest—prevent overheating 
of iron, eliminate frequent re

tinning of tip, while main
taining any desired tem
perature. Available with 

heavy-gauge perfo
rated steel guard— 

protects user's 
hand.

AMERICAN ELECTRICAL HEATER COMPANY
DETROIT 2, MICHIGAN
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according
Fletcher-Munson curves,

levels, the circuit attenuates theall power

In theind low frequency components,

the left section ofcauses no

finish on TAYLOR copper-clad

VULCANIZED FIBAELAMINATED PLASTICS
CIRCLE 398 ON READER-SERVICE CARD
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REQUIREMENTS
Applications:

Computer Circuits 
Audio Coupling 
Tuned Filters 
PFN 
Energy storage 
Oscillator Circuits 
Power Supply Filter 
Power factor 

correction (
Arc and Spark 
Supposition 
Integrating Circuits 
Audio & RF bypass 
Analog Computers .
Low and high pass 
Alters '
Radio Frequency ’
Coupling ।

*Dupant Polyester Film
Write for

V3 but section x conducts hard and the 
feedback from V2 through capacitor C2 
causes section x to saturate as the left 
section is driven to cutoff. The waveform 
at terminal B, Eb, reverses as the switches 
are shifted to position 2.

quency spectrum

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.

IcH section of V3 to conduct making sec
tion v conduct less; the positive pulse al 
H drives Vi to conduct weakly since its 
and ties back to the negative supply W3. 
\ second negative pulse from source S 
drives the left section of V3 harder and 
feedback through capacitor Ci causes this 
side to saturate with section x of V3 cutoff. 
\ third negative pulse from source S

Metallized Mylar’ ha» outstanding advantage* whieh are extremely 
desirable. They include self-healing characteristics which greatly 
extend the usetul life of the capacitors Elimination of the weak 
dielectric areas make full use of the highest volts per-mil rating of 
the film. This produces capacitors which are extremely small, but 
have longer life, greater reliability with economy Temperature range, 
for operating and storage minus 90 c to 125°c, capacitance toler

ances are 1*», 2%, 5%. 10' o, 20%; low dielectric absorption 
and high resistance arc Just a few advantages. For complete literature 

with curves, complete listings, technical information and illustrations, 
write today.
Available in two case styles—bathtub (TYPE AR-—Metal—elad 
miniature (tubular—TYPE AM)

■ full details and Illustrated literature.

specified design, the reactance capacitor 
22 at 20 cps is selected to equal the re
sistance of potentiometer 20. At midfre
quency, say 1500 cps, resistor 24 is chosen 
to match the reactance of capacitor 22. 
The circuit consists of the ganged dual 
¿inns so that the Fletcher-Munson curves 
are matched more precisely.

CIRCLE 397 ON READER-SERVICE CARD
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NEW "Metallized Mylar 
CAPACITORS”

Tone Compensated Loudness Control
Patent No. 2,900,609. Michael H. Estow- 
ski. (Assigned to V-M Corp.)

A voltage divider comprising an ad
justable resistor 20 in series w ith capaci
tor 22 and resistor 24 produces uniform 
hearing loudness over the audio fre-

Pfojtte Câpaciftfu, 
2620 N. Clybourn Chicago 14, Illinois 01 8-3735



FLECTRO TECanother first from

the largest electrodeposited 
“pancake’’ slip ring

FOR THE UNITED 
STATES AIR FORCE

*Pat. No. 2,696,570 and other patents pending.
Write Electro Tec Corporation on all your slip ring requirements.

WHAT IT DOES: This unit is incorporated 
in the U.S. Air Force AN/FPS-26 Intercept 
Radar System, on which Avco-Crosley is 
the Prime Contractor to the Air Material 
Command’s Rome Air Material Area — 
Griffiss Air Force Base, New York. The 
antenna and pedestal will stand three 
stories high and be housed in a radome 
about 50 feet in diameter.
The assembly is composed of a plastic 
disc 48" in diameter and %" thick 
mounted on a cast aluminum housing. 
The 53 circuit slip ring disc is cast of 
highly filled epoxy resin ¿nd is the 
largest single-piece "pancake” slip ring 
ever manufactured using the electro
deposition process.
Nine aluminum brush blocks are pro
vided, in three groups of three blocks 
each, spaced 120° apart. The brush 
blocks are mounted on a second cast 
aluminum housing. Outstanding perform
ance has been verified by operational 
tests.
Many other unique space, function, and 
reliability problems involved in gyros, 
inertial guidance, instruments, radar, 
and switching are being solved with 
Electro Tec slip rings*—miniatures as 
well as giants.
Write for information on individual com
ponents or complete assemblies de
signed to meet the most stringent elec
trical, mechanical and environmental 
specifications.

BOOKS

Fourier’s Series And Spherical Harmonics 
William Elwood Byerly, Dover Publica
tions, Inc., 180 Varick St., New York 14, 
N. Y., 287 pp, $1.75

The development ot functions, series 
and their differential equations is con
cretely explained in great detail; through
out the text, theory is applied to practical 
problems which are fully and lucidly 
worked out. In addition, the reader is 
given 190 problems to solve, many with 
helpful hints as to method. An appendix 
includes 6 tables of surface zonal har
monics, hyperbolic functions, and Bessel’s 
function. As a handbook, reference and 
lucid exposition of fundamental methods, 
there is no duplicate for this book in such 
areas as mathematical physics, wave me
chanics, and advanced engineering in
cluding communications technology, aero-

STUD 
TURRET 

STUD FEED-THRU
SCREW FS FS 

ELECTRO TEC CORP

Pick your TERMINALS with 
KULKA TERMINAL BLOCKS!

What do you prefer for your connections-screw, 
stud, nut, turret, threaded-turret, taper-pin, feed- 
thru, or other terminal style? No longer must you 
compromise or improvise. Instead...

Select the terminal style or styles, together 
with type and size of terminal block. The Kulka Ter
minal Program will combine the two factors in a 
terminal block custom-fitted to your wiring and 
assembly needs. It’s simple, expeditious, economical!

LITERATURE...Ask for the Kulka Terminal Style 
Catalog, listing many terminal designs and com
binations. Let us quote on your requirements.

KULKA ELECTRIC CORP.
633-643 So. Fulton Avenue 

Mount Vernon, N.Y.

KULKA

dynamics, radar, acoustics, etc.
Partial contents: Development in ine 

Series; Legendre’s Coefficients; Bes el’s 
Functions; Development in Trigono
metric Series; in Cosine Series; Fourier’s 
Integral Obtained; Convergence of Four
ier’s Series; Graphical Presentation of 
Successive Approximations to a Sine 
Series; Conditions Under Which a Func
tion Can Be Expressed as a Fourier’s In
tegral; Solutions of Problems in Physics; 
Logarithmic Potential; One Dimensional 
Flow of Heat; Disturbance Along an In
finite Stretched Elastic String; Flow ol 
Heat in a Sphere; Nodal Lines in a Square 
Drumhead; Polar Coordinates; Conduc
tion of Heat in Space; Zonal Harmonics; 
Problems in Potential; Tesseral Har
monics; Development in Spherical Har
monic Series by Aid of Laplacians; Differ-

TAPER-PIN 
TURRET

TURRET
SCREW- 

THREADED 
TURRET 

FEED THRU 

■ rjuu®

L

Products of
Precision Craftsmanship

P. 0. BOX 37B SOUTH HACKENSACK, N. J. BLACKSBURG, VA., ORMOND BEACH, FLA.
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Engineering notes from the

REPORTER
By STANLEY M. INGERSOLL, Capabilities Engineer

REPORT NO. 1

Typical Specifications

SPECIFICATIONS MODEL 60 MODEL 1010

♦ Patent applied for
OTHER MODELS AVAILABLE
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Pressure Switch, Type TR 2065.
W hat are your needs? If your immediate or future applications 
call for pressure switching, write or wire for complete information. 
Address your inquiry to Stanley M. Ingersoll, Capabilities Engineer.

entiation. Along an Axis; Nomenclature 
Justified; Bessel's Functions of nth order; 
Stationary Temperatures in Cylindrical 
Shell; Laplace’s Equation in Curvilinear 
Coordinates; Ellipsoidal Harmonics; much 
more.

Welding of Plastics

J. A. Neumann and F. J. Bockhoff, Rein
hold Publishing Corp., 430 Park Ave., 
New York 22, N.Y., 288 pp, $7.25

Here is a comprehensive treatment of 
all phases of this subject ranging from 
initial design procedures to final detailed 
fabrication methods. Various physical and 
chemical properties of individual plastics 
presently used for welded construction 
are completely covered with regard to 
their use in chemical and allied process
ing. All presently known techniques of 
welding are covered in detail and many 
step-by-step procedures with photo
graphs are included. In addition, the 
book contains one of the most complete 
corrosion resistance tables yet published, 
plus a concise guide for the choice of an 
appropriate plastic construction material. 
An entire chapter is devoted solely to 
design considerations as they specifically 
affect welded construction. Testing and 
evaluation are also given separate treat
ment.

This book is of substantial help to en
gineers and manufacturers who are in
terested in present and potential applica
tions of plastics in the process industries.

A new advance in pressure switching is embodied in our TR 2065. 
Through the use of solid state switching circuits*, SMI has developed a 
pressure switch which is extremely accurate and highly reliable. This new 
unit supplies a switch closure or opening on either an increasing or 
decreasing pressure and is ideally suited to applications where severe 
environments of temperature, vibration and shock are encountered.
For example, exhaustive tests of a 500 PSI unit have shown that it will 
not chatter when subjected to 50G’s vibration when the pressure input 
is only 0.2% away from the switch point.
Essentially the TR 2065 is an SMI Bourdon TUbe Pressure Transducer 
coupled with unique solid state switching circuits. The result is a pressure 
switch which is friction free and contains no moving parts m contact.

Principles of Operation As switching pressure is applied to the 
interior of the helically twisted BourdonTUbe,the tube rotates the arma
ture attached to its end. The armature is positioned in a miniature, 
balanced, inductive bridge. A solid state electronic circuit receives the 
signal from the bridge and performs an extremely reliable switching 
function using minute amounts of energy, due to the elimination of fric
tion and the minimizing of inertial forces.
Additional switch points may be added to the TR 2065 without adding 
more pressure sensing elements. Thus, as the number of operations 
increases, the size, weight and cost per switching point decreases.

Microwave Measurements for the Tech
nician
Ralph W. Ritchie, Wm. C. Brown Co., 
135 S. Locust St., Dubuque, Iowa, $3.50

Purpose of this book is to provide* a 
comprehensive, simplified manual on basic 
microwave measuring techniques. Sub
jects covered include: “Operation of 
Microwave Test Bench,” which includes 
tuning, frequency measurement and 
power measurement, “Standing Wave 
Ratio Measurement,” “Use of Smith 
Chart.' “Measurement on Directional 
Couplers,” “Measurements on Klystrons,” 
and “Attenuation Measurements.”

A “how-to book, it will be especially 
helpful to electronics engineers and tech
nicians assigned to microwave measure
ments, with little or no previous indoc
trination in the field.

CIRCLE 401 ON READER-SERVICE CARD
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) IMPEDANCE COMPARATORS?
PRECISE, RELIABLE AND RAPID COMPARISON OF COMPONENTS

• Tests resistors, condensers, 
Inductors

• Percentage deviation from 
standard read on large meter ’

• Rapid response — no buttons 
to push .

• High accuracy ond stability
• Self calibrating — requires no 

recalibration when changing 
ranges

Switch Point
Dynamic Stability:

Less than 0.25% of full scale when 
subjected to 60G’s shock (10 m.s.) 
and vibration and lOOG’s shock

Vibration:
(10-55 cps 0.2" SA) (55 2000 cps 60»

Hysteresis
0.1% uf the pressure cycle 
experienced by the tube

Temperature:
(zero shift) 0.005% per *F
(scale factor) 0.001% °F

Long Term Drift
0.2% per year (approx.)

On-Off Differential
0.1% cr better

Repeatability 
0.1% of full scale

MODEL 
100O 
102$ 
■IOC 
Ki 

/rralEINDUSTRIAL TEST EQUIPMENT CO
55 EAST 11th STREET • NEW YORK 3. N. Y

BRIDGE VOLTS

BRIDGE SUPPLY ........... 
FREQUENCY.......................  
FULL SCALE RANGES ... 
IMPEDANCE LIMITS:

Resistance.....................
Capacitance ................
Inductance .

6 Volts
60 CPS 
±1 %, ±5%, ±10, ±20%

5 ohms Io 5 megohms 
500 mmfd. Io 500 mfd.
15 millihy. to 10,000 hy.

2 Volts 
Either 1 KC or 10 KC 
±5%, ±10%, ±20%

5 ohms to 5 megohms 
50 mmfd. to 10 mfd. 
100 microhy. to 100 hy.

PRICE $179.00 $299.00

2.5V-1OOO CPS 
2V-1 KC 25 KC 
2 5V-400 CPS 
2V40 CM 
6V-5O CPS
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Vector Electronics manufactures a complete 
line of structures for mounting circuitry easily, 

compactly and with good accessibility.
Vector experience and facilities guarantee 

delivery, performance and economical prices.

Airborne electromechanical system 
regulates jet fuel temperature

Algebraic Theories
Leonard E. Dickson, Dover Publications, 
Inc., 180 Varick St., New York 14, N. Y., 
276 pp, $1.50

This book develops theories centering 
around matrices, invariants, and groups, 
which are among the most important con
cepts in mathematics. All important 
theories are studied with rigorous, detailed 
proofs. This volume provides courses in 
higher algebra, the Galois theory of alge
braic equations, finite linear groups, in
cluding Klein’s “icosahedron’’ and theory 
of equations of the fifth degree, and 
algebraic invariants. Higher algebra is 
fully treated, including matrices, linear 
transformations, elementary divisors and 
invariant factors, and quadratic, bilinear, 
and Hermitian forms, whether taken 
singly or in pairs. The results are classical 
with due attention given to questions of 
rationality. Elementary divisors and in
variant factors are introduced in a simple, 
natural way in connection with the classi-

cal form, and a rational, canonical form 
of linear transformations. These topics are 
developed more lucidly than usual, and in 
close connection with their most frequent 
mathematical applications.

Chapter titles: Introduction to Alge
braic Invariants; Further Theory of Co
variants of Binary Forms; Matrices, Bi
linear Forms, Linear Equations; Quad
ratic and Hermitian Forms, Symmetric 
and Hermitian Bilinear Forms; Theory of 
Linear Transformations, Invariant Fac
tors, Elementary Divisors; Pairs of Bi
linear, Quadratic, and Hermitian Forms, 
First Principles of Groups of Substitu
tions; Fields, Reducible, Irreducible 
Functions; Group of an Equation for a 
Given Field; Equations Solvable by Radi
cals; Constructions with Ruler and Com
passes; Reduction of Equations to Normal 
Forms; Groups of Regular Solids; Quintic 
Equations; Representations of a Finite 
Group as a Linear Group; Group Charac
ters.

d 
hi
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An integral part of each main 
engine installation on the Martin 
P6M2 Seamaster is an Airborne 
R-8010 custom-engineered temper
ature control system. By regulat
ing air flow through a heat ex
changer, this system maintains 
supply line fuel at 180-220°F.

As developed for the P6M2, the 
R-8010 system consists of a ther
mistor probe, a control amplifier 
and a rotary actuator. The probe 
(mounted in an MS 10057-12 fit
ting) is in direct contact with the 
temperature-regulated fuel and 
presents to the control box a re
sistance which is proportional to 
fuel temperature. In response, 
the control box energizes the ac
tuator to change the setting of a 
ram air intake valve, thus regu
lating volume of air flow through 
an air/fuel heat exchanger. This 
sensing and response continues 
until prescribed fuel temperature

A fail-safe feature is also pro
vided. In the event of power fail
ure, a magnetic clutch in the 
actuator is released, permitting the 
air valve to be pushed open by the 
force of the ram air.

This application* on the P6M2 
illustrates only one of many pos
sible adaptations of the Airborne 
R-8010 system for temperature 
control functions on aircraft, 
missiles and related equipment- 
cabin temperature control, engine 
temperature control, temperature 
regulation of fuel, oil, electronic 
cooling packages, etc. If you have 
requirements in these areas, we 
will be happy to make a proposal. 
Contact any of our offices.
'Described in detail in new Bulletin PS-4A, 
available on request.

¡TERMINALS AND TERMINAL BOARDS|

PLUG-IN UNITS

Write for catalog to:

SOCKET TEST ADAPTOR. 
CHANGE ADAPTORS, 

EXTENDERS, ROTOPROBES 
AND TUBE BASE PLUGS.

VECTOR ELECTRONIC COMPANY
1100 FLOWER STREET, GLENDALE 1, CALIFORNIA 
TELEPHONE: CHAPMAN 5-1076

404 ON READER-SERVICE CARD

STRUCTURES 
FOR 

CIRCUITRY

Engineered Equipment for Aircraft and Industry

AIRBORNE ACCESSORIES CORPORATION
HILLSIDE 5, NEW JERSEY • O.f.ces in Los Angeles and Dallas
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INTRODUCING THE SIGMA MODELS FOR

Model FB-211
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are

As all Falstrom standardized metal 
fabrications, this bench is flexible in 
design for quick adaptation to your 
individual needs Falstrom custom 
fabricates consoles, chassis, cabin
ets, and weldments, in steel, stain
less, aluminum and other metals.

das
GROSS-KLICKEN 
und OBERLOADEN

173 Falstrom Court 
Passaic, N. J. 
PRescott 7-0013

SIGM/\ INSTRUMENTS, INC.
91 Pearl St, So. Braintree 85, Mass.

An Affiliate of The Fisher Pierce Co. (since 1939)

cost — ohm grown resistance values, dry 
circuit quencher and Braintree Beige 
enclosures.)

Nomography

Alexander S. Levens, John Wiley & Sons, 
440 Fourth Ave., New York 16, N. Y., 296 
pp, $8.50

Nomography is considered one the 
clearest expositions of the basic theory 
and construction of charts involving 
straight line scales, curved scales, and

All 1960 models come with coils wound 
with genuine wire, potentially movable 
armatures, and 100% fresh magnetic 
fields created by Sigma master craftsmen, 
at no additional cost (Models illustrated 

include optional extras available at added

Decide now to be unhappy with any
thing less than a 1960 Sigma relay Make 
your status clear — fulfill your desire to be 
known as one who dares to be different 
. . . one who uses Sigma relays. And al
ways remember: when better relays are 
built, Buick will build them.

combinations of the two. This 1959 edi
tion recognizes that from the launching 
of a satellite to the more mundane realm 
of food technology, nomographs are apt 
to be called to the rescue. Statistics, elec
tronics, ballistics, heat transfer, radio
activity, medicine, the physical and bio
logical sciences, engineering, and business 
are only a few of the fields in which 
nomographs are constructed today.

This second edition of ’’Nomography” 
has three new chapters on circular nomo
grams, projective transformations, and 
the relationship between concurrency 
((’artesian) and alignment nomographs 
with applications to experimental data. 
Three earlier chapters have been ex
panded to include: methods for designing 
nomographs for four variables without 
the need of a turning axis; material on 
nomograms which consist of two curved 
scales and a straight line scale, and three 
curved scales: and a more extensive treat
ment of the use of determinants. Professor 
Levens has also simplified the mathemati
cal developments for the various type 
forms throughout the book, and intro
duced many new problems and examples, 
in addition to other up-to-date material.

Total newness is only one of the ex
citing features of these 1960 Sigma relays. 
Eager in performance, nimbly darting 
around the worst circuit parameters, they 
bring back that forgotten thrill of the first 
time you got a relay to work in a circuit 
— and they win the respectful admitation 
of all your electronic colleagues. No mat
ter what your reason for owning a relay, 
there’s a new Sigma model — standard 

luxury or fully equipped — to make every 
magnetic excursion fun again!

CIRCLE 405 ON READER-SERVICE CARD

LECTRONIC DESIGN • November 25, 1959

lodern Electronic Components

W. A. Dummer, Philosophical Library, 
;5 E. 40th St., New York 16, N. Y., $15.00

Users of components xvill appreciate 
this book in which all the characteristics 
of the commonly-used components are 
given. Components are now used under 
arduous environmental conditions and 
several chapters have been written to 
cover those aspects in detail.

The bibliography at the end of the 
main chapters has been carefully chosen 
to provide a comprehensive, although 
brief, summary of the literature.

The information in this book will help 
the user to an understanding of the basic 
characteristics of components and enable 
him to choose the best component for his 
particular purpose.

FOR GROUND SUPPORT TESTING AND IN-PLANT OPERATIONS!

I WH—

New test and maintenance bench if ■
designed and engineered for greater | f * ■
efficiency, better arrangement of ^¡^21 —wm  ............ -
working tools, less fatigue of opera-

Write or call 
for complete information.

FALSTROM 
COMPANY

TW FALSTROM
Test Bench!! Wli*



Model “YE” by

ALASKA GRAY 
AND SEAL BROWN

(Test count-life over 70 million) 

Offered in TWO STYLES: 
1. Quick PUSH-BUTTON RESET 
2. Electric REMOTE RESET

First high-speed electrically actuated counters with 
added advantage of electric reset. Clean-cut, legi
ble 3/16" figures, white on black. Ideal for all 
high-speed electric counting applications — accu
rate at high, low or intermediate speeds.
DURANT MANUFACTURING CO. 
1993 N. Buffum St. 93 Thurbers Ave. 
Milwaukee 1, Wit. Providence 5. R. I.

Representatives in Principal Cities

Compact, with great rigidity — en
tirely enclosed against dust and 
moisture. Base or panel mount. 
Speeds to 1500 C.P.M.

0 0 0 0 0

PRODUCT! METERS
SINCE 1879

BOOKS
Group Theory in Quantum Mechanics

Dr. \ oJker Heine, Pergamon Press, Inc., 
122 E. 55th Street, New York 22, NA., 
370 pp. $10.00.

I his book gives an elementary intro
duction to the use of group theory in 
quantum mechanics together with an ac
count of the simpler applications in all 
branches of physics and chemistry. 
Throughout, there is an emphasis on ap
plications.

The book introduces the three main 
uses of group theory in quantum me
chanics: firstly, to label energy levels and 
the corresponding eigenstates; secondly, 
to discuss qualitatively the splitting of 
energy levels as one starts from an ap
proximate Hamiltonian and adds correc
tion terms; and thirdly, to aid in the eval
uation of matrix elements of all kinds, 
and in particular to provide general se
lection rules for the non-zero ones.

The level of the text is that of a course 
for research students in physics and 
chemistry, such as is now offered in many 
universities. A previous course in quan
tum theory is assumed, but the matrix

CIRCLE 407 ON READER-SERVICE CARD

HOPKINS 
packaged networks 
-matched components, 

built to your specs, at a saving
We do the matching, so you’re not 
stuck with the job, or with capacitors, 
inductors and resistors left over after 
matching.
Save time —you purchase only one 
unit instead of many... test and 
assemble only the one unit.

Save space—a Hopkins packaged net
work usually saves more space than a 
unit of your own design.
Let us analyze your circuit problems, 
and offer network recommendations 
and samples for your approval. Write 
for a representative to call^_

THE GUIDE TO
INDUSTRIAL
ELECTRONIC
WIRE & CABL
including
ALPHLEX® TUBING
& LACING CORD

COMPANY

160

• now over 5,000 items

• industry’s most 
comprehensive line

• Alpha Wire products are IN-STOCK at 
electronic parts distributors coast to coast. 
Write for your free catalog to Dept. 159

ALPHA WIRE CORPORATION
200 Varick Street, New York 14, N. Y 

algebra required is included as an app n 
dix.

The view adopted throughout is t at 
group theory is not simply a special) ed 
tool for solving a tew of the more diffi- dt 
and intricate problems in quant m 
theory. In advanced quantum mechai cs, 
practically all general statements that an 
be made about a complicated system le- 
pend on its symmetry properties, and he 
use of group representations is a ys- 
tematic, unified way of thinking ab ¡ut 
and exploiting these symmetries. For this 
reason simple results are included for 
which one could easily produce ad hoc 
proofs from first principles.

A series of examples is appended to 
each section. Some of these are simple 
drill in the concepts introduced in the 
section; others, particularly in later chap
ters, indicate extensions of the theory and 
further applications. Chapter headings in
clude: Symmetry Transformations, Quan
tum Theory of a Free Atom, Representa
tions of Finite Groups, Further Aspects 
of the Theory^ of Free Atoms and Ions, 
Structure and Vibrations of Molecules, 
Solid State Physics, Nuclear Physics, and 
Relativistic Quantum Mechanics.

J

t

n
v 
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ALPHA WIRE
----- eTubing & Sleev“*

V NEW 
INDUSTRIAL

L EDITION

12900 Foothill Blvd , San Fernando. Calif Tel. EMpire 1 8691
CIRCLE 408 ON READER-SERVICE CARD CIRCLE 409 ON READER-SERVICE CARD
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STATEZONE

CIRCLE 410 ON READER-SERVICE CARD CIRCLE 412 ON READER-SERVICE CARD

FREE CATALOG describes 
over 100 easy-to-build 
Heathkit products including 
test equipment, ham radio 
gear, marine equipment 
and hi-fi components. All price* FOR Benton Harbor, Mich Price* and specification* 

«object to change without notice.
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Economic Survey

COVERS
VHF, UHF, S, C and X bands 

(200-10,000 MC)
DENSITY RANGE

0-20MW/CM*
DIRECT READING

in db
ONE HAND OPERATION

only two controls
BATTERY POWERED

battery life over 100 hours
ACCURACY

within — 1 db over entire range

Type SMTUCN
Dual Common Negative
Separate Anodes
Compact construction permits exceptional 
space savings and economy which is 
highly desirable in modern transistor cir
cuitry. One capacitor saves space where 
normally two individual capacitors were 
previously needed. These dual units are 
ideal for bypass, filtering or coupling 
where a common ground exists.

Temperature Range- — 40 to 4 65°C; also available — 30 fo +859C 
Voltage Range: 3 to 250 volt* _

RADARMEASUREMENTSCORPORATION
190 DUFFY AVE. • HICKSVILLE, LI., N.Y. • OVerbrook 1-5600

is t at 
iali ed 
liffi' lit 
ant an

■ Census Tract location of each plant; 
■ areas of relative market importance 
emphasizing major geographical dis
tribution of local sales.

ILLINOIS UP-RIGHT Miniature*^ 
Electrolytic Capacitors...
Type SMTU finest for

TRANSISTORIZED CIRCUITRY
Aluminum cased, with exclusive patented hermetic sealing. Stable 
under temperature extreme* — stable to shock and vibration. 
Guaranteed long life. Fully tested and approved. Millions now in use.

ry and 
ags in
Quan- 
;senta- 
spects 

Ions, 
seules,

HEATHKIT EC-1 COMPUTER KIT

• Simulates Mechanical Problems, Proc
' esses and Conditions
• Solves Mathematical Problems (Add, 

Subtract, Divide, Multiply, Integrate, 
Differentiate, get Transfer Functions)

• In a Class by Itself, but Compares in 
Functions to Computers Costing Over 
$1000.00

Complete information is available; mail 
the coupon — or see your nearest au
thorized Heathkit dealer.

Metropolitan Miami Manufacturers
lade County Development Dept., 345 

WE. Second Avenue, Miami 32, Fla., 
<3.50

A new 1959 directory, listing 2403 in
dividual manufacturing plants in Metro
politan Miami, is now in distribution. It is 
the second part of a comprehensive 
printed factual effort by Dade County 
devoted to presenting the economic at
tributes of Metropolitan Miami to inter
ested national management. Part 1 is the

RAMCOR’SPOSITIVE
PROTECTION AGAINST 

MICROWAVERADIATIONHAZARD 
Ramcor Model 1200 Densiometer 
instantly indicates unsafe levels of radiated microwave energy from 
transmitters and antennas. Easily used by non-technical personnel.Physical And Engineering Properties Of 

Materials For Nuclear Fuel Elements
Dr. Henry H. Hausner, Sylvania-Corning 
Nuclear Corp., Bayside, L. 1., N. Y., 55 
pp, $1.00

This is a compendium of physical and 
engineering data about elements, alloys, 
compounds and other materials of partic
ular interest to those engaged in the de
sign, fabrication and use of nuclear fuel 
and control elements. It serves admirably 
its intended purpose of supplying infor
mation not yet widely available in con
ventional reference sources.

Eighty tables are presented: the first 
contains thermal-neutron cross sections 
of 50 commonly available elements; suc
ceeding ones give various physical and 
thermal properties of uranium, uranium 
alloys, thorium, plutonium, ceramics, zir
conium and zircaloy-2, aluminum, stain
less steel, graphite, and other high-tem
perature materials.

And also from RAMCOR...
directional couplers ... microwave wattmeters... waveguide 
switches... plus a complete line of coaxial and microwave 
components. For fast delivery write or call

Miami” which appeared in January 1959.
The new directory lists manufacturing 

plants of the area alphabetically by name 
as well as by product under the Standard 
Industrial Classification format. It affords 
market researchers, particularly, a far 
wider range of professionally geared in
formation by inclusion of:

■ name, address, postal zone, telephone 
number;
■ top firm officer identified by name 
and title and whether owner, partner 
or otherwise;
■ type of product and product trade 
name by SIC classification;
■ total number of square feet floor 
space occupied by plant;

HEATH COMPANY 
’ a subsidiary of Daystrom, Inc 

Benton Harbor 60. Michigan

Please send complete information on the EC-1 Computer 
and your latest Free Heathkit Catalog.

NAME___

ADDRESS

CITY____

Type smtucp
Dual Common Positive 

Separate Cathodes 

These dual section common anode con
structed capacitors have cathodes which 
are electrically separated and isolated. 
Unique construction with "floating” cath
odes makes these ideal for coupling, Alter 
and bypass circuits for “above ground” 
applications.

NEW! An
ELECTRONIC
ANALOG
COMPUTER
for $19995

Export Department: 15 Moore

Write for 
complete 
technical 
literature

CONDENSER COMPANY 
1616 NORTH THROOP STREET 
CHICAGO 22, ILL. EV 4-1300



Novel LC Filter

Using Mutual Inductance
■-

-1
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m

I Fig. 1. This LC filter drains more 
¿ power than simpler LC filters, but 

it provides sharper filtering.

chopper m

of Army "Hawk"

RUSSIAN TRANSLATIONS
J. George Adashko

-

Every part that goes into a modern-day missile system 
must pass a rigid battery of tests and a thorough sta
tistical screening to insure highest possible reliability 
in action.

That’s why we’re pleased to announce that Bristol 
Syncroverter choppers play an important role in guid
ance of the U.S. Army hawk missile, produced by 
Raytheon Company, Waltham, Mass., prime contractor 
for the complete HAWK weapons system.
Billions of operations. Bristol Syncroverter* choppers 
are ideal for applications requiring the utmost in sta
tistical reliability. The Bristol life-test lab has now had 
miniature Syncroverter choppers run
ning for years without failure-both 
with and without contact load. Just one 
sample: five choppers with 400-cycle 
drive and 12v, Ima, resistive contact 
load have completed 26,000 hours (2.96 
years) continuous operation—over 37- 
billion operations!

An extremely wide variety of stand
ard models is available-including ex
ternal coil low-noise types. For com
plete data, write: Aeronautical Compo
nents Division, The Bristol Company, 
151 Bristol Road, Waterbury 20, Conn.
*T. M REG. U.S PAT. OFF. 9 26

actual size

QDICTrtl FINE PRECIS,0N instruments DNI9 I UL FOR OVER SEVENTY YEARS

THE FILTER shown in Fig. 1 is designed to 
1 suppress one frequency, and to take advantage 

of LC elements even at very low frequencies. In 
this filter, the parallel circuit // and the resistor 
R serve as a voltage divider.

The resonant-frequency voltage is divided in 
the ratio of the Q of circuit // and the resistance R. 
Since, in real circuits, Q is finite and decreases 
with the frequency, this leads to filtering of the 
resonant frequency.

The losses in circuit II, which cause the low 
Q of the ciicuit and the poor filtering effect, can 
be compensated by coil Lit inductively coupled 
with L2. This increases the power drain (the filter 
input resistance is decreased), but greatly increases 
the equivalent Q of circuit II

A circuit with greatly enhanced Q results in a 
filter that has all the advantages of LC filteis 
over RC filters (low losses and stwp slopes), even 
at frequencies of several cycles.

In addition, by varying the parameters of the

Russians Reveal

In an unsigned article “New Regulations for 
Inventions and Efficiency Suggestions," in the journal 
Vestnik Svyazi (Communications Herald) of July 
1959, the Russians revealed new pay scales for in
ventiveness. Their Regulations for Discoveries, In
ventions, and Efficiency Suggestions and “Instruc
tions on Remuneration for Discoveries, Inventions, 
and Efficiency Suggestions' became effective on 
May 1, 1959.

The new regulations and. instructions differ from 
previous ones in that they provide for increased 
bonuses to inventors and efficiency experts. The 
minimum compensation is set at 200 rubles for an

circuit of Fig. 1 it is possible to obtain either a 
high-pass or low-pass filter without increasing 
the number of (‘loments. If circuits I and II are 
pretuned, the filter has only one tuning element 
the resistance pu with which the losses in circuit II

0
Q>2

Q-0

Fig. 2. Conditions for in
finite Zg.

P^'

p< »;

an
uh
a (

t
v

1

New Patent Regulations

invention and 100 rubles for efficiency suggestions 
which don't result in any saving. (The official ex
change rate is about four rubles per dollar; tourist 
rate is ten for one).

Compensation is paid to the inventor even if his 
invention relates to the field in which he works.

The article in which this information appears was
abstracted in the Central Intelligence Agency’s
Scientific Information Report of September 4, 1959.
This semi-monthly publication is distributed by the
U.S. Department of Commerce, Office of Technical
Services, Washington 25, D.C. Annual subscriptions
cost $28.00. Single copies $2.75.
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a • compensated.
The resonant impedance Zk of the parallel

circuit // (between points 3 and 4) can be deter
mined with Kirchhoff’s equations as follows:

I . Uq = Io ( p + i 03 L\ + ---------- ) “F i O) 3/ II
\ i a) (7

2. 0 = Il (t 4~ i Li) H- I c------ d- Io i co 31 i 03 C

3. IL — I + I c

4. u0 = I R — I c r—,l 03 C

er a 
using 

are
nt 
it//

more 
, but

5. Zk = - R
I

After solving for u3/I and after suitable trans
formation, one obtains

31 
p

M‘ - ML + CL p r 

This impedance vanishes when

31 = -

i.e., it is necessary to have
w02 31 . T , rx p =------- (L - 31) = r

r
(X —

Since p = po + r, p and 31 must satisfy addi
tional conditions if Zk is to be infinite.

Since 31 /L = a, and p0/r = y,
y = Q2 a (1 — a) — 1

This condition is represented graphically in 
Fig. 2.

I he points «i and a2 can be defined :
1 /I 1
2 X 4 Û2

Thus, knowing the Q of the initial circuit, it is 
possible to choose pn and 31 so as to ensure normal 
o] «‘ration of the filter. Such a circuit can be suc- 
<•< ssfully used in many circuits. It readily yields 
an attenuation of 104 to 106 at frequencies from 
1<‘O cps to several tens of kilocycles. The fronts 
a e steeper than in an ordinary LCR circuit.

t
v

The principle of compensation of the losses in 
ned circuits by increasing the power drain and 
ing inductive coupling is applicable also to more 
inplex filter circuits.
This article is abstracted from Electronic Filter 
th Mutual Inductance in the July 1959 issue 
Radiotekhnika.

fww|irvt(

FEATURES

on the panel meter. The mirror-scale panel meter reads 
the relative amplitude directly in percentage of the 
fundamental, or in db below the reference level.
BRIEF SPECIFICATIONS

Donna WaVC AVAimt 

moocl «km

Hliil

T

I 30 C^S TO 50j KC V I 

with 74<k DONN 
■......... -""1---------------------- ................—... 1-------- ——t---------t —“t------ t—V-i

Selectivity Fi

♦ Convenient

♦ Mechanically and Rugged

♦ 160 p\i to 500 v 
Full Scale Range

♦ Wide Frequency Coverage 
30 cps to 50 kc

APPLICATIONS
The Model 2102 is used to analyze fundamentals and 
harmonics in vibrating systems and to analyze inter
modulation products in sub-audio, audio, and carrier 
systems. It speeds analysis of hum, noise and distortion 
in recorders, amplifiers and filter networks.

CONVENIENT OPERATION
The fundamental frequency component is tuned with 
the large calibrated dial, and the amplitude of the 
fundamental is adjusted to a 0 db, or reference level. 
Tuning the dial to the frequency of each component of 
interest gives the relative amplitude of that component

ER 2102

Basically a frequency selective vacuum tube 
voltmeter, Donner’s Model 2102 Wave 
Analyzer accurately measures the amplitude 
and frequency of each component of a 
complex input wave form, whether or not 
the components are harmonically related.

FREQUENCY RANGE 
FREQUENCY CALIBRATION 

VOLTAGE RANGE

VOLTAGE ACCURACY 
INPUT IMPEDANCE 

SELECTIVITY

DOMESTIC PRICE

30 cps to 50 kc
±3 percent plus 10 cps
Full scale deflection from 160 pv to 
500 v
±5 percent
200.000 ohms
3 db down at ±9 cps, 40 db at ±40
cps
$645 f.o.b. factory

Write for complete technical specifications. Address Dept. 1911

oonniR COMPANY
■ CONCORD, CALIFORNIA

CIRCLE 414 ON READER-SERVICE CARD
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How can you use SPRING-LOCK?
THE FASTENER WITH USES UNLIMITED

Double RC Integrator

As cup hooksAs a standard removable 
fastener or a blind rivet

A quarter-turn locks, un
locks. Load-carrying steel 
arms lock securely, don’t 
loosen under vibration. 
One-piece (no receptacle) 
simplifies blind fastening.

As a roller axle
Now used on range draw
ers, kitchen cabinets, file 
cabinets, desks. Cuts in
stallation costs, saves 
time. Designed to suit. 
Available with or without 
roller.

High-strength polysty
rene or chrome-plated die 
cast zinc. Inexpensive, 
sturdy and good-looking. 
Simply and quickly in
stalled with a twist of the 
wrist.

T HE INTEGRATOR circuit shown in Fig. 1 
■ has R-C branches on both grid and plate side 

of the tube. For this circuit, the complex transfer 
function is

1 4------------- -----------
—2 = —qm . ^2/^0 j & R2C2
I 1 j w R\C 1  1

j^IGC, 
if RiCx = R2C2 and if R>/Ro < a) R2C2 the inte
gration of periodic functions can be performed 
with high precision and greater simplicity than the 
Miller integrator requires. In Fig. 2, the phase and 
amplitude errors are shown as functions of fre
quency, for R2 Ro = 2 3, in comparison to the

What is your application ffor

SPRING-LOCK?

Multilayer Microwave

Terminations

As a cabinet door strike
Millions in use on kitchen 
cabinets, automatic dish
washers, etc. Standard 
strikes available from 
stock, or custom designed 
for special contour re
quirements.

As a plastic shelf support
... with the heart of steel 
for extra strength. Mil
lions now used by all 
major refrigerator man
ufacturers. Complete flex
ibility of head design.

Send us your application in
quiries. Our engineers will 
answer you specifically and 
promptly. Or, w rite today for the 
Simmons Catalog, spring-lock 
samples are available upon 
request.

0.2-
01 -
0-

SIMMONS FASTENER CORPORATION
1763 North Broadway, Albany 1, New York

QUICK-LOCK SPRING-LOCK ROTO-LOCK LINK-LOCK DUAL-LOCK

fSM

A"
MM MM

See our 8 page catalog in Sweet’s Product Design File

CIRCLE 415 ON READER-SERVICE CARD
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Fig. 1. Reflection factor as a function of nor
malized frequency for a five layer structure. 
The symbols y, refer to the normalized admit
tance of the metal foils and the superscripts 
2 and 4 refer to their position in the structure 
relative to the metal wall.
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ine

Magnetic Core
5 cps

SMALL?

When the conditions service

Wo/ dall

Write for

7% Energy Reflection

03351.03 1330 0(22 (370 00823

1959

DOUBLE \ 
PC-CIRCUU

’ SIMPLE _ 
RC-ClRCUlT_

DOUBLt '
RC-CIRCUIT-

inte
rmed

Fig. 2. Reflection characteristics of a seven 
layer structure. As in Fig. I, y#B is the nor
malized admittance of the metal foil in the 
nth position from the metal wall.

STEEIS for 
^ctronic *°f

LECTRONIC DESIGN • November 25

alloy. Write for technical data on it, 
and let our engineers help you to 
cash in on its possibilities.

In addition to Permendur, we 
offer a range of high-permeability 
alloys, oriented silicon steels and 
other electrical alloys that is un
matched in its completeness. Our 
services also include the most 
modern facilities for lamination 
fabrication and heat treatment.

Let us supply your requirements. 
Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Pa.

performance of the simple R-C element.
Abstracted from an article by W. Berger, 

F. Hoevelmann and H. J. Koessler, Elektronische 
Rundschau, Vol. 13, No. 9, September 1959, pp. 
336-338.

THE USE of multiple resonant structures for 
reflectionless broadband absorbers of micro

wave energy offers considerable broadbanding 
possibilities. Such structures consist of layers of 
nominally lossless dielectrics alternating with con
ducting foil in front of a metal wall. A structure 
is designed on the basis of transmission line equa
tions (normal incidence).

For simplicity in computation, it is assumed

' SIMPLE 
PC-CIRCUII

make it imperative for you to hold 
the size and weight of magnetic 
cores at an absolute minimum, that’s 
the place to use Permendur. With 
it you can push the flux density up 
to 20 kilogausses, and practically 
eliminate weight as a consideration.

Along with its suitability for cores 
wherever the premium is laid on 
compactness, Permendur is just the 
thing for sonar magnetostriction 
applications, too. We maintain 
proper annealing facilities for this

your copy
"MAGNETIC MATERIALS

This 32-page book contains valu
able data on all Allegheny Ludlum 
magnetic materials, silicon steels 
and special electrical alloys. Illus
trated in full color, includes essen
tial information on properties, 
characteristics, applications, etc. 
Your copy gladly sent free on 
request.

ADDRESS DEPT. ED-23

STEELMAKERS to the Electrical Industry

Allegheny Ludlum
W W«W «11»

CIRCLE 416 ON READER-SERVICE CARD

PERMENDUR

Fig. 1. Double RC inte 
grator.

Fig. 2. Amplitude and phase error as functions 
of frequency for the simple and the double RC 
integrators.
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that all dielectric layers have the same geometrical 
and optical properties, i.e. the same dielectric con
stant. The five-layer structure shown in Fig. 1 has 
the reflection characteristics indicated. A seven
layer structure has the 4:1 band shown in Fig. 2. 
For 15 deg and 45 deg angle of incidence, the ex
perimental curve shown in Fig. 3 for a seven-layer 
structure shows good agreement with Fig. 2.

Abstracted from an article by H. J. Schmitt, 
Zeitschrift fuer Angewandte Physik, Vol. 11, No. 9, 
September 1959, pp. 335-339.

High-Frequency m
Crystal p2

TO THE ENGINEER

who can’t tolerate a lapse of memory

If you’re working on a think machine that 
can’t afford to break its train of thought, 
consider AE’s pint-size, fast-stepping OCS 
switcher. Unlike electron tubes and relays, 
this sophisticated device won’t lose stored 
memory in the event of power failure or 
circuit interruption.

CAN 
DO

Besides, it can do the work normally assigned 
to whole banks of relays.

The AE Series OCS will follow or initiate a 
prescribed series of events or cycles at 30 
steps per second impulse-controlled, or 65 
steps per second self-interrupted. Any pro
gramming sequence can be set up on one to 
six cams with as many as 36 on-and-off steps

per cam. And each cam will actuate as many 
as six contact springs.
In any event, if your designs involve relays 
or stepping switches, AE circuit engineers 
may be able to save you a pretty penny. Or, 
if you’d like to leave the switching to us, 
we’re equipped to supply prewired and 
assembled, custom-built control units, or help 
you develop complete control systems.

To explore the matter, just write the Director, 
Control Equipment Sales, Automatic Elec
tric, Northlake, Illinois. Also ask for Circular 
1698-H : Rotary Stepping Switches; Circular 
1702-E : Relays for Industry; and our new 
32-page booklet on Basic Circuits.

AUTOMATIC ELECTRIC
\SYSTEMy

Subsidiary of

GENERAL TELEPHONE & ELECTRONICS
CIRCLE 417 ON READER-SERVICE CARD

FOR MEASUREMENT of the properties of 
silicon mono-crystals, an axial current is fed to 

the crystal rod by means of two solder contacts 
and the resulting voltage is measured between two 
closely-spaced point contacts on the rod. The use 
of solder contacts has the disadvantage of produc
ing surface dirt which results in lowering the re
sistance and the charge carrier lifetime. If solder 
contacts are avoided by use of pressure contacts, 
metal traces result which cannot be neglected for 
high resistance samples.

The use of high-frequency techniques makes it 
possible to use contact-free circuits by use of in
ductive coupling for low-resistance materials and 
capacitive coupling for high-resistance materials. 
In addition, the sample may be protected from 
surface dirt by wrapping in protective foil.

vm.

0 +100

Fig. 1. Circuit of a 3 me apparatus for resistance 
measurement in the 1000 to 30,000 ohm-cm re
gion.
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Measurement of Siliconncy
>tal Parameters

*

Company & Address:
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cut and re-peel. Stabilene Film is actin
ically opaque, cuts clean, yields sharp, ac
curate lines.

Fig. 3. Measured reflection factor as a function of fre
quency for a seven-layer absorber for two angles of 
incidence.
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LICHT PULSES

INKING TAPE

Printed Circuits:
for the newest techniques... and basic methods, too

STABILENE® Film by K&E gives accurate dependable results
s it 
in- 
ind 
als. 
om

Fig. 2. Circuit for lifetime measurement.

For resistance measurement of samples whose 
resistivity is between 1000 and 30,000 ohm-cm, a 
circuit which has been used successfully is the 
3 me circuit shown in Fig. 1. In the tuned circuit, 
the capacitive coupling of the silicon rod to the 
tank is at points marked B, C and D.

For measurement of charge-carrier lifetime, the 
'nodulated light method may be adopted to the 
high frequency method shown in the 35 me cir
cuit of Fig. 2 where capacitive coupling is at 
points I and II.

In each application cited, the results obtained 
by the high frequency method agree well with 
standard values.

Abstracted from two articles by W. Keller, 
Zeitschrift fuer Angewandt Physik, Vol. II, No. 9, 
September 1959, pp 346-352. Dr. Keller notes 
hat I. R. Weingarten and M. Rothberg in the U.S. 
iave presented a high frequency method to the 
Jectrochemical Society on Apr. 29, 1958.

However you make your masters, you can 
expect better, more uniform results if you 
start with Stabilene Films. These strong, 
clear, completely stable films are available 
in a complete range of surfaces, for tradi
tional preparation methods or the most 
advanced technique now used.
The Scribing Method—newest and most ac
curate — is fast and simple, too. The circuit 
is penciled on the Stabilene surface, then 
scribed in outline with double lines. Pads 
are scribed in, and the master copy is 
ready for transfer to a sensitized Peel-Coat 
Stabilene. where the lines and pads are 
simply stripped out.
The scribing method — an exclusive K&E 
development — is 2 to 3 times faster than 
taping. All but the most complicated cir
cuits can be prepared one-to-one — elimi
nating reductions. Scribe points retain 

KEUFFEL & ESSER CO. Dept. ED-11, Hoboken, N. J. 
Send me your new brochure “Preparing Printed Circuits on Stabilene Film. 

I am particularly interested in — □ Scribing □ Cut ’N’ Strip □ Inking □ Taping

Name & Title:

proper sizes, produce accurate lines of 
constant thickness.
Cut 'N' Strip is another time-saving new 
K&E technique. If you work one-to-one, 
it’s just one step from master to board — 
there’s no intermediate photography. A 
rough pencil layout is made on the back 
of Stabilene Film, using an accurate grid 
underlay. Then, the sheet is turned face
up, pads are laid out with a modified K&E 
Drop Bow Compass with blade, and cir
cuit lines are cut with a circuit-path cutting 
tool. The surface can now be easily peeled 
off with a knife or tweezers.
One big advantage of Cut ’N’ Strip: you 
can make a positive or a negative from the 
same basic drawing, depending on which 
surface you strip off. Corrections are easily 
made, using K&E opaquing fluid. With it, 
you can touch up or replace lines, then re-

CIRCLE 418 ON READER-SERVICE CARD

Stabilene Films For Taping or Inking 
Methods provide accurate, permanent di
mensions. All have outstanding size-holding 
stability, plus the exclusive K&E “Engi
neered Surface,” which accepts drawn lines 
clearly and uniformly—without feathering 
or blurring. Stabilene makes accurate tap
ing easier, too—it lays down absolutely flat.

Only K&E offers a complete range of films 
for printed circuit preparation . . . plus a 
full line of scribers and special Cut *N’ 
Strip tools. All the basic techniques are 
described in detail in a new K&E brochure 
“Preparing Printed Circuits on Stabilene 
Film”. For your copy, simply clip the cou
pon below and mail it today.

167



The Iron Fireman 700, 780, 750 Series of Micro
miniature relays provide dry circuit and high 
level switching capacities in the same package 
(10 microamps at 10 millivolts to 2 amperes at 
28 volts DC or 115 volts AC).

Available in a variety of header configurations 
and mounting styles, this latest Iron Fireman 
development provides excellent immunities to

high temperature, shock and vibration plus long 
life. Designed and tested to MIL-R-5757C, these 
relays have met and exceeded these specifications 
plus additional vibration and shock requirements 
and dry circuit loads.

Information on these new relays may be ob
tained by writing to the address below.

MICRO 
MINIATURE 
RELAYS

FREE AND 
VERTICAL 

GYROS

HIGH 
SPEED 
RELAYS

SLIP RINGS
AND
BRUSHES

1 T TT •oy iron rireman

W DRY CIRCUIT TO 
HIGH LEVEL RELAYS

REPORT BRIEFS
Vibrations

Some of the environmental problems in equip 
ment design for military applications are outlined 
and the need for power spectrum analysis of vi 
brations shown. Various systems for frequency 
analysis, including swept filter and fixed types 
are discussed. An ideal fixed filter system meeting 
certain necessary specifications on response to 
simple inputs is proposed. This system is com 
mercially unavailable. Line Power Spectrum 
Analyzer For Mechanical Vibrations, Frank 
Amoroso, Instrumentation Laboratory, Massachu
setts Institute of Technology, Cambridge, Mass 
May 1958, 76 pp. Microfilm $4.50, Photocopy 
$12.30. Order PB 140853 from Library of Con
gress, Washington 25, D.C.

Silicone Insulated Cables

A comparison of the dielectric breakdown re
sults of gas flame exposed Class E and Class T 
insulated cable specimens indicates that the di
electric strength of specimens vibrated for 15 min 
at a frequency of 20 cps and an amplitude of 1/16 
in. is not significantly different from the dielectric 
strength of similar specimens which had not been 
vibrated. Dielectric Strength Of Silicone Insulated 
Cables After Exposure To Flame and Vibration, 
Material Laboratory, New York Naval Shipyard, 
Brooklyn, N.Y. 23 July 1958, 9 pp, Microfilm 
$1.80. Photocopy $1.80. Order PB 139527 from 
Library of Congress, Washington 25, D.C.

Magnetron Research

The results cover the following: (1) comparison 
of experimental results with various design equa
tions and a set of simplified design equations; dis
cussion of the cause of upper current or diode 
cut-off and a means for avoiding it; discussion of 
the cause of minimum current cut-off and pulsing 
and methods for its reduction; measurements of 
cathode back-heating and one method for pro
tecting the hot cathode; and various anode struc
tures and their performance; (2) a method for 
voltage tuning magnetrons; (3) the use of a mag
netron as a reactance for frequency modulating 
another oscillating magnetron; and (4) the use of 
a magnetron as an amplifier or controlled oscilla
tor thereby permitting stable external frequency 
control and therefore, either amplitude or fre
quency modulation. C. W. Magnetron Research, 
I). A. Wilbur and R. B. Nelson, General Electric 
Research Laboratories, Schenectady, N.Y. 1 Apr. 
1950, 174 pp, Microfilm $8.10, Photocopy $27.30. 
Order PB 137249 from Library of Congress. 
Washington 25, D.C.
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Still “FRESH
After 6 Years Storage

W«IP

ass

mn

om

Months Storage at 70°F

1CV

MallórY'ne

Months Storage at 70 F
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30 ohm 
load

40 ohm 
load

20 ohm 
load

15 ohm 
load

25 ohm 
load

Typical Wound Anode 
4-R Cell
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Typical Flat Powder Electrode Type 
RM-3 Cell

y on get from

Mallory Battery Co., Cleveland, Ohio 
a division of

I his extraordinary stability is one of the unique 
haracteristics of the mercury battery system, pio-

A consultation with one of our engineers will help 
you apply our standard models in your pn luct, or 
will start us on development of special battery packs 
for your requirements.

An extensive scries of storage tests, now well past the 
six-vear mark, proves that Mallory Mercury Batter
ies can take extremely long storage far past the point 
where ordinary batteries become useless.

periods of storage, the system does not deteriorate. 
\nd during discharge, output voltage stays practi

cally constant out to the limit of battery life. This it 
an ideal discharge for providing fade-free perform
ance in transistor circuits.

mi
tun

ncy 
Tes

Some ty pical test curves art* shown here. Note that 
even at the end of six years, Mallory Mercury

Mallory Mercury Batteries mean unmatched con
venience and dependability to users of your bat- 
terv ¡lowered products. I'heir high energy content in 
compact size makes possible new feats of miniatur
ization. Mid their precise, stable output offers oppor
tunities for use in instrument circuits, calibration 
and voltage reference applications.

son 
ua-

Designing Video Interstages

This study presents a method of designing in
terstages for transistor video amplifiers. The tran
sistors are represented by the hybrid-pi equivalent 
circuit. The problem of designing interstages is 
shown equivalent to the problem of synthesizing 
a transfer impedance function proportional to the 
stage gain where the resulting interstage network 
must have certain specified terminating imped
ances. These terminating impedances represent the 
effects of the transistors. The interstage synthesis 
technique developed emphasizes the importance 
of the interstage using a limited number of ele
ments and providing a satisfactory gain-bandwidth 
product. Interstages for Transistor Video Ampli
fiers, J. J. Spilker, Stanford Electronics Laboratory, 
Stanford University, Calif., Apr. 1958. 139 pp, 
Microfilm $6.90, Photocopy $21.30. Order PB 
139459 from Library of Congress, Washington 
25, D. C.

Batterio remain 
capacity.

Microwave Resonant Cavities

This report describes the design and testing of 
two types of resonant microwave cavities operat
ing near 9435 mc in which the end plates are 
replaced by terminations which leave the cross- 
si tions of these cavities essentially unobstructed. 
I sign of Open-Ended Microwave Resonant 
C cities, Donald C. Thorn, Electrical Engineering 
1 search Laboratory, University of Texas, Austin, 
1 x., Aug. 1958, 23 pp, Microfilm $2.70, Photo- 
( iy $4.80. Order PB 142035 from Library of 
( ngress, Washington 25, D. C.

b itworks

f a network contains a variable parameter x 
(c pacitance, or gm of a vacuum tube, etc.) the 
p lynomials of the driving-point and transfer 
ft.actions describing the network have coefficients 
vi ich are linear functions of x. The roots of the 
polynomials are also functions of x. Since the loca
tions of the poles and zeros of these network 
functions are important in both analysis and syn
thesis of the network, it is desirable to know 
quantitatively the tendency for a root to vary with 
the parameter x. A measure of this tendency to 
vary is provided by the sensitivity function S = 
dp dx, where p is a root of a polynomial. Prop
erties and theorems pertaining to this sensitivity 
function are given in this work. Pole-Zero Sensi
tivity In Network Functions, Franklin F. Kuo, 
Electrical Engineering Research Laboratory, Uni
versity of Illinois, Urbana, Hl. 1 May 1958, 84 pp. 
Microfilm $4.80, Photocopy $13.80. Order PB 
137069 from Library of Congress, Washington 25, 
D.C.

INDIANAPOLIS 6. INDIANA



REPORT BRIEFS

Let KNAPIC
Crystals are gas or vacuum groun 

a modified Czochralski technique.

grow your
SILICON

CRYSTALS
for you!

SILICON AND GERMANIUM MONOCRYSTALS
For Semiconductor,

Solar Cell and

Infrared Devices

Major manufacturers of semiconductor devices have found that Knapic 
Electro-Physics, Inc. can provide production quantities of highest quality sili
con and germanium monocrystals far quicker, more economically, and to 
much tighter specifications than they can produce themselves. Knapic Electro
Physics has specialized in the custom growing of silicon and germanium 
monocrystals. We have extensive experience in the growing of new materials 
to specification. Why not let us grow your crystals too?

Knapic monocrystalline silicon and germanium is available in evaluation 
and production quantities in all five of the following general grade categories 
—Zener, solar ceil, transistor, diode and rectifier, and high voltage rectifier.

SPECIFICATIONS-Check These Advantages
Extremely low dislocation densities.

□
 Tight horizontal and vertical resistivity tolerances. Resistivities available in controlled ranges 

.005 to 1000 ohm cm., N and P type.
Diameters from .10' to 2*. Wt. to 250 grams per crystal. Individual crystal lengths to 10* 
lew Oxygen content 1 x 10” per cc., 1 x 10'* for special Knapic small diameter material. 
Doping subject to customer specification, usually boron for P type, phosphorus for N type. 
Lifetime*! 1 to 15 ohm cm. —over 50 microseconds; 15 to 100 ohm cm. —over 100 microseconds; 
100 to 1000 ohm cm.— over 300 microseconds. Special Knapic small diameter material over 
1000 microseconds.

Specification Sheets Available
I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

TUNNEL (ESAKI) DIODE MATERIALS
RECOMMENDED SPECIFICATIONS

Dislocation density. Knapic silicon mono- 
crystals. Crystal diameter 1/10" to 3/8"— 
None; 3/8" to 3/4"—less than 10 per sq. 
cm.; 3/4" to 1-1/4"—less than 100 per sq. 
cm.; 1-1/2" to 2" less than 1000 per sq. cm.

Material Phosphorous Concentration 
x 10’*cm-3

Specific Resitivity 
in ohm cm

Electron Mobility 
cm2 volt-’ sec-’

SILICON 
SILICON 
SILICON 
GERMANIUM 
GERMANIUM

6.8
1 Î.O
16.0

1.6

.00078 

.00065 

.00091 

.00067

85
8 1

426
268

. . . Also manufacturer of large diameter silicon and 
germanium lenses and cut domes for infrared use

Knapic Electro-Physics, Inc.
936-938 Industrial Avenue, Palo Alto, California Phone: DAvenport 1-5544
CIRCLE 421 ON READER-SERVICE CARD

Designing Crystal Filters

A set of convenient insertion loss equation is 
derived, which is applicable to the design of 
multisection, reactive, symmetric filters. Spec fie 
network designs for quartz crystal bandpass fil rs 
with sharp cut-off characteristics, and more t an 
60 db attenuation in the stop bands, are presen ed 
for two categories of fractional bandwidths: 1) 
less than or equal to 0.4 per cent; (2) equal to or 
larger than 1.5 per cent. Several network sti ic- 
tures for each of these two categories are worked 
out and the corresponding insertion loss charac
teristics are plotted. Element values are given for 
a filter with a 6 db bandwidth of 40 kc with re
spect to a center frequency of 11.5 me. A design 
for a filter with a bandwidth of 400 kc with re
spect to a center frequency of 24 me is included. 
This design makes full allowance for the effects of 
coil dissipation. In an appendix, a general ap
proach is outlined to the formation of lattice-type 
filters with 4, 6, and 8 peaks of infinite attenua
tion (i.e., zeros of transmission) and with image 
impedances suitable for (1) quartz crystal-capaci
tor-inductor filters with a constant-k image im
pedance. Recent design progress is announced, 
which took place subsequent to the close of the 
first quarter and promises to lead to a very satis
factory filter design in the fractional-bandwidth 
region between 0.4 per cent and 1.5 per cent. 
High Frequency Crystal Filters, Leo Stroch, 
Hughes Aircraft Co., Culver City, Calif., 1957, 
84 pp, Microfilm $4.80, Photocopy $13.80. Order 
PB 142388 from Library of Congress, Washing
ton 25, D. C.

Crystal Oscillator Circuits

Performance information for the cathode 
coupled and grounded grid oscillators for the 10 
to 75 me frequency range is reported. Reference 
circuits and their performance as a function of 
frequency have been established. Effects of com
ponent variation have been determined, and 
shown to be adequately described by the normal
ized curves developed for higher frequency oper
ation. Initial problems of frequency and crystal 
voltage correlation have been resolved. These are 
shown to be caused by the effect of the plate-to- 
cathode capacitance. Correction is obtained by the 
addition of an inductor in series with the crystal 
in the feedback path. The design information for 
the grounded grid circuit in this frequency range 
has been found to be essentially an extension of 
the results obtained in the higher frequency 
range. A discussion of the problems encountered
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AC and DC units with DC and AC power plants, dynamic brake contactsDC Solenoid Contactors to size 4

»

Dependable thermal O.L. relays AC and DC power relays, too

It’s completely versatile and designed for both standard and specialized controlscom.

LIVE BETTER Electrically

range

959

AC Solenoid Contactors • NEMA sizes: 00 to 5

uency 
iteied

strie- 
worked

Auxiliaries: standard, low powe)

dueled, 
ects of

e ti m 
¡sen ed

From the little Size 00’s to the powerful 
Size 5 contactors you’ll find maximum 
reliability built right in ... whether your 
application is in motor control, resistive 
heating or lamp switching.

Meticulous attention to design features 
guarantees you top-notch performance 
. . . especially where hi-reliability is a 
“must.” All AC and DC contactors for 
example, come equipped with simple, 
fast-acting, trouble-free solenoids. There 
are no complicated linkages or poten
tially troublesome pins or bearings . . . 
no adjustments needed either.

The main and auxiliary contacts are 
of the double break type designed for
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ith the cathode coupled circuit is given. How
er, its performance at the lower frequencies is 
impared with that at the higher frequency range 
id differences are noted. Temperature charac- 

l ristics and oscillator output harmonic content 
measurements for the two series resonant circuits 
in the 75 to 150 me frequency range are reported. 
1 xtension of the antiresonant circuit design in
formation to 20 me has been completed for the 
Colpitts circuit, and work on the electron coupled 
Colpitts is in progress. The previously developed 
design information is shown to be useful to 20 me 
without any loss of accuracy over that originally 
specified. A Study of Crystal Oscillator Circuits, 
IL E. Gruen and A. O. Plait, Armour Research 
Foundation, Chicago, III., Feb.-May 1957, 35 pp. 
Microfilm $3.00, Photocopy $6.30. Order PB 
142400 from Library of Congress, Washington 25, 
D. C.
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Traveling Wave Tubes
This report refines the conventional MacLaurin’s 

series representation for audio amplifiers to in
clude the frequency sensitivity of microwave de
vices and uses the condition of linear combinations 
of input frequencies to predict the response. An 
apparatus suitable for measuring the frequencies 
and relative amplitudes from X-band to uhf fre
quencies is discussed and the procedure used in 
measuring intermodulation in the X-259 B tra
veling wave tube is presented. The indications 
obtained are that terms of the MacLaurin’s series 
up to and including the 15th term are significant 
in the region of saturation, which presents the 
possibility that 240 new frequencies were pro
duced in varying amplitudes. Intermodulation in 
Traveling Wave Tubes, James E. Green, Air 
Force Institute of Technology, Wright-Patterson 
Air Force Base, Ohio, Mar. 1959, 64 pp, Micro
film $3.90, Photocopy $10.80. Order PB 140926 
(rom Library of Congress, Washington 25, D. C.

UHF Amplifiers
This report will present the synthesis consider

ations, design procedures, and constructional 
features of uhf amplifiers described in Technical 
F port No. 11, “A 400 Me 1-F Amplifier,” June, 
1'52. The reader is referred to this report, which 
s< rves as an introduction to the present report 
a d indicates the results that can be obtained. 
1 e Synthesis and Design of Grounded-Grid 
S iggered-Triples at UHF, Donald O. Pederson, 
1 ectronic Research Laboratory, Stanford Univer
s 7, California, Sept. 1952, 60 pp. Microfilm $3.60, 
I otocopy $9.30. Order PR 142433 from Library 
c Congress, Washington 25, D. C.

O WARD 
WLEONARDmaximum reliability even where high in

rush currents are met. Contacts are ac
cessible for inspection, too!

Other key contactor design features 
include: identical mounting centers for 
AC and DC; all units designed for front- 
of-board wiring and mounting; magnetic 
blowouts furnished above 25 amp. size 
on DC; fully accessible terminals make 
installation easy.

On your next control job, standard or 
special, specify W/L Control Compo
nents. Send for detailed Control Catalog: 
Ward Leonard Electric Co.. ‘1 South St., 
Mount Vernon, N.Y. (In Canada: Ward 
Leonard of Canada, Ltd.,Toronto.) a s
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Construction Styles Basic No Shape

IR x mfdInsulation Resistance:

CIRCLE 423 ON READER-SERVICE CARD

ELECTRONIC

.VALLEY 3-0393
TWinbrook 4-3500

2-3303
8-7536

5 5505 
6-4667 
2-7298 
5-6371

7-1935 
1-0632 
1-0240 
4-4386 
3-2077 
3-3632 
8-1308

LEnnox 
AVenue

DAvenporr 
. .MEIrose 

. .OLympia

Round 
Round

50,000
1,000

Toronto. 
Montreal

IN CANADA.
National Fibre Co. of Canada, Ltd

Pyramid new Mylar capacitors have extremely high insulation resistance, high dielectric strength and 
resistance to moisture penetration.

Commercially available immediately, Pyramid Mylar capacitors have an operating range between 
—30° C to + 125' C with voltage de-ratings above +85' C. Pyramid wrapped Mylar capacitors -Series 
Nos.: 101,103,106 and 107 have the following characteristics:

... AUstin 
.. .GArfield 
.. ERieview 
.... D Avis 
,.... MAin 
UNiversity

Baltimore.... 
Boston.............. 
Chicago...........
Cincinnati. .. . 
Cleveland. ... 
Dallas...............  
Denver.............. 
Detroit.............. 
Griffin, Ga.. . 
Indianapolis.. 
Los Angeles . 
Milwaukee. . . 
New Haven..
Newark.............
New York. . . . 
Philadelphia. . 
Pittsburgh. . . . 
Rochester. . . . , 
St. Louis...........  
St. Petersburg 
San Francisco. 
Seattle... ... 
Wilmington...

When Top Quality Capacitors Are Required 
Specify Pyramid Mylar” or Tantalum

Tolerance: The standard capacitance tolerance is * 20%. Closer tolerances can be specified.
Electrical Characteiistics: Operating range for Mylar capacitors -from —55' C to +85 C and to 4-125 C 

with voltage de-rating.

In Canadat
NATIONAL FIBRE COMPANY OF CANADA. LTD., Tereoto 3, Ontario

CIRCLE 424 ON READER-SERVICE CARD

DESIGN • November 25, 1959

CHOOSE FROM THESE MATERIALS...
Vulcanized Fibre: 10 standard grade - 
many special grades.
Phenolite« Laminated Plastic: over SO 
standard and modified grades; paper, 
cotton fabric, nylon, asbestos, glass 
fabric, cotton and glass mat bases; 
phenolic, melamine, polyester, epoxy 
teflon or silicone resins.
Peerless Electrical Insulation: coil, strip, 
corrugated.
Extruded Nylon: 2 grades; rod, strip, 
pressure tubing, special shapes.
Polyester Glass Mat: 4 standard sheet 
grades; custom molded shapes.
Phenolite Copper-Clad Laminates: 
10 standard grades.
Combination Materials: R u b b e r - 
Phenolite; Rubber-Fibre; Wood-Fibre; 
Metal-Fibre; Asbestos-Fibre; Peerless- 
Phenolite.

dissipation Factor: The dissipation factor is less than 1% when measured at 25° C and 1000 CPS or referred 
to 1000 CPS.

Miniaturized to provide maximum space economy.

New Pyramid Tantalum slug capacitors have cylindrical cases and contain a non-corrosive electrolyte. 
Due to the special construction of materials used in the manufacture of Pyramid Tantalum slug capacitors, 
these units are both seep and vibration proof. In addition, this type of capacitor assures long service life 
and corrosion resistance-made to meet MIL-C 3965 Specifications.

Commercially available immediately, these new Pyramid Tantalum capacitor units have an operating 
range between —55 C to 100° C for most units without any de-rating at the higher temperature.

..WAInut 3-6381 
.RAymond 3-029* 
BRoadway 6-6995 
... .LOcust 2-3594 
..Mitchell 2-6090

COrtlandt 7-3895 
SHerwood 8-0760 

. ..FAirfax 1-3939 
...Hillside 5-0900 
,. PArkview 5-9577

Ceramic Capacitors

Techniques have been developed to measure 
temperature coefficients of capacitors to an in
creased degree of accuracy. Capacitance incre
ments due to temperature variations can be 
measured to 0.0001 uuf or one per cent, which
ever is greater, with the exception of a very small 
range of capacitors. A test-panel sample holder 
was developed with a maximum contributing error 
of 0.00001 |XLuf per deg C change over a 225 deg 
C total temperature variation. A switching mech
anism to allow measurement of one hundred 
samples in a day was devised, utilizing statistical 
techniques to reduce resettability' errors as small 
as desired. A capacitance sensitive device in the 
form of a variable oscillator and standard incre
ment capacitors were designed and developed 
for detecting and recording 0.0001 ppf capacitance 
changes. A discussion of the specifications of tem
perature coefficients of capacitors and recommen
dations for their amendment are included. De
tails concerning the construction of a temperature 
coefficient test set and measurement techniques 
are also given. Design Study Toward Develop
ment of A Test Set to Measure Temperature 
Characteristics of Ceramic Capacitors, Joseph 
Seton Smith, New York University, College of 
Engineering, N.Y., 1951, 87 pp, Microfilm $4.80, 
Photocopy $13.80. Order PB 142176 from Library 
of Congress, Washington 25, D. C.

BACKED BY THESE SERVICES
Field Application Assistance 
Complete Fabricated Parts Service 
Stock Program for Immediate Shipment

BY CALLING THESE OFFICES.
Type Winding 
Inserted Tabs 
Extended Foil 
Inserted Tabs 
Extended Foil

Pyramid Mylar capacitors are subject to the following tests:
Test Voltage -Mylar capacitors shall withstand 200% of rated D.C. voltage for 1 minute at 25° C.
Life Test -Mylar capacitors shall withstand an accelerated life test of 250 hours with 140% of the voltage 

rating for the test temperature. 1 failure out of 12 is permitted.
Humidity Test—Mylar capacitors shall meet the humidity requirements of Ml L-C-91A specifications.

Complete engineering data and prices for Pyramid Mylai and Tantalum Capacitors may be obtained 
from Pyramid Research and Development Department

PONT REGISTERED TRADEMARK____________________________ _

Detection of Signals in Noise

A detection criterion is formulated which leads 
to the design of detectors on the basis of much 
less a priori information. These non-parametric 
detectors are proposed as possible alternatives to 
the detectors studied in those situations where 
little a priori information is available. A concept 
known as asymptotic relative efficiency’ is em
ployed to compare nonparametric detectors with 
some of the detectors investigated in the past. 
Using this criterion the efficiency of nonparametric 
detectors is found to be quite high. The applica
tion of the nonparametric detection criterion to 
the detection of nonstationary signals in noise is 
discussed. Nonparametric detectors are shown to 
possess certain advantages in detecting such sig
nals. Non parametric Methods For The Detection 
of Signals In Noise, Jack Capon, Columbia Uni
versity, School of Engineering, New York, Mar. 
1959, 234 pp, Microfilm $10.20, Photocopy $36.30. 
Order PB 142327 from Library of Congress, Wash
ington 25, D. C.

Temperature 
25° C 
85° C 

125° C

Maximum IR Requirements 
15,000 megohms 
6,000 M

UP TO 1000 MFD-VOLTS IN LESS THAN 2/100
OF A CUBIC INCH

PYRAMID TANTALUM CAPACITORS

PYRAMID MYLAR
30cC to +125°C

SMALLEST FILM CAPACITORS MADE!

CAPACITORS—RECTIFIERS 

FOR ORIGINAL EQUIPMENT- 
FOR REPLACEMENT

EXPORT: 458 Broadwoy, N.Y. 13, N.Y. • CANADA: Wm. Cohen, Ltd.-7000 Park Ave., Montreal

ELECTRIC CO.
NORTH BERGEN, N. J
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WEINSCHEL
FIXED COAXIAL 
ATTENUATORS

1 to 12.4 KMC
50 Ohms 1 to 20 db
Connectors: Type N, C, BNC, TNC 
or SC Each type with male/ 
female, double male or double 
female connectors. Made with 
Weinschel Film Resistors for maxi
mum stability.

WE CO
Write for complete catalog, 
specifying frequency range 

of interest

Weinschel Engineering
KENSINGTON, MARYLAND

Design of Radomes

This report considers radome design require
ments and construction and the manner in which 
absorption losses affect radome performance. 
Equations for lossy radomes are given, and a 
number of transmission curves are computed for 
lossy sandwich panels. The report also contains 
the design procedure for lossy high-incidence 
radomes, methods for obtaining optimum core 
thickness for maximum transmission, and a dis
cussion of the effects of dimensional tolerances 
on transmission. Electrical Design of Lossy High- 
Incidence Radomes, S. Wolin, Aeronautical Elec
tronic and Electrical Laboratory, Naval Air 
Development Center, Johnville, Pa., Jul. 1950, 
139 pp, Microfilm $6.90, Photocopy $21.30. Order 
PB 142015 from Library of Congress, Washington 
25, D. C.

Power Distributed Amplifier

This report presents the results of an investiga
tion by the Electronic Defense Group into means 
of increasing the frequency capabilities of power 
distributed amplifiers. The design, physical con
struction, and electrical characteristics of a 6-tube 
4X150A distributed amplifier and a 6-tube 
4X250B distributed amplifier are described. These 
amplifiers demonstrate experimentally the valid
ity of the theory of distributed amplifiers using 
dummy constant-A: line sections between tubes. 
The amplifiers have upper cut-off frequencies in 
the neighborhood of 450 mc and useful output 
power capabilities. The output power capability 
is, however, a function of the duty cycle at which 
the amplifier is operated. The Design and Meas
ured Characteristics of 450 Mc Power Distributed 
Amplifier, D. Hamburg, Michigan University Re
search Institute, Ann Arbor, Mich., Jul. 1957, 31 
pp, Microfilm $3.00, Photocopy $6.30. Order PB 
139442 from Library of Congress, Washington 
25, D. C.

Silicone Insulated Cables

Representative specimens of electric cables 
utilizing silicone compounds as primary insulation 
were subjected to laboratory conditions simulat
ing a fairly severe shipboard fire and subsequent 
extinction with salt water fog. A majority of the 
specimens sustained their rated operating voltage 
throughout the period of exposure to fire and 
subsequent salt water fog. Effect of Combined 
Fire and Water on Silicone Insulated Cables, 
A. M. Deleeuw, Material Laboratory, New York 
Naval Shipyard, Brooklyn, N.Y., Feb. 1959, 9 pp, 
$0.50. Order PB 151751 from OTS, Washington 
25, D. C.

O

NEW 
MICROWAVE 

LIMITER 
protects receivers 
against overload 

and burnout

Another unique "first" from Microwave Associates, Inc., 
is this family of all-new solid state devices, which 
require no external bias and are self-limiting devices. 
It is the simplest way yet to give radar and communica
tion receivers needed protection.

The specifications chart and performance curve below 
tell you all you need to know to evaluate its capabil
ities. The two models are typical of units which can be 
designed for your applications at other frequencies. 
The package has female Type N coaxial connectors, 
for input and output.

Today for UHF . . . tomorrow for higher frequencies.

SPECIFICATIONS

Frequency (center) 
Low Level Insertion Loss 
Peak Power 
Duty Cycle
High Level Insertion Loss

MA-3400 MA-3401
425 ±5% 600 ±5%
0.3 db 0.5 db
400 watts 200 watts
.002 .002
20 db 20 db

24-MICROWAVE ASSOCIATES LIMITER 
22- 
20- 
18- 
16- 
14- 
12- 
10- 
8 - 
6 - 
4 - 
2 - 
0

0.001 0.01 0.1

— MA-3400

FREQUENCY —425 Mc

i i

1 10 100

PEAK INCIDENT POWER (WATTS)

MICROWAVE ASSOCIATES, INC
BURLINGTON. MASSACHUSETTS Telephone: BRowning 2-3000
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What size is a quality fastener ?
Here are two ELASTIC STOP® nuts. Each has the familiar red 
locking collar.* Each is self-locking, vibration proof and reus
able. 1 oth -top nuts will maintain an accurate adjustment any
where on a bolt . . . each prevents liquid seepage along bolt 
threads and protects against thread corrosion. Finally, each has 
an unmatched record for quality, both in manufacture and per
formance.

But . . . one measures 1/10" across the flats; the other, 4". 
Between these two there are more than 530 different hex nuts 
in the ESNA line. Look to ESNA for a standard «elf-locking 
fastener to fit your special needs. Write Dept. S2-1157.

Th» r»d locking collar it a R»giit»r»d Trad» Mark of ESNA

ELASTIC STOP NUT CORPORATION
| OF AMERICA
I 2330 Vauxhall Road, Union, New Jersey

CIRCLE 427 ON READER-SERVICE CARD

GOMAR
is your best source for TELEPHONE TYPE

RELAYS
Type TTC. one ot Comar’s many telephone types, combines features 
not usually found in a small relay. Lightweight, extra sensitive, 
latite contact spring capacity, hinge-type armature, heavy duty 
yoke and independent twin contacts are some of its advantages. 
Inquiries invited.

We do our own HERMETIC SEALING • PLATiNG • PAINTING • SILK SCREENING

Hermetic sealing, 
plating, painting and 
imprinting is done 
in our own plant.

Speeds delivery, 
cuts costs. Send for 
details and com
plete catalog.

GOMAR
ELECTRIC COMPANY

3349 Addison Street • Chicago 18, Illinois

RELAYS • SOLENOIDS • COILS • SWITCHES - HERMETIC SEALING

__

1000 Times Too Good

Dear Sir:
We would like to bring to your attention a 

mistake in the article, “Packaged Switching Cir
cuits Designed for On-Site Processing”, which 
appeared in the September 30, 1959, issue of 
Electronic Design. The first sentence in para
graph three should be corrected to read: “So far, 
seven logical components have been developed, 
all operating at 50-kc pulse repetition rates.”, 
not 50-mc.

James A. Cunningham
Data Processing Systems Division 
U. S. Department of Commerce 
Washington 25, D. C.

Inside-Out Twin-T Useful 
Despite Upside-Down Symbol

Dear Sir:
Referring to Mr. Howden’s article “Inside-Out 

Twin-T Varies Rejection Frequency” (ED, Oct. 
14, 1959, p. 198), may I point out an error, un
doubtedly a misprint.

In the third column, at three separate locations, 
rwc should be rate. This is required to make the 
results dimensionally correct.

Thank you for an interesting and useful article. 
We have already made use of it in our equipment 
as a feedback network.

Paul I. Wolf, Engineer 
Medico-Technological Research Dept. 
St. Barnabas Hospital
714 9th Ave., South 
Minneapolis 4, Minn.

Difference of Opinion on Exclusive 
"Or" Circuit

Dear Sir:
We agree that Mr. Maki’s circuit, published 

in your “Ideas for Design” in July 22nd issue, per
forms an Exclusive Or function for two inputs 
(A + B) • (A -f- B). However, it does not perform 
the Exclusive Or function for more than two in
puts.

For example, the Exclusive Or function for

lelay Lines: 
delay up

PHASE METERS 
Type 405 Series — 1 cps to

I 500 kc.

(
Accuracy - 0.25’. 
Type 205A1-A2 - 100 kc to 
15 me.Accuracy — 0.05°.

Type 2058 — 15 me. to 500 me.

Accuracy 0.05°.

Type 202 - 20 cps to 150 kc. 
1° full scale sensitivity 
Accuracy — 0.05° or 2% 
Phase Angle Counters: 0.0001 

,cps to 1000 cps.

1 Accuracy — 0.5°.

DELAY LINES

ohms.
Type 6C Miniatur? 
14" dia. x 8?iyoni 
to 0.8 aS.

Variable up to 1200«gs, with 
resolution time?8 x10-J1, sec. 
Tapped Delay Lines 5T, ST, 7T, 
OT and 9T series; total tdelay 
0.1 A* up to 500 as;*imped
ance from 50 ohms up to 2500

PHASE METERS
0.0001 cps to 500 me.
Accuracy 0.5
Direct Reading in Degrees.

DELAY LINES
Continuously Variable, Step Variable, Tapped am 
Special, meet MIL specifications.

4d-yu
■ ELECTRONICS LAB 

Formerly ADVANCE

249 Terhune Ave., Passaic, N.J. 
GRegory 2-5622
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another reader 
reports:

ELECTRONIC DESIGN is "Most Helpful’’...

66 I have received much 
help from your Reader 
Service Department in 
my search for compo

nents. Thanks.

t 
V

I

1
E 
S

Engineer—
Bourns Laboratories, Inc. 9?
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You may be interested to know that several
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Wing Nuts

Cap Nuts Improper Credit Given

FASTENERS From ALPHA METALS

WING NUTS

CAPPED

LOW WING
Screws

Hex Nuts

Washers

Till«

CIRCLE 434 ON READER-SERVICE CARD

175

Screw 
Insulators

ECONOMY 
SERIES

WASHER 
BASE

DIE CAST 
ZINC ALLOY

MOLDED 
NYLON

Thumb & 
Wing Screws

ALPHA METALS,INC., 58C Water St., Jersey City 4. N.J. 
Send me free your New Tips on Soldering.

Produced in one 
lomotic operation

N. P. Breault, Assoc. Engineer
E. F, Morris, Assoc. Engineer 
International Business Machines Corp 
Poughkeepsie, N. Y.

Thumb 
Nuts

the wide range 
available from 
including extra

useful in performing parity checks 
computers.

sive methods 
smooth, rustproof

Lines: 
ï up

engineers have expressed interest in the "Mono
stable Multivibrator Featuring Quick Recovery.” 

Frederick C. Hallberg 
John M. Hovey 
Harold H. Levy
U. S. Naval Research Laboratory' 
Washington, D. C.

Write, wire, phone RIGHT 
_ NOW for prices, your 

copy of GRC's NEW 
FASTENER CATALOG

with 
sec

F, 7T. 
delay 

mped- 
250ü

Zone____ State.

This handy ALPHA soldering guide contains valuable 
technical data. Included are:
• Prevention of silver scavenging
• Effects of rare metals in soldering
• Effective soldering of joints requiring high creep strength 

Get your copy... Act now!

In Chicago, III. 
ALPHA-LOT COR? .
2250 S. LMPter St
Othe» ALPHA products 
Solder Preforms.
Wide Range of Fluxes. 
High Purity Metals.

satisfactory, there were two obvious errors
a) page 20, column 3, par. 5, line 2: *

should have read “2.5 v” and
b) page 21, column 1, par. 1, line 5:

should have read “—70.”

w, high and round 
ngs; junior nnd senior 
rie» ... in thread 
’d blank sizes from 
4 thru Patented 
messed wings smooth
ing, washer-like bosses

¡RIES RIPRODUCER C O R F. HHIBIflHl 
grid's Foremost Producer of Small Die Castings

Second St., New Rochelle, N.Y. • NEw Rochelle 3-8600

Dear Sir:
On page 11 of the October 14, 1959 issue of 

your excellent magazine there appeared a picture 
of a plating thickness gage. The caption implies 
that it was developed at or by the National Bureau 
of Standards.

Actually this gage was developed at Boeing 
Airplane Co., Seattle, Wash. To measure rhodium 
plating thickness (on printed circuits) to a few 
millionths of an inch, the principle of beta particle 
backscattering is used, this part of the gage having 
been developed in the Radioisotopes and Nuclear 
Instrumentation Group of the Nuclear Physics 
Unit at Boeing Aero-Space Division. The picture 
shows Mr. Don Frazer of Boeing Manufacturing 
Research Group, using the gage.

We were happy to see the gage in print, 
though, even with the wrong information.

David L. Dye, Ph.D. 
Boeing Airplane Co. 
Seattle 24, Wash.

high spped au 
, GRC’s, exclu- 
¡ure uniformity
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Dear Sir:
Although the editing of the article, “Building 

Block Circuits for Transistorized Digital Com
puters,” ED, September 2, was in general very

Breed Avenue at Linden Ridgefield, N i NEW YORK AREA 1000 N. Seward St LOS ANGELES 3* 
8055 13th St., Silver Spring, Md WASHINGTON. O C 1150 York Road, Abington. Pa PHILADELPHIA 
1186 Los Altus Ave , Los Altos, Calif SAN FRANCISCO 6605 W. North Ave , Oak Park. III. CHICAGO 

In CANADA: 99 Floral Parkway. TORONTO IS
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three inputs takes the form (A 4- B 4- C) • (A 4
B 4- C) • (A 4- B + C) • (A + B + C). This reads 
that the Exclusive Or function is true when one 
(1) or three (3) inputs are present (logical Is). In 
general, the Exclusive Or function for N variables 
(inputs) is true when an odd number of variables 
are in the logical “I” state. This property of the 
N-input Exclusive Or circuit makes it extremely

for transistor circuitry, both in military 
and industrial electronic applications.
• Offer small size, stable operating char
acteristics, long shelf life, ami operating 
temperatures from —55C to -)-85C.
• Selected ratings to 50 volts d-c ami 
capacities to 22 mfd in units as small as 
.003 cu. in.
• Have mechanically rugged, hermetical
ly sealed, dry construction to eliminate 
leakage and corrosion.
SPECIFYING INFORMATION on G.E.’s 
Tantalytic line is available from your 
nearest Apparatus Sales Office, or write 
for GEZ-2796A, to General Electric, 
Section 449-13, Schenectady 5, N.Y.
* Registered Trademark of General Electric Co.

• High in quality
• Uniformly accurate
• Low in coat
• Wide range of slock 

styles, types, sizes 
and threads

Name___

Company.

Address .

City____

resistant surfaces and the low 
est possible cost. New kinds of 
fasteners never before available 
. . . modifications in stock fas
teners for specialized use . . . 
infinite variety in styles, types 
ond sizes, have been mode pos
sible by GRC's special auto
matic die casting and molding 
machines.

( Servo-type 6 KVA

AUTOMATIC 
VOLTAGE REGULATOR
★ High Accuracy — Holds Line Voltage Constant to ±0.25%
★ High Speed of Response - 10 or 20 Volts per Second
★ Output Independent ol Load
★ Output Voltage Variable ±10%
★ Handles Line Variations up to either 10% or 20%
★ NO Waveform Distortion or Power Factor Restrictions
♦ No Relays ... No Chattering
★ Withstands Short-Period Overloads up to 500 Amperes

Type 1570-AL (115 volts, 60c): $490
Type 1570-AH (230 volts, 60c): $510

A number of other models aro described tn the NEW

Line Voltage Regulator Bulletin. Write for your copy.

GENERAL RADIO COMPANY

□ Reduce costs 
fl Simplify assembly 
Q Improve appearance with

k DIE CAST ZINC ALLOY
& MOLDED NYLON

specify



Blocks to Creativity
II Cultural Barriers

before the Industrial Education Institute,
Automotive Engineers, and at several colleges and other professional societies

fune-

Most people do not like to
be different

ELECTRONIC DESIGN

I his is the second of three articles on obstacles to 
creativity. The first article (ED, Nov. 11, 1959) 
discussed perceptual blocks. The third article will 
consider emotional blocks.

November 25, 1959

American Management Assoc., Society of

A. L. Simberg, Supervisor 
Personnel Research & Development 
AC Spark Plug Div.
General Motors Corp 
Flint, Mich.

SOCIETY lays down rules of behavior, thought 
and action. If the individual does not obey 

these, he is considered a nonconformist. But con
formity and creativ ity do not go hand in hand.

Conformity requires that the young engineer 
act in a certain way merely because it is cus
tomary. Creativity requires that the present way 
be challenged, investigated and, if necessary, 
changed.

Cultural blocks to creativity are among the 
most difficult to eliminate. We have a whole force 
of blocks to contend with, resulting from years of 
training in the home and in school. Add to this 
the difficulty of a new, young engineer in a com
pany challenging the parties in power, perhaps 
getting off to a wrong start, and it is obvious why 
engineering changes are not easily brought about.

It requires a certain courage to create, an 
attitude that enables the engineer to strike off 
in new directions. Let us investigate more closely 
some of the blocks we term cultural.

■ The desire to conform to an adopted pat
tern.

Most people do not like to be different; it is 
not a very’ comfortable feeling. However, many 
of our routine actions are really not necessary for 
conformity. They are the patterns of behavior 
that, for one reason or another, we have devel
oped ourselves. These patterns can be eliminated 
only by our own effort. The human mind is fas
cinating in that it is able to develop patterns 
where none existed. The mind seems able to 
“correct” our perceptions, to organize them into 
the meaningful objects we know.

For example, try the problem of the nine dots 
below’ (solution at end of article). The task is to 
join these nine dots by four straight, continuous

It is considered impolite 
to be too inquisitive.

■ We must be practical and economical above 
all; so often judgment comes into play too 
quickly.

Our lives are composed of a series of para
doxes. On the one hand, we are taught to be 
practical, thrifty, etc., while on the other our 
teachers are the first to admit that “it takes money 
to make money.”

Our chief engineer gives us the assignment of 
developing a new product. He tells us that he 
wants something that is really “practical” but yet 
it must be startlingly different. Unfortunately 
what often happens is that at the sound of the

Would it not be just as simple to start with the 
“startlingly different” idea and engineer this back 
to practicality? Learn to try to shoot for the single 
great idea at the outset. Take your chance on the 
“one in a million shot. You can always come back 
to reality by stages, either because of cost, proc
essing problems, etc.

Our minds seem to function either imaginatively 
(creatively) or judiciously (using judgment). When 
we are using judgment—deciding, placing values 
upon something, etc.—we cannot also be creative.

Lest it be thought that judgment is of no value 
let me hasten to add that it is of the utmost im
portance. But it has its place, and this, is after 
not during the time when we are trying to find 
ideas! I

■ It is considered impolite to be too inquisitive! 
and unwise to doubt. I

People who are inquisitive are often considered! 
“nosy.” In business language they are often toldl

A. L. Simberg, instructor and lecturer in creative thinking, is not averse to taking 
his own advice. When he entered the field of personnel research, he found a paucity 
of standard tests to spot creative talent. Whereupon he undertook to create his own. 
He became co-author of the “AC Test of Creative Ability,” a paper-and-pencil examina
tion of idea fluency and flexibility.

The 36-year-old specialist, who holds an MA in psychology, has lectured on creativity

word “practical,” our imaginations cease to 
tion.
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job evaluations.

Facts and Figures Behind 
Growth Opportunities Here:
At HMED you are joining an 
organization providing professional 
people with an outstanding combination 
of CAREER STABILITY plus 
INDIVIDUAL PROGRESS. In the 
last few years this G. E. department has 
doubled its dollar business volume; 
tripled its engineering laboratory and 
office space; quadrupled the number 
of its supervisors and managers, from 
26 to 101, with 90% promoted from 
within; quintupled its professional 
engineering staff.

Yesterday’s systems must today be 
considered only “subsystems” to be 
integrated into a larger entity. The growing 
demand of the defense establishment for 
super-systems offers challenges of 
unprecedented scope to the engineering 
profession.

Dear Mr. Callender: Please send me an application form 
and additional information on the positions i have checked 
off above.

Fixed & Mobile Radar; Ship- 
borne Radar; Shipborne Search 
Sonar, AN/SQS-26 (a new 
responsibility), Underwater 
Detection Systems; Missile 
Guidance; Far Flung Communi
cations.

November 25, 1959
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Also Openings on Diversity 
of Other Far-ranging 

Programs in:

Now HMED offers able engineers 
an opportunity to get full exposure 
to this field of the future —to learn, 
grow and develop their capacities for 
systems thinking, by working with 
men who have been in-at-the- 
beginning of major systems design 
and integration programs/

degree (s) and

experience)
—1 LOGIC DESIGNERS
I—I perform logic designs of a high speed digi
tal computer (Degree in EE, Math or Physics 
with minimum 4 years' experience)

□
 CIRCUIT DESIGN ENGINEERS (DISPLAY) -
To analyze equipment and circuit design 

requirements in data utilization and display 
subsystems. (Electrical Engineering degree with 
minimum 5 years’ experience required)

□
 SYSTEMS ANALYSTS - To conduct system 
analysis programs and feasibility studies 
which lead to the conception and development 
of new systems, subsystems, and equipments 
of advanced design and function. (Advanced 
degree in EE, Math or Physics preferred with 
3 years’ previous experience)

□
 TECHNICAL WRITERS —To organize, write 
and publish progress and planning reports.

(Engineering degree preferred with previous 
technical writing and editing experience in 
advanced electronics)

An Unprecedented Opportunity 
to Enter the Field of

I— advanced designs and 
receivers utilizing parametric 
and 2-4 years’ experience) 
□ PERSONNEL SELECTION 

SPECIALISTS-To prepare

I am a graduate engineer tc 
________ years experience.

with the 
his back 
he single 
'e on the 
)me back 
)st, proc-

' design and develop advanced communica
tions subsystems of ground electronic control 
system complex. (EE degree and 5 years’ 
experience)

j PROPAGATION CONSULTANTS-To assist in 
—J the design, development and management 
of radar and communications subsystems as 
applicable to an air defense system. (Advanced 
degree in EE or Physics with 5 years’ experience)
—] RADAR RECEIVER & VIDEO PROCESSING

Mr. George B. Callender. Div. 76 SMU
HEAY Y MILHYRY ELECTRONICS DIPT.

manning structures for complex military 
systems, and forecast training aid needs. (PhD 
r r EdD required)

□
 EQUIPMENT EVALUATION SPECIALISTS-To 
solve man machine problems, evaluate 

alternative components, displays or techniques 
and devise simulators. (PhD in Experimental 
Psychology)

□
 CABLING ENGINEERS-To resolve varied 
problems in grounding and associated 

shielding problems of complex electronics equip 
ments. (EE degree with minimum 2 years’

varied environments particularly ECM 
(Advanced EE degree or equivalent and mini
mum 5 years’ experience)

□
 ECM SPECIALISTS — To provide threat 
models and consultation to design and 

management engineers. (Advanced degree in 
EE and 3-5 years’ experience)

□
 ANTENNA AND MICROWAVE ENGINEERS -
To establish antenna design and sighting 

philosophies for optimised detection system 
performance. (Advanced EE degree and 5 years’ 
experience)
[-1 RADAR DESIGN ENGINEERS - To work on

ENGINEERS • SCIENTISTS

□
 COMMUNICATIONS ENGINEERS-To work 
with Propagation consultant in frequency 

choice versus sight configuration, and desig । 
it optimum communication and sight configu
ration. (BS in EE and 3 years' experience 
necessary)

। 1 RADAR SYSTEMS ENGINEERS-To integrate
1—1 varied data acquisition equipment into com
plex electronic control systems. (Advanced EE 
degree preferred with minimum 3 years' 
experience)

w OPENINGS NOW
0N PROGRAM 412L

(Air Weapons Control System)

The Heavy Military Electronics 
Department of G.E. has been 
awarded responsibilities for 
Systems Management, Sys
tems Integration and Systems 
Engineering of AWCS 412L—a 
Universal Electronic Control 
System to meet the vast prob
lem of Air Defense outside the 
continental United States.

Designed for both fixed and 
mobile applications. 412L will 
be an ultra flexible system. It 
can be used to defend a single 
airfield or —by linking control 
sites together —provide air 
control for an area the size of 
Alaska. By integrating capabili
ties of several countries, it can 
operate as the air defense sys 
tem for an entire continent.

In addition to its prime func
tion of Systems Management. 
HMED will design, develop and 
produce the Data Processing 
and Display Subsystem, which 
is the heart of 412L.



SEMICONDUCTOR SCIENTISTS! cultural delegation

SEMICONDUCTOR 
DIVISION

Process Engineer
Develop and specify production processes. Analyze 

and rectify manufacturing problems. Improve proc
esses with respect to quality, yield and cost reduc
tion. Act as consultant on production and quality 
c ntrol. BS with basic coverage in chemistry, physics 
and mathematics. Full benefits, good salary.

Product Engineer
Design, development, pilot production and evalua

tion of advanced semiconductor devices and circuit- 
paks for market samples. BS in physics, metallurgy, 
chemistry or electrical engineering. Minimum of one 
to three years’ experience in semiconductor product 
development engineering or directly related indus
trial experience.

From Raytheon, we hope.

Joseph McGovern 
Semiconductor Division, Raytheon Co., 
164 California Street, Newton 58, Mass.

Opportunities like these:
Research and Advanced
Development Engineer

A broad background in physics and chemistry, 
semiconductor experience phis the ability to derive 
knowledge from all scientific fields, will help this 
development engineer advance his career. Problems 
include work in solid state circuits, high frequency 
and high power devices, semiconductor surfaces, 
electrode processes and solid state diffusion.

Electrical Engineer
To work on the design and development of auto

matic test equipment of transistors and diodes. 
Draw electronic schematics and do design work. An 
excellent position for an engineer with a BS in EE 
who has the potential to eventually assume full 
design engineering duties on automatic test equip
ment. Good starting salary, full benefits.

where’s your next 
/quarter - of - a - million 
dollars coming from ?

Raytheon has more than 100 openings in every phase of semiconductor design, 
development and production. And every one of these jobs will pay more than a 
quarter of a million dollars during the next two decades. Whether you have a 
smattering of knowledge about semiconductors or are steeped in semiconductor 
facts, there’s a good job for you at Raytheon. Now is the perfect time to find the 
right spot with the best future for you. Airmail your resume to:

After a careful analysis of your qualifications, we’ll airmail you full facts on the 
many openings best suited to your talents.

that the matter is “out of the realm of your im 
mediate responsibility.”

The engineer who accepts this code literally 
who fails to question methods, processes, mate 
rials and personnel, will remain noncreative 
Usually if a person is properly approached, he 
is happy to answer any questions. Not many man 
agements expect complete obedience to the es 
tablished procedures merely because they arc 
LC 1« 99policy.

Harlow Curtice, former president of General 
Motors, wrote last year:

“Men of science and engineering . . . possess 
what I have called the inquiring mind. This type 
of mind is never satisfied with things as they are. 
It is always seeking ways to make things better 
and do things better. It assumes that everything 
and anything can be improved.”

To worry about the cultural taboo on asking 
questions is to deprive yourself of needed infor
mation. It could mean the difference between 
solving a problem and not solving it.

■ Over-emphasis on competition or on co
operation.

One other seeming paradox in our society is 
that of competition or co-operation. We usually 
think of these as opposites, while in reality they 
may be considered in another way. An over
emphasis on co-operation may very well mean 
that the engineer must temper his creative ideas 
to fit in with the current thinking of the organ
ization for which he works. This situation may be 
true in some companies. However, in many others 
there is no such barrier, except that within the 
engineer himself.

Competition in itself implies that one is work
ing against someone else. An over-emphasis on 
competing will lead the engineer to lose sight of 
his primary goal, that of solving the problem at 
hand rather than trying to “beat someone else 
to it.”

Emphasis on competition or cooperation tends 
on the whole to make technical people rely less 
on their initiative, resources and creativity. They 
feel they are either in a race against someone 
else or must co-operate to keep their jobs. Either 
attitude, on an all-or-nothing basis, leads to stag
nation of ideas. ■ ■
Solution to problem:

178

If you know SEMICONDUCTORS

You ought to know RAYTHEON
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MAIL CAREER INQUIRY SERVICE FORM TO 
READER SERVICE, ELECTRONIC DESIGN, 830 THIRD 
^VE., NEW YORK 22, N. Y.

m co-

— design career inquiry service USE BEFORE JAN. 6, 1960

After completing, mail career form to ELECTRONIC DESIGN, 830 Third Avenue, New York, 
N. Y. Our Reader Service Department will forward copies to the companies you select below.

(Please print with a soft pencil or type.)
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Home Address City Zone State

To Speed 
Action

ELECTRONIC DESIGN s new Career Inquiry 
Service form is designed to help engineers 
advertise themselves. This new service speeds 
applicants to the jobs they seek. It is the 
first such service offered in the electronics 
field and is receiving high praise from person
nel managers.

To present your qualifications immediately 
to the personnel managers of companies that 
interest you, simply fill in the attached stand-

ELECTRONIC DESIGN’S Reader Service De
partment will act as your private secretary 
and type neat, duplicate copies of your stand
ardized resume and send them to all com
panies you may select . . . the same day the 
resume is received. (ELECTRONIC DESIGN 
will detach the circle number portion of the 
form so that no company will know how 
many numbers you circled.)

The standardized resume will permit per
sonnel managers to inspect your qualifications 
rapidly. If they are interested, they will get in 
touch with you directly. In the past much time 
has been lost through personnel-manager re
quests for resumes from applicants who 
proved ineligible.

Date of Birth Place of Birth -, Citizenship 
I

Position Desired

Educational History
Degree MajorDatesCollege Honors

Recent Special Training

Employment History
Dates TitleCity and StateCompany Engineering Specialty

Outstanding Engineering and Administrative Experience

Professional Societies

Published Articles

Minimum Salary Requirements (Optional)______________________________________ ________
Use section below instead of Reader Service Card. Do not write personal 
data below this line. This section will be detached before processing.

Circle Career Inquiry numbers of companies that interest you

900 901 902 903 904 905 906 907

925 926 927 92« 929 930 931 932

909 910 911 912 913 914 915 916 917 918 919 920 921 922 923 924

934 935 936 937 93« 939 940 941 942 943 944 945 946 947 948 949



ENGINEERS

MOVE FORWARD

FAST

Westinghouse

CIRCLE

180

Write to: Mr. A. M. Darrah 
Link Aviation, Inc. 

Binghamton, New York

GENERAL 
PRECISION 

COMPANY

Talented engineers who are looking for
ward to careers with genuine opportunity 
will find that they can keep moving for
ward at Link Aviation.

Located in Binghamton, in the heart of 
Upstate New York’s all-season vacation
land, Link’s activities are steadily expand
ing. New positions exist for men with 
productive experience in several fields:

CAREER 
OPPORTUNITIES 
BROCHURES

ELECTRONIC DESIGN • November 25, 1959

CAREER OPPORTUNITIES WITH 

WESTINGHOUSE

Link Aviation. Inc., is engaged in projects 
whose scope far exceeds its long-standing 
reputation for flight-simulation equip
ment. Engineers are stimulated hy this 
diversity. And they like the recognition 
given them, in such forms as excellent 
salaries, exceptional insurance and retire
ment plans, and tuition-free advanced 
university courses.

If you want to progress in this direction 
contact us at once.

LINK AVIATION, INC.
A subsidiary of General Precision Equipment Corporation

902 ON CAREER INQUIRY FORM

Space Electronics Corporation has presented in 
this eight-page illustrated brochure its past and 
present achievements and future aims in conduct
ing advanced and practical research and devel
opment on electronic problems associated with 
missile and space technology. The company’s 
scope of activities includes: systems analysis, in
strumentation, communications, computing equip
ment, ground checkout equipment and guidance 
components. An 8-page tip-in is devoted to 
the experiences and capabilities of SEC’s manage
ment and staff. An organization chart and a graph 
depicting staff and business growth are given.

Space Electronics Corp., Dept ED, 930 Air 
Way, Glendale 1, Calif.

CIRCLE 870 ON READER-SERVICE CARD

The activity at Westinghouse in Youngwood, 
Pa., is devoted exclusively to the design, devel
opment and production of semiconductor devices. 
The Advanced Development Section is charged 
with the dev clopinent of materials and devices up 
to the pilot plant stage. The company's 6-page 
brochure and pitch It‘tter describe briefly the sec
tion’s prime interests and aims. Facilities, on-the- 
job photos, and living conditions within the 
Youngwood, Pa., community are illustrated and 
outlined.

R. G. Snyder, Industrial Relations, Semiconduc
tor Dept., Westinghouse Elec tric Corp., Dept. EO, 
Youngwood, Pa.

CIRCLE 871 ON READER-SERVICE CARD

Advanced circuit development 

ASW/AEW systems simulation 

Fire control computer design 

Radar simulation

Analog & digital computer 
components and systems 

Aircraft simulation

Optical systems development' I '



YOUR CAREER

NEWS AND NOTES

DEVICE
DEVELOPMENT
ENGINEER

C. A. Besio, Dept. 200-ED
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Engineers and scientists may not always agree 
on what makes them happy on the job. But the 
majority of 622 interviewed recently had little 
hesitation about disclosing what made them un
happy: it was company management.

Seventy-two per cent of those responding to 
the survt*y accused management of misusing their 
talents; 80 per cent complained they were under
paid compared with other groups; 75 per cent 
felt hemmed in by corporate pressures and unable 
to work in the most creative way; 67 per cent be
lieved that “pull,” not necessarily knowledge, was 
the key to success in management.

The survey, conducted by Opinion Research 
Corp, of Princeton, N.J., covered six big corpora
tions in electrical equipment and electronics, 
aviation, chemicals, drugs, petroleum and rubber. 
The opinions of 105 managers at the corporations 
were also recorded.

Half of the professionals who were surveyed 
held advanced degrees, a third had doctorates and 
many were lauded by their managers as “presently 
or potentially most valuable” to their corpora
tions.

“Management’s push for profits sharply con
flicts with the scientists’ and engineers’ quest for 
perfection,” Opinion Research concluded in a re
port on the survey. “Companies have put forth 
increasing money and effort to motivate and sat
isfy their technical people without much evident 
success.”

The research organization noted this split in 
motivation between management and science-en
gineering personnel: managers obtain satisfaction 
from being identified with a successful company, 
but scientists and engineers want recognition 
based on individual contributions. Managers who 
were interviewed agreed that the scientific intel
lect required a different type of recognition from 
management’s, but the survey found that “little 
has been done to fill this need.”

Typical of differences between the two groups 
were these examples uncovered by the survey:

Engineers said: Budgets, production timetables, 
demands for immediate results are stifling scien
tific goals.

A manager replied: Research freedom like this 
is actually a form of laziness; the place for such 

freedom is in academic institutions, not competi
tive industry.”

A scientist: “The company only pays lip serv
ice to the idea and policy that a scientist can 
advance in stature, pay, recognition and prestige 
without getting into administrative work. W ithout 

(continued on page 182)

Instrum ents
INCORPORATED
SEMICONDUCTOR - COMPONENTS DIVISION 
POST OFFICE BOX 312 • DALLAS TEXAS

Now take advantage of maximum professional growth at Texas Instruments 
by participating in development of the most advanced semiconductor-component 
devices. Working with the newest facilities, take part in:

• DEVICE DEVELOPMENT Development of new devices by studies in solid-state 
diffusion, alloying of metals and semiconductors, vacuum deposition 
of metals, surface chemistry, and solid state physical measurements.

• SURFACE STUDIES Surface reactions and surface energy phenomena on 
silicon and germanium.

• ADVANCED COMPONENT DESIGN Development of new components by studies 
of deposition of thin films, electrolytic studies such as anodic oxidation 
rates and film structures.

• NUCLEAR RADIATION experiments on semiconductor materials and devices. 
With TI... receive liberal company-paid benefits, including profit sharing 
(last year 15% of base salary) ... enjoy premium living in a moderate climate 
with excellent neighborhoods, schools and shopping facilities ... work in a plant 
selected as one of the 10 outstanding U. S. industrial buildings of 1958.
Interviews will be held in your area soon. If you have an Electrical Engineering 

degree and/or knoivledge of transistor circuitry, please send a resume to

CAREER
OPPORTUNITIES
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cisely separated on single slice (magnified 10 times) 
are 37 of more than 1,000 transistor hearts per slice.

26,000 Tl transistoi 
of germanium crys 
inserted into a difi

HR be produced from the thin slices 
«een in the container above being 
ion furnace. In circle at left, pre-



Catalog Information

Right at Your Finger Tips

Here is a valuable new information service to augment your data files. 
Manufacturer's catalogs are now being accepted for binding, directly 
in Electronic Design. The catalogs may be easily removed, or if you 
wish, filed with the magazine (all catalogs will be listed in the semi
annual index of articles).
Iliis unique service is one more step in providing our readers with 
the latest, complete, product information obtainable in a single refer
ence source. Up-to-the-minute product data can break design bottle
necks, create additional time for more important work, speed the 
completion of your project.
If there is a particular type of product for which um would like to 
have information on a regular basis, let us know about it, we will relay 
your requests to the appropriate manufacturer.

to Request Additional C

If you need extra catalogs for other engineering 
groups or for central files, use the appropriate Reader- 
Service number to request additional copies.

CIRCLE 800 ON READER-SERVICE CARD

CAREER NEWS
(continued from page 181)

getting out of actual research, there appears to be 
nowhere to go after about 10 years of service.”

Most managers: Knowledge and not "politics” 
determines who will get ahead.

There was general agreement, however, on the 
contribution of science and technology to this 
country’s high standard of living. Thirty-two per 
cent of the engineers and scientists said they were 
"mainly responsible’’ for the rising standard, and 
79 per cent of the managers agreed.

But most engineers and scientists appeared to 
doubt that the public was aware of their key roles 
in national progress. Asked to name those “well 
thought of” in the community, 56 per cent of the 
engineers and scientists listed management; only 
9 per cent cited themselves.

Opinion Research recommended that compa
nies explore ways to mold managerial policies 
without losing sight of the special needs of scien
tific and technical personnel. It urged that a dose 
of realism be injected into the college training 
and job recruitment of engineers and scientists 
to offset any disillusionment on entering the world 
of business.

“It’s time to call a halt to over-promising, to 
building unrealistic hopes for a life very much 
like an extension of graduate school,” the research 
organization said.

Seven new employment offices for engineers 
and technical personnel have been opened in 
strategic parts of the United States by AC Spark 
Plug, the electronics division of General Motors.

The offices—at New York City, Day ton, Boston, 
Detroit, Washington, Dallas and Los Angeles— 
will seek top-flight personnel for AC Spark Plug 
operations in Milwaukee, Boston and Los Angeles. 
The company is developing inertial guidance for 
the Titan ICBM and holds other advanced re
search contracts. It also produces inertial guid
ance for Thor and Mace missiles.

Directors of the new job recruiting program 
and addresses of the area employment offices are 
as follows:

New York City—Richard Klann; Franklin Na
tional Bank Building, 600 Old Country Rd., Gar
den City, L.I., N.Y. (PI 1-8955).

Dayton—William B. Clark; Talbott Tower, 
Suite 1005, 118 W. First St., Dayton, Ohio 
(BA 8-9522).

Boston—Thomas S. Crutcher; 59 Park, Beverly, 
Mass. (WA 7-1474).

Detroit—John P. Donovan Jr.; Room 204, Tech 
Center Service Section, Box 56, North End Sta
tion, Detroit (JE 9-5000).

(continued on page 184)
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For 74 years, Minneapolis Honeywell 
has pioneered and led the development 
and production of advanced automatic 
controls. Today, with work in this area 
more demanding and more rewarding, 
new opportunities exist for engineers.

PRODUCTION: Develop and establish 
assembly processes for a wide range 
of products. Requires background 
in complex devices such as gyros, 
accelerometers, Hight systems, and 
a thorough knowledge of produc
tion processes.

COMPONENT APPLICATION: Senior 
development engineer (BSEE) to 
pioneer as specialist on radio noise 
suppression. Also, a specialist in 
application of capacitors to aid and 
guide design engineers.

INSTRUMENTATION: Development and 
design in the critical areas of test 
instrumentation for Aero Division 
products. I wo years’ experience in 
test instrumentation desired.

FIELD SERVICE: Monitor airborne sys
tem performance in U.S. and over
seas. Conduct training, liaison with 
military. BSEE preferred, or grad
uate engineer with high electronic 
aptitude.

I you're interested in a challenging career in 
r hanced automatic controls, irrite Mr. Bruce 
1 . Hood, Technical Director, Dept. 73C.

Honeywell
ERONAUTICAL DIVISION

■33 Stinson Blvd. N E., Minneapolis 1 3, Minnesota 
• explore professional opportunities in other 
oieyirell operations coast to coast, send your 

1 'plication in confidence to ll. D. Eckstrom, 
nieytrcU, Minneapolis 8, Minnesota.
CIRCLE 905 ON CAREER INQUIRY FORM
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EXPLORE
NEW AREAS IWJI

AT IBM IN I W I

CAREER NEWS
(Continued from page 182)

Washington—Earl W. Sherburne; 1625 First St. 
N.W., Washington, D.C. (EX 3-1133).

Dallas—Gerald Raasch; Rice Building, 5641 Yale 
Blvd., Dallas, Tex. (EM 1-5813).

Los Angeles—James Kronner; 950 N. Sepul
veda, El Segundo, Calif. (EA 2-5750).

Engineers are often thought of as more inter
ested in “things” than people. The General Elec
tric Engineers Assoc, of Syracuse, N.Y., aims to 
counteract that belief. One of its goals for the 
coming year is to heighten the work of its Civic 
Activities Committee.

Under the chairmanship of Richard Charles, the 
committee sees its job as a dual one: to serve the 
community and to educate it to the role of engi
neers as professionals.

“We want the community to know us not as 
transient technical people interested only in our
selves, but rather as permanent residents gifted 
with an ability to analyze community operations, 
appreciate community problems and actively 
participate in helping to solví* them,” Mr. Charles 
was quoted in the association’s publication, The 
Engineer.

Among activities that the committee is under
taking is repair work for a Talking Book Project 
for the blind, installation of a public address sys
tem at a meeting place used by the blind, help in 
maintaining portable polio respirators in the 
Syracuse area and a role in metropolitan develop
ment.

Now under development at IBM are new and unusual elec
tronic computing systems that will greatly strengthen man’s 
control of his environment. In one project, for example, 
advances in acoustics, oceanography, and information theory 
are being coordinated to yield a data system that will sentinel 
the ocean’s depths. Another group is applying a computer’s 
logic and computational capabilities to analyze, correlate, and 
identify input signals to data acquisition systems. In the late 
development stage is an extremely high-speed, large-capacity 
computing system which will automatically handle the large 
volume of detailed records and communications required by a 
nationwide sales operation. To staff such efforts, scientists, 
mathematicians, and engineers of vision are needed.

SYSTE MS
ENGINEER-IMPROVEMENT 
COURSES AND SEMINARS
Below are courses and seminars in
tended to provide the engineer with a 
better knowledge of various specialties. 
Our grouping includes several different 
types of meetings: National Courses— 
those held on consecutive days and 
intended to draw attendees from all 
geographic areas: One-Day Seminars— 
one-day intensive seminars which move 
from city to city; and Regional Lec
tures—regional symposia or lecture se
ries which generally run one night a 
week for several weeks.

IBM’s rapid expansion provides many opportunities for you 
to advance—either through technical achievement or engi
neering administration. You may work independently or with 
a small team, and you can choose your assignments from a 
broad range of research and development areas. Specialists of 
many different backgrounds are available to assist you in your 
work. This is an excellent opportunity for a scientific or 
engineering career that combines maximum growth potential 
with job stability.

National Courses
UCLA Engineering and Management Course, 

January 25-February 4

X course for the professional development of 
managers and designers, will be held at the Uni
versity of California, Los Angeles. The 10-day 
program will offer a choice of 22 subjects to fit the
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Many Talents

Specification Engineer

Man of

Raytheon

CIRCLE 908 ON CAREER INQUIRY FORM

QUALIFICATIONS: B.S. or advanced degree 
in Electrical or Mechanical Engineering, Phys
ics or Mathematics —and proven ability to 
assume a high degree of technical responsi
bility in your assignments.

Solutions of real-time control problems with 
digital techniques; mathematical analysis of 
navigation and fire control systems, ray trac
ings, and signal cross-correlations.

Application of transistor-diode logic to de
velop advanced circuitry; review of new cir
cuits for possible use in digital control sys
tems, defining basic techniques for improving 
performance characteristics.

Laboratory facilities are located in Endicott, 
Poughkeepsie, Kingston, Owego, and York
town Heights,'N. Y.; Lexington, Ky.; and San 
Jose, California

For details, write, outlining background and 
interests, to:
Mr. R. E. Rodgers, Dept. 555K4
IBM Corporation
590 Madison Avenue
New York 22, N. Y.

IBM
INTERNATIONAL BUSINESS MACHINES CORPORATION

CIRCLE 907 ON CAREER INQUIRY FORM
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TYPICAL ASSIGNMENTS

Planning and logical design of solid state 
computers, input-output systems, and peri
pheral equipment. Knowledge of digital sys
tems required with experience in transistor 
circuitry and switching techniques.

Analysis of ferrite "memory” and buffer 
systems and design of new high speed con
figurations, including drive and addressing 
circuitry, for advanced solid state data proc
essing systems. Familiarity with digital com
puter systems and magnetic core "memory” 
design.

CAREERS ALSO AVAILABLE 
IN THESE AREAS . . .
Acoustics
Applied mathematics 
& statistics
Applied physics
Circuit design & development 
Component engineering 
Computer analysis 
Cryogenics
Flight test analysis 
Human factors 
Inertial guidance 
Information retrieval 
Logical design 
Magnetics 
Microwaves
Operations research 
Programming 
Radar circuitry
Transistor circuit design

Application of information theory to signal 
processing. Familiarity with signal cross
correlation techniques, statistical data proc
essing, sampled-data control theory, analog
digital data processing techniques, signal 
propagation, and beam formation. Naval ex
perience required in at least one of these 
specialties: sonar, fire control, ASW, naviga
tional systems, signal processing.

Investigation of new computer applications 
and techniques, based on observation and 
analysis of customer needs; establishment of 
broad systems concepts, assisting in both 
logic and machine design. Experience re
quired in digital computer applications, tech
nical organization of a medium or large 
machine installation.

Circuit design of advanced data processing 
systems and input-output equipment, working 
closely with logic designers. Experience re
quired in design of arithmetical control and 
switching circuitry to reduce logic diagrams 
to component counts for cost-estimating 
development.

This man is responsible for a vital link in the 
chain of events leading from concept to finished 
missile system . . . translating prototype into 
production. His abilities have to be wide and varied. 
For example, nine times out of ten, he’s con
versant with a broad range of engineering functions 

electrical, electronic, mechanical, hydraulic, 
chemical. He can analyze data obtained from 
design engineers, schematics, publications, etc. — 
and from this data prepare specifications which 
adequately define the performance and design of 
major units through complete systems.

He’s a top liaison man too, able to work smoothly 
with management, project engineers, test engi
neers, and others to insure that specifications are 
current and accurately reflect contractual require
ments. And he’s constantly negotiating specifica
tions with customers and subcontractors. He knows 
how to lead too, supervising engineers working on 
lower level specifications.

And . . . he’s constantly growing . . . meeting new 
challenges and adding to his professional status.
Think you could handle the job?
Raytheon has immediate career opportunities for
SPECIFICATION ENGINEERS

• Minimum of three years in missile systems, 
radar, or similar complex military equipment 
... in design, maintenance, or other area re
quiring detailed knowledgeof equipment. B.S.E.E. 
required. An exciting future for the right men . . . 
pleasant working and living conditions in un
surpassed New England . . . modern company 
benefits and relocation expenses.

Please Send Resume To:
Mr. Walter N. Wells, Professional Personnel, 
Missile Systems Division, Raytheon Company, 
520 Winter Street, Waltham 54, Massachusetts.

RAYTHEON) ----- nMiiiiLun/ division
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CAREER COURSES

REWARDING!

tn Write for
ELECTRONIC
DESIGN

Transistor applications 
Crystal engineering 
Sales engineering

A feeling of accomplishment, comfortable salary, security, fine 
home, prestige in the community. Yes, these are the marks of a 
successful Motorola engineer in Chicagoland. But, what exactly 
makes a career at Motorola so rewarding—beyond the ordinary 
realm of material benefits?

Foremost is opportunity. For here a man is encouraged to use 
all of his creative talents to their fullest. He works on projects 
that spark vision, that inspire imagination. He works with men 
who recognize and respect his abilities ... a calibre of men that 
he cannot help but admire.

Yes, a career at Motorola is deeply rewarding. You owe it to 
yourself to discover exactly how much. Simply clip the coupon below.

• Radar transmitters and receivers
• Radar circuit design
• Electronic countermeasure systems
• Military communications equipment design
• Pulse circuit design
• IF strip design
• Device using kylstrom, traveling wave tube 

and backward wave oscillator
• Display and storage devices
2-WAY RADIO COMMUNICATIONS
• VHF & UHF receiver
• Transmitter design and development
• Power supply
• Systems engineering
• Antenna design
• Selective signaling

< 1 ■

Training Course In Value Engineering and 
Analysis, IEI, November 30

¡K& zr

needs of both executives of large industries or of 
middle-level personnel from small companies. 
Emphasis will be on the principles and techniques 
which form a systematic approach to manage
ment, and on the quantitative methods which 
supply the facts for such an approach. Informa
tion on registration and living accommodations 
may be obtained from Reno R. Cole, College of 
Engineering, University of California, Los Ange
les 24, Calif.

Design of VHF A UHF FM communications 
in portable or subminiature development 
Microwave field engineers 
Transistor switching circuit design 
Logic circuit design
T.V. circuit design engineering
Home radio design 
New product design 
Auto radio design 
Mechanical engineering 
Semi-conductor device development 
Semi-conductor application work

Also splendid opportunities in

Phoenix Ariz., and Riverside, Calif.

fW MOTOROLA me.
| Mr. L. B. Wrenn, Engineering Personnel Mgr., Dept. B
। 4501 Augusta Blvd., Chicago 51, Illinois

■ Without obligation, send copy of
_ “Selecting an Engineering Career with a Future’*

NAME-

ADDRESS.

CITY______ ZONE. STATE.

This five-day course, which will be held in 
Boston, starting Nov. 30, has been developed by 
the Industrial Education Institute, in cooperation 
with the Materials Handling Institute. The pro
gram, covering all phases of the subject, has been 
designed especially for men responsible for prod
uct design, procurement and manufacturing in 
industry and government.

Value Engineering and Analysis is a technique 
developed for reducing product cost. It is con
centrated effort to improve the value of any prod
uct by eliminating unnecessary costs in product 
design, manufacture and procurement.

The five-day training will combine formal in
struction, guest lectures, informal discussion, 
demonstration, case study and problem solving. 
Through specially developed work projects, the 
participants will learn “by doing” by value ana
lyzing a wide variety of products. Through the 
free exchange of information with men with 
similar responsibilities and problems, the regis
trants will pick up new functional design and 
procurement techniques they can apply to their 
own products.

The members of the “faculty have been drawn 
from industry, government and education. They 
include L. S. Miles, Manager of Value Services, 
General Electric Go.; Rear Admiral A. G. Mumma 
(USN Ret), Vice President, Engineering, Worth
ington Corp.; Rear Admiral R. S. Mandelkorn, 
(USN Ret), Chairman of Value Engineering Com
mittee, Electronic Industries Association; Vincent 
de P. Goubeau, Vice President, Materials, Radio 
Corp, of America; Frederick S. Sherwin, Manager, 
Value Analysis Service, Raytheon Co.; Don Otis, 
Controller, Electric Typewriter Div., IBM Corp.; 
Bernard W. Eades, Manager, Value Engineering, 
Stromberg-Carlson Co., and President of the So
ciety of American Value Engineers; Raymond J. 
Spenard, Value Analysis Education, U. S. Army 
Ordnance; Morgan D. Roderick, Office of Value 
Engineering, Bureau of Ships, U. S. Navy; Louis 
J. De Rose, Executive Director, Materials Man
agement Institute, and others. Further details and

It’s Easy

As a design engineer it’s very likely that 
many of the problems you have encoun
tered and sohed can he of real help to 
others. Why not tell Electronic Design's 

32,000 readers about it? This effort can 
be of real, direct, immediate service to 
the industry. If you think you have an 
idea for an article, send us an outline or 
abstract — we’ll look it over and return 
with Miggotions for the completed piece.

440CIRCLE 909 ON CAREER INQUIRY FORM

FREE
This booklet describe 
how easy it is to uritt 
for Electronic Desigx 
( omplete details are in
cluded concerning type 
of articles needed, treat
ment, payment, etc. For 
your copy simply circle 
the reader service num
ber shown below.
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applications

registration information may be obtained from 
the Registrar, Industrial Education Institute, 25 
Huntington Ave., Boston 16, Mass.

senior

engineers
experienced in
SEMICONDI JCTOR R E D
for staff level assignments

GROUP HEAD
Applications engineer with 
experience in semiconductors, 
diodes, rectifiers, circuit 
applications and sales 
engineering to head a group 
of nine senior technical per.Ne. 
Master's degree preferred.

SECTION HEAD
Application engineer with 
experience in semiconductor 
transistor circuit application. 
Position requires knowledge 
of applications, sales 
engineering and a familiarity 
with various electronic 
manufacturing industries 
which manufacture or use 
semiconductors. Responsibili
ties will include the direction 
of fifteen technical people. 
Master's degree preferred.

One-Day Seminars
Plastics Engineers One-Day 
Seminar, Washington, D.C.

The Baltimore-Washington Section of the So
ciety of Plastics Engineers, Inc., in conjunction 
with the Prevention of Deterioration Center of the 
National Academy of Sciences, has scheduled a 
Regional Technical Conference entitled “Stability 
of Plastics.” Dr. Herman Mark, Director, Polymer 
Research Institute, Polytechnic Institute of 
Brooklyn, will preside as moderator of the pro
gram.

The objective of the conference is to present a 
program covering current concepts of mechanisms 
governing natural and synthetic polymer stability 
and degradation. Degradation under the condi
tions of mechanical processing, untraviolet or 
other radiational exposure, elevated temperatures, 
and enzymatic attack will be among the topics 
covered by well-known contributors to these 
fields. While papers will report results of original 
investigations, each author will present a brief 
survey of the current theories of the mechanism 
of polymer degradation under the influences of 
the various factors enumerated above. The con
ference will be held December 1, in the auditor
ium of the National Academy of Sciences Build
ing, 2101 Constitution Ave., Washington, D C.
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These positions were created 
as a result of the sustained 
growth of advanced research 
and development activity 
at the Semiconductor 
Division of Hughes Products 
(Hughes Aircraft Co.). The 
recently completed ultramodern 
facilities of the Semiconductor 
Division are located in 
Newport Beach, California- 
just south of Los Angeles. 
Here you will find choice 
suburban living in the heart 
of the Western electronic 
industry.
If you meet the requirements 
for the above positions, or if 
you are a senior engineer or 
physicist with experience in 
the field of semiconductors, 
we invite your inquiry.

PAPER DEADLINES
Convention Program Chairmen have 

issued the following deadlines to au
thors wishing to have their papers 
considered for presentation.

December 15: Deadline for abstracts of 150-200 
words for the 1960 Electronic Components Con
ference scheduled for May 10-12 in Washington, 
D. C. Please send in triplicate to: Gilbert B. 
Devey, Technical Program Chairman, Sprague 
Electric Co., North Adams, Mass.

Please contact;
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Mr. C. L. M. Blocher 
Scientific Staff Representative 
HUGHES SEMICONDUCTOR DIVISION 
soc Superior Avenue 
Newport Beach 14, California

Hl GHES PRODUCTS

SEMICONDUCTOR DIVISION 
HUGHES AIRCRAFT COMPANY 

E ‘ 0 ON CAREER INQUIRY FORM

LECTRONIC DESIGN •

January 15: Deadline for 100 word abstracts in 
triplicate and 500 word summaries in triplicate 
for the 1960 IRE Professional Group On Micro
wave Theory And Techniques to be held May 
9-11 at the Hotel del Coronado in Coronado, 
Calif. Papers to be presented should deal with 
microwave components, systems and physics. 
Send all material to: Dr. David B. Medved, Chair
man, Technical Program Committee, 1960 
Dynamics Corp., Mail Zone 6-172, P. O. Box 1950, 
PGMTT Symposium, Convair, A Div. of General 
San Diego, Calif.

RCA 
CREATES A 

GOLDEN 
OPPORTUNITY
FOR SCIENTISTS 
ENGINEERS

Inquiries are invited for key openings at RCA’s new, ultra-modern 
Semiconductor and Materials headquarters in suburban Somerville, 
New Jersey (just 35 miles from New York City), from individuals 
with degrees in . . .
PHYSICS • ELECTRICAL ENGINEERING • PHYSICAL CHEMISTRY 

INORGANIC CHEMISTRY • METALLURGY

RCA-Somerville is headquarters for major research and 
development work on:

SEMICONDUCTORS
Silicon Rectifiers • High Power Transistors • Diodes

MATERIALS
Intermetallics • Thermoelectrics • Semiconducting 
Oxide Films

MICROMODULES
Subminiature Circuit Design • Component Development

PHONE OR WRITE: MR. J. B. DALY, RAndolph 2-3200

RADIO CORPORATION OF AMERICA
SEMICONDUCTOR AND MATERIALS DIVISION, SOMERVILLE, NEW JERSEY

CIRCLE 911 ON CAREER INQUIRY FORM
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ENGINEERS —Electrical, Mechanical, Industrial

U

WESTERN ELECTRIC
Is Augmenting

Its Professional Staff

Western Electric has openings for men of superior pro
fessional ability. Present areas of activity that afford 
opportunity to utilize your full technological skills are:

■ Nike Zeus Anti-Missile Missile System ■ Missile

Guidance Systems ■ Associated Ground Control

Radar Systems ■ Fire Control Radar ■ Underwater

Defense Systems ■ Digital Computers ■ Waveguides

and Gyros ■ High Precision Electronic Components

and Solid State Devices

You are invited to discuss with us how your previous 
training and experience can fit you for an important 
career position in one of these engineering areas:

• Development
• Project
• Test Planning
• Test Set Design
• Pilot Line Manufacture

• Tool Design
• Product Design
• Standards
• Technical Publications
• Field Engineering

Also Openings For:

• Technical Writers
• Engineering Associates

Positions are available at these Western Electric Locations: 
Winston-Salem, Greensboro and Burlington, North Carolina 

Laureldale, Pennsylvania and Whippany, New Jersey

For a personal interview in your area or at one of the 
above locations, address your resume to: Mr. T. R. Lannon 

Engineering Employment Manager, Dept. 924 E

Western Electric,

MANUFACTURING AND SUPPLY UNIT OF THÍ BEU SYSTEM

Lexington Road, Winston-Salem, North Carolina

188



PROBABILITY
The probability of a particular event occur
ring under given conditions is equal to the 
relative frequency of its occurrence under 
these conditions.

CONDITIONS: Cadillac, the nation’s largest 
Executive and Placement Service, can offer 
Electronics Engineers a choice of positions, 
$6,000 to $75,000, unequalled by any other 
firm. Cadillac represents every “Blue Book” 
Electronics firm in America—Over 350 in all.

PROBABILITY : Your probability of finding 
the right position in Electronics is greatest at 
Cadillac. It occurs more frequently here than 
anywhere else.

FREE MONTHLY BULLETIN
Because you are an Electronics Engineer, our 
monthly Electronics Opportunities Bulletin 
and our Completely Confidential Placement 
Service are available to you FREE OF 
CHARGE.

For your free Bulletin, each month listing 
America’s BEST Electronics jobs, send your 
name and home address to:

EUGENE B. SHEA 
Executive Vice President 

CADILLAC 
ASSOCIATES, INC.
29 E. Madison Bldg., Dept. E2, 

Chicago 2, III.

CIRCLE 913 ON CAREER INQUIRY FORM
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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 helps 
to bring it to you faster.

This pre-typed label is only part of 
Electronic Design's New, Faster, Oxe 
Day Reader Service. All inquiries are 
now completely processed and air mailed 
(1st class within one day delivery zone) to 
advertisers within Oxi Day of receipt. 
I here is no delay for batch mailing or 

complicated tabulation.
New I asier Ixquiry Handling is one 

more step in Electronic Design's continu
ing program to improve its services to 
both reader and advertiser.

ELECTRONIC DESIGN
Leading Electronics Magazine
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	A PARTIAL SHOWING. OVER 60 DIFEERENT

	SIZE 8 ROTARY COMPONENTS AVAILABLE

	CLIFTON PRECISION PRODUCTS CO., INC. CppC*

	540 CHANNELS


	SUPRAMICA' 555

	ceramoplastic

	commutator plates

	Umilimi»"

	i I 	


	MYCALEX

	BPA


	New, compact PRECISION FREQUENCY STANDARD offers 5/io8 stability, just 83/4" high

	HEWLETT-PACKARD COMPANY


	improved "Memo-Scope” oscilloscope

	Space Communications Net In 510 Years Is U.S. Goal

	Telebit System Shown Unpackaged

	Write today for complete information.

	RF Head Fits On Antenna In Radars Designed for Weather Tracking

	New Components Featured

	At Devices Meeting



	SILICON

	Navy Declassifies Details of Pigeon Guidance Project

	HIGH VOLTAGE SENSITIVITY HIGH INPUT IMPEDANCE

	HIGH POWER SENSITIVITY

	FAST METER RESPONSE

	WASHINGTON

	REPORT

	New Defense Dept. Cost Principles Mean Aid, Trouble for Electronics

	Government Studies Computer Economics

	» ►



	UNIVERSAL

	TRANSISTOR

	StMicr

	high purity fused quartz requirements.

	ECONOTAPE crossbar contacts are most efficient for electrical relays

	Designing For Short-Run Production

	George H. Rostky

	Modular Design—for Mass- Production Benefits 	 p	40



	Modular Design—

	Mass-Production Benefits


	IMH Planning for Production

	El CTRONIC DESIGN • November 25, 1959 
	51

	SILICONE NEWS from Dow Corning

	in any environment, silicones protect

	Fluid Short-Stop Deflects Moisture

	This Resin Is As Good As Its Bond

	Silastic Insulates Beyond The Call





	POWER TRANSISTORS

	DELCO

	RADIO

	Intercoupling Circuit for Precision Amplifiers

	Protect Transistors Against Destructive Transients

	How Large Should a Module Be?

	take a card ...ANY card!

	Solid State 10 mc Counter Uses Diode Logic



	High-Current Amplifier Drives Hi-Fi Galvanometers

	WAVEGUIDE

	COMPONENTS

	applications

	> D. S. KENNEDY & CO.

	Replace both mechanical commutators and signal conditioners with

	Low Level Solid State Multiplexer

	CONSIDER THE PLUS OF COPPER CORED ELECTRODES

	Write Department 07

	THE FUSITE CORPORATION

	6000 FERNVIEW AVE., CINCINNATI 13, OHIO

	Can Type Relays

	Synchros

	High-Mu Triodes



	^MES IN THE ELECTRICAL POWER FIELD...



	Gand REGULATORS, INC.

	NEW PRODUCTS

	Pressure Switch

	¡.ECTRONIC DESIGN • November 25, 1959

	Silicone Impregnating Varnish

	Decommutation System

	Nonreactive Resistance Standards

	ASSEMBLY PRODUCTS, INC.


	GUDEBROD’S TEMP-LACE H

	Amplifier

	GUDEBROD

	BROS. SILK CO., INC.

	Universal Bridge



	audible and visual WARNING DEVICES

	FANSTEEL 35 AMP.

	Silicon Power Rectifiers

	RELIABILITY

	106

	Servo Amplifier

	Frequency Converter


	TANTALUM

	Frequency Synthesizer

	X-Y Plotter

	Paints

	DC Power Supply

	Digital Data Printer

	Indicator Driver

	Silver-Zinc Battery

	NO TRANSISTORS

	HIGHLY RELIABLE

	Burroughs NIXIE®

	PAM/PDM Simulator



	long life

	Harmonic Generators

	CAM SWITCH

	Pulse Generator

	Control Consoles

	Direct-Recording Oscillograph

	E CTRONIC DESIGN • November 25, 1959

	Waveguide Switch

	NEW PRODUCTS

	Transistor Transformers


	-measures both in-phase and quadrature voltage ratios - with high accuracy




	switching COAX?

	AT X BAND

	DC Motor

	Snap-Action Switches

	120

	DC Modulator

	Contacting Counters

	Recording System

	NEW PULSE MODULATOR TETRODE

	FOR SEVERE ENVIRONMENTS

	ELECTRONIC DESIGN • November 25, 1959

	Trimmer Potentiometer

	Millivolt Potentiometer

	Subcarrier Oscillator

	Pressure Transducers

	Signal Source

	Gear Mechanisms


	specify NORTH ATLANTIC'S
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