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6' max. error spread Synchro 
for Gyro Pick-Off

The SG-17- and ST-17- type pancake synchros 
(SG-18- and ST-18- with housings) are our 
most standard line for gyro pick-off appli
cations.

These units have been manufactured in 
large quantity and are readily available for 
prototype breadboarding. The high accuracies 
shown on the left are obtainable in standard 
26v or 115v units.

Data Processing
Magnetic Cores Play Many Roles, p 24 
. . . Sequential Output Selector Slows

Vehicle's Guidance Re
5 . . . Environmental De-

»0 ? 005

. . . New Measurements Techniques, 
68 . . . Triggered Multivibrator, p 
. . . Astable Transistor Multivibrator, 

18 . . . Pedestal-Free Switches, p 156 
Zener Provides Initial Sweep, p 118 
An Exclusive OR Circuit, p 120.

--------------- I 818 OIA -------------  

--------------  2.282 OIA -----------  
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Custom Designed Pancakes

CPPC has developed a number of special pancakes (drawings 
below) with relatively large bores and narrow stack heights.

Means have been devised to minimize error due to clamping 
pressures on these thin units.

Special accuracies have been maintained where required. 
Let us know your needs.

Materials
High-Heat Advances, p 14 .. . Aluminum
Strip Conductors, p 152.

COVER: A complete redesign of the 
beam switching tube makes the ne* 

Beam-X' practical in many switching 
applications. The cover looks through 
the eyes of our artist at the cathode-to- 
collector current flow in the tube.

♦ .0005 I
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Selected Topics 
In This Issue

Components
Flexible Ceramic Produces Ultrasmall 
Capacitor, p 49 . . . New Non-Linear 
Potentiometer, p 46 . . . Direct Readout 
Device Converts Binary to Decimal, p 
44 . . . Small Low-Cost Decimal Switch 
Simplifies Many Circuits, p 42 .. . Metal
lized Capacitors, p 159.

Pancake Resolver for Gimbal Mounting

Clifton Precision pro
duces special pan- <
cake resolvers for 
direct gimbal mount- ~ 
ing. They we«e de- ( 
veiopeo for use / ***

less resolver sys- 
toms and have been mt WR
trimmed for 10K in- W
put impedance, 0* w
phase shift and a 
constant transforma- 
tion ratio, with tern- it
perature, at 900cy. J ’' ' JL
Accuracies of 4', per- II1 I
pendicularities of 3’ m /y
and nulls of Imv/v _
of output or less can 
be held.

Special techniques maintain concentricity between rotor and 
stator — thus reducing difficulties commonly encountered in 
gimbal mountings.
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RESOLVER

SYNCHROS for GYRO PLATFORMS

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

ENGINEERS — Join the leader in the rotating componenta field. Write David D. Brown, Director of Personnel, Dept. J7 

cnnc CLIFTON PRECISION PRODUCTS CO., INC
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THERE'S A RAYTHEON
GAS DIODE TO MATCH
YOUR TOUGHEST
POWER-SUPPLY ‘SPECne*

Base Current Range Regulation

Miniature 30 ma.150 v.

Miniature 103 v 30 ma.

Corona Voltage Regulators
lent

□WS

Industrial Tube Subdivision

53 Chapel Street, Newton 58, Massachusetts

55 pa.
55 pa.
125 pa
125 pa.

15 v. max.
15 v max.
15 v. max.
20 v. max.

CK1038
CK5962
CK6437
CK6438

Miniature 
Subminiature 
Subminiature 
Subminiature

Miniature 
Subminiature 
Subminiature

700 v
700 v.

1200 v.

30 ma
25 ma
25 ma
25 ma.

75 v.
98 v
98 v.

148 v

Operating 
Voltage 

85 v.
85 v.
85 v.
85 v.

130 ».

Current 
Range

i — 3.5 ma 
i — 3.5 ma, 
i — 3.5 ma.
i — 3.5 ma 
1 — 25 ma.

Base 
Miniature 
Miniature 
Subminiature 
Subminiature 
Subminiature

Regulation

1.5 v.
1.5».
3.0 ».
2.4 v.
1.0 v.

□ugh 
e-to-

DC. 
Operating 
VJtage

Type
CK5651 
CK5651WA
CK5783 
CK5783WA
CK8213

How Good Is Inertial 
Guidance?

Subminiature 885 — 915 v

Type
OA2WA 
CK6626OA2WA 
CK6O73. OA2
OB2WA 
CK6627 OB2WA 
CK6074, OB2 
OC2
CK5787
CKS787WA
CK6542

for voltage stabilizing 
rectifying...controlling

Detailed technical data bulletins on any of 
these types are yours for the asking. Better yet, 
ask to have a Raytheon sales engineer drop in for 
a firsthand appraisal of your application and 
prototype needs — no obligation, of course. 
Write directly to Dept. 2528.
Small order and prototype quantities available directly 
from your local Raytheon electronics parts distributors.

Want to Receive Our Technical Data Regularly? 
We’ll be happy to keep you informed of latest technical 
developments, new products, design tips, etc. An appli
cation for addition to our new Technical Information 
Mailing List is yours for the asking. Write on your 
company letterhead directly to: W. J. Davis, Dept. 2528, 
at division address listed.

RELIABLE MINIATURE AND SUBMINIATURE TUBES • HARD-GLASS POWER TUBES • GAS TUBES • CATHODE RAY TUBES • STORAGE TUBES
IOS ANGELES, NOrmandy 5-4221 • SAN FRANCISCO. Fireside 1-7711 • CHICAGO. NAtional 5 4000 • KANSAS CITY, Plaza 3 5330 

CLEVELAND, Winton 1-7716 • BALTIMORE, SOuthfield 1 1237 • ORLANDO, FLA., GArden 3-1553 • NEW YORK, Plaza 3 3900 • BOSTON, Bigelow 4-7500 

GOVERNMENT SALES: BOSTON, Bigelow 4-7500 • WASHINGTON, D. C., MEtropolitan 8-5205 • DAYTON, BAIdwin 3 8128 
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System designers of outer space ve
hicles are scrutinizing closely the capa
bilities of inertial guidance devices. Ac
curacies needed and problems pre
sented once the vehicle leaves the 
earth’s gravitational field pose real 
difficulties. This is one aspect of guid
ance and navigation problems faced by 
space vehicle designers.

Aware that inertial guidance systems 
would have to be supplemented by ad
ditional approaches to meet outer space 
vehicle demands, ELECTRONIC DESIGN 

queried the experts as to where we are 
going. Bob DeFlona, leading the in
vestigation, assisted by Alan Corneretto 
and Tom Mount, talked to no less than 
23 leaders in the field. Result: Deep 
differences of opinion but an interesting 
story. Read it on page 4.

First Practical, Tunnel Diode 
Circuits

The literature abounds with de
scriptions of tunnel diodes and the 
promise they hold. ELECTRONIC 

DESIGN is pleased and proud to 
bring you, next issue, the first 
article on designing with tunnel 
diodes. Authors are U. S. David
sohn, Y. C. Hwang, and G. B 
Ober of General Electric Co. Gen
eral Electric has been producing 
small sample quantities since the 
third quarter of 1959.

Coming Next Issue 

Controlling RFI
Radio frequency interference 

(RFI) has been responsible for 
missile failures, communication 
lamming and radar screen black
outs. Our Feb. 3 issue features a 
special Staff Report with a 
thorough up-to-date survey of 
latest developments on this critical 
subject. Specialists in the field 
have prepared over a dozen 
articles on prediction techniques, 
methods of measurement, trouble 
shooting procedures and design 
criteria for interference suppres
sion; several will appear with the 
Special Report—others will be in
cluded in subsequent issues.

VOLTAGE REGULATOR TUBES

VOLTAGE REFERENCE TUBES

Voltage 
Jump 
Max.

0.1 v.
0.005 v.
0.1 v.
0.005 v.

COLD CATHODE RECTIFIER TUBES

Type Construction Base

Max. 
Peak 

Inverse 
Voltage

Peak 
Plate 

Current

Max.
D.C. 

Output 
Current

OZ4A/1OO3 Double Diode Octal 880 ». 330 ma. 110 ma

CK1OOS Double Diode Octal 450 v. 210 ma. 70 ma.

CK1OO8 Double Diode 4-Pin. 1600 V 600 ma 200 ma

CK1OO7 Double Diode Octal 1200 V. 510 ma 85 ma

CK5517 Diode Miniature 2800 V. 100 ma. 12 ma

CK8174 Diide Miniature 2800 V. 30 ma. 3 ma.

CK6659 Diode Subminiature 2800 v. 40 ma. X ma

CK6763 Diode Miniature 2800 ». 100 ma. 12 ma.
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Guidance Designers Scramble to F
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high Q circuitry, LF limits of band 
of the “ring” characteristics of tuned

• SWEEP 
• LINEAR

p 12
p 14
p 16

Meet Space Needs .... 
Environmental Demands

Basic techniques for controlling frequency and duty cycle of 
transistorized multivibrators—by D. Bocnsel

screens permit study of 
circuits and observation 
circuits.

REPETITION RATES FROM 0.2 TO 60 CPS. 
AND LOGARITHMIC SWEEPS.

News and Photos .... 
Insulation Conference 
News Briefs................

freq, bands add $17.00 per band.

NEW KAY CATALOG

before ordering.
POWER SUPPLY: Input -ipprox. 220 

tronic regulction.
PRICE: $995.00 f.o.b. factory. Fixed

WRITE FOR
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Flexible Ceramic Makes Ultramin Capacitor
Rolled ceramic capacitor now possible

Sweeping Oscillator
• FREQUENCY RANGE—200 CPS TO 230 MC.

Readout Combines Converter And Display Operation
Decodes binary data and displays numerals

f

«OOH MX

««» «»—rm«

AUDIO—VIDEO—VHF
IN ONE INSTRUMENT!

Cat. No. 935 A

New Kay ¿¡giUl-Sweep SKV

• AUDIO SWEEP—200 CPS TO 20,000 CPS.
9 3 highly stable video bands—1 KC to 12 MC., variable or in single 

sweep.
• RF output of 1 volt RMS at 70 ohms ±.5 DB over widest sweep 

width.
• 8 narrow customer selected fixed frequency bands—20 KC to 12 

MC.
• 9 fundamental frequency, wide VHF bands—10 MC to 220 MC.
The wide range of frequency and repetition rate in the Ligna- 
Sweep Model SKV make it ideally suited for alignment and 
testing of a wide variety of electronic instruments—audio 
amplifiers, filters, communication receivers, radar IF1 channels, 
TV receivers and transmitters.

The unit is stable and carefully shielded and filtered to pre
vent spurious signals on beat frequency video bands. A wide range 
of sweep repetition rates makes viewing easy on conventional 
oscilloscopes. Low repetition rates used with long persistence

VARIABLE FREQUENCY RANGES: .5-12 me, .1-12 me, 10 kc-12 me, 10-220 me 
(9 bands)

FIXED FREQUENCIES: Up to max. of <? center frequencies (20KC to 12MC) (Custo
mer selected).

AUDIO RANGE: 200 cps to 20 kc, variable.
SWEEP WIDTHS: Selected for maximum stability 1-10 me on .5-12 me band, .2-2 

me on .1-12 me band; 20-200 kc on 10 kc-12 me bond; 6% to 60% of 
center freq. To 50 me and 3 me to 30 me above 50 me on 10-220 me band. 
2-20 kc on fixed frequencies and audio range.

OUTPUT LEVEL: Continuously variable from 1 volt rms down to 65 db beljw 1 volt, 
±5% over widest sweep AGC. Audio range: variable .5-1 volt rms.

IMPEDANCE: 70 ohms nominal (50 ohms on request). Audio range: 600 ohms.
SWEEP OUTPUT and REPETITION RATES: Sawtooth for horizontal deflection of 

oscilloscope. Approx. 7 volts peak to peak—Output impedance 1,0C" I ohms nom.; 
fixed 60 cps, line locked; fixed 30 cps, logarithmic (for audio and video appli
cation); 3 cont. var. ranges—.2-1 cps, 1-5 cps, 5-30 cps.

MARKERS: Swept signal available for operation of Vari Marker SKV Generator. 
Optional Internal Markers. Limited number of sharp, crystal-controlled pulse
type markers at customer specified frequencies can be provided. Please inquire
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Basically, the Rantec circulator is a 
non-reciprocal hybrid junction with 
three or more ports. Non-basically, the 
circulator is finding more and more 
use in advanced radar and microwave

Coiled Power Cord........................ p
Generator Biased, So Is Pickup, .p 
Power Transistor Substitutes For

Zener Diodes................................ p
Hang Your Cord High...................p
Low Current Step. High Current

Stepping Switch .........................p

p 142 Triggered Multivibrators

corporation 
calabasas, california

p 148 Hall Generators

ideas for Design.............................
High Differentia] Monitor Detects

Out-Of-Bounds Voltage...... ] 
Zener Provides Initial Sweep ... j 
Rotate Waveforms For Value .. 4 
Prevent Transient Damage ] 
An Exclusive OR Circuit............ I
Neon Tube Lights And Limits .. i

systems. As an example, it has become an important com

ponent in maser and parametric amplifier systems in addition to its 
uses in duplexing circuits, in channel branching, as a high perform

ance load isolator and as a low-loss directional coupler. The Rantec 

circulator is available in three types — Rotational, Phase Shift and 

Tee —all of which are small, lightweight, rugged and insensitive to 
stray magnetic fields. Rantec research and development has also led 

to many other sophisticated “active” and “passive” microwave ferrite 

components —high-speed ferrite switches, single side-band modulators, 

amplitude modulators and a number of load isolators. Your inquiry 

is welcomed. ^^k ^^k ^k
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Two New Measurement Tech- Calibration Services Expanded 

niques .........................................p 168 ......................................................... p 172
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Occulation tracking, a new, high-accuracy twist on an old navigating technique.

Guidance and Navigation Designers Scramble to Meet Space Needs

To extend the usefulness of inertial 
systems, designers are improving the 
components. This Honeywell gyro uses 
a beryllium ball electrostatically, sus
pended to cut down bearing friction.

\A/ HILE MAN is getting ready to find his way in 
* ’ space, the navigation designers expected to guide 

him there are themselves groping for direction in the 
twisting currents of new requirements.

A survey of navigation design indicates that supporters 
of many philosophies are scrambling to find a place in 
space travel for their methods.

Some groups believe their systems will be adequate 
with relatively minor design improvements. Others see a 
need for breakthroughs. Some designers believe navigation 
philosophies must be grouped into composite systems. 
Still others foresee a greatly limited role for their speciality.

Disagreement is common not only among experts in 
different areas but among designers in the same speciality. 
Even workers in the same specialty in the same company 
disagree. The result is parallel effort in developing space 
travel guidance and navigation equipment, lack of strong 
direction and nearly as many approaches to navigation 
as there are space missions.

Here is where the industry stands in the four main areas 
of navigation: inertial, celestial, radio and Doppler.

Inertial—Dominant but Straining Hard

Inertial guidance, though still dominant in controlling 
advanced missiles, is generally conceded to have serious 
disadvantages in space travel. The drawbacks are funda
mental-gravity, for example, which is used to monitor 
and limit errors in Schuler-tuned earthbound inertial sys-

ELECTRONIC DESIGN • January 20, 1960
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t ns, is not available in space. Also accelerations, 
t ? basic inputs o£ an inertial navigation system, 
a s completely absent after thrust cutoff. An in- 
e tial system in space therefore becomes merely 
a extrapolative device, which determines the 
a ad-reckoning position of the space vehicle on 
tbe basis of conditions existing at cut-off.

One advantage often quoted for the inertial 
acceleration-sensing method of navigation, is that 
no delay is required for data smoothing because 
accelerations themselves are sensed as soon as they 
occur. This advantage is offset in space by the 
planetary gravitational fields. A vehicle can be de
flected from its trajectory by the gravitational field 
of a planet, with none of the deflection being re
corded in an inertial system.

The second advantage claimed for inertial guid
ance systems is their immunity to jamming. This 
attribute is not very significant in peaceful space 
missions and can be provided by celestial naviga
tion systems as well.

To offset these drawbacks in the inertial prin
ciple, designers are improving the components. 
This effort to squeeze the utmost from the systems 
is resulting in some exotic designs.

General Electric and Jet Propulsion Laboratory 
have announced cryogenic, electromagnetically 
supported gyroscopic rotors, which are virtually 
friction-free. GE reports that it expects to reduce 
uncorrected drift in its new gyroscope to 0.0001 
of a degree per hour, better than any accuracy 
available now.

Minneapolis-Honeywell has announced an 
electrostatically supported gyroscope with rela
tively low friction values. Kearfott is working on 
a ferrite rotor for similar results. Since one large 
source of error in gyroscopes is the drift of the 
rotor itself, which in turn is largely caused by 
friction, the performance of these systems under 
development is reported to be at least an order 
of magnitude better than any system now in 
existence.

Ford Instrument Co. and Chance Vought have 
both announced work on gimble-less inertial “plat
forms.” In these systems the single-degree-of-free
dom gyroscopes are strapped down to the vehicle 
'rame, instead of mounted on a platform sus- 
nended in a gimbal system. Eliminating the com
plicated and close-tolerance gimbal structure 
implifies the attainment of very precise gyro- 
copic action. Memory of space orientation is pro- 
ided by a digital computer, which has an accu- 
acy theoretically limited only by size.

C. L. Davis of Minneapolis-Honeywell has said: 
“The electrically suspended gyroscope has the 

potential of far greater accuracy than present 
orms of gyroscopes and is a distinct advance in 
he state of the art.

“Naval vessels and space missiles of the future 
vill require guidance so precise that even the ex-

KIN TEL 114 A 
differential DC amplifiers... 
convenient, interchangeable plug-in 
mounting in either 6-ampHfier 
19-inch rack mount modules or 
single-amplifier cabinets.

5725 Kearny Villa Road 
San Diego 11, Calif. 

Phone: BRowning 7-6700 
Representatives in all major cities
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Puzzled by ground loop 

problems? How to rescue 

microvolt signals 

from volts of noise?

HERE S WHY 
KIN TEL’S DIFFERENTIAL DC 

AMPLIFIERS FIT IN 
INSTRUMENTATION SYSTEMS

180dbDC, 130db60-cycle common mode rejection with balanced 
or unbalanced input • Input completely isolated from output • 
Input and output differential and floating • 5 microvolt stability 
for hundreds of hours • .05% linearity, 0.1% gain stability • Gain 
of 10 to 1000 in five steps • > 5 megohms input, < 2 ohms output 
impedance • 100-cycle bandwidth • Integral power supply

These are just a few of the many outstanding features of the 
Model 114A differential DC amplifier...features that make this 
amplifier really work in instrumentation systems...features that 
will help solve your instrumentation problems today.

Ideal for thermocouple amplification, the 114A eliminates ground 
loop problems; allows the use of a common transducer power sup
ply; permits longer cable runs; drives grounded, ungrounded or 
balanced loads; can be used inverting or non-inverting. Price $875.

For additional information and technical literature on this 
exceptional instrument, write or call kin tel-the world’s largest 
manufacturer of precision, chopper-stabilized DC instruments.

COHU

KIN TEL manufactures electronic instruments for 
measurement and control, and dosed circuit TV.
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MODEL 351A

A general purpose laboratory instrument...
The Model 351A will satisfy the most exacting requirements 
for accuracy and stability. This is achieved by an advanced 
circuit design incorporating electronic regulation plus chopper 
stabilization against a standard cell reference.

DIRECT IN-LINE READOUT WITH ILLUMINATED DECIMAL POINT

Output Current :
Output Voltage :
Voltage Limiter :

(Panel Switch Selected)

Output Polarity: 
Regulation vt. Linet 
Regulation v» Load :

Calibration Accuracy : 
Current Resolution: 
Stability t 
Price:

SPECIFICATIONS
O-1OO milliamperes in 1 microampere steps
1OO volts maximum
Provides maximum protection for meter calibration. Limiter in: 

output voltage will not rise above 600 mv. Limiter out: over 
voltage protection places instrument in standby condition when 
output voltage attempta to rise above 120 v.

Floating or negative grounded
0.01% or 0.1 u amp., whichever is greater, forlO% line voltage change
0.01% or O.lu amp., whichever is greater, for load change from zero 

to maximum
0.05% or 0.5 uamp., whichever is greater
1 microampere
0.005% per hour after short warm-up, 0.01% per day
$845.00, fob. Seattle, Washington

RANGE OF APPLICATIONSWIDE

8^ rack panel, 19* wide, 14* deep
CALIBRATION and

TESTING of:
a. Instruments—Meters
b. Semiconductors
c. Torque motors
d. Bolometers

9 O O O O O

An INVALUABLE AID 
to magnetic circuit 
development

ALL CONSTANT cur
rent applications

Write us direct or contact our engineering representative in your area

John fluke 
w

MANUFACTURING COMPANY, INC.
P O BOX 7161 • SEATTLE 33. WASH

Prices and technical data subject to change without notice.
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UNITED STATES AND CANADIAN 
REPRESENTATIVES

ALBUQUERQUE, N. M. 
Gene French Co. 
120 San Pedro S.E. 
Albuquerque, N.M.
ATLANTA, GA.
Bivens & Caldwell, Inc. 
3133 Maple Drive N.E. 
Atlanta 5, Ga.
BALTIMORE. MARYLAND 
Horman Associates, Inc.
3006 W. Cold Spring Lane 
Baltimore 15, Md.
BOSTON, MASS.
Technical Instruments, Inc. 
90 Main St.
Reading, Mass. 
BRIDGEPORT. CONN. 
Technical Instruments, Inc. 
1115 Main St.
Bridgeport, Conn. 
CHICAGO, ILL 
Cozzens & Cudahy, Inc. 
125 Old Orchard Arcade 
Skokie, III.
CLEVELAND, OHIO 
M. P. Odell Co 
26614 Center Ridge Rd. 
Westlake, Ohio 
DALLAS, TEXAS 
Wallace-Gluck Co. 
P. 0. Box 13203 
Dallas 20, Texas 
DAYTON, OHIO 
M. P. Odell Co.
2676 Salem Ave. 
Dayton, Ohio 
DENVER. COLO. 
Gene French Co. 
3395 So. Bannock St. 
Englewood, Colo.
DETROIT. MICH. 
M P. Odell Co.
10531 W. McNichols Rd. 
Detroit 21, Mich.
HIGH POINT. N. CAROLINA 
Bivins & Caldwell, Inc.
P. 0. Box 5187 
High Point North Carolina 
KANSAS CITY, MO. 
Harris-Hanson Co.
7916 Paseo Ave.
Kansas City 32, Missouri 
LOS ANGELES, CALIF. 
McCarthy Associates, Inc. 
1055 E. Walnut St.
Pasadena, Calif.

WASHINGTON. 0. C 
Horman Associates, Inc 
941 Rollins Ave 
Rockville. Md.

MINNEAPOLIS. MINN. 
Pinkney & Hine Co.
1925 Nicollet Ave. 
Minneapolis 3, Minn.
NEW YORK, N. Y 
G. Curtis Engel & Assoc. 
210 So. Broad St 
Ridgewood, NJ., 
ORLANDO, FLA 
Bivins & Caldwell, Inc. 
P.O. Box 7942 
Orlando, Fla.
PHILADELPHIA. PA.
G. Curtis Engel & Assoc. 
P.O. Box 4383, 
Philadelphia 18. Pa.
PHOENIX, ARIZ. 
Gene French Co.
1644 W. Hatcher Rd. 
Phoenix, Ariz.
RICHMOND. VA. 
Bivins & Caldwell, Inc. 
P 0. Box 6514 
Richmond 30, Va.
RIDGEWOOD, N J.
G. Curtis Engel & Assoc. 
210 So. Broad St. 
Ridgewood, N. i. 
SAN DIEGO, CALIF. 
McCarthy Assoc Inc. 
3460 Ingraham St. 
San i iego 1, Calif.
SAN FRANCISCO CALIF. 
McCarthy Assoc., Inc.
635 Oak Grove Ave. 
Menlo Park, Calif. 
SEATTLE, WASH. 
Rush S. Drake Assoc.
1806 Bush Place 
Seattle 44, Wash.
ST. LOUIS, MO 
Harris-Hanson Co 
2814 S. Brentwood Blvd. 
St. Louis 17, Mo.
SYRACUSE, N. Y.
J. D Ryerson Assoc., Inc.
P. 0. Box 1400 
Syracuse 1, N Y. 
TORONTO, ONT., CANADA 
Allan Crawford Assoc 
P. 0. Box 214 
Willowdale, Ontario 
VANCOUVER, B.C., CAN. 
Rush S. Drake Assoc.
1806 Bush Place 
Seattle 44, Wash.
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tremely accurate gyros of today may be made 
quate. Answers to these problems of ultra accuracy 
are being found in virtually friction-free electri 
cally suspended gyros.”

Despite the efforts to break through present 
machining limits of inertial components, many 
designers feel that inertial systems will not bt 

\ able to perform their space navigation function 
• without monitoring by other devices.

According to H. A. Grant of North American’s 
• Autonetics Division: “There is no controversy be- 

• tween inertial and other kinds of guidance. As 
soon as a vehicle gets out of the earth’s gravita
tional field, the inertial guidance system loses its 
Schuler-tuning and all errors propagate at one 
half AT2. Obviously in this case it is necessary 
to have passive navigation systems to take fixes 
periodically and reduce the error.”

In contrast, R. B. Horsfall, also of Autonetics, 
says: “Once a vehicle is in interplanetary space, 
it is free from sudden random disturbing influ
ences of large magnitude, such as wind gusts; 
particularly if it is in free motion, it may be 
a good stable platform in itself. Possibly the use 
of gyroscopes can be dispensed with entirely for 
this situation.”

And yet, in the Centaur space vehicle, designed 
to soft-land an instrument package on the moon, 
the opposite approach is taken. Centaur will 
carry an all-inertial guidance system. The vehicle’s 
burning time will be so long that the craft will 
travel beyond the earth’s horizon and out of range 
of Cape Canaveral’s radio-tracking system before 
cutoff. The Centaur’s Convair designers ap
parently feel that neither radio nor celestial moni
toring is necessary for the vehicle’s mission.

Celestial—Rising Star in Space

The view that inertial components may be ex
cess baggage for certain space applications is also 
backed up by proposed systems designed by 
celestial guidance groups. At Perkin-Elmer Corp, 
two satellite programs, a true satellite and a high- 
altitude balloon, are in the study phase. Both de
signs call for no gyros aboard at all. Attitude con
trol is attained completely by the use of optical 
devices. Because no disturbing forces come into 
play on the satellites, the complexity and inter
actions connected with inertial components are 
felt to be an unnecessary burden with no com
pensating gain. The satellite’s attitude would be 
controlled by slaving the vehicle to the outputs 
of the optical devices through a reaction sphere.

In a similar application, a star tracker developed 
by Librascope aided balloonists who studied and

ELECTRONIC DESIGN • January 20, 1960
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BULOVA CRYSTAL CONTROLLED ULTRA-STABLE SHIFT OSCILLATORS

Bulova
CIRCLE 7 ON READER-SERVICE CARD

inertial systems to operate accur;
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Bulova shift oscillators are all that any electronics engineer 
could ask for in miniature crystal controlled packages!
Consider this new Bulova custom designed 18.5mc shift 
oscillator. Here’s an assembly of two oscillators operating 
at 18.5mc. One is fixed, with a 1 pp 107 stability. The other 
is a variable with equal stability, 1 pp 107. The shift is 
accomplished by means of a variable air capacitor. How
Department A-13 61, Electronics Division,

atmosphere or outer space at any time of day or 
night. The XN-2 system’s significant contributions 
to the advancement of automatic navigation were 
achieved in a test program extending over a period 
of three years and two months.

Kollsman Instrument Corp, produces the celes
tial tracking sub-system for the B-58 Hustler navi
gation system, as well as several other high flying 
vehicles. Northrup’s Snark also uses this “conven
tional” form of celestial-monitored inertial guid
ance system.

One of the limits in this type of system, how
ever, is the requirement to measure a very small 
angle, in the order of seconds, in a large total 
angle. The percentage of tracking accuracy re
quired from the pick-off devices for a usable navi
gational accuracy is excessive in this arrangement.

j hotographed Venus through a 16-inch Schmidt 
t lescope last November. When pointed at a star 
(r planet, the star tracker locks on then tracks the 
astral body, reflecting light from the target to a 
} alf-millimeter slit in the spectrograph. The tele- 
s 'ope is “fixed” on the target to within 3 sec of 
arc. This positioning is comparable to an accuracy 
of one part in 432,000 parts, Librascope reports.

Attitude control of two recent satellites was 
actually attained by means of a Barnes infrared 
sensing unit. This device was used to control the 
attitude of the satellite closely enough to allow 
sharp photographs of the earth to be taken. 
Sperry Gyroscope Co. is proposing optical infra
red and even millimetric waves to sense the hori
zon and establish the vertical direction around the 
earth or other planets. Such a system, using milli
metric radiation, would be especially useful 
around Venus, where dense clouds make it diffi
cult to sight on the horizon. A by-product of such 
a vertical sensor obtained almost without cost, ac
cording to Earl McCartney of Sperry Gyroscope, 
is a geometrical determination of range from the 
center of the planet. This quantity is unobtainable 
from any inertial device.

The launch vehicle necessary to get a true space 
craft off the earth and into orbit will probably still 
require an inertial system to overcome the violent 
turbulence of the power phase of the flight. The 
payload stage of the vehicle, while orbiting in 
space, is perpetually free from such disturbances 
and can possibly do without the costly and heavy 
inertial components.

As far back as 1952, North American’s XN-2 
experimental stellar-inertial autonavigator tracked 
stars automatically in broad daylight to supervise 
its three-gyrostabilized platform. Subsequent 
XN-2 flights established the ability of stellar-

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

Bulova, 40-06 62nd Street, Woodside 77, New York
TM: Pacific Semiconductor, Inc.
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Astral determination of nadir point allows celestial navigation in absence of gravity
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Arnoux Corporation
11924 W. Washington Blvd. • Los Angeles 66, California

Arnoux has consistently proved its versatility and 
reliability in providing either a few prototypes or 
thousands of power supplies—quality in quantity.

In fact, wherever reliability and design integrity are 
taken for granted, there you’ll find Arnoux power 
supplies, static converters, and inverters.

For airborne applications and for GSE, Arnoux 
power supplies have these outstanding features: preci
sion regulation... temperature stability... low ripple... 
tight packaging... light weight... and they meet, exceed, 
or are qualified under specification MIL-E-5272A.

For highly precise, static and dynamic regulation 
of line and load changes when accuracy is vital, Arnoux 
power supplies provide a wide range of output voltage 
and current. Depending on specific models, this range 
is from 5 to 500 vdc and from 30 ma to 15 amperes. 
Bulletin 102.

Stellar autonavigator designed by North 
American, flew in 1952 and tracked stars in 
broad daylight to monitor its inertial platform.
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Of more recent interest for this reason, are occi • 
lation trackers. In these devices the lines of pos 
tion in space are established by the planet positio i 
against a star background. The percentage of a< 
curacy of the required measurement is reducer 
since it is only necessary to determine the planet 
position with respect to the stars in the local are 
With a reference star half a degree away, one se« 
ond of arc is only one part in 2.000. which is easil ’ 
obtainable. According to American Bosch Arm;, 
the occulation type of star tracker provides sul - 
stantial advantages over the conventional star 
tracker even though it may be heavier. This is be - 
cause the accuracy gain more than makes up for 
the large price paid in excess weight. The error 
accuracy of the occulation method is easily paid 
for in terms of fuel saving, even at the expense 
of added guidance weight, which seems unlikely.

The Weems System of Navigation. Inc., is 
working with Kearfott on such a method, which

Occulation tracker focuses stars and planet 
on scanners, and determines relative displace-
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minimum of electronic and minimum of 
equipment at the start.”

An Arnoux power supply 
going into a canister 
for the Atlas propellant 
utilization system
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The widest range of SHAPES, TYPES and SIZES*

Modal 610
Modal 271

WESTON
WORLD LEADER IN MEASUREMENT AND CONTROL

(continued on p. 10)perior.

Why compromise on your panel 
or switchboard instrumentation?
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This replaces the gravity vertical with an 
o »tically or infrared-derived vertical in the con- 
\ ntional celestial navigation geometry. Inertial 
c mponents are used, when necessary, only for 
altitude stabilization to permit accurate sighting 
or the stars. The absence of gravity in orbital 
flight has been a barrier to the celestial type of 
navigation in this situation.

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.

^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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SPECIFY WESTON: The finest instruments available 

combining long-range economy, lasting quality

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 lnVl.,100 Empire 
St., Newark 12, N. J.

ice< 
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ire

Radio—Accuracy Tops but Range a Problem

Ground-based radio guidance has been used on 
all advanced ballistic missiles. This type of system 
uses a very large array of antennas and complex 
computers on the ground, with little more than a 
transponder in the vehicle itself. Such systems 
have been refined to where the accuracies at
tained are presently superior to those of any other 
method of guidance in the launch phase. The 
adaptability of such a system to true space naviga
tion, again, involves differences of opinion. Ac
cording to Mr. Grant of Autonetics:

“Radio link may be the way the Russians hit the 
moon. A stellar-monitored inertial system would 
be much more accurate than any radio link sys
tem.

“Radio-control-type navigation is crude and in
accurate compared with most passive systems. Bal
listic missiles, up to and including Centaur, use 
radio control.”

American Bosch Arma Corp, says:
“Radio techniques have already played and will 

continue to play an important role in space navi
gation. Obviously their prime suitability is for the 
case when the vehicle is near the earth. However, 
they are not limited to this region. It has been 
reported that the Russians have used these tech
niques in their recent highly accurate shot around 
the moon.

“Jet Propulsion Laboratory has reported com
munication with the Pioneer space shot to a range 
in excess of 400.000 miles, and this would radiate 
power of one-quarter watt. Theoretically this 
range can be extended indefinitely.”

However, in comparing radio and celestial sys- 
lems in navigation to Mars, the company says:

“When one turns to the problem of photo
graphic graze and return to earth, the margin of 
advantage is in the celestial guidance system, pri
marily because the scale errors in the radio sys- 
ems are too large to provide sufficient accuracy 
or the mission.”

In contrast, a spokesman for Convair Astronau- 
ics, designer of the Azusa radio guidance system, 

states: “For flights to reasonably close planets, 
such as Venus or Mars, a radio-inertial guidance 
system is probably superior at first. For points 
beyond Venus and Mars, probably optical is su-

M A-C voltmeters
V A-C ammeters

A-C milliammeters 
A-C rectifier-type Instruments 

D-C voltmeters 
D-C ammeters 

D-C micro* end milliammeters
D-C millivoltmeters 

Polyphase wattmeters-varmeters 
D-C A single-phase A-C 

wettmeters 
Single & polyphase power 

factor meters
Frequency meters 

Thermo Instruments 
Synchroscopes
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You can speed eyelet selection and application, 
and save yourself countless hours of design and 
production time by using the United system 
of Standardized Sizes. Our records of more than 
20 years prove that most eyelet work can be 
done with only 7 United Standardized diameters
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Only 7 sets of tools for all 65 sizes 
All eyelets in each column set by 
same topis.

range of special eyelets, and a complete line of the 
finest eyelet machines available. These machines are 
backed by more than 50 years’ experience m the de
sign and manufacture of precision, high volume, de
pendable production machinery. We build equip
ment that will automatically feed and set up to 8 
eyelets or more at a time — sometimes in different 
sizes and lengths.

Call or write us today and investigate without 
obligation how you can benefit by using United as 
your source for both eyelets and eyelet machines.

Free Eyelet Selector helps decide which eyelet 
you need for given hole size and grip.

’The diametet gi.en indicates the we hole 
tor the eyelet
These eyelet numbers ire desc'iptiye For 
example

In SE-611 the SE meins SUndsrdited 
Eyelet
The first number (6) indicates Barrel 
Diameter (6/32").
the number or numbers *hu.h follow 
indicate Barrel Length (11/32")

rei itiv 
accora 
a mov 
from 
tial sp

lation 
time « 
tern, a 
free. 1 
heavy 
preset

Dopj 
ciatec 
thrus 
inerti 
taine»

UNITED SHOE MACHINERY CORPORATION 
BOSTON 7, MASSACHUSETTS

fui otic 
CO Ipl

Gro 
th< lei

Doppler—A Must in Terminal Phase
In the terminal phase of interplanetary missions 

Doppler systems come in for consideration. Ac 
cording to M. Y. Silverberg and J. 1’. Campbell oi 
General Precision Laboratory:

"For the achievement of soft landings or pre 
cise satellite orbits after destination, some form oi 
terminal guidance will be required. Tennina 
guidance appears to be the most appropriate ap 
plication for Doppler radar.

An important phase in the operation of mam 
space vehicles will be the establishment of a care
fully chosen orbit around the earth, moon, or 
nearby planets. The guidance system must again 
include sensors of velocity, altitude and attitude 
Self-contained Doppler radar is well-suited for 
velocity measurement in low-altitude orbit. Dop 
pier output can be used directly in the trajectory 
program if expressed in terms of a reference frame 
fixed to the target surface.

“It will be necessary' to control the orientation 
of the vehicle, or at least for the breaking thrust, 
during descent to the surface, and to reduce the 
velocity of the vehicle to a safe value at touch
down accelerations. Crucial quantities involved in 
terminal guidance are, therefore, velocity with re
spect to the target surface, altitude above the sur
face, and attitude. A Doppler radar measures di
rectly the first of these and so provides, at its 
output, signals useful for controlling the breaking 
rockets.”

Composite Systems The Answer?
As is usually the case when requirements ex

ceed the capabilities of any single system, com
binations are being pursued. Which composite 
system will eventually exhibit superior perform
ance is not yet clear. Both Doppler-monitored and 
celestial-monitored inertial systems have been 
used successfully. More recent systems have been 
both Doppler and inertial-monitored. This is the 
approach taken with the guidance system of the 
R-58 Hustler, as well as in GPL’s AID system 
(Astral-Inertial-Doppler). Perhaps the last word 
on composites will be “RAID systems” (Radio, 
Astral. Inertial, Doppler). Such a composite would 
be a designer’s hedge, insuring that he was with 
the “winning” system, at a cost of additional sys
tem weight.

A look at the fundamental advantages and dis
advantages of each approach to guidance in the 
light of the space environment may shed some 
light on how the guidance issues might be re
solved.

Inertial systems offer the advantages of inherent 
stability in the presence of disturbing forces, and 
the ability to sense applied accelerations as they 
occur. They are jam-proof and interference-free. 
They suffer from a determination of accuracy with

sary : 
heren 
exists
sense 
platfc 
mg si

What United Standardized Sizes Mean. To simplify 
production tooling costs, Standardized Sizes are of
fered in increments of in both diameter and 
length. The range is from to in diameter, 
and from to in length. Within this system 
there are 65 sizes carried in stock by the millions, and 
are immediately available through our branch offices 
listed below.

How You Profit from this System. These Standard
ized Sizes conform to standard drill and punch sizes. 
Only 7 sets of United setting tools will set all 65 
sizes! This cuts tooling costs, saves set-up time, re
duces inventory, and cuts the cost of both the fastener 
and the setting operation. Our high volume of Stand
ardized Sizes makes these the lowest cost fastener 
you can use

Your Flu* from Us. In addition to the advantage 
of using Standardized Sizes, we offer a tremendous

Branches Atlanta, ga. • Chicago, ill. • cincinnati, Cleveland, ohio • Dallas, tex as • Harrisburg, pa • Johnson city, n. y. • los Angeles, calif. 
LYNCHBURG. VA. • MILWAUKEE, WISC. • NASHVILLE, TENN. • NEW YORK, N. Y. • PHILADELPHIA, PA. • ROk iSTER, N. Y. • ST. LOUIS, MO.
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function during free fall. Equipment is generally 
coi iplex and heavy.

Ground-based radio devices probably require 
th< least equipment in the vehicle, and yield un
equalled positional and velocity accuracy within 
relatively close range. They suffer from loss of 
accuracy with range and from the complication of 
a moving (earth) coordinate reference as well as 
from signal-to-noise problems. Inertial or celes
tial space orientation is required.

Celestial navigation equipment, especially occu- 
lation types, offer high accuracy independent of 
time and position anywhere within the solar sys
tem, and are jam-proof and relatively interference- 
free. Equipment is generally complex and fairly 
heavy. Inertial stabilization is required in the 
pre sence of turbulence or large applied thrust.

Doppler systems provide direct velocity meas
urement with respect to a nearby planet, and pro
vide excellent terminal guidance with accuracy 
improving as the target planet is approached. 
Self-contained Doppler systems do not function in 
midcourse, and when in use, require inertial sta
bilization, which need be highly accurate only for 
a three-dimensional solution.

From these characteristics, some designers con
clude that:

■ Inertial guidance will continue to be neces
sary for the launching booster, because of in
herent vehicle instability during thrust. The need 
exists for the fast action of accelerometers which 
sense disturbing forces as they occur. A stable 
platform is needed to orient any external correct
ing signals.

■ In the space-shuttle or permanently orbiting 
vehicle, inertial devices might be dispensed with 
if the vehicle itself has sufficient inertia and if 
correcting thrusts are rather small.

■ For terminal guidance of a grazing vehicle, 
Doppler radar offers distinct advantages. An asso
ciated celestial stabilization might be sufficient if 
thrust is kept low enough, or relatively low-quality 
inertial stabilization will suffice if altitude is ob
tained optically.

■ For soft landings, where considerable thrust 
is involved, inertial stabilization is again a must.

Hence the choice of system and system com
posites will be dictated by the mission of the ve
hicle, as well as by the thrust reserve. In all cases, 
a long as propulsion capacity is marginal, com- 
p ex and highly accurate sensing and computing 
( vices will be required. As Capt. Thompson, 
I S. Naval Academy, states it: “The first space 
\ hide will be like a battleship with an outboard 
i otor.” However, with time, adequate power 
s ould be provided, otherwise navigation in the 
i al sense cannot be done. ■ ■
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Type 148P and Type 149P

wma»

smallest

of Sprague s 
film capacitors 
for entertainment 
and commercial 
electronics

YELLOW-JACKET WRAPPER-PROTECTED FILMITE E CAPACITORS
are the smallest of Sprague’s family of film capacitors. Type 148P and 149P Yellow-Jackets 
are designed for compact radio receivers, test equipment, communications equipment, and 
similar applications. They are especially suited for transistorized and low-voltage tube 
circuits, as well as all other applicable circuits in which size, weight, and cost are impor
tant considerations.

Yellow-Jacket capacitor sections are of extended foil design...wound from ultra-thin, espe
cially selected polyester film and thin gage foil under carefully controlled atmospheric condi
tions. They are protected against moisture by an outer wrap of polyester film. End seals are of 
a plastic resin which bonds securely with the film wrap in order to assure long service life.

This construction results in a light-weight capacitor of minimum size, having a distinct 
space advantage over metal-encased, molded, or wax-coated cardboard-case tubulars of 
comparable ratings.

Yellow-Jacket Type 148P (cylindrical) and 149P (semi-oval) capacitors are recom
mended for use in applications requiring reliable operation within the temperature range of 
— 55Cto-|-85Cat rated working voltages of 100, 200, 400, and 600 volts d-c.

For complete technical data on these Yellow-Jackets, write for Bulletin 
2063A to Technical Literature Section, Sprague Electric Company, 
347 Marshall St., North Adams, Mass. SPRRGUE

THE MARK OF RELIABILITY

SPRAGUE COMPONENTS: ~

CAPACITORS • RESISTORS • MAGNETIC COMPONENTS • TRANSISTORS • INTERFERENCE FILTERS • PULSE NETWORKS 

HIGH TEMPERATURE MAGNET WIRE • CERAMIC-BASE PRINTED NETWORKS • PACKAGED COMPONENT ASSEMBLIES 
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For mort information, write, 
or use Readers Service Card.
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Sales — Service Representatives in Principal 
Cities throughout the World

High-powered modulator used by Sperry Gyroscope to test klystrons gener
ates peak powers of 100-mw video and 3-mw rf. The modulator can be operated 
on single or dual channel, and alternately on parallel or delayed firings.

NATIONAL PNEUMATIC CO.. INC.
125 Amory Street, Boston, Massachusetts

Designers and manufacturers of mechanical, pneumatic, hydraulic, 

electric and electronic equipment and systems
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A leading instrument manufacturer* using 33i" diameter motors 
needed an increase in torque output of 50%. This increase in torque 
had to be gained without using a larger motor or increasing the over
all weight of the instrument.

To solve this problem, Holtzer-Cabot Engineers designed a smaller, 
2%" diameter motor with improved features which resulted in much 
greater efficiency.

The new motor is completely mechanically and electrically inter
changeable with the larger unit formerly used and provides the de
sired 50% increase in torque, while saving about 40% in weight and 
space. The motor, designated as Type R-29, is an ideal power source 
for recording instruments, timers, medical instruments, office equip
ment, etc. A permanent split-capacitor type, available as an induction 
or synchronous motor, the R-29 is manufactured in both 2-pole and 
4-pole designs, each in three stacking lengths. Horsepowers range 
from 1/75 to 1/30.
•Name on request.

Write for Information! Holtzer-Cabot specializes in the 
design and manufacture of fractional horsepower motors •c*»!1,"*
for all types of applications. For complete details on the - “**’* 
motor described above, and a copy of "Key Factors in 
Selecting AC Motors for Instrument Service” write __  
direct or use Readers Service Card.

A new black body with 
potential os a standard for 
ultraviolet ladiation hos 
been developed at the Na
tional Bureau of Standards. 
It consists of a graphite core 
packed in boron nitride 
powder in a glass-fiber
wrapped porcelain contain
er. Here, the black body is 
being inserted into an in
duction coil operated by a 
high-frequency induction 
generator. The body's radi
ant-energy output corre
sponds closely to that 
theoretically predicted for 
an ideal radiator, NBS re
ports.

Holtzer-Cabot Solves Fractional H.P. Motor Problems
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design of high-power, gridded traveling-wave tube 
ombnies a periodic focused permanent magnet with a 
jridded gun to avoid the modulation problems resulf- 
ng from the high-pulse levels of pulsed-cathode, mag- 
letically focused tubes. Hughes Aircraft reports that 
he 1-kw, S-band twt has very fast response and low 
jowbr consumption.'

RESIN-COATED1 
SILVERED MICA 
CAPACITORS

SPRINGFIELD. ILLINOIS

Human-engineered experimental cockpit control was 
designed by Bendix Radio to permit a pilot to operate 
his radio equipment without looking at the control 
panel. All switching functions for communications gear 
of a high-performance aircraft have been integrated 
into the 12-key panel.

Gallium-phosphide diode operates at 1500 F, reports 
the Signal Corps, which developed the device for space 
applications. The Army hopes to use gallium phosphide 
in solar-cell power supplies and other high-temperature 
environments.

greater).
The insulation resistance of these capacitors will exceed 

3,000 megohms at 125r C.
Insulation resistance shall be greater than 1000 megohms 

as measured in accordance with paragraph 2.6.2 of EIA 
specification RS-186-A, Method 2. Paragraphs 2.4 and 2. 6.1 
do not apply. The test shall continue for 10 cycles, as de
scribed in paragraph 2. 5.

Insulation resistance shall be greater than 3000 megohms 
after being subjected to temperature cycling between — 55 °C 
and 4-125°C, as outlined in Method 102-A, Test Condition D, 
and followed by Method 104-A, Test Condition A, of MIL
STD 202A.

Sangamo Type D mica capacitors combine the excellent 
electrical performance characteristics of silvered mica with 
a multi-layer, protective case of high moisture-resistant 
thermo-setting resins.

The Type D is designed to operate over the temperature 
range of —55°C to 4-125'C at rated working voltage without 
derating.

Available in capacitance tolerance values of ±20%, 
±10%, ±5%, ±2%, ±1% (or ±1 mmfd, whichever is
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Frequency range . . 

Saturation gain . . . 

Max. duty cycle . . . 

Beam voltage .... 

Grid control vol*age 

Grid pulse voltage

2.0-4.0 kMc 

. . . 33 db 

. . . 0.01 

. . 7.0 kv 

. . -90 v 

. . 4-300 v

CHARACTERISTICS 
MAS-IE 1KW S-BAND TWT

Power output . . . . 1 kw peak, 10 w avg.

Power incut . Vv w (0.5 mw by cascading)

Weight (tube and magnet) .... 10 lbs.

Dimensions..........................15 ’long, S1/»" o. d.

Grid capacitance 13 aaf
Environmental . Applicable Mil Specs

MAS-1 SERIES Ivinw I
1K1AI CRAMP TWT^I RwWW 'H Héf I ■ ■ I w

NOW AVAILABLE

Hughes Research & Development Laboratories, recogniz
ing the requirement for a gridded, S-band traveling-wave 
amplifier, have developed the periodic, permanent-magnet 
focused mas-Ie tube. This advanced amplifier is ideally 
suited for use in today’s and tomorrow’s more sophisti
cated electronic systems.

Be sure you get and check the detailed specifications 
on this new Hughes gridded amplifier when your partic
ular microwave application demands:

Periodically focused, pulsed-output power with a rise 
time in the low millimicrosecond range ...high output 
power with low power input ...minimum heat genera
tion ... light weight plus compactness... built-in reli
ability.. .immediate availability.

For detailed information on the mas- 1 e and other Hughes 
microwave products, write or wire: hughes products, 
Electron Tube Division, International Airport Station, 
Los Angeles 45, California.

For export information, write: hughes international, 
Culver City, California.

DIVISION

Creating a new world with ELECTRONICS 
! HUGHES PRODUCTS

O 1959. HUGH ES AIRCRAFT COMPANY

SEMICONDUCTOR DEVICES • STORAGE TU’ES AND DEVICES • MICROWAVE TUBES • VACUUM TUBES AND COMPONENTS • CRYSTAL FILTERS • MEMO SCOPE* OSCILLOSCOPES • INDUSTRIAL CONTROL SYSTEMS 
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Insulation Conference Told 
of High-Heat Advances

A trend toward electrical insulations capable 
of withstanding higher and higher temperature 
was reported at the Second National Conferenc 
on the Application of Electrical Insulation.

The meeting, in Washington, held sessions in 
three general categories: electronics, distribution 
equipment and rotating machinery. About 1000 
engineers heard more than 80 papers.

Among the highlights was a report of win 
insulated with resin that endured temperatures 
of 842 F and above for short periods. Another 
paper told of the role of ceramics in insulating 
wire at temperatures from —|—85 to 1500 F.

Spirited discussions from the floor followed 
the presentation of many papers, adding to infor
mation given by the speakers and updating much 
of it.

Resin Covering Described
The resin-insulated wire, said to withstand 

temperatures of 842 F and above for short 
periods, was described in a paper by J. J. Casey 
of the Navy Bureau of Ships and J. P. Shoffner 
of the Polychemicals Dept, of E. I. DuPont de 
Nemours & Co., Wilmington, Del. Such wires 
have a survival capability7 of four to six hours, 
they said, and are “of significance in one-shot 
applications, such as missile launchings and tran
sient overloads.

In a paper on ceramics for high-temperature 
electrical applications, Jesse D Walton Jr. and 
Joe N. Harris of the Engineering Experiment 
Station, Georgia Institute of Technology, de
scribed some of their work in a project for the 
Air Force. Insulation was specified, they re
ported. to function at temperatures from —85 F 
to 1500 F with minimum weight and a life ex
pectancy of at least 10,000 hours.

(»ne 
the fle 
of Bel 
alu nir 
formel 
oxide, 
comes 
about 
tage o 
it can 
formei

In tl 
from I 
a flat- 
shapet 
flat p 
contai 
istics 
report

In f 
as a n 
of Do 
The n 
paren

Ont 
paren« 
nents 
Color 
sembl 
compì

In i 
of ins

Military Specifications Met
Meeting military specifications for airborne 

transformers is much easier today than it was 
two years ago because of progress in the develop
ment of the* flexible epoxy resins, according to 
Ward M. Hanson and Jack R. Tuzinski of the 
Minnesota Mining and Manufacturing Co., St. 
Paul. Minn.

“Since their introduction a few short years 
ago, the authors reported, “the flexible epoxy 
resins have played a heroic role in the field of 
electronics. Airborne military transformers and 
high-voltage ignition coils for outboard motors 
typify the units which have been produced in 
large volume using this new approach to resin 
technology.”
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Paper Stirs Rebuttal
( ne paper that provoked lively comment from 

I the floor was by L. W. Kirkwood and R. S. Key 
of tell Telephone Laboratories. They described 
alumina powder as a potting material for trans
formers. This is a refractory material, aluminum 
oxide, originally developed as a fluid catalyst. It 
comes in the form of white, spherical particles 
about 15 mm in diameter. An important advan
tage of the powder over other imprégnants is that 
it can be removed from the case should the trans
former require repair.

In the discussion following the paper, engineers 
from Hughes pointed out that they had adopted 
a flat-particle powder rather than the globular
shaped pieces recommended by Bell, because 
flat particles afforded better particle-to-particle 
contact. Tests show that heat transfer character
istics are much improved, the Hughes engineers 
reported.

In the other papers, silicone gel was described 
as a new potting compound by D. F. Christiansen 
of Dow Corning Corp. ( ED, Sept. 3, 1958, p. 28). 
The material is self-sealing and sets into a trans
parent jelly-like substance.

One advantage of the silicone gel is its trans
parency, which permits the individual compo
nents inside the case to be seen after potting. 
Color codes are easy to read. In checking an as
sembly, the test prods can be inserted into the 
compound.

In all, six sessions were devoted to problems 
of insulation in electronics equipment.

Potting with powdered alumina offers several ad
ventages, Bell Laboratories researchers reported at the 
national insulation conference: damaged components 
a n be depotted by cutting open the can and pouring 
o t the dry powder; the potting compound will not 
o erhea!' (the melting point of alumina is well above 
f ’ possible operating temperatures of electronic com- 
F nents), and the pot s airtight seal will not be threat- 
e ed by expansion or contraction of the potting com- 
p unef.
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Instruments that Stay Accurate

total

9im|uoH

hours

After More Than 
600 Separate Inspections 
- One Panel Instrument

■ 
■
1

/

• * * >4%

•"S.. JR . 300 400 SOO

; r • -»

Sounds like a lot of inspecting, but it’s one 
of the things that makes possible 
Simpson’s fine panel instruments.
Take pivots, for example, which support 
the rotating armature of a meter movement. 
Because Simpson quality standards are so 
high, Simpson makes its own pivots which 
require more than 60 separate inspections 
during manufacture. Among these are 
100% inspection under a 100X microscope 
and sampling inspection under a 400X 
microscope to check radius, cone angle, 
finish and other characteristics. One result 
is pivot points with a radius tolerance 
maintained to within .000010*. Moreover, 
Simpson inspects each and every group of 
pivots for correct hardness so they won’t 
deform under rough use.
Through such meticulous care as this, 
Simpson is able to offer you panel instru
ments with accuracy limits that are 100% 
guaranteed ... instruments with conserva
tive ratings on which you can rely . . . 
instruments that stay accurate . . . instru
ments you can specify with confidence.
Write for Catalog 2059A.

SutlMott
ELECTRIC I COMPANY

5202 West Kinzie Street • Chicago 44, Illinois 
Phone: EStebrook 9-1121
In Canada: Bach-Simpson Ltd., London, Ont.

fT. .
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ENVIRONMENTAL CHARACTERISTICS
Moisture Resistance: Operational in 95% relative humidity at 
200 vdc. When tested in accordance with MIL-STD-202A, Method 
106. with rated voltage applied, Insulation Resistance is greater 
than 10,000 megohms at 95% relative humidity. Dissipation 
Factor is less than 2.5%, and capacity change less than 10% 
at 25°C and 50% relative humidity.

Temperature and Immersion: When tested in accordance with 
MILSTD-202A (with maximum temperature extended to 150°C), 
Method 102A (test condition C) and Method 104A (test condi
tion B). Insulation Resistance is greater than 10,000 megohms, 
Dissipation Factor is less than 2 5% and capacity change is 
less than 10%.

Temperature Shock: “VK" Capacitors show no evidence of elec
trical damage when subjected to 10 cycles of alternate immer
sion in silicone oil at 160°C and water at 0°C (±10°C) for a 
minimum duration of V2 minute each bath.

Vibration: No evidence of physical damage has been found when 
tested per MIL-STD-202, Method 204 (test condition B) when % 
in. lead mounted and vibrated for four hours in each of three 
mutually perpendicular planes (10 cps to 2,000 cps) at 15 G's. 
Shock: When % in. lead mounted and subjected to 3 shocks of 
one milli-second duration in each of 3 mutually perpendicular 
planes at 100 G’s per Method 202A of MIL-STD-202, "VK” 
Capacitors show no evidence of physical damage.

Altitude: When tested in accordance with MIL-STD-202, Method 
105A (test condition D) requiring a minimum of 100,000 feet, 
"VK” Capacitors suffer no electrical breakdown at 150% of 
rated voltage.

Life: Following 1,000 hours at 150 ’C and 200% of rated volt
age, measurements at 1 kc and 25°C show a Dissipation Factor 
less than 2.5% and an Insulation Resistance greater than 
10,000 megohms.

Conforms to requirements of MIL-C-11015B 
•Trade Mark

••Trait Mark af Feet Macktatry and Ckaailcal Car*.

Square precision molded cases in only two sizes and a single 
standard 0.2" lead spacing for all values simplify circuit design, 
guarantee uniformity, facilitate handling, give greater mechan
ical stability.
The DAPON** resin used in "VK” Capacitor cases assures envi
ronmental reliability through every stress to which such com
ponents are susceptible.

ELECTRONIC DESIGN • January 2O# 1960

Computers Design Circuits
The use of computers in electronic circuit de

sign was described in a paper by Herbert A. Seid
man and Philip L. Hillman of General Precision 
Laboratory, Inc. To improve the reliability of their 
circuit designs and to reduce the many man-hours 
demanded by a manual operation, the company 
has set up a digital computer to analyze circuits 
already designed and to redesign the circuits when 
necessary—either to improve their performance or 
to alter their input and output specifications.

Digital Instruments Stressed 
In Environmental Testing

The increasing role of digital instruments in 
environmental testing was explored at a sy i- 
posium of the New York Metropolitan Chap jr 
of the Institute of Environmental Science.

I wo factors are forcing electronics compan as 
to take a hard look at their instrumentation in 
environmental testing: a great deal of money a id 
energy are now going into establishing high or
ders of reliability of components, equipment a id 
circuits; and budget restrictions are limiting mili
tary financing of testing programs.

Why United States Testing Co., Inc., switched 
to digital test equipment was explained by Rich
ard F. Hahn, engineer. One reason, he said, is 
that "a few years ago a qualification test on capa
citors to the requirements of MIL-C-25 required 
27 parts to be tested.”

’ Today, he went on, a similar specification, MIL- 
CJ-26244, requires that 100 parts be tested and 
also that they be tested under more severe condi
tions. We now have 1000 and 2000-hour-life tests, 
where before, a 500-hour-life test served the in
dustry’s need.’’

Mr. Hahn outlined some advantages of digital 
systems. He said they improved accuracy by eli
minating human errors in making connections and 
in reading and recording data. Reading, he said, 
constitutes the largest single source of error in the 
laboratory.

"Automatic cycling or automatic programing of 
environmental test equipment is increasingly 
common,” said Wayne Tustin, manager of service 
and technical training at MB Electronics. “Re
cently’,” he said, more laboratories have seen that 
automatic programing does a better job than the 
most conscientious operator, does it cheaper and 
will work twenty-four hours per day if needed.”

A paper that Mr. Tustin delivered described a 
completely automatic system for controlling ran
dom-motion vibration tests. The system provides 
an instantaneous display of vibratory energy vs. 
frequency.

P.O. BOX 544 • BRIDGEPORT 1 CONNECTICUT
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new

actual size

MICRO MINIATURE CERAMIC CAPACITORS 
OFFER A PACKAGE DENSITY 

OF 432.000 PARTS PER CUBIC FOOT 
excellent for complete assembly encapsulation

The reliability built into the ‘'VK” Capacitor is a hard, 
tested fact —backed by the name and reputation of the 
company that made the “VITRAMON” monolithic oorcelam 
capacitor a synonym for capacitor reliability.
A minutely controlled process, continuous life and envi
ronmental testing, plus 100% tests for Dissipation Factor, 
Insulation Resistance and Capacitance guarantee that 
each “VK” Capacitor in your circuit will perform as pre
dicted Pre-production lot-by-lot qualification tests on all 
materials used, craftsmanship of the highest order and 
ten years of experience dedicated exclusively to the man
ufacture of high-reliability capacitors assure that these 
tiny units will function predictably under the most punish
ing conditions to which a component of this type is subject.
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OS BRIEFS...

. THERMOPLASTIC visual recording tech- 
ni< ue being developed by General Electric differs 
from the Swiss Eidophor color TV system in that 
it uses a special three-layer film to record the 
rippling of an electron beam. The Swiss system 
employs an oil-emulsion record. GE’s wide-band, 
high density recording process could have appli
cation in video recording, movie-making, data 
processing and display.

.. . EXTENDING ALLOCATIONS of frequen
cies to 50 kmc, the International Telecommunica
tions Union at its recently concluded Geneva 
meeting set aside the band between 19,990 and 
20,010 me for international space research. The 
ITU also allocated the 15-mc, 150-to-15-mc, 250- 
mc, and 31,500-to-31,800-mc bands principally to 
space-space and space-earth communications.

. . . FCC’s TECHNICAL research division has 
suggested that a non-FCC organization be asked 
to research a new system for commercial TV. 
According to the division, developments of the 
past 20 years have resulted in: channels that are 
too wide for the service they provide, excessive 
power requirements for synchronization signals 
and audio, and distortion caused by use of vestigial 
sideband.

CREATIVE ANALYSIS PAYS OFF!
Rudd-Melikian, Inc., one of the recognized leaders in the vending machine 
manufacturing industry, needed substantial increases in production efficiency 
to keep pace with the market requirements on their new "Brew-a-cup" coffee 
maker. A study, conducted jointly by R-M and AMP engineers, indicated 
AMP-lok multiple wire connectors as the solution.

PRICES AND AVAILABILITY...

. . PNP FUSED-JUNCTION TRANSISTORS 
have been cut in price by up to 10 per cent by 
Hughes Aircraft Co. The reduction affects all tran
sistors of the 2N1228-1234 line, and transistors of 
the 2N1238-1244 line.

. . ALUMINUM SHEET, COIL AND PLATE 
have been raised in price by about 5 per cent by 
Olin Mathieson Chemical Corp. The price of 
electrical conductor will be raised about 2 cents 
p< r pound, based on aluminum content, the com
pany reports.
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. . TEFLON FEP-FLUOROCARBON FILM 
2 or more mils thick has been reduced in price 
b/ nearly half by E. I. DuPont de Nemours and 
( o.—from $29 per pound to $15 per pound. The 
r ice of one-mil film has been cut to $16.50 per
1

ADVANTAGES: AMP-lok snap-assembly connectors ...
• replace bulky solder-type connectors
• permit use of modular construction techniques
• facilitate final assembly and in-service maintenance 

THE "PAY-OFF": Twice the previous production volume of electrical control harnesses 
with no increase in production facilities.

>und; one-half mil film has been cut to $20 per 
)und.

You can start your creative analysis to belter wiring with a request for AMP-lok information, today.

your company making changes in prices or avail- 
c oility of its products? Send the details to ELECTRONIC 

I ESIGN, 830 Third Ave., New York 22, N.Y.

AMP Incorporated
ELECTRONIC DESIGN • January 20, I960“

AMP products and engineering assistance are available through subsidiary companies in: Australia • Canada • Fnpland • I rame • Germany • Holland • Italy • Japan
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100 watt

WASHINGTON 
REPORT

Ephraim Kahn

. . . MILITARY BUDGET presents a priori ies 
challenge to the Pentagon. Starting January 18, 
Congress will examine in a series of hearings he 
defense posture of the U.S. Prominent issue \ ill 
be the “missile gap,” but odds are against any 
substantial reductions in ICBM programs. Milit iry 
men who testify before Congressional groups will 
be hard put to give unqualified support to Jie 
budget they are supposed to support. It is be
lieved that the final figure presented to Congress 
slashed by about 30 per cent the demands orig
inally made by the military—even after orders 
were passed to hold essential requests to 90 per 
cent of fiscal 1960 sums and to add new items 
sparingly.
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. . . TRANSISTOR IMPORTS from Japan prob
ably will not be curbed by the Office of Civil and 
Defense Mobilization, according to some well- 
placed government experts. Evidence of big ex
pansion plans by U.S. semi-conductor makers, the 
tendency for benefits from military research to 
flow toward civilian applications, and the fact 
that imports are used almost exclusively in non
military items—all given in detail in the Japanese 
brief to OCDM—are believed to have been par
ticularly impressive. Rejection of the EIA-spon- 
sored import control petition would not foreclose 
a plea by U.S. industry before the Tariff Commis
sion. Industry spokesmen, however, think that it 
would be impossible for tariffs to be hiked enough 
to offset Japan’s price advantage.
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From 25 to 300 watts these VITROHM ring rheostats 
are engineered for longest life, maximum reliability WARD

To be sure about smooth, trouble-free 
control in the 25- to 300- watt range— 
just specify a VITROHM rheostat.

You get smooth control: Close-laid 
turns (A) of special high-stability, low- 
temperature-coefficient wire or ribbon to 
insure smooth gradual resistance change 
from zero to maximum.

You get reliability: VITROHM ring 
rheostats are engineered for permanence 
from highest-grade ceramic base and 
core (B), durably bonded, tinned-alloy 
terminals (C), to final craze-proof, shock 
resistant, long-lasting VITROHM bond
ing (D).

You get positive action: Self-lubricat- 
ing twin-shoe contacts—exclusive with 
W/L—on balanced beryillium copper con
tact arm (E) eliminate backlash, con
tribute to smooth operation, minimize 
wear on resistance wire (A), assure 
positive contact to collector ring (F).

You get many more features than we 
can detail here. Check them all in W/L 
Bulletin 60RR (and, above 300 watts, 
check “plate rheostats” in Bulletin 60A). 
Either bulletin, yours for the asking. 
Ward Leonard Electric Co., 77 South St., 
Mount Vernon, N.Y. (In Canada: Ward 
Leonard of Canada, Ltd., Toronto.) o.e

LEONARD
ELECTRIC COMPANY
MOUNT VERNON, NEW YORK

LIVE BETTER...Electrically

® i • • 
RHEOSTATS’ RELAYS {CONTROLS

. . . PRIORITIES and allocations authority of 
the Defense Department, slated to expire on June 
30, is expected to be continued by Congress for 
at least two more years. Efforts will be made by 
Office of Civil and Defense Mobilization to have 
Congress broaden stockpiling objectives to encom
pass the “essential needs of the nation in the event 
of nuclear attack (including reconstruction).” Until 
some way is found of assessing what these needs 
might be, the government suggests that “the 
maximum objective shall be not less than six 
months’ usage by industry” during a period of ac
tive demand.

. . . MORE SHIFTS—some of them sudden-in 
military’ dealings with business can be expected in

ELECTRONIC DESIGN • January 20, I960
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FROM ONE COMPLETELY INTEGRATED SOURCE
*
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WRITE FOR HELPFUL FREE BULLETINS

'USES’

ALITE division

102 G
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ALITE — with its completely equipped facilities 
for producing high quality, vacuum-tight, 
ceramic-to-metal seals — is geared to meet all 
your requirements for high alumina ceramic
metal components. From design to finished as
sembly. every manufacturing step — including 
formulating, firing, metalizing and testing—is 
carefully supervised in our own plant. Result: 
effective quality control and utmost reliability.

El ECTRONIC DESIGN • January 20, 1960

Hermetic seals and bushings made of high 
alumina Alite are recommended for electrome
chanical applications where service conditions 
are extremely severe or critical. Alite has high 
mechanical strength and thermal shock resist
ance. It maintains low-loss characteristics 
through a wide frequency and temperature 
range. It resists corrosion, abrasion and nuclear 
radiation. Its extra-smooth, hard, high-fired glaze 
assures high surface resistivity.

Bulletin A 7R give» useful com
parative data. Bulletin A-40 
describes Alite facilities and 
complete line of Alite Standard 
Bushings

To simplify design problems and speed delivery. 
Alite high voltage terminals, feed-throughs and 
cable end seals are available in over 100 stand
ard sizes. However, when specifications call for 
special units for unusual applications, you can 
rely on expert assistance from Alite engineers to 
help you take full advantage of Alite’s superior 
properties.
Write us about your specific requirements today.

. . . MISSILE SYSTEMS may benefit from re
ductions in jet aircraft purchases that are planned 
by the military. It is believed that some jet bomber 
buying will be slashed by 33 per cent or so—about 
$200 million, at least. This will reduce the need 
for jet tankers, resulting in a further substantial 
saving. Funds freed in this manner are to be used 
in this fiscal year and the next to augment the 
amount that can be devoted to advanced weapons.
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. . SOLUTION TO PROBLEMS of this nature 
can be reached in other ways, states the Deputy 
General Counsel of the General Accounting Office. 
J. Edward Welch asserts that desirable results 
could be achieved if the Armed Services “increase 
their in-house capabilities to a point where they 
will be able to control the design of their weapon 
systems, develop such systems, and procure a sub
stantial amount of system subassemblies and 
component parts by separate prime contracts.” 
Congress, of course, is not likely to go along with 
such a plan, which would seem to relegate indus
try and its vast know-how to second-class status.
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the light of an Air Force decision to re-evaluate, 
on continuing basis, the utility of America’s mili
tary forces. This is said to be “a precaution against 
the wasteful use of national resources or costly 
errors of judgment, either of which might preju- 
(lic< the welfare of the nation.” Especially likely 
to be affected are “the nature and priorities of 
res« arch and development programs bearing on 
forces and weapons systems. Basic Air Force atti
tude is the belief that “the best preparation for 
limited w ar is proper preparation for general war.”
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.. . TOTAL R&D FUNDS rose from about $5 
billion in 1953-54 to over $12 billion in 1959-60, 
the National Science Foundation says. In the cur
rent year, performance of R&D by industry’ and 
related organizations will cost $9.4 billion. Note, 
however, that more than half of the R&D money 
to be spent by industry comes from the federal 
government. Over a seven-year period, govern
ment agencies’ R&D funds went up 83 per cent, 
industry’s rose 159 per cent, the share of colleges 
and universities climbed 126 per cent, while other 
non-profit institutions enjoyed a gain of 140 per 
cent.

Bil JONS BILLIONS
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♦Includes meetings described herewith
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Instrument-Automation Conference and Exhibit 
ISA, Houston, Tex., February 1-4

The theme of the winter Instrument-Automa
tion Conference and Exhibit will be “Process Con
trol in the Electronic Era.”

The Conference Sessions will be held Feb. 1-4 
at the Rice Hotel, while the Exhibit will be staged 
in the Sam Houston Coliseum, Feb. 2-4. For ad
ditional information write to: Instrument Society 
of America, 313 Sixth Ave., Pittsburgh 22, Pa.

C TYPE MAGNETS in a wide range of sizes to meet your design needs in 
* Transverse Field Isolators * Differential Phase Shifters * Duplexers

AIEE Winter General Meeting, January 31- 
February 5

One hundred and twenty-one sessions are be
ing organized and 218 formal papers have been 
submitted for consideration for the AIEE Winter 
General Meeting. A panel discussion wrill be held 
Thursday, Feb. 4, beginning at 9 A.M., on “New 
Challenges to Electrical Engineers from Medical 
and Biological Problems." Dr. A. Eckels, chair
man of the electrical engineering department of 
the University of Vermont, will be the moderator. 
A program of inspection trips has also been pre
pared. Committee chairman is R. T. Weil, Jr.

France. 
Scintillation Counter Symposium, 
AIEE, AEC, NBS, Washington. D. C

January
25-27 28th Annual Meeting of the Institute of ie 

Aeronautical Sciences, Hotel Astor, New Yc k, 
N.Y.

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

31-2/5 Winter General Meeting of the American n- 
stitute of Electrical Engineers, AIEE, Stater 
Hilton Hotel, New York, N.Y.
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BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES 
Find them FAST in the YELLOW PAGES
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A feature of all Arnold C Magnets is the excellent field 
uniformity along the length of the magnet. Versatility in 
design may be realized by using multiple lengths of the 
same size magnet stacked to accomplish the needs of your 
magnetic structure.

Let us work with you on any requirement for permanent 
magnets, tape cores or powder cores. • For information on 
Arnold C Magnets, write for Bulletin PM-115. Address 
The Arnold Engineering Company, Marengo, Illinois.

Arnold C-type Alnico Magnets are available in a wide 
selection of gap densities ranging from 1,000 to over 7,500 
gausses. There are six different basic configurations with a 
wide range of stock sizes in each group.

The over-all size and gap density requirements of many 
prototype designs can he met with stock sizes of Arnold C 
Magnets, or readily supplied in production quantities.

When used in transverse field isolators, Arnold C Mag
nets supply the magnetizing field to bias the ferrite into the 
region of resonance, thus preventing interaction between 
microwave networks and isolating the receiver from the 
transmitter. These magnets are also used in differential 
phase shifters and duplexers, and Arnold is prepared to 
design and supply tubular magnets to provide axial fields 
in circular wave guides.

ISA Winter Instrument-Automation Conference 
& Exhibit, Rice Hotel and Sam Houston Coll, 
seum, Houston, Tex, 
15th SPI Reinforced Plastics Division Confer
ence, Edgewater Beach Hotel, Chicago, III.
1960 Winter Convention on Military Elec
tronics, PG ME, Ambassador Hotel, Los An
geles, Calif.
7th Annual Solid-State Circuits Conference, 
IRE, AIEE, Hotel Sheraton, Philadelphia, Pa. 
7th Annual Cleveland Electronics Conference, 
IRE, ISA, AIEE, Engineering and Scientific 
Center, Cleveland, Ohio.
1st Annual Electronics Representatives Asso* 
ciation, Drake Hotel, Chicago, III.
1st National Symposium on Nondestructive 
Testing of Aircraft & Missile Components, SRI, 
Hilton Hotel, San Antonio, Tex.
3rd International Electronic Parts Show, Paris,
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V 60 Winter Convention on Military Electronics, 
P ME, February 3-5

Fours to the Pacific Missile Range and Naval 
0 dnance Laboratories, Corona, are among the 
n my field trips offered to visitors at the I960 
Vinter Convention on Military Electronics. The 
field trips are expected to offer a cross section 
view of the missile, defense and electronic in
dustries in Southern California.

A visit to Space Technology Labs, Inc., will be 
held Wednesday, Feb. 3. Visitors will be shown 
a film on current space probe activities and the 
company’s Space Communications and Naviga
tion Network (SpaN Net), headquarters for a vast 
intercontinental tracking station network.

Feb. 3, from 7:30 to 10:00. an evening trip to 
the System Development Corp, of Santa Monica 
will be featured. Two tours will be offered Feb. 
5 to include a visit to the Pacific Missile Range, 
Point Mugu, Calif., to view a Regulus test launch 
and a tour to Consolidated Electrodynamics Corp.

The convention to be held at the Biltmore 
Hotel, Los Angeles, Calif., is sponsored by the 
Institute of Radio Engineers Professional Group 
of Military Electronics. Chairman: Dr. Lester C. 
Van Atta, Hughes Aircraft Co., Los Angeles, Calif.
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3 d International Electronic Parts Show, Febru
ary 19-23, Paris, France

The 3rd International Electronic Parts Show, 
f >r electronics specialists, will present a full 
rmge of elements used in the construction of 
r :dio-electrical and electronic appliances. Many 
i 2W exhibitors from all countries will be taking 
1 irt alongside the larger international firms. The 
s low is organized by the National Federation of 
1 rench Electronics Industries, 23 rue de Lubeck. 
1 aris’ 16, France.
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7th Annual Solid-State Circuits Conference, Feb
ruary 10-12

The 1960 Solid-State Circuits Conference 
will feature eight sessions devoted to broad ad
vances in the field of solid-state device applica
tions and circuits. Papers will be offered covering 
new magnetic and semiconductor devices and 
circuits for digital storage and logic. A number 
of survey reports on tunnel diodes, thin magnetic 
films and microwave properties of semicon
ductors will be presented.

Informal discussion sessions, conducted by 
leaders in the solid-state field, will be held on 
Wednesday and Thursday evenings to provide 
registrants an opportunity’ to discuss tunnel 
diodes and their applications, storage techniques, 
reliability, noise theory, logic circuits, micro
electronics, parametric applications and energy 
conversion. For further information write to: 
Lewis Winner, 152 West 42nd St., New York 36, 
N.Y.
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NEW
General 
Electric 

High-voltage 
Tantalytic* 
Capacitors

RATINGS

VOLTS

General Electric announces a new high- 
voltage foil Tantalytic capacitor—rated to 
300 volts at 85C and to 250 volts at 1250 
— in both polar and non-polar designs.
SMALLER IN SIZE than any previously 
available capacitor with similar voltage 
ratings, these new General Electric capaci
tors also provide size advantages over 
series arrangements of lower voltage units.

GREATER CAPACITANCE STABILITY, 
achieved over the entire temperature 
range, is provided by these new high- 
voltage Tantalytic capacitors. An 8 per
cent maximum capacitance increase at 
high temperatures and a 20 percent maxi
mum capacitance loss at — 55C are speci
fied.

CLOSER CAPACITANCE TOLERANCE of 
±15 percent is standard. This represents 
a significant improvement over the ±20 
percent or —15 +75 percent initial toler
ances characteristic of lower voltage ca
pacitors.

SUPERIOR LIFE PERFORMANCE during 
2000 hours under maximum rated condi
tions is realized, with a maximum capaci
tance change not exceeding 10 percent.

FOR COMPLETE INFORMATION on this 
significant breakthrough in Tantalytic ca
pacitor design, contact your General Elec
tric Sales Representative, or write Section 
449-15, General Electric Co., Schenectady 
5, N. Y.
♦Registered trademark of General Electric Co.

TYPICAL OF THE WIDE RANGE OF RATINGS AVAILABLE WITH THE NEW G E HIGH-VOLTAGE FOIL TANTALYTIC CAPACITORS

LengthCat. No. Volts Temp. Polarity
Max. Imp.

— 55C 120 CPS 
(Ohms)

Max. Leakage 
at Rated Temp, 

(ua)
Capacitance 

(uf)
Diam.

29F2200 200 85C 0.35 P 32 5715 -3* 
16

11 *
16

29F2105 300 85C 25.0 P 500 82 17* tj 2^*

29F2108 300 85C 2.0 NP 150 1010 %" 2^"

29F2207 200 85C 0.15 NP 32 13330 3 " 
16

11 * 
16

29F2161 250 125C 2.5 P 100 830 1Ä'

29F2Ì64 250 125C 13.0 P 325 160 15* 
32 2%’

These units are supplied in tubular form, in lightweight aluminum cases, 
with axial leads, and are available with insulating sleeve in 7 case sizes.

GENERAL ELECTRIC

WHEN YOU NEED
■ Ull «II

TANTALYTIC® I 
CAPACITORS I

|iOk
%

pWCtS
CALL

Schweber
ELECTRONICS I

1
60 HERRICKS ROAD. MINEOLA. L. I.. N.Y.

PIONEER 6-6520 TWX G-CY-NY-58OU
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Engineering Feat of Past Decade Was Engineering 
Human Understanding

LECTRONIC DESIGN • January 20, 1960

Not withstanding impressive technical strides, the greatest 
engineering achievement in the last decade may well be the 
improvement of human understanding on an international scale.

The co-operation of 30,000 engineers and scientists from 66 
nations in carrying out the International Geophysical Year 
crossed many political, economic, language, ethnic, and racial 
barriers.

IGY amassed a wealth of data to add to man’s storehouse of 
knowledge. The chief value obtained, however, was not so much 
in the exchange of impersonal facts as in the interchange of 
personal thoughts no more profound than, ‘ Good Morning/ “I

It may be too much to hope for co-operation and understand
ing from purely national committees and official international 
bodies. Proponents for the immediate creation of space law, for 
example, feel such groups cannot reach a synoptic view and that 
nongovernmental international organizations must lead the way.

Although more forward-looking co-operative ventures with 
humanitarian purposes in mind are needed, we can be justifiably 
proud of simple efforts on the part of our various professional 
societies to invite foreign guests to our conferences. We, in turn, 
should attend as many international conferences as we can. The 
presence of informed and intelligent engineers who also zealous
ly believe in the supreme worth of the individual and the right 
of political self-determinism will do much to bring about under
standing of our human values.

Genuine friendliness can dispel unfounded distrust.
Unfortunately not all international technical meetings are 

successful. The continuing failure of Soviet and American sci
entists at Geneva to agree on some method of detecting under
ground atomic explosions is discouraging. It appears, that official 
instructions from heads of governments however determine what 
is permissible discussion and what is not. Therefore, free and 
frank discussion and unfettered experimentation cannot take

many
Tarzian

popular 
rectifier

reliability, 
small size

tube types 
can be
replaced with
Tarzian tube

S-5019 or 5-5162 
2800 PIV * SOO MA DC

5-5018 
1600 PIV ■ 750 MA DC

S-5033 
4500 PIV • 250 MA DC

5-5343 
7000 PIV • 300 MA DC

S-5251 
1600 PIV • 600 MA DC

5-5017 
1600 PIV • 750 MA DC

5-5207 
1600 PIV *500 MA DC

S-5130 
10400 PIV * 300 MA DC

5-501 1 A 
1600 PIV • 750 MA DC

SARKES TARZIAN INC. - SEMICONDUCTOR DIVISION 
4/5 north college • bloommgton, indiono • edison 2-1435 

InConado 700 Weiten Rd , Toronto 9, Tel Roger 2-7535
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Irving L Wieselman and William S. Knowles
Telemeter Magnetics, Inc.

Los Angeles, Calif.
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Magnetic Cores Play Many Roles

1
n 
neti 
the 
e th 
pari 
it in 
acti 
mai 
the

T 
dur 
out 
the 
reac 
to : 
and 
age

F 
opp 
the 
volt 
of t’ 
stat<

Applications of magnetic core circuits 
have been extended. Where, traditionally, 

cores have made their most significant contribu
tions as memory elements, today they can be used 
in all-magnetic flip-flops, gates, counters, adders, 
programmers, shift registers, and even in all- 
magnetic digital computers for special applica
tions.

The reliability of cores under adverse environ
mental conditions—extremes of shock, vibration, 
temperature—makes them well suited to comput
ing requirements of missiles, spacecraft, and a 
wide range of industrial process control systems.

Cores—For High Reliability
Previously, magnetic core devices depended on 

semiconductors and vacuum tubes for logical 
operations. This resulted in the reliability of the 
core device being restricted by the reliability of 
the semiconductors and vacuum tubes. Core re
liability is of a much higher order, especially at 
elevated temperatures and under other environ
mental hazards. Ferrite cores are available that 
can be operated reliably at 100 C, and experi
mental cores have been operated continuously at 
temperatures as high as 200 C.

Core assemblies, coated with a thin laver of

Though their work concerns divergent aspects of data-processor design, Bill Knowles 
(top) and Irv Wieselman meet on common ground in this paper. Knowles analyzes new de
signs for data-handling devices and systems using magnetic cores. Wieselman translates sys
tems' requirements into logical designs.

Knowles has done more than work his way from the ground up. He started below ground 
with development work on sondes for oil well logging and surveying. He has worked in radio 
telemetry and has two patents for a ground station he invented. He also helped develop the 
first commercial, large-scale core memory ever to be used in a computer.

Wieselman has designed logic for a Russian-English translator using a photoscopic store 
with a capacity of 30 million bits on a 16-inch glass disc. He’s also worked on converters which 
would translate one computer code and format into another.

X Y

READ DRIVE 
( coincident current )

WRITE

SENSE

Fig. 1. Direction of current flow determines the binary 
state of a core.

RESET

Fig. 2. The basic multiaperture device (MAD) is a magnetif 
core with two apertures in its wall.

rubber-like material, and using an aluminum* 
plate heat sink, offer packages which operate at 
great extremes of temperature, shock, and vibra
tion. This environmental protection offers the 
computer designer a most reliable electronic ele
ment. The predicted reliability of these packages 
is so high that equipment can be built with the 

core packages permanently wired in without con
nectors, further increasing reliability of the overall 
system.

The development of core devices to perform 
active computing functions in addition to the 
storage function permits the design of all-mag
netic computers.
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ig. 3. Coincident half-currents are used to select an indiviual core 
in an array.

Fig. 4. Section of a current distributor designed to scan memory 
cores in a predetermined order.

Cores For Memories
The basic phenomenon underlying the use of 

n agnetic cores is retention of a direction of mag
netization. The square hystérésis characteristics of 
the ferrite core material permits it to take on 
either of two stable states of magnetization. The 
particular direction of the magnetization is deter
mined by the direction of the current through the 
activating wire (Fig. 1). One direction of core 
magnetization is then defined as binary ONE and 
the other as binary ZERO.

The binary condition of the core is detected 
during readout by a sense winding. For the read
out operation, a current pulse is passed through 
the activating line. If the current direction during 
readout is the same as that which was required 
to “set” the core, the core state remains unchanged 
and there is no major flux change to induce a volt
age in the sense winding.

However, if the readout current pulse is in the 
opposite direction, the core changes state and 
the resulting flux change induces a detectable 
voltage pulse in the sense winding. The amplitude 
of this voltage pulse indicates the original binary 
state of the core.

This readout method is inherently destructive 
in that the sense of the core is changed. When 
it is necessary to retain the original sense of the 
information stored in the core, a “rewrite” circuit 
resets the core to the original state when the 
readout action has been completed.

lOao x-i

DRIVE A

DRIVE a

i

25

Cores For Logic
Recent developments in the use of multiaper

ture devices (MAD) have not only led to non
destructive readout, but have also permitted use 
of magnetic devices in logical operations such as 
AND-OR and NOT circuits. Fig. 2 shows the basic 
MAD which can be considered as a magnetic 
core with two apertures cut in the wall, an input 
and an output aperture.

MAD can provide certain logical functions such 
as the OR and the AND functions. Elements with 
more complex aperture configurations can yield 
more complex logical functions.

Coincident Current Selection
The principle of coincident-currents is used to 

select individual cores within a large array of 
magnetic cores. When a current of magnitude I 
is required to set a core to one of its two states, 
a current of magnitude 1/2 will not cause a change 
of state.

Therefore, a single core can be selected from 
an array of cores by activating two wires, each 
carrying a current pulse of magnitude 1/2. Fig. 3 
shows this technique applied to a core array. Only 
the core which simultaneously receives the cur
rent pulses from both of the activated lines will 
be set. All the other cores in the array will retain 
their original settings.

Current Steering
Current steering techniques, which provide the 

coincident half currents for storage systems and 
core arrays, permit scanning of core arrays in a 
desired order. Fig. 4 shows a section of a current 
distributor designed to scan memory cores in a 
predetermined order.

An all-magnetic biphase driver alternately ac
tivates lines A and B to provide the input signals 
to the distributor. The loads designate particular 
memory cores.

With switch core X initially set, the first pulse 
from Drive A resets switch core X. This reset 
action steers a current pulse to load cores on the 
X line. This same reset action also sets switch 
core X 1 by means of the winding which links 
core X with core X 4- 1.

The succeeding current pulse of line B resets 
X 4- 1. This action steers a pulse to the load on 
line X 4- 1 and, by means of a linking winding, 
sets X 4- 2. Alternate pulses on the two driving 
lines repeat these actions and continue them 
through the distributor matrix.

In general, the currents steered to the load cores 
are half-select currents with the other coincident 
half currents generated by a similar distributor 
or as the result of some other logical action within 
the computer.

Cores For Computing

Basic to the new all-magnetic computing devices 
is the accumulator. It sets an additional storage 
core for each incremental input. Fig. 5 shows an
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Fig. 7. The steps taken in adding the decimal coefficients of the two number 
shown in Fig. 6. The subscript “i” refers to the digit position starting with O fbi 
the least significant digit; 2 represents the most significant digit.
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a desired quantity may be determined for a 
given time interval or for consecutive, overlapping 
time intervals.

An arrangement of accumulators similar to a 
series of decade counters can count and perform 
summing operations on large numbers. For ex
ample, counts up to 10“ are represented by n 
accumulators of 10 cores each. An overflow in a 
least-significant-digit counter causes an increment 
to be added to the next higher significant-digit 
counter and also clears the counter for the next 
incremental input

Fig. 6 shows the representation of two numbers

Cores For Adding
This incremental adding operation is extended 

to form the basis for adding the contents of two 
accumulators in a summing function. Consider 
two accumulators, each containing an accumu
lated value with a corresponding number of cores

in terms of decimal coefficients. Each coefficient i 
contained in a ten-core accumulator. The bloc 
diagram indicates the sequence of steps in the 
summing operation, including consideration o 
sign.

Fig. 7 shows the steps taken in adding th* 
corresponding decimal coefficients of each num 
ber. In the example shown, the subscript *F refei 
to the digit position starting with 0 for the leas 
significant digit, and 2 represents the most signif 
cant digit. Subtraction, of course, involves takin 
the complement of one of the coefficients store 
in the accumulators. Conveniently, the comple

accumulator which has stored n-1 pulses. To add 
an additional increment, the select line is activated 
and the current distributor sequenced through 
the cores which constitute the accumulator.

The combined action of pulses on the select line 
and the line from the current distributor drives 
the cores in the set direction. Those cores that 
have already been set afford no flux change, and 
no output appears on the sense winding.

However, the first unset core (core “n" in this 
case) which sets, adds an increment, and produces 
a pulse on the sense line. This output pulse in
hibits the select line pulses so no additional cores 
are set.

The sum of the two values is formed by adding 
increments to one of the accumulators from the 
other until.the number added to the first equals 
the number contained in the other. This is done 
by counting or accumulating the contents of one 
accumulator in an external accumulator-register 
and then counting this register back into the other 
accumulator.

The number of increments added to the ac
cumulator holding the sum is controlled by gating 
the select line “off* when the external register has 
been emptied.

This summing technique requires that the ac
cumulator used to form the sum have a capacity 
equal to or greater than the largest sum to be 
formed. While, at first, this type of summing 
might seem to have limited usefulness, there are 
several applications where it can be used to sim
plify a computing system.

The technique is ideal for cases where the 
accumulators must be monitored and actions 
taken when a certain level is reached. This condi
tion, common in many process control systems, 
requires that only one core (showing the accumu
lated sum) be monitored.

When the count reaches the critical level and 
the monitored core is set, the output pulse on the 
sense line starts the necessary control procedure.

ess 
mil

Cores For Comparison

A slightly altered configuration makes it pos
sible to compare the contents of two accumulators 
so as to choose the accumulator with the larger 
or smaller number in it. If the select lines of both 
accumulators are activated concurrently, the ac
cumulator with the smaller number generates a 
sense pulse first. This technique may be extended 
to several accumulators so the maximum value of

Fig. 5. An accumulator which has stored n-1 pulses. To add an increment, the select line is activated and the current

Fig. 6. (left) The sequence of steps used in summing the two numbers shown 
Each decimal coefficient is stored in a ten-core accumulator.
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nent of the number stored is equal to the number 
of unset cores in the accumulator.

The use of accumulators containing less cores 
than the current distributor provides a versatile 
method of scaling. For example, assume that a 
time input of one pulse per second is to be proc
essed to generate pulse rates of one pulse per 
minute. If the current distributor has 10 positions, 
the first accumulator will be of length 10 and the 
second of length 6.

Carries from the first accumulator will appear at 
six pulses per minute. Carries from the second 
accumulator will appear at one pulse per minute. 
In general, the carry output rate of an accumula
tor used as a scaler is R/n where R is the output 
rate, and n is the length of the accumulator.

Cores For Amplifying

Until recently, most amplifying actions within 
computers and data processors were carried out 
by vacuum tube or semiconductor devices. How
ever, amplification can be carried out by all- 
magnetic core devices with a large increase in 
reliability.

Fig. 8 shows a three stage amplifier consisting of 
three cores. The original signal sets the first core. 
A clock pulse applied to this core resets the core 
and generates a pulse in the winding which links 

the first core with the second core. The second 
core is either a physically larger core or such a 
combination of standard size cores that the pulse 
produces a greater amount of flux than existed in 
the first core.

A second clock pulse resets the second core 
and generates a setting pulse for the third core. 
Again, an increase in actual core size, or in the 
number of cores combined to form the third core, 
results in a higher flux in the third core.

A third clock pulse resets the third core and 
generates an output pulse which is larger than 
the initial low-level signal pulse by a factor equal 
to the product of the gains obtained in each core. 
In these “flux pumps” the energy delivered by 
the clock pulse is analogous to the de energy 
supplied to conventional vacuum tube amplifiers.

These “flux pumps” deliver power gains in the 
neighborhood of four per stage with outputs of 
twenty volts at several hundred milliamperes. This 
is more than enough to drive a large core-storage 
array.

Efficiency of each stage is computed by divid
ing the energy in the output pulse by the energy 
required to set and reset the core. For example, 
Fig. 9 shows a single stage core amplifier where 
the input, clock, and output windings have the 
ratio of 1:5:4.

The input winding sets the core with an energy 
of one unit. The clock winding resets the core 
with an energy input of five units, and the output 
winding delivers four units. This results in an 
overall efficiency of two-thirds and a gain of four.

Cores With Feedback

An interesting combination of core amplifiers 
and feedback forms the basis of the biphase driver 
of Fig. 10. This all-magnetic device behaves much 
like a conventional triggered flip-flop. Under 
repetitive driving signals from clock pulses, the 
biphase driver alternately activates one of two 
lines driving separate loads. This is comparable 
to a flip-flop receiving repetitive impulses and 
alternately assuming one of its two stable states.

Each core in Fig. 10 represents a core amplifier. 
The winding matrix is designed so that core Al 
can activate core A2, core A2 can activate A3 and 
the output signal from core A3 drives the load on 
phase A and also activates core Bl.

The relationships between the B cores are the 
same as those between the A cores. The output of 
core B3 is fed back to activate core Al. Phase 1, 
2, and 3 clock pulses are supplied in repeating 
sequences. Each sequence of three clock pulses 
results in an output pulse imposed alternately on 
each of the two output lines. ■ ■

s shown

PHASE I 
CLOCK

PHASE 2 
CLOCK

PHASE 3 
CLOCK

rent input

Fig. 8. (above) A three-stage 
core amplifier.

LOAD A1

SET

number
th Ofo

fig. 9. (right) A single-stage 
core amplifier.

BUS

PHASE I 
CLOCK

PHASE 2 PHASE 3
CLOCK CLOCK

OUTPUT

Fig. 10. An all-magnetic counterpart of a conventional triggered flip-flop.
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PHASE A
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Donald W. Boensel
La Crescenta, Calif.

There’s more than one way to control 
a multi. Author Boensel shows the basic 
methods here.

a ♦ 
a 
E 
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c

How to Control Transistorized Multivibrators

FREQUENCY or duty cycle of transistorized 
1 multivibrators can be controlled by voltage, 
current, resistance, or conductance. The designs 
shown here, which illustrate these modes of con
trol, give reproducible results without special 
selection of components.

Varying the Frequency

In the symmetrical, variable frequency multi 
of Fig. 1, operation is similar to that of the con
ventional cross-coupled multivibrator, with the 
exception that two controlled current sources, 
Q3 and Q4, have been substituted for fixed base

Ql

c
+V2 o—M

Vouf

-o+V2

R2 
//A

Rg. 1. Frequency of this multivibrator is controlled by 
two controlled current sources, Q3 and Q4.

Table 1. Multivibrator Frequency Control With Circuit of Fig. 1.

l<n is injected at the junction of the two Rl resistors. Bases of Q3 and Q4 are grounded.

Voltage

Type of

Current*

Control

Resistance Conductance

Duty-Cycle
1 X V 1 R2 \ 

A V|N 1
2 \4R1Vcr2/

1 _ △ Yo

2 2 Rl Iin

1_ p / AVo \ 

2 \4 Rl Vcr2/

£ g/a V0 R2\ 

2 \ 4 VCr2 /
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Vin Variable
Fixed

Vin = Vref+A Vo

Fixed

V|n = Vref+A Vq

Fixed

V(n = Vref+A Vo

Rs
<<03 (2R1)

<<04 2R1)
Zero Zero = Zero

Rl Fixed Fixed Fixed 1/G

R2 Fixed
Essentially

Infinite *
R Fixed
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T
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V2-V.

MICROWAVE
SWITCHING
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MICROWAVE COAXIAL

In Canada contact Conway Electronic Enterprises Regd
CIRCLE 24 ON READER-SERVICE CARD

Fig. 2. Circuit and waveforms of a basic variable duty 
cycle multivibrator. (A) (above) Control of one base 
current sources varies the duty cycle of this multi. IB) 
(right) Collector and base voltage waveforms.

i, PENNA.

Toronto, Canada

case. Note that the relation is essentially inde
pendent of transistor parameters because the 
oscillator transistors work as switches and the 
control transistors function as stable common
base current amplifiers.

rhe general method of control can also be 
applied to the variable duty cycle circuit of Fig. 2. 
The constraints for the four control variables are 
identical to those given in Table 1, except that 
they apply to only one control transistor rather 
than two.

More interesting from a design standpoint is 
the circuitry of the linear duty cycle circuit in

return resistors. Transistors Q3 and Q4 are oper
ated in common base connections with respect to 
the bases of the multivibrator transistors QI 
and Q2.

This mode of operation is satisfied for transient 
as well as static conditions when source resistance 
IC fulfills the requirement :

p (<<^(R1 + R2) 
^•\<< fa (RI + R2)

and the value of by-pass capacitor Cb is much 
greater than the collector to base capacitance of 
Q3 or Q4.

The four general possibilities for control in this 
type of circuit are listed in Table 1, with appro
priate constraints on parameters, and with the 
frequency relationships to be expected in each

LECTRONIC DESIGN • January 20, I960

CLOSED INSERTION LOSS 
AS LOW AS */z db

A new concept in microwave switching developed at 
the American Electronic Laboratories, Inc., has re
sulted in the Microwave Coaxial Crystal Switch. 
Closed insertion loss as low as db. Open attenua
tion 20 to 30 db increased by series connection of 
switches if desired. The extremely low power require
ment of as little as 16.5 milliwatts and high switching 
speeds of over 10 millimicroseconds make this switch 
a natural for high speed antenna lobe switching, micro
wave chopping for crystal video detection of RF, 
high speed commutation, and also as a high speed 
switching device for computers. Additional character
istics are its virtual independence of its switching 
characteristics to temperature over a range from 
—55° to +71°C., its ability to dissapate up to 1 watt 
of power internally and its high degree of reliability.

MORE DATA ON REQUEST
Investigate the opportunities at AEL for creative engineers

AMERICAN ELECTRONIC
LABORATORIES, INCORPORATED

* Transistor Q5 and its associated circuitry are replaced by l«n which is injected at the ¡unction of the two HI resistors, 
t Equalizing emitter resistors split l<n equally between Q3 and Q4.

Voltage

Type of

Current*

Control

Resistance Conductance

Frequency
VIN l|N KR G Vo

2C (VI —V2) (RI +2R2) 4C (VI-V2) 2C (VI —V2) (Rl -|-2R2) 2C (VI —V2)
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le
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m
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er
 Co
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tr
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nt

s

vIN
V|N

(Variable)
Zero

vin=kr

(Potentiometer Type)
Fixed at Vo

Rs
< < 03 (RI +R2)

<<ß. (RI +R2)
Zero

S R << ß3 (R1+R2)

^R << ß* (R1+R2)
= Zero

Rl Fixed
Fixed

(Equalizing)!
Fixed

Fixed

RI << R2

R2 Fixed
Essentially

Infinite
Fixed 1/G
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Table 2 gives circuit constraints and duty cycle 
relations for the circuit of Fig. 3.

SV9 
,IN45
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Fig. 3. Again the basic circuit is similar to Fig. 1, 
except for the differential method of control cur
rent injection. The differential amplifier uses Rl 
for emitter degeneration, and a regulated current 
source return consisting of R2, reference Zener 
CR2, and Q5, at the differential current node. In 
addition, an equalizing resistor Rt, equal to the 
source resistance, is included in the base of refer
ence transistor Q/. As before, both bases are 
bypassed to assure common-base operation for 
transients. To ensure this condition for static 
operation as well:

resi
var
ran

CH 2 
COMPENSATED 

ZENER

can
<oe

J. f < < 03 (2 Rl) 
^\<<^ (2 Rl) 

in which case the differential output current 
given by:

2 AIqR1
\\ here Io is determined by the relation

Conductance Control in a 
Telemetering Oscillator

The telemetering oscillator in Fig 4 has ai 
output frequency directly proportional to tempera

A
2Æ1

tantalumicamo

MICAMOLD ELECTRONICS MANUFACTURING CORPORATION
SUBSIDIARY OF GENERAL INSTRUMENT CORPORATION

65 Gouverneur Street. Newark 4. N.J . HUmbo/dt 5-2100 •

Super-1 antumcap lor spe
cial applications Standard 

I antumcap lor general use. 
Roth meet all proposed 
Mil specs (the Super

: long lile, miniature 
ind "Built-in Reliabtl-

I or complete intor-

GENERAl INSTRUMENT CORPORATION 
conductor Division radio recef 
TRONlCS MANUFACTURING CORPORA^

AUTOMATIC MANUFACTURING DIVISION SEMI
TRANSDUCER CORPORATION MICAMOLD ELEC

W SICKLES OF CANADA LTD < SUBS IT I AR I ES

BUILT-IN RELIABILITY Micamold's manufacturing concept wherein 
rigid controls during production insure the quality and stability proved 
by "after the fact" testing Results are much more conclusive!

TYPICAL 
APPLICATIONS CHARACTERISTICS SUPER-TANTUMCAP

MIL-C-26655 
(USAF) PROPOSED

Coupling. Energy 
storing, Pulse 
energy

Leakage current .015 (ta/Vfut .05 pafVM

Pulse networks. 
। Bypassing, 

Filtering

Dissipation 
factor

.03 .06

Fig. 3. A differential amplifier controls this 
linear duty cycle multi.
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Q005uf0.005 uf IN 34
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2N335

nominal inches
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CIRCLE 16

31

VECO
45AII

Resistance R is made twice the value of the
thermistor resistance at 25 C.

">OOO
SIOW

sistors.

hi series with the transistor emitters.

COATED POWER RESISTORS
Compact, light weight, single layer “Silicohm” type
"S units are made to MlL-R-26< characteristic G
Exclusive high temperature insulation for moisture
environment . . . minimum dielec
tric strength of 1000 V-rms . .
precision .05% . . . T.C. of 20

Acknowledgment

TYPE "CS” CLIPPER

sink. Tolerance from .05 to 5%
available

nSV9
IN456

3uf/IOv

2N335

In M10W, M25W, and M50W Sizes
TYPE M METAL CLAD
CHASSIS MOUNTED
RESISTORS
Aluminum housed re-
sistors for direct plate

units feature consider-
ably less heat rise

15 and 30 Watt Ratings. Dielectric strengths to 2500
V-rms.

'out

Fig. 4. Output frequency is proportional to
temperature in this telemetering oscillator.
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resistance network having a conductance which
varies linearly with temperature over a reasonable
range. This circuit changes frequency from about
550 cps at —5 deg C to approximately 1300 cps
at + 35 deg C, with combined linearity and sta
bility of less than one per cent.

Since this oscillator is required to operate from
-10 to +40 deg C, the only compensation neces-
sary is the 1N456 silicon diode in the reference
supply. It compensates for changes in the emitter-
base voltages of the 2N335 current source tran-

For operation at temperatures above 40 < \ drift
can be minimized by the use of low temperature
coefficient Zeners, by compensating for clamp
diode drift, and by using silicon transistors
throughout. The transistors should be operated
with minimum control currents much greater than
the maximum expected leakage currents.

If it is necessary to use germanium transistors,
I iw leakage can be assured by placing silicon diodes

The high frequency limitation of this circuit is
inposed primarily by the switching speed of the
scillator transistors. A frequency of 15 kc can be
btained with no degradation in performance by
hanging only the cross-coupling capacitors. ■ ■

I would like to convey my thank* to members of the
lytech Corporation, Inglewood, Calif., for assisting and
importing the work described in this paper.
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Check your requirements against these SAGE “Silicohm” Resistors
In 13 sizes from 1 to 10 Watt Ratings In 3, 5, 7, 8 and 10 WATT ratings

TYPE "S,” SILICONE mounting, Type “M”

METAL SHEATHED RESISTORS
The new standard In clip mounting, assembly pro-
tected units, Type “CS” Resistors feature metal
sleeves shrunk by a Sage developed process to

conform exactly to fully insulated
type “S" resistors. Smallest in size
and coolest in operation of compara-
ble units. Wattage Ratings double

than similar units. ’ 
Lower Hot Spot means
long service life, near
perfect stability (Aver- 1 ©I 
age resistance shift is —
only 0.4% after 1000 cycled hours at recommended
loads), and exceptional reliability under extreme

ppm/°C.

MODEL rating», 
WATTS

dimontion», 
A* 8»

rot it tanto» 
Max. Ohm»

SA1W 1 .500 .125 12,000
SB1W 1 .687 .125 20.000
SA2W 2 .500 .187 15,000
SB2W i .812 .107 25,000
S2W 2 .625 .250 20,000
S3W 3 .750 .250 30,000
SS5W 5 .875 .312 50,000
SR5W 5 1.000 .312 60,000
SL5W 5 1.125 .312 7ô,ôóô
SS7W 7 1.250 .312 80,000
SR7W 8 1.375 .575 125.000
SS10W 10 1.812 .375 175,000
SIOW 10 1.957 .575 200,000

when CS is clip mounted on full heat

Write now for free samples

MODEL rating», 
WATTS

dimomion», 
A* 8«

rotittancot 
Max. Ohm»

CS3W 3 .750 .250 30.000
CSR5W 5 1.000 .312 60.000
CSS7W 7 1.250 .312 80.000
CSR7W 8 1.375 .375 125,000
CS10W 10 1.937 .375 200,000

conditions. MIL-R18546 Characteristic G models in

MODEL rating», 
WATTS

rot ¡»tancot 
MAX. OHMS

M10W 10 25.000
M25W 20 50,000
M50W 40 175,000

and complete specifications.

Nominal Mounting Dimontion», inch»»

MODEL A 8

M10W .562 .625
M25W .719 .781
M50W 1.562 .844



Designing Waveguides for Investment Casting
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William O. Sweeny
Arwood Precision Casting Corp. 

New York, N. Y.

What the Investment Casting

Process Is .. .

Investment casting . . . 
the “lost wax” process . . . 
precision casting . . . are 
different ways of describ
ing the same process, with 
investment casting the 
most commonly used name. 
It is a process whereby 
wax patterns are joined 
together in clusters, dipped 
into a slurry-like refractory 
material, and placed in a 
flask. The flask is then 
filled with additional 
refractory material and 
baked in an oven. This 
hardens the refractory ma
terial and melts out the 
wax, leaving a cavity. 
Next step is to fill this 
cavity with molten metal 
in whatever composition is 
desired. Chief advantages 
of the process are design 
flexibility, better tolerances 
than other casting meth
ods, and the ability to 
make shapes that are too 
complex to be machined, 
and in materials that are 
too tough to be machined.

32

THE CLOSEST practical tolerance a competent 
investment caster can hold is ±0.005-in. per 

inch, and a tolerance of plus or minus 0.010-in. 
per inch is even better and more economical. 
However, if a waveguide is extremely small, it 
often can be held to finer tolerances in one or 
several dimensions. The normal limit is plus or 
minus 0.004-in. on the waveguide opening.

If closer tolerances are needed, it is possible, 
if they are in a spot which can be machined, to 
finish-machine them to the exact dimensions 
specified.

Frequently, though, in the case of waveguides, 
these surfaces may be in areas which are im
possible to machine. In this case it is quite 
conceivable that the desired electrical properties 
can be obtained without the need for such fine 
tolerances.

It is especially important to remember that 
the finer the tolerances the greater the cost per 
part, so it is just common sense to call for ex
tremely close dimensions only on those surfaces 
which require them.

Investment casting foundries do not request 
wider tolerances to make the job easier for them
selves. Rather, they have realistically analyzed 
the basic nature of the casting process . . . the 
inherent shrinkage factor in the expendable pat
terns and the cast metal itself . . . the differences 
caused by the slightest changes in pouring tem
perature or oven position, as well as other factors. 
Having analyzed all these, the caster tries to 
arrive at a compromise between close tolerances 
and low cost.

While it’s true that these variables can be con
trolled to a very great extent, the price of perfect 
control would be exorbitant, for each variation 
accounts for some little bit of the total tolerance. 
Fig. 1 illustrates some limits to be observed when 
designing for investment casting.

Radii

Where necessary, as it usually is in investment 
castings, the foundry can produce sharper comers 
by investment casting than it is possible to get

by bending. To equal or exceed the 0.005 io 
0.010 deg radii that can be achieved, it would be 
necessary to go to an expensive broaching proc
ess. However, where sharp comers are not strictly 
necessary, best results and lowest cost can be ob
tained by specifying as generous a radius as 
possible.

Straightness

Long, thin parts must be mechanically 
straightened to obtain a high degree of straight
ness. Table 1 shows both the as-cast and straight
ened tolerances you can expect for varying 
lengths and thicknesses.

Flatness
It takes mechanical straightening to get rid 

of bow, twist and waviness in typical flat sections. 
While the tolerances in Table 2 are for flat rec
tangular castings, they can be applied to any flat 
waveguide dimension regardless of its irregular 
shape.

Concentricity

In general, the larger the outside diameter the 
closer to concentric the foundry can cast an in
side diameter. In addition, this makes the part 
easier to straighten mechanically even though the 
walls may be heavier. Table 3 gives the amount 
of eccentricity you can normally expect between 
I.D.’s and O.D.’s of as-cast parts.

Roundness
The plus or minus 0.005-in. per inch general 

linear tolerance holds for diameters, but it is 
possible to do better than this on hollow tubular 
shapes that can be straightened mechanically 
after casting.

Angles
As a general rule a designer shouldn’t call for 

angular tolerances finer than plus or minus 1/2 
sec of arc. However, if a closer tolerance than 
this is needed, you may be able to achieve it by 
mechanical straightening.
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H aveguides, the “plumbing” of electronics, are really 
s ill very much in the process of development. Investment 
c isting, as a method of producing wave guides, offers 
i rtain advantages to the designer. But like the guides 
ticmselves, it is fairly new as an industrial process, and 
i tany of the techniques of designing waveguides for this 
/ rocess are not familiar to electronic engineers. Hence this 
article by W. O. Sweeny, on some of the do’s and donts of 
designing waveguides for investment casting.

Fig. 1. Design characteristics of in
vestment cast parts.

A. Not a waveguide, but actually a 
brass tuning mechanism, this part 
nevertheless demonstrates a basic ad
vantage of the investment casting 
process as well as a few disadvan
tages. The part was originally made 
in three pieces, which were then 
brazed together. It was then re
designed as an integral unit. Paral
lelism and straightness of the internal 
walls were critical, as was the slot. 
Holding the tolerance on the slot 
was so unnecessarily costly that the 
foundry recommended it be ma
chined rather than cast.

B. This is a patented waveguide 
design perfected by Micro-Wave 
Development Laboratories, Inc., Bab
son Park, Mass. Its design is such 
that it will not lend itself readily to 
any other means of manufacture be
cause of the complexity of its internal 
configuration.

C. The gate stubs remaining on the 
flange of the waveguide indicate 
that the flange is machined after 
casting. The thickness of the flange, 
however, adds distortion, making it 
difficult to hold tolerances on the 
waveguide opening. Specifying a 
thinner walled flange would help 
i nprove tolerances and lower ma
il ining costs.

h. This is a horn assembly for an 
c ntenna on the B-52, and more com- 
Nex than it looks because, when 
f nished, it contained within it two 
i‘rips of plastic, which required some 

unusual production and assembly 
techniques. The '‘ribs” are added by 
the designer because the part has 
structural as well as electronic func
tions.

E. The heavy concentration of metal 
at the end of the casting makes it 
difficult for the foundry to control the 
dimension of the opening. This, in 
turn, makes it difficult to mate 
flanged parts. Best design practice, 
where possible, is to keep the mass 
of metal at a minimum at the ends 
of the casting.

F. This part was formerly made in 
five separate pieces and then brazed 
to form the complete unit. The de
signer then redesigned the part for 
investment casting, making it pos
sible to cast the part as a single 
unit, thus eliminating a number of 
costly assembly operations.

G. Here is a case where the design 
of the flanges was thin and simple. 
This made it possible to lower the 
cost of the investment casting, which, 
in turn, made it practical to allow 
precise machining of the choke 
grooves and drilling of the bolt 
holes in the flange.

H. This part was cast in a type 40-E 
aluminum for ease in brazing, as the 
design called for it to be brazed to 
another.

I. Note the complexity of this part. 
By using the investment casting proc
ess to produce it the designer was 
able to get greater freedom in his 
design.
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h «0.015 R=O.OI2

NON-FERROUS METALS FERROUS METALS

CORE DESIGN

MINIMUM CORES

The standard dimensional tolerances apply 
generally to holes. As a matter of fact, investment 
casting can do a lot of things with holes, up to

and including the casting of holes that hat? 
greater diameters inside than at their mouths. If 
a design calls for intersecting holes, we can dj 
this, too, but more easily and cheaply if the desig i 
is worked out so that the cores can be withdraw).

the alloy used in the casting—springy and brittle 
alloys are hard to work. Table 4 shows the actual 
tolerances that can be achieved.

The “geometry* of the piece is the determinin

NON-FERROUS 
FERROUS

0.030
0.050'

SPACING 
8 PER IN.
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I SPACI NG
16 PER IN.

MIN. DIMENSIONS FDR 
BEST ALLOYS

Parallel Sections
Parts shaped like a tuning fork, with two 

parallel sections connected at one end, can be 
cast to within 0.005-in. per inch of parallel. How
ever, if these yoke-shapes are very long, the 
foundry may have to resort to mechanical straight
ening to get the tolerance needed. Of course, this 
tolerance will also depend to a certain extent on

ma^nter from any face, at any .angle
CURVED OR TAPERED. '



Surface Finish

Draft

Table 3

Fillets

SPECIFY GREMAR for top-level reliability and 
performance in RF connectors. Write for litera
ture on any series of standard RF connectors ... 
or send us your specs on special requirements.

GREMAR CONNECTRONICS concentrates engineering, 
production and quality control on RF connectors only . . . 
guarantees 100% conformance to your most exacting specs.

This ranges from 63 and 100 rms for nonferrous 
castings.
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An advantage of the investment casting process 
is its ability to produce most parts without any 
draft allowance, although a small amount is 
desirable for long, extended surfaces to facilitate 
removal from the die.

Table 1. As Cast andjStraightened 
Tolerances

As generous a fillet as can be granted is desir
able. A minimum of 1/32-in. is recommended.

A knowledge of these factors and the effects 
they have on costs can help the designer of wave 
guides to use the investment casting process to 
its fullest and most economical degree.

A wise designer will hold tolerances to plus 
or minus 0.005-in. per inch only where necessary, 
opening up these tolerances wherever they are 
not needed. This permits the foundry to do a 
really precision job in those areas that are critical.

Frequently, cost savings can be realized and 
greater accuracy achieved by finish machining a 
part to very close tolerances.

Perhaps most important of all to a waveguide 
designer, however, is this: The wise designer of 
investment cast waveguides will call upon the 
casting foundry’s knowledge and experience. For 
if the foundry knows what surfaces will be ma
chine finished, what dimensions are critical and 
other important facts, it can usually produce a 
better wave guide at less cost to the user.

Following are a group of waveguide parts 
made by the investment casting process. Making 
these pieces by methods other than investment 
casting would have been impractical. ■ ■

GREMAR DELIVERS . . . by stocking America’s most 
complete line of RF connectors and fittings ... by maintain
ing a shelf stock of more than 500,000 assembled units ... of 
over 2,000 types . . . and 4,000,000 component parts ready 
for assembly!

connectronics ™

General Dynamics corporation’s CONVAIR Division speci
fies Gremar RF connectors for its new 880 commercial jet, 
the world’s fastest airliner. For reasons of top reliability 
Gremar RF connectors are also on their military B-58. Here’s

Specialized high potential teat equip
ment developed by Gremar determine* 
voltage breakdown point up to 25 KV, 
just one of the 142 separate quality 
checka that make Gremar RF connec
tors specified on every major miaaile 
program.

hs. If 
in d) 
esigi 
rawi.

Two great Convair Jets 
get reliable 
connections through 

gremar

L MANUFACTURING COMPANY, INC.

RELIABILITY THROUGH QUALITY CONTROL
Dept. B, Wakefield, Mass., CRystal 9-4580

CIRCLE 27 ON READER-SERVICE CARD

actor, of course, but these limits give you a good 
rule of thumb’:

■ limited or tapered areas of low-melting-point 
i.lloys can be cast to a thinness of 0.020-in.

■ limited or tapered areas of high-melting-point 
alloys can be cast to a thinness of 0.030-in.

■ large areas of low-melting-point alloys can 
be cast to a thinness of 0.040-in.

■ large areas of high-melting-point alloys can 
be cast to a thinness of 0.060-in.

Parting Line and Gating

For most applications, the small, fine parting 
line is not objectionable. However, if it is, let the 
foundry know about it. It can usually be moved 
to another area of the casting. The same can be 
done with gates, although sometimes good cast
ing design makes it necessary to put the gates in 
certain specific areas. As a general rule, though, 
they can be shifted to a surface that will ulti
mately be machined.

GREMAR

Full indicator reading

Length
F. 1. R.* 
as Cast

F. 1. R.* 
Functional

2" long or less ±.010 ±.005

2*-4" long ±.015 ±.010

4" - 6" long ±.020 ±.010

over 6 ' long ±.030 ±.015

Table 2. Flatness Tolerances

Length As Cast Functional

1* ±.008 ±.004

2" ±.016 ±.006

4" ±.030 ±.010

6" ±.045 ±.015

Full indicator reading

Outside 
Diameter

Inside 
Diameter

F. 1. R.* 
as Cast

F. 1. R.* 
Functional

%* %" .004 .004

1* W .005 .005

y/y w .008 .005

2" 1" .010 .008

Table 4. Tolerances in Parallel Sections

Distance Between 
Sections As Cast Functional

IV ±.003 ±.003

y^ ±.003 ±.003

%" ±.003 ±.003

Vx” ±.005 ±.004

w ±.006 ±.004

r ±.007 ±.005

1’V ±.010 ±.007
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Sequential Output Selector...
Slows Data Transmission

T. J. Boyce
Engineering Development Dept.

U. S. Naval Air Development Center 
Johnsville, Pa.

Here is a clever way of economiz
ing on equipment in a military air
craft installation. A variable-scale 
distributor circuit has been designed 
which enables a smaller and simpler 
data recorder to be tied into a high
speed computer with no loss of in
formation.

36

GIVEN the problem of recording data trans
mitted from a high-speed computer into a 

recorder of limited capabilities, something must 
be done to reduce speed of transmission of the 
data to the recorder. The most logical way is to 
record only one pulse train, or computer word, 
per computation cycle. Successive pulse trains are 
recorded one at a time during successive compu
tation cycles.

As part of a project to design and develop an 
airborne instrumentation system, engineers at the 
U. S. Naval Air Development Center, Johnsville, 
Pa., designed an 18 position “distributor.” The 
device consists of logical circuitry that selects 
sequentially the digital inputs and outputs of a 
Philco Transac computer. These selected outputs 
are then presented to the recorder at a reduced 
rate, that is, well within the recorders capability 
to receive them. A block diagram of the unit is 
shown in Fig. 1.

In effect, the distributor, or sequential output 
selector, blocks all but one of the data pulses 
during each computation cycle. Thus, during 
each cycle the computer receives only one digital 
computer word. During the next cycle, the next 
computer word is fed to the recorder.

Data pulses are transferred from the computer 
under the control of the computer program once 
each cycle, or every 1/30 sec. Binary numbers are 
recorded sequentially in parallel form, one each 
computer cycle, by (1) setting the selector to re
quire one pulse more to complete its cycle than 
the number of data pulses transferred from the 
computer each cycle, and (2) using coincidence

between the selector position and the data posi
tion to gate the number into the recorder. The 
data rate is then reduced by a factor dependent 
upon the number of data pulses. Fifteen data 
pulses will result in a 2-cycle output for each bit 
of information, while 10 data pulses would give 
a 3-cycIe output

Beam Switching Tubes Used

The sequential selector consists of two magne
tron beam-switching tubes connected as an 18- 
position distributor. A beam-switching tube 
contains 10 identical arrays of spades, targets, 
and grids symmetrically located around a central 
oxide-coated cathode. The spades form and sus
tain the electron beam, the targets produce a 
functional pentode-like output, and the grids 
switch the beam from array to array.

Normally, when the tube is turned on by 
applying B-|- voltage, it will, after warmup, re
main in its clear state and there will be no beam 
formed. The beam may be formed from the 
cleared condition to any one of the tube’s 10 
positions by lowering the potential of the re
spective spade. Spade 1 of tube 1 (Fig. 2) and 
spade 0 of tube 2 are held at a low potential by 
KI when B-|- voltage is applied. Thus, the beam 
in tube 1 is set in its No. 1 position, which is also 
the system’s No. 1 position, and tube 2 is set in 
its 0 position.

In the magnetron beam-switching tubes (Bur
roughs Type 6701) used in this circuit, the odd- 
numbered grids are internally connected and 
brought out to an external connection termed

ELECTRONIC DESIGN • January 20, 1960
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How It Switches

tIOOON38A

iN 38 A

J-2803

IN38A
IN38A

IOOK S-2B
Oluf *

J-2802

— OTP-2

NOTES

Q2 thru Q6 - 2N117; Ql, Q7, and
w8 - SB-100

2.

3.

T Oluf 6701, beaa-awitehing tube
Inatruaentation ground tied to

J-2802

PULSE STRETCHER

aelector box

J-2802

ELECTRONIC DESIGN

TUBE I (ODO GRIDS)

TUBE 2 (EVEN GRIDS)

PULSE INPUT
SELECTOR

SEQUENTIAL
SELECTOR

150
170

TUBE 2 (ODD GRIDS)

TUBE I (EVEN GRIDS)

I3o
150

170

8°
90

ATA TRANSFER
PULSES

ROM COMPUTER
MONITOR

DATA TRANSFER
PULSES

TO COMPUTER
MONITOR

IOOK1000

aircraft ground t one point in

13 K-l

J volts

odd grids.” Even-numbered grids are also in- 
temally connected and brought out to an external 
onnection termed “even grids. The zero grid of 

the tube is brought out to an individual terminal.

Assume that the pulse input selector is switched 
to position 17 and pulses are applied to all grids 
in parallel except the zero grids. The beam in 
tube 2 will remain fixed. The beam in tube 1, 
however, advances sequentially until it arrives in 
its 0 position. As the beam in tube 1 moves from 
position 9 to position 0, the target voltage will 
rise. This rising voltage triggers transistor Q-6 
(connected to position 9 target), which in turn 
lowers the zero grid voltage of tube 2 and causes 
the beam to advance into the system’s No. 10 
position, which is the No. 1 position of tube 2. As 
pulses continue, tube 2 is now counting and tube 
1 is held in its 0 position. When tube 2 arrives

>osi- 
The 
dent 
data 
i bit 
give

re- 
ind 
by 
am 
Jso 
in

Fig. I. Operation of the sequential selector designed for military use.

Inatruaentation ground
V-l and V-2, Burroughs, Type

Fig. 2. Schematic of the sequential output selector. VI and V2 are magnetron beam-switching tubes.
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at its 0 position, a pulse is developed as before 
from the rising voltage of position 9 target of tut 3 
2 (the system’s No. 18 Position) and is fed back t o 
the zero grid of tube 1 by the action of transistor 
Q-5. This action continues, permitting an 18-pos - 
tion distributor operation.

Any of the targets of the distributor will pro
vide a pulse output as the beam moves throng i 
its position. With the pulse input selector on 
position 17, a buffer amplifier connected to tl 3 
system’s position 2 target, as indicated in Fig. 2, 
and no other targets connected, 1 pulse out (f 
each 18 provides a pulse output.

If the computer is set to gate out 17 words in 
each program drum cycle, the distributor pulse 
input selector switch is set to 17. The data trans
fer pulses are applied to the distributor input 
terminals, and the output of the distributor is con
nected to the coincidence gates which control 
computer monitor output.

On the first cycle of the program drum, the 
data transfer pulse associated with the first of the 
17 words will move the beam into position 2, the 
target voltage will drop due to current flow 
through the target resistor, and a negative pulse 
will appear at the base of the buffer amplifier, 
Q-4. The negative pulse at the base of Q-4 de
creases the voltage across the emitter-follower 
output, and a negative output pulse is obtained. 
This pulse will open the coincidence gates in the 
computer monitor and permit the first word to 
be gated out. The distributor is set to require one 
more pulse to complete its cycle than the number 
of data transfer pulses transferred from the com
puter each cycle; therefore, the first data pulse 
in the second program drum cycle will appear in 
the first position, and the second data pulse will 
provide an output at position 2 target. Thus, the 
distributor is selecting data transfer pulses in se
quence, 1 each computer cycle. The computer 
monitor will then have 17 words gated out to the 
record equipment in sequence, 1 each computer 
cycle.

254 Crescent Street Waltham 54. Mass. Tel: TWinbrook 4-9330 
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Compared with present power transistors 
of similar ratings, the new Clevite Space
saver gives you important new advantages. 
Better Switching — Its low base resist
ance gives lower input impedance for the 
same power gain and lower saturation 
resistance, resulting in lower “switched 
on” voltage drop. Its lower cut off current 
means better temperature stability in 
direct coupled circuits (such as regulated 
power supplies) and a higher “switched 
off” impedance.
Better Amplifying — Improved fre
quency response leads to higher audio 
fidelity, faster switching and improved 
performance in regulated power supply 
applications.
Better Mounting — The Spacesaver's 
simple rectangular configuration and low 
silhouette make it adaptable to a wide 
variety of mounting requirements where 
space is at a premium. In aircraft and 
missile applications, its low mass (half 
present type) improves shock and vibra
tion resistance of lightweight assemblies.

Pulses Are Stretched
The 1-word-per-program cycle gated out of the 

computer in parallel form is present for only 15 
microseconds. Therefore, a single shot multivibra
tor will be connected to each of 11 lines at the 
computer output to stretch the word for record
ing purposes.

Fig. 2 shows a typical 10-millisecond pulse 
stretcher. In the pulse stretcher circuit, Q-8 is 
normally maintained in the saturated state by the 
base current supplied through the 3 K resistor. 
The collector of Q-7 is connected to the collector 
of the final output transistor in the computer 
monitor section and is normally near supply volt
age. In the computer, a 15-microsecond pulse, 
representing a binary 1, will trigger the base of

THREE AMPERE SWITCHING TYPES

TEST CTP 
1728

CTP 
1735

CTP 
1729

CTP 
1730

CTP 
1731

CTP 
1736

CTP 
1737

CTP 
1733

-• • • •-
Min BVcbo @ 2 ma (volts) 40 60 80 100 40 60 80 100

• *
Min BVceo @ 500 ma (volts) 25 40 55 65 25 40 55 65

Min BVces @ 300 ma (volts) 35 50 65 75 35 50 65 75 *
Max Icbo @90 C @ Max Vcb (ma) 10 10 ID 10 10 10 10 10

Max Icbo @ 2 V (^a) 50 50 50 50 50 50 SO 50 • •
D. C. Current Gain @ 0.5A 30 75 30-75 30-75 30*75 60-150 60-150 60-150 60-150 • •
Max Veb @ 3.0 A (volts) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1 5

Max Vee (sat) @ 3.0A, 300 ma (volts) 1.0 1.0 1 0 1.0 0.8 0.8 0.8 0.8
• •

Min tao @ 3 0 A (kc) 20 20 20 20 15 15 15 15

Max Thermal Resistance (*c/w) 2.5 25 2.5 2.5 2.5 2.5 2.5 25 •-
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he final output transistor, bringing its collector 
and the collector of Q-7 to ground. At this instant 
the 3 K resistor has impressed across it the sum of 
the stored voltage in the 6-pf capacitor and the 
jupply voltage. The resultant current through the 
3 K resistor commences to discharge the capacitor. 
The discharge continues until the actual voltage 
at the base of Q-8 drops through zero volts to a 
negative value, thereby turning Q-8 on again. 
Q-7 is held at ground by the base current supplied 
through the 750-ohm resistor until Q-8 is again 
turned on. The collector of Q-7 is thus at ground 
for a time determined by the discharge rate of 
the capacitor through the 3 K resistor. This time 
is approximately 10 milliseconds, during which 
current flows through Q-7 and its associated gal
vanometer circuit.

A twelfth single-shot multivibrator will be con
nected to the monitor subprogram output to 
record the pulse for recorded word identification. 
If the computer program is set to gate out 15 
words per computer cycle, the pulse input selec
tor would be set to 15. The input to tube 1, zero 
grid transistor circuit (Q-5), is thus transferred to 
the system’s 16th position, and the selector is now 
a 16-position distributor. In this manner, the 
selector can be made variable-scale from 18 posi
tions down to 10 positions by selecting the ap
propriate position on the pulse input selector 
switch. The effect of a 9-position distributor is 
achieved by setting the pulse input selector to 8, 
which converts the sequential selector to an 18- 
position distributor again with outputs taken 
from system positions No. 2 and 11. Any number 
of pulses from 7 through 4 can be accommodated 
in this manner. When the pulse input selector is 
at 3, the zero grid transistor circuit of tube 1 is 
triggered by target 9 of tube 1. This switches the 
beam through the 0 position into position 1; since 
position 1 grid voltage is down, the beam moves 
into position 2. The result is an 8-position dis
tributor with 2 outputs, which will record 3 words 
per cycle in sequence.

Other Applications
Circuits and techniques developed on this proj

ect should prove useful in other applications. For 
example, the device could be used to select and 
gate any one of a series of events, functions, or 
other data for display and monitoring or for data 
reduction purposes. The system can be expanded 
from its present 18-position maxima by adding 
beam-switch tubes. It can be modified to repeat a 
selected pulse in a group rather than sequencing 
the pulses. At present, the system will operate at 
a pulse repetition rate of 7000 pulses per second 
with a pulse of 15 microseconds duration. By im
proving the multivibrator and buffer amplifier 
circuits, the selector’s range could be extended 
beyond these limits. ■ ■

sierra

NOW TEST 
TRANSISTOR BETA 
IN THE CIRCUIT
WITHOUT
POWER ON!

DON’T TAKE IT OUT!

New Sierra 219A 
Transistor Tester 
reads Beta directly in the 

circuit; also measures lco 

and Beta out of circuit. 
Simple operation, completely 

portable. Battery powered; 
easily used anywhere.

sho»t

— Ko

Consider the real advantages of testing transis
tors in the circuit. Downtime, and damage to 
transistors, is greatly reduced. Complete assem
blies are quickly checked out. Quality control 
“ounce of prevention” is simplified during manu
facture.

SPECIFICATIONS

T««t Rang««: Beta, 10 to 100, Ico, 0 to 50 
/tamp

Accuracy: In-circuit + 20% for external 
loadings above 500 ohms 
Out-of-circuit ± 10%

Power:

Beta is read simply and directly in or out of the 
circuit; a basic function of the Sierra 219A is to 
electrically isolate the transistor under test per
mitting accurate in-circuit tests. Ico is measured 
on a straightforward de basis; collector poten
tials of 3, 6, or 12 vdc may be selected.

Temperature
Range:

Dimension»:

Accessories:

Price:

Mercury or zinc-carbón baM«ry; 
1,000 hn. averago sorvico !!♦•; 
meter indi cates battery output

32° to 122°F for specified ac- 
curacy

9* high x TV wide x 6'/j 
deep; weight 16 pounds

Tost leads supplied

For complete information and demonstration, 
telephone your Sierra representative now.

$250.00 f.o.b. factory
Delivery from stock

Data subject to.change without notice

SIERRA ELECTRONIC CORPORATION
A Division of PhiIco Corporation

6251K BOHANNON DRIVE • DAvemrt B-2080 • MENLO PARK, CALIFORNIA, U. 1. A.
Sales representatives in all principal areas

Canada: Atlas Instrument Corporation, Ltd., Montreal Ottawa, Toronto, Vancouver, Winnipeg 
Export: Frazar & Hansen, Ltd., San Francisco. Los Angeles
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Interpretations And Examples

Tobit 3 
ACTIVE OR PASSIVE NETWORK PARAMETERS

h-PARAMETERS 9-PARAMETERS

Handling Nodes And Loops

Some Basic Rules

Two-Port Networks, 
The Topology Equation

Visual Engineering Mathematics

A Self-Contained Course

T. R. Nisbet and W. W. Happ 
Lockheed Missile System Div. 

Palo Alto, Calif.

This is the last of four parts on flow 
graph analysis, a visual form of engineer
ing mathematics. It provides interpreta
tions and examples. The first three parts 
appeared, respectively, in the December 
9,1959, December 23,1959, and lanuary 
6, 1960, issues of Electronic Design.
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0-PARAMETERS b-PARAMETERS

MNEMONIC AID: ALWAYS DRAW VOITAGE MOOES ABOVE CURRENT NODES. 
ROTATE THE APPROPRIATE DIAGRAM UNTIL THE 
REQUIRED PARAMETER IS ON TOP 
EXAMPLE I-PARAMETERS *1 *.

HOW DOES one read a flow graph that is 
given? Take, as an example, the flow graph 

in Eq. 48 below. It is a two-port network consist
ing of various nodes and transmittances; this gives 
the general picture. What does the output current 
consist of? The flow graph shows, qualitatively, 
that it consists of a contribution from the output 
voltage, voe, and from the input current, he- If 
more detail is required, we can write the equation 
for the output current by using Rule 6, Table 2.

• __  I'ue " h ob

foe ~
hfb (I h,b) hib ' hob

where the sum of the loops

ZL = 1 — hrb — ( — h{b • hob)

— ( — hfb) 4" (hrb) (— hfb) 

Instead of looking at the output current, we
may wish to examine the input impedance of the 
network. To do this, we must hold constant the 
unused independent variable, voe, and using Rule 
6, Table 2,

V9e = 0

The expression on the left is that for the input 
h-parameter of the overall network and SL is the 
same as before in Eq. 39. Thus, Eq. 40 becomes

A* .----------------------. (41)
1 ~ hrb + hfb 4" bib-h^b — hrb'hfb

Reading a given flow graph is thereafter like 
reading a map or examining a large photograph. 
We can appreciate the broad intent, seeing in a 
general way how things are shaped. Or we can 
look more closely at individual areas, one at a 
time, to see how they fit together and contribute 
to the whole. Whenever we want, we can examine 
specific details minutely and precisely. Moreover, 
if the flow graph does not show the particular 
view we require, we can manipulate it by simple 
rules into a form which is more suitable. As men
tioned earlier, this is the kind of facility that, in 
other forms of mathematics, comes only after long 
familiarity with the equations of one particular 
system.

Network Examples

All the standard parameters of two-port net
works are shown in flow graph form in Table 3.
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From this table the various definitions can be seen 
at once. One parameter can be expressed in terms 
of another, external components such as load and 
generator impedances can be added, and so on. In 
a passive network, the forward transmittance 
equals the reverse transmittance in each case.

Though many types of network can be described 
and analyzed by the use of flow graphs, the only 
types used as examples in this article are those of 
transistors. This is because, partly, transistors lend 
themselves ideally to flow graph analysis; partly, 
it is to leave the main body of the article free to 
deal in terms which are equally applicable to all 
subjects, and, in so doing, to provide an intro
ductory treatment of flow graphs not available 
elsewhere in today’s technical literature.
Example. Evaluation of transistor input imped
ance, common emitter, in terms of h-parameters. 
Circuit:

GIVEN FINO

Method. The h-parameters of the given circuit 
(which are found in Table 3) are placed in the 
center, and around the perimeter are placed the 
nodes of the required network. The circuit equa
tions are examined one at a time and inserted as 
the interconnecting transmittances in the flow 
graph.

Coaxial Attenuators
Terminations

Impedance Transformers
DC to 2500 mcs.

using type BNC, TNC, and N coaxial connectors

(42)

from

(43)

The required input impedance is:

Vbe_  big (^L) “I- hf. ( 1 ' RL’h\41) (44)
S Lib

(45)

hfg • h,g ' R L (46)Zi = h
19531 + htg • Rl

whichunit transmittance
1954

1955

1956

1956

1957

(47)
1957

1958
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put 
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Flow graph (with h-parameters taken 
Table 3):

iet-
3.

Example. Derivation of common emitter from 
common base h-parameters.

l'oc = V* — V*

Thus: Vob = V9e 4- Vib

Note the negative 
links ic and i0.

ELECTRONIC DESIGN • January 20, 1960

There are more nodes than are necessary in 
Eq. 43 to help illustrate the constructional moves. 
The flow graph would ordinarily be shown simply 
as

where SL = 1 — ( — 1) Rl'F 
This simplifies to:

Applied Research inc.
76 SOUTH BAYLES AVENUE, PORT WASHINGTON, NEW YORK

Circuit equations 

vie = -v* 

lie + iib + leb = 9 

Thus. lib ~~lie ~~ lob 

i.e ~ lob

(48)

OU 
mer
ita- 
irts 
her 
try

like 
ph. 
i a 
can 
t a 
ute 
ine 
ter, 
llar 
pie 
en- 
in

>ng 
llar

(49)

(50)

(51)

(52)

(53)

(54)

Care should be taken in selecting dependent 
and independent variables. For example, iie is 
itself to be an independent variable, so Eq. 51 
should not be written with iie as a dependent 
variable. Otherwise, an illogical flow graph 
result, with two transmittances entering the node

The required h-parameters can be written down 
from inspection of the flow graph. For example, 

is the ratio of vie to iie, with voe held constant, 
and is found by tracing the path from ilt to vie in 
accordance with flow graph rules. This calculation 
was carried out earlier (Eq. 41) where the flow 
graph of Eq. 48 was examined without the benefit 
of any prior knowledge of its construction. ■ ■

ARI presents an Integrated line of coaxial attenuators, ter
minations, and impedance matching transformers for use in the 
DC to 2500 mcs frequency range. To provide the user with a 
greater flexibility than heretofore realized, type BNC, TNC, 
and N coaxial connectors are incorporated in this family of 
attenuators and terminations. The impedance matching trans
formers use type BNC coaxial connectors.
The attenuators and terminations exhibit a nominal Impedance 
of either 50 or 75 ohms and a maximum V.S.W.R. of 1.2 at 
the highest rated frequency.
The Impedance matching transformers have been designed to 
match, with minimum loss, 50 to 75 ohms, 50 to 93 ohms, and 
75 to 95 ohms, over the frequency range of DC to 1000 mcs
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ATTENUATORS A TERMINATIONS ’^^TRAHSFORMERs'**

CHARACTERISTICS

Mod«i NFA A NH HFA/T S HFT/T HFA/N A HFT/N NF AM

input/output 
impedance, ohms 50. 75 50.75 50.75 50,75 50 50 50 75 93

75, 93 50, 93 50. 75

Nominal 
attenuation (db)

1. 2, 3. 4. 6. 10, Í2. 15. 20 
/ 2. 3. 6, 10, 
20

1. 2, 3, 4, S.10 Í2. 15. 20 
/ Í, 3. 0. 10, 
20

1. 2, 3, 4, 8.1Ò. Í 2. 15. 20
minimum loss

Frequency 
range (met) DC-1000 DC-2000 DC-2500 DC-1000

Maximum V.S.W.R 1.2 at 
1000 me»

1.2 at 
2000 me»

1.2 at 
2500 me» 1.2 at 1000 me»

Connectors Type BNC Type TNC TypeN Type BNC

For full information and prices write to



Small Low-Cost
Decimal Switch

Simplifies Many Circuits

CONSTANT CURRENT COLLECTOR

SWITCHING GRI?

GIBBONS CATHODE

Beam-X and its Ancestors
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-MAGNETIC SHIELD 
(ENVELOPE)

Beam-X
3.0 in.
1.0 in.
1.5 oz.
3.0 cu.in.

SWITCHING ANO LOCKING 
ELEMENT (MAGNET)-\

Con
tran

Approx. 
Length 
Diameter 
Weight 
Volume 
Price

Type 6700
3.5 in.
1.75 in.
7.5 oz.
8.4 cu.in.

Internal arrangement of the 
elements in the Beam-X.

Type BD-301
3.5 in.
2.26 in.
16 oz.
14 cu.in.ENOV CONNECTOR DIVISION

—1830 S 54TH AVE., CHICAGO 50, ILLINOIS 

Amphenol-Borg Electronics Corporation

33% size, 75% weight reduction - 
and increased reliability!
Our headline tells the remarkable miniaturization 
achievement made by amphenol engineers in the design 
of Micro-Ribbon connectors. The 24 contact Blue Ribbons 
above are 31ig" long; the pair weigh .158 pounds. The 
miniature 24 contact Micro-Ribbons are only 2 Vs ” long, 
weigh only .055 pounds. Micro-Ribbons are space saving, 
weight-saving connectors!

The unique contact in Micro-Ribbon connectors represents 
a redesign of Amphenol’s standard “ribbon” contacts for 
increased reliability—improved self-wiping, self-cleaning, 
double-sided flexing action. Insertion and extraction 
is smooth and easy.

Micro-Ribbons, available in 14 to 50 contacts, are being 
used in ground electronic equipment and in satellites 
—in fact, wherever miniaturization and reliability 
are demanded, so are Micro-Ribbons!

T HOUGH in function the Beam-X is 
■ like its predecessor, the beam-switch

ing tube, its design makes it a completely 
new product. Designers of the new tube 
have made it five times smaller and ten 
times lighter than the old one, and they’ve 
cut the price in half.

Developed by the Electronic Tube Div. 
of Burroughs Corp., Plainfield, N. J., the 
Beam-X uses small, internal, rod-like mag
nets as switching and locking elements. 
The magnets replace heavy, hard-to-align, 
external magnets and large, external, mag
netic shields. Thus, they eliminate expen
sive potting compounds, extend operating
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Complete decimal counter using the Beam-X and a 
transistorized driver.

fixed composition
RESISTORS
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VARIABLE 
composition 

RESISTORS

ranges, and improve uniformity of char
acteristics.

Like its predecessor, the Beam-X can 
be used for counting, distributing, pro
gramming, sampling, frequency-dividing, 
gating, and timing. In these, and in other 
applications, its circuitry is simple.

In a decimal counter, for example, a 
beam switching tube needs 90 fewer com
ponents than does a conventional transis
torized decimal counter. Before the ad
vent of the Beam-X, an engineer faced a 
difficult choice between a transistorized 
counter and one with a beam-switching 
tube—despite the saving in components 
that the latter could provide.

For about $40, an engineer considering 
beam-switching tubes could have used 
the unshielded type 6700. But to mount 
more than one, he would have needed a 
4-in. center-to-center spacing to avoid 
magnetic interaction.

If he could not afford the space, he 
could have used 2-1/4 in. centers with 
the shielded type BD-301—a bulky com
ponent. It would have cost $50.

Now, he can mount the Beam-X on 
approximately 1-in. centers—without fear 
of magnetic interaction—and for only $25.

This decimal switch can provide as 
many as 10 individual constant-current 
outputs at better than a 4 me rate. It can 
be preset to any position and can switch 
sequentially or at random.

Sample quantities of the Beam-X are 
for sale now. Production quantities will 
be available in March.

For more information on this decimal 
switch, turn to the Reader-Service Card 
and circle 102.

Write for details on any type
Electronic Components Division 

STACKPOLE CARBON COMPANY

FERRITE 
cores

CERAMIC 
PERMANENT 

MAGNETS

a dependable source of supply 

for these 7 reliable component types

SNAP SWITCHES 
... for record changers, 

auto tuners, etc.

inexpensive fixed composition
CAPACITORS

0.1 to 10 fipf



kintronic

Readout Combines
Converter and Display Operations

nufacturers of 
lanced design

PRECISION
ITENTIOMETERS

growed

With all due apologies to Topsy of Uncle 
Tom’s Cabin, that is. But growed we have 
. . . until today Kintronic possesses one of 
the most complete facilities for the produc
tion of potentiometers. Equipment, engi
neers. assemblers, quality control standards 
that add up to development and manufac
ture of precision potentiometers for every 
requirement. An almost unlimited variety 
□f pots designed to accurately function 
mder the severest of conditions.

Standard lines, specials to specific re
quirements, from %" up, single and multi
gang pots in all sizes and types, loga
rithmic and hyperbolic function units in 
all sizes... and then some.

"Unitized Construction" . . . obtains 
smooth, accurate performance in the 
very high temperature classification ... 
reliability even at 225°CI

"Dynamic Balança" potentiometer« . . . 
advanced design highly successful pals 
providing low mass, low inertia, long 
life, exceptional stability under extremes 
of shock, vibration and acceleration.

The "know-how", giant facilities and 
backing of Chicago Aerial Industries, 
Inc., Kintronic's parent company.

et complete information data sheets today. See how Kintronic wide range performana 

fits your individual needs.

division of Chicago Aerial Industries, Inc.

3134 PACIFIC AVENUE, FRANKLIN PARK, ILLINOIS 
CIRCLE 33 ON READER-SERVCE CARD
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Movement of plates relative to each other 
puts prearranged holes in coincidence, blacks 
others out. Each plate moves one short step in 
either x or y direction—a natural for 0,1 type 
of information input.

A UNIQUE readout device decodes binary in
formation directly and displays it in alpha- 

numerical form in one operation. Up to sixteen 
different characters are displayed by each unit in 
any sequence within a maximum operating time 
of 100 msec.

Characters or numbers are formed by light 
passing through holes in two plates. When the 
plates are moved relative to each other, various 
prearranged holes line up. Light from a rear
mounted lamp shows through in the shape of the 
desired character.

With this method, the readout needs no con
verters, tape cables or high-voltage supplies to 
present binary information in decimal form. The 
unit is small (10-3/4 cu in.) and not expensive 
($68). It was designed and is being manufactured 
by Genesys Corp., 10131 National Blvd., Los 
Angeles, Calif.

Coincident point readout uses only one bulb, trans
lates binary to decimal information directly. Four voice 
coils move Iwo plates in x and y planes.
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Up to 64 Characters Possible
Each plate of the readout is movable in both 

r md y planes, giving 24 possible positions. The 
front plate consists of regularly spaced holes, like 
a pegboard; the pattern of holes on the rear plate 
has a random appearance. Genesys’ standard 
Model CPR 16 decade displays the following nu- 
merals and characters: 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 

+, AC Q, KQ, MQ.
Any other configuration of characters is pos

sible on order. Through the use of six input wires 
instead of four, 64 different alphanumeric charac
ters can be displayed. Or, since operation time is 
less than 100 msec and there is not waiting out a 
series to get from one character to the next, ani
mation is possible. This is a new concept in read
outs.

The clarity and visibility of readout compare 
very favorably with other common kinds. The 
characters are 1.2 in. high and 0.78 in. wide, with 
a 6 w bulb behind them. The characters are dis
tinct from a distance of 15 or 20 feet. Illumination 
is fairly even over all parts of the character—a 
translucent window in front of the bulb disperses 
the light over the plates.

Parts Protected From Environment
All moving parts are enclosed in a two-piece 

structure to prevent dust and moisture from en
tering. No tools are needed to change bulbs; an 
unskilled worker can do the job in a few seconds 
without the danger of altering any adjustments. 
Actuation of the plates is by four voice coils, 
which have a long life in this application, and a 
good frequency response. Drive power is 12 v, 
150 ma per binary bit.

The CPR 16 is 2.5 in. high, 1.5 in. wide and 
2-7/8 in. deep.

Future models may have two bulbs instead of 
one, the company says. In the event of bulb fail
ure, the brightness of the characters would di
minish, but use of the readout could continue 
until the end of a shift, when the bulb could be 
conveniently replaced. With a two-bulb readout, 
a colored bulb could be used. A “danger” signal 
might then turn off the white bulb and turn on a 
red one, giving immediate sight of trouble some
where in the system.

The present model will not retain the last read
ing when power is shut off since the plates return 
to zero under this condition. Future models will 
be designed to hold the last reading before power 
cutoff.

Coincident point readouts can be made almost 
any size. Genesys Corp, is investigating the possi- 
I ility of wall-size panels for air-traffic control and 
ether large-scale systems.

For further information on this direct binary 
(aincident point readout, turn to the Reader-Serv- 
i 'e Card and circle 101.

Newest addition 
to industry's 
most complete 
line of 
Rheostats

12^-Watt
miniature

OHMHTE 
k Rheostat . 
^ln Enclosure

Even though Ohmite already has the most complete line of rheostats 
available to industry, Ohmite continues research and development to 
improve and expand this product line. Newest addition is the 1214-watt 
miniature Model E Rheostat in enclosure. Ohmite’s Model E wire-wound 
power rheostat will dissipate 1216 watts.* Yet, it is no larger than many 
1- or 2-watt potentiometers. Such extraordinary power handling capa
bility is characteristic of Ohmite’s time-proven, all-ceramic and metal 
construction, and exclusive vitreous enamel coating. This tiny unit is 
designed to operate at a maximum hot spot temperature of 340°C. 
Derating is linear from full wattage at 40° C to zero watts at 340° C. 
With its small size, and because it can be used at high ambients, the 
Model E is applicable to many military and aircraft uses.

Special length shafts and bushings, screwdriver shafts, locking type 
bushing, tandem mountings, enclosures, etc., similar to the variations 
available on the larger rheostat, can be provided upon specific request.

♦ Rating on metal panel
W- ■ ....  ............ .. ...... .....

Actual Size

Without enclosure, only 
diam. In enclosure, 

exclusive of shaft but 
including terminals, only 
1 A" long by 1 A" diam.

Compact enclosure of 
Model E Rheostat con
sisting of lightweight, 
d rawn aluminum 
housing is dusttight.

BUSHING 
1/4-32 THD.

THICK HEX 
NUT

/ DRILL 1/8 HOLE . • 
IN PANEL 4-4/32

3/64" X 3/32" HOLE 64

MODEL E

Smaller than many 1- or 2-watt potentiometers 

All-ceramic and metal—vitreous enameled 

High dissipation for small size—many military 
applications

Tandem assemblies consisting of two, three or more 
units can be supplied made to order.

Resistance range: Up to 5000 ohms with 23 stock values; 
higher values available with OHMICONE silicone
ceramic coating.

Resistance Tolerance: ± 10%

Weight: 0.52 ounce

Write on company letterhead for Catalog 58.

II SIZES 
12/2 to 1000 Watts

Be Right with MOTE’
Components

Manufacturing Company
3643 Howard Street, Skokie, Illinois

rheostats tap switches resistors 
r.f. chokes relays variable transformers 
tantalum capacitors germanium diodes

CIRCLE 34 ON READER-SERVICE CARD
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Spiral mandrel and linear windings are used in this ten-turn nonlinear 
potentiometer, about three times the size of a 25-cent piece. Winding 
the mandrel in a concentric spiral saves potentiometer length.

Heart of the Control System

«fi 

relay ««rjyo. T

aocw>

"DIAMOND H” Relays
Look into the heart of the control system for a missile, a 
computer, a nuclear submarine, or a great many other critical 
applications. You might be surprised how often you’ll find 
“Diamond H” relays.

Unless, of course, you’re one of the increasing number of 
engineers who’ve already selected “Diamond H” relays for a 
spot where they just have to work despite all sorts of adverse 
conditions.

Hart makes relays of three basic types: miniature, hermeti
cally sealed, aircraft-missile relays (Series R/S); high speed, 
sensitive, polarized relays (Series P), and general purpose AC, 
DC relays (Series W).

Technical literature outlining the wide range of characteris
tics available with each type relay is yours for the asking. You’ll 
find “Diamond H” engineers uncommonly adept at working out 
a variation of the basic designs to meet your set of specific 
requirements.

Tell us your needs ... by phone, wire or letter.

TT A TD^F MANUFACTURING 
THE XlxXXX X COMPANY

210 Bartholomew Ave., Hartford 1, Conn.
CIRCLE 35 ON READER-SERVICE CARD
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Spiral Windings Give
Smooth Nonlinearities
In Multiturn Potentiometer

CONTINUOUS nonlinearities in a new multi- 
turn potentiometer are obtained by winding 

uniform wire on long mandrels and then spiraling 
the mandrels themselves. A contact rides along the 
edge of the wirewound card, moving radially as 
well as circumferentially.

Designed by Harlan Bowitz of Bowitz Elec
tronics, 1341 W. Woodcrest Ave., Fullerton, Calif., 
the potentiometer is about 2-1/2 in. in diameter.

The uniform windings on the spiraled mandrels 
provide sine, cosine and square law and tangent 
output curves, with a resolution said to be superior 
to present nonlinear potentiometers of the same 
size. The only discontinuities in the output curve 
are the small ones caused by the jump from one 
winding to the next.

Spirals can be wound to suit a variety of differ
ent curves. No tapered cards, padding resistors or

var 
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Experience—the added alloy in A-L Electrical Steels

MIDPOINT;

Higher permeability values now guaranteed
for Allegheny Ludlum’s Moly Permalloy

WSW 74*0

s or

Outputs A and B were recorded measuring resistance 
between the center tap and either of the terminals of 
the nonlinear potentiometer. Curve is the result of using 
an Archimedes spiral (mandrel wound tight on itself 
from center out).

720 1440 2160 2880 3600

I LECTRONIC DESIGN • January 20, 1960

eter.
Ireis

including Silectron, well-known grain-oriented silicon 
steel, and other magnetic alloys.

Complete facilities for the fabrication and heat treat
ment of laminations are available from Allegheny Ludlum. 
In addition, you can be assured of close gage tolerance, 
uniformity of gage throughout the coil, and minimum 
spread of gage across the coil-width.

If you have a problem relating to electrical steels, 
laminations or magnetic materials, call A-L. Prompt tech
nical assistance will be yours. And write for more in
formation on Moly Permalloy. Allegheny Ludlum Steel 
Corporation, Oliver Building, Pittsburgh 22, Pa» 

Address Dept. ED-25.

varying wire sizes are needed. Winding and spac
ing of the wire is simplified, and a greater length 
of wire per unit volume is possible.

An Archimedes spiral was used to build the 
potentiometer in the photo. Output resistance for 
ten turns (9.7 turns—3500 degrees) is recorded 
in the curve. This prototype was made using No. 
28 copper wire, wound helically on a mandrel 
three-quarters of an inch deep, about 42 inches

Molybdenum Permalloy nickel-iron strip is now available 
from Allegheny Ludlum, with higher guaranteed perme
ability values than former typical values. For the buyer, 
this new high quality means greater uniformity ... more 
consistent and predictable magnetic core performance.

This higher permeability is the result of Allegheny 
Ludlum’s intensive research on nickel-bearing electrical 
alloys. A similar improvement has been made in AL-4750 
strip steel. A-L continues its research on silicon steels,

Means new, consistent and predictable 
magnetic core performance

Export distribution. Electrical Materials: AIRCO INTERNATIONAL INC., NYC 17

Export distribution, Lamination*: AO. AURIEMA, NYC 4
CIRCLE 36 ON READER-SERVICE CARD
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To make a linear potentiometer using the same 
t chnique, Mr. Bowitz says, the card-mandrel can 
be tapered from the center out. A cube-law out- 
I ut potentiometer is currently in the works. Each 
• lira! nonlinear device is designed to order.

For further information about this spiral non
near potentiometer, turn to the Reader-Service 

‘ ard and circle 100.
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NEW PRODUCTS Covering all new products that might gener
ally be specified by an electronics engineer 
engaged in the design of original equipment.

... ...................................................................................................................... ..........................................................................................................

Price and Availability
—Get an insight into prices and savings 
for similar products.

Most manufacturers have been very co
operative in providing us with Price and 
Availability data. Since some of the data 
arrived after our deadlines, it was impos
sible to add it to all of the products. The 
data represents the latest information at 
the time of publication.

PRICE AND AVAILABILITY data is now 
being added, whenever possible, to the 
New Product descriptions that appear in 
ELECTRONIC DESIGN. This data will help 
you to:
—Evaluate the products more intelligently.
—Decide which products to buy now and 
which to wait for.
—Schedule your orders wisely.

1000-Mc Tunnel Diode Samples Available 472
Rated at 1000 me, the type ZJ-56A tunnel diode has a minimum peak-to-valley current ratio of 5 to 1. 

Characteristics include a typical peak-point current rating of 1 ma which is held to ± 10%, and a typical 
negative conductance of 0.065 mho. Packaged in a TO-18 standard transistor housing, the unit is rated for 
an operating junction temperature of —55 to 4-100 C.

General Electric Co., Semiconductor Products Department, Dept. ED, Syracuse, N.Y.
Price & Availability: Sample quantities available. Price is $60

48

Binary Thumbwheel Switch 
Requires 1 /2-in. Panel Space 473

This modular 10-position binary thumbwheel 
switch requires 1/2-in. of panel space. Only one 
number at a time is exposed through the bezel 
window. The series TSB unit is available with 
wafers that are replaceable in 10 sec, or with fixed 
wafers if the removable feature is not needed. The 
removable type unit plugs into fixed printed cir
cuit receptacles and the fixed unit is designed with 
soldering terminals. Three or four bit binary and 
complementary outputs can be furnished, and the 
units can be stacked either horizontally or verti
cally.

Chicago Dynamic Industries, Inc., Precision 
Products Div., Dept. ED, 1725 Diversey Blvd., 
Chicago 14, Ill.
Price & Availability: Available from stock by end 
of January. Price on request.

ELECTRONIC DESIGN • January 20, 1960



Flexible Ceramic Makes
Ultramin Capacitor

CONSTANT

Meet the newest addition to the growing family of JFD precision electronic components

1462 62nd Street, Brooklyn, New Yorkision

CIRCLE 37 ON READER SERVICE CARD

I the 
erti-

473
dieel 

one
jezel 
with 
fixed 
The 
cir- 

with
submit recommendations. Closer tolerance de
lays and impedances are available, in forms, 
sizes and terminal designs to match your 
needs. Write for Bulletin No. 213A.

in mind, new JFD lumped constant Delay

JFD International, 15 Moore Sheet, New York, New York

JFD Canada Ltd., 51 McCormack Street, Toronto, Ont., Canada

Designed with compactness, ruggedness and reliability 
Lines upgrade your prototype or production project.

Compare the advantages of the standard JFD lumped 
constant delay lines:
• High delay-to-rise time ratio with minimum signal 

attenuation.
• Tolerance of ±5% max. on delay and characteristic 

impedance.'
• Temperature range of -55° C to +125° C.
• Delay time thermal stability of 50 parts per mil

lion per degree centigrade.
• Up to 25 Me bandwidth.
• Virtually linear phase shift.
• Hermetically sealed metal cases for maximum re

sistance to shock, vibration and humidity.
• Meet all applicable MIL specs.

Whether your application calls for standard 
or custom-built lumped constant or distri
buted constant delay lines, our engineering 
staff will be glad to review your needs and

INTENSIVE research and new techniques have 
resulted in a rolled ceramic capacitor in the 

high capacity’ range. Much smaller in size than 
paper and plastic film capacitors, this new capaci
tor is known as “Cerol.”

Made by Aerovox Corp., Hi-Q Div., Olean, 
N.Y., the Cerol capacitor is produced by rolling 
an extremely thin ceramic dielectric film upon 
which a precious metal is deposited. The rolled 
ceramic film is then fired. Upon completion of the 
process, the capacitor becomes a compact and 
monolithic structure capable of withstanding se
vere environmental conditions.

Standard Cerol capacitors range in size from 
0.2 in. in diameter by 0.65 in. long for a 0.1-mfd 
unit to 0.4 in. in diameter by 1.4 in. for the 2-mfd 
unit. The table shows dimensions for some typical 
units. The units are rated at 100 vdc at tempera
tures between—55 to 85 C and at 50 v up to 
125 C. Higher voltages will be available.

Power factor is 2 per cent maximum at 1 kc. 
Capacitance variation with temperature is +15 
per cent, —25 per cent over the —55 C to 125 C 
temperature range.

Applications include decoupling and pulse cir
cuits where low scries resistance at high frequen
cies combined with extremely miniature sizes are 
required.

Prototy pe quantities of Cerol capacitors are im
mediately available. Volume quantities can be 
supplied in three or four weeks. Prices on request.

For further information on this new ceramic 
capacitor, turn to Reader-Service Card and circle

NEW —
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Cap. Mfd D Max in. L Max in.

0.1 0.210 0.690

0.25 0.260 0.690

0.5 0.350 0.690

1.0 0.480 0.690

2.0 0.400 1.44

Range of characteristic impedance- 50 ohm* to 2000 ohm* 
±5%.
Attenuation: Les* than Idb per.H see. up to 3 A sec. delay, 
6db max up to 50 A sec. delay.
Temperature stability 50 parts per million per degree C 
from-55 to +125° C.

Delay Time 5 A »ec. 10 A *ec. 25 A sec.

Time Size
Rite 
Time Size

Ri*»"1 
Time Size

1.0 I’/exI’/8x2’/4 2.0 li/2xl’/2x3 5 0 1^xl^x27/8
-5 1X»x1K.x2% 1.0 15/8X15^x3’74 2.5 13/4x13/4x31^
3 13/8x13/8x23/4 6 13/4x13/4x31/2 1.5 2^,x2^4x4^8
15 21/4x21/4x41/2 3 21/4x21/4x41/2 75 23/4x23/4x51/2



NEW PRODUCTS

for switches

Medium Current Switches

0.335'

Contact the nearest Raytheon office for data on

SILICON as well as GERMANIUM Switching Transistors

A typical 
lay output,

icv is within

higher efficiency 
symmetrical wave shape 
lower output impedance 
shorter rise and fall time:

level marked on the nameplate. Accun 
±5% of the calibrated signal level

0.260' 
max.

GERMANIUM NPN ALLOY —TO-5 CASE

ELECTRONIC DESIGN • January 20, 1960

GERMANIUM PNP ALLOY — TO-5 CASE

Designed for applications requiring a phase
sensitive de output voltage for an ac input signal, 
model S-40004-P plug-in amplifier-demodulator 
can be used with carrier frequencies of 3 to 30 kc. 
Completely transistorized, the unit provides out
put currents of ± 15 ma or greater into a 50-ohm 
load. It requires 40 ma of — 24-v de power. The 
linearity of the circuit is better than ± 1%; over-all 
gain is about 4.5. The demodulator is essentially 
free of zero drift.

Plug-In Instruments, Inc., Dept. ED, 1416 Leb
anon Road, Nashville, Tenn.

This de voltage sensor has a response time of 
ss than 10 msec and senses voltages from 3 v de 
id up. Each unit is supplied with a preset signal

measures lxl-9 16 x 1-3/4 in. and weighs less 
than 3 oz. This des ice can also be used as a volt
age comparator.

Tempo Instrument, Inc., Dept. ED, Box 338, 
Hicksville, N.Y.
Price & Availability: Units available from stock 
and can be delivered 3 to 4 weeks after order re
ceived. Price of 1 to 9 units is $240; $198 for quan
tities of 100 and up.

Amplifier-Demodulator 4*
For use with carrier frequencies of 3 to 30 kc

DC Voltage Sensor
Has 10 msec response time

WAVE FORM PATTERN OF COMPLEMENTARY FLIP FLOP CIRCUIT

FALL TIME

RISE TIME

TEMPERATURE

RESPONSE TIME OF COMPLEMENTARY FLIP FLOP AS 
FUNCTION OF TEMPERATURE

SUBMIN
T 

0.160’ 
max. 
_L

m 

- 0.130
Dia.

SOMA; In = 5MA; Rl = 200U I« = 5MA

Type VcE

Volts

fab

Avg. 
Me

Hfei

la = IMA 
Vce = 0.25V

Hf£2
Min.

Ie = 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 11 40-80 15 0.44
2N428 -12 17 60 20 0.33
2N1017 -10 22 80 20 0.27

10MA; Rl = IKii

Type Vce

Volts

fab

Avg.
Me

He e 
Min. 

Ic = 50MA 

Vce = 1.0V

Rise** 
Time 
Avg. 
psee

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



Distortion is less than 0.1 %

Are rated at 6 and 12 amp

CIRCLE 38 ON READER-SERVICE CARD

Transistorized, Self-Powered 
Oscillators

Silicon Diffused-Junction 
Rectifiers

Designed to meet Mil specs, these silicon dif- 
fused-junction rectifiers are capable of operating 
to base temperatures of 190 C. The 6-amp series 
is designated as types 1N1341 through IN 1347, 
and the 12-amp series, types 1N1199 through 
IN1205. The piv range is 50 to 500 v for both 
series. Each diode is nickel-plated for minimum 
contact resistance and to prevent corrosion.

International Rectifier Corp., Dept. ED, 5121 
E. Grand Ave., El Segundo, Calif.
Price & Availability: In quantities of 1 to 99, the 
6-amp units are $3.95 to $16.65 ea; the 12-amp 
units are $4 to $17.60 ea. Delivery is from stock.

Models 210 and 211 transistorized, self-powered 
oscillators offer a reliable and isolated source of 
high purity sine waves. The output distortion is 
less than 0.1%. Frequencies of 1 to 100,000 cps 
are selected by decade steps. The maximum out
put is 5 v rms, open-circuit, or 2.5 into a 600-ohm 
load. Several models can be furnished to provide 
either single ended or balanced 600-ohm output; 
other models have a calibrated output attenuator 
and level meter.

Burr-Brown Research Corp., Dept. ED, Box 
6444, Tucson, Ariz.
Price & Availability: Prices range from $345 to 
$445, depending on the unit, with discounts for 
quantity orders. Units arc normally available from 
stock.

RAYTHEOI
TRANSISTORS

RESPONSE TIME VS TEMPERATURE FOR EMITTER FOLLOWER

fall time

STORAGE TIME

2NÓ60 RISE TIME

SCOPE

TEMPERATURE

Subminiature SwitchesHigh Current Switches

RAYTHEON

HP 212a 
PULSE 
GENERATOR

New Fork, Plora 9-3900 • Bolton, Hillcrest 4 6700 • Chicago, NA’.onol 5-4 300 • Loi Angele», NOrmandy 5 4221 . Orlando, GArd-- 3 1553 
Syracuse, HOwa'd 3 914' ■ Baltimore, SOuthfield I 0450 • Cleveland, Winton 1 7716« Kaniat City, Plata 3-5330« Son Franciico, Fire,id» 7711 

Canada: Waterloo, Ont, SHerwood 5 6831 ■ Government Relation,: Wothmgton, D. C, MEtropol tan 8-5205

GERMANIUM PNP ALLOY —TO-5 CASE

Type Vce

Volts

lab

Avg. 
Me

Hfei

Ib = IMA
Vce = 0.25V

Hfei 1
Min.

Ib = 10MA
Vce = 0.35V

2N658 -24 5 25-80 15__
2N659 -20 10 40-110 25
2N660 -16 15 60-150 40
2NG61 -12 20 80 55
2N662 -16 8 30 18

GERMANIUM PNP ALLOY — SUBMIN CASE

Type VCE 
Volts 
Volts

lab

Ave 
Me

Hfb 

Ib = IMA 
Vet = 0.25V

Hfei 
Min.

It = I0MA 

Vce = 0.35V

Rise* 
Time

Max

CK25 -20 4 20-40 10 J 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



NEW PRODUCTS

Reads up to 1000 characters per sec

Why it pays you to specify Compact Interval Timer
Has a five-decade displayCONNECTORSELECTRICALBENDIX QWL

MULTI-CONDUCTOR CABLEFOR USE WITH

of time, *T RADEMARK

Scintilla Division
SIDNEY, NEW YORK

CIRCLE 39 ON READER-SERVICE CARD
ELECTRONIC DESIGN • January 20, 1960

Model WE-220 compact interval timer has a 
five-decade display with crystal-controlled time 
base frequencies of 100. 10. and 1 kc. Maximum 
indicated times are 1, 10, and 100 sec, in incre
ments of 10 psec, 100 psec, and 1 msec, respec
tively. The inputs may be paralleled for making 
period or pulse duration measurements. Glow 
transfer tubes are used for indication of up to 
100,000 units. Automatic resetting provides a vari
able display period of 0.5 to 5 sec; the unit also 
has controls for manual reset. Applications include 
measuring the operating times of relays, controls, 
valves, and motors.

Westport Electric, Dept. ED, 149 Lomita St., 
El Segundo, Calif.

Reading speeds up to 100 characters per sec 
are possible with model 909 punched tape reader. 
When used with a companion spooler mechanism, 
model 3299, reading speeds up to 200 characters 
per sec are possible. The spooler accommodates 
paper or mylar tape up to 1 in. in width on 8 in. 
diam reels.

Potter Instrument Co., Inc., Dept. ED, Plain
view, Long Island, N.Y.
Price & Availability: Delivery is 7 to 9 weeks 
after order received. Prices vary from $2575 to 
$3100.

within the cable accessory.
• The watertight connector assembly assured by neo
prene sealing gaskets.
• The additional cable locking produced by a cable 
accessory designed to accommodate a Kellems stainless 
steel wire strain relief grip.
• Prevention of inadvertent loosening insured by a left
hand accessory thread.
• The high current capacity and low voltage drop of 
high-grade copper alloy contacts. Contact sizes 16 and 
12 are closed entry design.

These are a few of the reasons it will pay you to 
specify the Bendix QWL electrical connector for the job 
that requires exceptional performance over long periods

Export Solei and Service: Bendix International Division, 205 E. 42nd St., New York 17, N.Y. 
Canadian Affiliale: Aviation Electric Ltd , 200 Laurentien Blvd., Montreal 9, Quebec. 
Factory Branch Offices: Burbank, Calif., Orlando, Florida; Chicago, III.; Teaneck, New 
Jersey, Dallas, Texas; Seattle, Washington. Washington, D. G

Used extensively on ground launching equipment for 
missiles and on ground radar, and other equipment, the 
Bendix* QWL Electrical Connector meets the highest 
standards of design and performance.

A heavy-duty waterproof power and control con
nector, the QWL Series provides outstanding features:
• The strength of machined bar stock aluminum with 
shock resistance and pressurization of resilient inserts.
• The fast mating and disconnecting of a modified 
double stub thread.
• The resistance to loosening under vibration provided 
by special tapered cross-section thread design. (Easily 
hand cleaned when contaminated with mud or sand.) 
• The outstanding resistance to corrosion and abrasion 
of an aluminum surface with the case hardening effect 
of Alumilite 225 anodic finish.
• The firm anchoring of cable and effective water
proofing provided by the cable-compressing gland used

WATERPROOF
EXTREMELY 

DURABLE

HARD 

ANODIC 

FINISH

DOUBLE 

STUB

THREAD

SHOCK 

RESISTANT

RESILIENT 

INSERTS

CORROSION 

RESISTANT

ABRASION 

RESISTANT

KELLEMS 

GRIP 

STRAIN RELIEF

WATERPROOFING 

CABLE 

ACCESSORY
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MODEL 1600
FIELD SERVICE HIGH FREQUENCY

VACUUM TUBE
VOLTMETER

IDE RA

$53O Nef
For detailed technical
description, request Form 1230

For detailed technical
description, request Form 1600

rot detailed technical

ENGINEER’S CARDMATIC
AUTOMATIC

E WA

Nel

Features the New FRICTION-FREE HICKOK Tout-Band Meter
Features: High Impedance Circuit Excellent frequency response

in 6 ranges, DC voltages 0-1000 in 7 ranges Resistance 0 2 ohms
to 1000 megohms in 7 ranges • Electronically regulated power

Permanently
attached leads AC probe utilizes special thermi
onic diode with extremely low shunt capacity
Now includes friction free ultra-sensitive taut-band
meter with unequalled overload capacity.

and conditions for tube under test

measurements

1 000 filament voltages 250 Gm ranges 500 current sensitivities
1000 self-bias conditions Instantaneous shorts and leakage

Sensitive gas and grid emission teststests Rectifier test
duplicates actual operating conditions for load current and in-

FOR RESEARCH AND

ELECTRONIC DESIGN

♦ ♦

Xi

s245 Net

1OY75 DUPONT AvtNUE
CLEVUAND 1, OHIO

CIRCLE 40 ON READER-SERVICE CARD

Radiation Thermometer
For remote temperature control

Using infrared detection, model TD-3 radiation 
thermometer automatically measures and con
trols the temperature of moving or stationary ob

sec 
1er.
sm 
:ers 
ites 
in.

jects without physical contact. The range can be 
as low as 400 F and as high as 2000 F in standard 
units; higher ranges can be furnished for special 
applications. The unit is unaffected by ambient 
temperature variations from 20 to 120 F. Its uses 
include non-destructive testing, assemblv-line in
spection, and others. Units are furnished with in
dicators or recording potentiometers.

Radiation Electronics Co., Dept. ED, 5600 W.

eh 
to

Jarvis Ave., Chicago 48, III.
Price & Availability: Price quotation will be sup
plied on request. Units can be delivered 4o days
after order is received.

Mu t -Tester Kit
DC accuracy is 3% of full scale

i a 
me 
im 
re- 
ec- 
ng 
jw
to 

iri- 
Iso 
de 
)ls,

Type TE-139 multitester kit has an over-all ac
curacy of 3% of full scale on de ranges and 5% of 
full scale on ac ranges. The ranges are: 0 to 10, 
50, 250, 500, and 1000 v ac and de; de current, 
0 to 500 ua and 0 to 10 and 250 ma; resistance, 0 
to 10 K, 100 K, and 1 meg; decibels, —20 to -j-36 
db; capacitance, 250 uuf to 0.02 of; and induc
tance, 0 to 5000 h. The input resistance is 20,000 
>hms per v de and 10,000 ohms per v ac. The kit 

furnishes test leads, battery, and all parts; onlv 
the wiring has to be done.

Olson Radio Corp., Dept. ED, 260 S. Forge St.,
\kron, Ohio.
Price & Availability: The kits are immediately 
available from stock at $13.91 ea, three for $40.

January 20, 1960

TUBE T

INS
DEVELOPMEN

Developed in cooperation with Western Electric Engineers to 
provide a complete and accurate evaluation of the condition of 
an electron tube under simulated operating conditions.
Direct reading of Gm to 60,000 /¿mhos in 7 ranges. Two separate 
meters indicate line and grid bias voltages.
Includes these Important tests: Now Voltage Regulator Test 
evaluating operating conditions Including regulation and striking 
potential ♦ New Life Test indicating cathode activity and cathode 
life • Highly accurate shorts, leakage and gas grid current test*
Test conditions, selector settings and recommended reject levels 
listed on the self-contained roil chart • Built-in pin straighteners 
and terminal posts for self-bias lest*.

For detailed technical
description, request Form 1575

MODEL 1230 MODEL 1715

TUBE TESTER EN ERATO

Integral Card Reader automatically programs correct voltages
Accuracy within 3% of

recognized standards for transconductance and plate current
Automatic decade systems permit unusually

wide voltages and circuit combinations for special purpose tests 

verse voltage • Patented Card Reader mechanism permits over 
10 trillion switching circuits: Can program special tube test at any 
point on characteristics curve • Complete with self-calibrating 
cards and 575 selected cards for 269 tube types including VR, low 
power thyratron, computer and industrial types. 

THE HICKOK ELECTRICAL INSTRUMENT CO.

characteristics from 20 cps to 700 MC (Voltage indications up to 
3000 MC are possible) • Accurately measures AC voltages O-3OO 

supply (ohmmeter unit has built in power supply)

Features: Frequency range 1 cps to 1 MC—rise timo 0.02 ¿¿sec •
Frequency Control: Dial calibrated (1 to 10) and decado multiplier
switch. Six bands Constant Output level independent of fre
quency settings • Fewer supply regulated electronically • Front

Provision for externalpanel symmetry control
synchronisation • Dual-Combination Ventilation 
permits operation al a low ambient temperature for 
improved componen* reliability and circuit stability

Information, request Form 1715 $3OO



NEW PRODUCTS
co<: Precision Ultrasonic Cleaner

Has 7-gal tank

Multitester

development equipped for com
plete production of electronic and electro
mechanical units of all types

MEASUREMENTS 
RESEARCH CO.

cisión gears are Certified

Model 140 ultrasonic cleaner has 
a 7-gal heavy-gage stainless steel 
tank measuring 14-3/4 x 11-3/4 x 10 
in. The comers are rounded to fa
cilitate rinsing out the contaminants. 
Actual radiating surface is 48 sq in. 
The 115 v ac, 60 cps, single-phase 
generator delivers an average out
put of 250 vv and produces a peak 
of 1000 w. The unit includes a one- 
tube oscillator, front panel switch
ing, forced-air cooling, and three- 
wire ground protection.

National Ultrasonic Corp., Dept. 
ED, 111 Montgomery Ave., Irving
ton II. N.J.
Price & Availability: Available from 
stock, the unit is priced at $745.

Designers, developers and producers of 
custom electronic test equipment for qual
ity control, production test inspection and 
high reliability. Pioneers of new ap
proaches and economical solutions to the 
testing and evaluation of manufactured 
items through application of electronic 
techniques. Fully staffed for research and

Specialists in the design and produc
tion of electro mechanical assemblies 
and fine precision gears, differentials 
and components for use in computer, 
automation and guidance systems of 
industry and the Armed Services. Pre-

ATLAS PRECISION 
PRODUCTS CO.

A.G.M.A specifications and stocked ir 
pitches from 32 to 120. APPCO com 
ponents are now in use in the nation • 
finest precision mechanisms.

Has a sensitivity of 20,000 ohms 
per v

Model TS-60II multitester has a 
sensitivity of 20,000 ohms per v in 
the de ranges of 5, 25, 250, 500, and 
2500, and 10,000 ohms per v in the 
ac range of 10, 50, 100, 500, and 
1000 v. The de current ranges are 
to 50 pa, 25 ma, and 250 ma; resist
ance ranges are 0 to 6000 ohms and 
0 to 60.000 ohms. The decibel range 
is —20 to 4-22 db. Furnished in a 
bakelite cabinet, the instrument 
measures 3-1/4 x 4-1/2 x 1-1/16 in.

Aleo Electronics Manufacturing 
Co., Dept. ED, 3 Wolcott Ave., 
Lawrence, Mass.
Price & Availability: Available from 
stock, the unit is priced at $16.95. 
For 2 to 9 units, the price is $11.87; 
for 10 to 24, $11.30; and for 25 to 49, 
$10.17.

ATLAS CHAIN & 
MANUFACTURING CO.
Wholly owned subsidiary producing power 
transmission products for all types of in
dustries Atlas Roller Chain, Flat-Veyor con
veying chain, specialty chains, sprockets 
and flexible couplings have proved their 
outstanding performance value in every 
type of industry where power or motion is 
to be transmitted. Atlas Chain has pio
neered many new innovations in the power 
transmission field and many new develop
ments are now in the final test stage in 
their extensive research laboratories.

Silvered-Mica 481
Dielectric Capacitors

Dissipation factor is less than 
0.1% at 1 kc

Type CPM silvered-mica dielec
tric capacitors have a dissipation 
factor of less than 0.1% at 1 kc. The 
standard voltage rating is 500 wvdc; 
other ratings can be furnished on 
< CIRCLE 41 ON READER-SERVICE CARDPRUDENTIAL INDUSTRIES

Precision-eers For Industry

MEASUREMENTS RESEARCH CO
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Now...PHILCO offers the only commercially 
available fully-tested mixer diode in the 

70 KMC BAND

IO KMC/SEC.

For Long-Range Space Communications 

and High Resolution Radar Applications 

Just de-classified! A proven mixer diode that, for 
the first time, makes useful the 70 KMC high fre
quency band of the spectrum! Previously, the high
est useful frequency was 35 KMC. The 1N2792 
is a reversible crystal designed for optimum low- 
noise performance. The crystal is of integral wave
guide construction with the diode mounted in a 
section of RG-98/U waveguide. It is hermetically 
sealed for resistance to moisture.

It is primarily designed for high resolution radar 
applications and for long-range high altitude or 
space communications . . . atmospheric absorption 
prevents jamming from the ground. The Philco 
1N2792 is also well suited for EHF video detector 
applications.

Philco design and application facilities are at 
your disposal in developing millimeter diodes to 
meet your specific requirements. For complete in
formation, write Special Components Dept. ED 160.

11 quest. Units operate over the tem
I jeraturc range of —55 to +125 C 
I v ithout derating. The temperature 
I coefficient is +40 ± 15 ppm per deg 
I C. Tolerance is zt0.1% and the range 
I of capacitances is 0.01 to 0.5 uf.

Arco Electronics, Inc., Dept. ED, 
I 64 White St., New York 13, N.Y.
I Price ¿7 Availability: Units are 
I made on order; list prices range 

1 from $23.40 to $190.

69,750mc 
MAX.

Thermocouple Probe 484

Operates at 1800 F

This thermocouple probe meas
ures liquid and gas temperatures in 
the range of 1800 F at pressures in 
excess of 2000 psig. Constructed of 
chromel-alumel or chromel-constan
tan. they are suitable for connection 
to low temperature Teflon or high 
temperature cables. They may have 
stainless steel sheaths and either 
covered or exposed probes, or cer
amic sheaths.

Technical Industries Corp.. Dept. 
ED, 389 N. Fair Oaks Ave., Pasa
dena, Calif.
Price ¿7 Availability: The price is 
about $95 ea; in quantities up to 50, 
about $80; and in quantities to 100, 
about $55.

CIRCLE 42 ON READER-SERVICE CARD >

Are rated at 5 amp

These miniature toggle switches 
are rated at 5 amp and 125 v ac. The 
contact resistance is 1 to 3 microohm, 
the insulation resistance is over 
100,000 meg, and the voltage break
down is at 1000 v ac. Rated for a 
life of over 100,000 operations, they 
stand an overload of 150%. Both 
spdt and dpdt types are offered.

Aleo Electronics Manufacturing 
Co., Dept. ED, 3 Wolcott Ave., 
Lawrence, Mass.
Price & Availability: Delivery is 
from stock. For single orders, the 
prices are $1.65 for spdt type and 
$2.15 for dpdt type; for orders of 
2 to 14, $1.12 and $1.43; and for 
25 to 49, $.99 and $1.29.

1N2792 
GERMANIUM MILLIMETER WAVE 

MIXER DIODE 
IMMEDIATELY AVAILABLE



NEW PRODUCTS

Push-In Terminal
For miniature circuitry

490 DEVELOPMENTS FROM TRANSITR

Type T28 push-in terminal is for holes 1/16-in. 
in diam. Serrations in the main slot which grips 
small component leads make the terminal suitable 
for experimental breadboarding. It can also be 
used in printed circuits and other product applica
tions. Made of heat-treated beryllium copper, it 
has a fused tin finish for soldering.

Vector Electronic Co., Dept. ED, 1100 Flower 
St., Glendale 1, Calif.
Price ¿r Availability: Priced at $1.55 per package 
of 100 terminals, they are available for immediate 
delivery.

Analog-to-Digitol Converter
Direct reading

499

I/ .R w ir

Type 423341 direct reading analog-to-digital
converter transmits coded signals to remote loca
tions for use as input to such devices as computers, 
tape punch recorders, and servo mechanisms. In 
typical use, the shaft is rotated by a temperature- 
controlled servo. When the full range is 100 C, 
visual and electrical readouts are to the nearest 
0.01 C. The input driving torque is 2 oz-in., the 
input shaft rotation is 250 rpm max, the operating 
temperature range is —80 to 4-350 F, and the 
vibration range is 5 to 50 cps at ±10 g. Resolu
tion is 1 bit per 10,000 and readout is to 9999. The 
unit can be supplied in a servo package to suit 
the user’s requirements.

Kearfott Co., Inc., Dept. ED, 1500 Main Ave., 
Clifton, N.J.

SILICON TRANSISTORS

H. ..added to 
THE INDUSTRY’! 
MOST COMPLETI 
l LINE

JAN TRANSISTOR Minimum 
Current Gain 

<P>

Maximum 
Collector Voltage 

(Volts)

Typical 
Cut-off Frequency 

(Me)

Maximum 
Ico @25°C 
and Vc Max. 

(m3)
FEATURES

JAN-2N118 10 30 10 1 • Only Jan Silicon 
Transistor

SMALL SIGNAL Minimum 
Current Gain 

<P)

Maximum
Collector Voltage 

(Volts)

Typical 
Cut-off Frequency 

(Me)

Maximum 
Ico @ 25°C 
and Vc Max.

Ga)
FEATURES

2N333 18 45 7 50

• Low Ico
• Operation to nsd

• 200 mw Power Dia

- -----------® 2N335 37 45 10 50

2N480 40 45 11 .5

------ — 2N543 80 45 15 .5

ST905 36 30 10 10

HIGH SPEED 
SWITCHING

Typical 
Cut-off Freq. 

(Me)

Maximum
Collector Voltage 

(Volts)

Maximum 
Collection Saturation 

Resistance (ohms)

Max. Power 
Dissipation 

@ 100°C apibient 
(mw)

FEATURES

ST3030 50 15 60 50 • High Frequency 0|
• Low Saturation Ra
• Low Ico

ST3O31 70 20 65 50

”----- -- -----@ 2N1139 150 15 70 500

2N337 20 45 150 50

2N338 30 45 150 50

FEATURES

MEDIUM POWER
Max. Power 

Dissipation @ 25°C 
Case (Watts)

Maximum
Collector Voltage 

(Volts)

Minimum DC 
Current Gain 

(P)

T»- IS 

^,se and Fall 
zTim* Time 
<^ec> Gsec)

FEATURES

ST4100 5 60 15 .2 4
• Fast Switching
. High Vc
• Rugged Construct«

2N545 5 60 15 .3 .5

2N547 5 60 20

2N498 4 100 12
2N551 5 60 20

2N1140 1 40 20 .2 .2

HIGH POWER
• High Current Hani 

Ability
• Low Saturation Re
• Rugged Construct!

Maximum Power 
Dissipation .. 25°C 

Case (Watts)

Minimum DC 
Current Gain 

(P)

Typical 
Collector Saturation 
Resistance (Ohms)

Maximum
Collector Voltage 

(Volts)

ST400 85 15 @ 2 Amps 1.5 60

2N389 85 12 @ 1 Amp. 3.5 60
2N424 85 12 1 Amp. 6.0 80

2N1208 85 15 @ 2 Amps 1.5 60

2N1209 85 20(g) 2 Amps 1.5 45

2N1212 85 12 @ 1 Amp. 2.5 60

Write for Bulletins TE-1353 and

Your local authorized Transitron Distributor now carries in-stock inventories for immediate delivery.

Tra natron
plpctrnnir cnrnnr;electronic corporation • wakefield, massachuset

Leadership in Semiconductor

■
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EXCITING NEW SILICON TRANSISTOR»TRY
IPLETI A rugged package easier to mount, with greater

FEATURES

Circi« 146

Improved switchiniFEATURES

FEATURES

Circle 147

FEATURES

TYPE
2N1139Switching

;ed Construed:

FEATURE!

Current Hint

FE-1353 and APPLICATIONS
Circle 149

APPLICATIONS

CIRCLE 44 ON READER-SERVICE CARDCIRCLE 43 ON READER-SERVICE CARD

ELECTRONIC DESIGN

nly Jan Silicon! 
Transistor

dication (replaces 
ugh frequency re

low input impe-

New silicon logic transistor with speed surpassing the 
fastest silicon types, plus unusual power handling ability. 
Technical breakthrough now provides minimum and 
typical DC current gains of 20 and 40 respectively.

_ .. speed and input characteristics.
High-current capabilities with good power handling abil
ity (5w @ 100°c). Rated and tested at 60v.

This transistor features universal apt 
2N337, 2N338, 2N1005, 2N1006) and I 
sponse, with low saturation resistance, 
dance, low capacitance.

Designed to provide minimum storage times, under severe 
base overdrive conditions in transistor logic circuitry. 
Tightly controlled input characteristics provide inter* 
changeability; low Re, assures reliable operation at high 
temperature.

•AN FRANCISCO 535 Middlefield Rd .Pelo AHo .. ■ .DAvenport 1-2064

strength and lower thermal resistance. Has good beta lin
earity and switching characteristics good high frequency 
betas , low saturation voltage. Ratings up to 100 volts 
available.

SEATTLE 3466 E. Marginal Wry 
ST. PAUL 1821 University Avenue..............  
SYRACUSE 2360 James Street
WINSTON-SALEM 310 W. Fourth Street

NEWARK 1060 Broad Street.................
PHOENIX 2727 North Central Avenue

. ,.MAm 4-0783 
Midway 6-1891 
HOward 3-4502 

PArk 3-0363

... MArket 3-3151 
CRestwood 7-3368

i Frequency Or 
i Saturation Rai

BALTIMORE 2319 Maryland Avenue..................... CHesapeake 3-3220
BOSTON 168-182 Albion Street, Wakefield. Mass CRystal 6-5640 
CAMDEN 227 S. Sixth Street. .................................. WOodlawn 6-2877
CHICAOO 6641 W. North Avenue. Oak Park, III.................... Village 8-5556 
CLEVELAND 14625 Detroit Avenue Lakewood, Ohio. -ACademy 1-9191 
DAYTON 379 W. First Street.....................................................BAIdwin 4-9651
DENVER 621 Seventeenth Street .................................. AComa 2-1686
KANSAS CITY 31st and Troost Streets................ . .. VAIentine 1-1819 
LOS ANGELES 6362 Hollywood Blvd Hollywood 28, HOIlywood 2-2381

SALES OFFICES IN PRINCIPAL CITIES THROUGHOUT THE U. S. A 

CABLE ADDRESS: TRELCO

Saturation Re 
ed Construct«

»ration to 175'! 
I mw Power Dis

•Isctronic corporstion u 
wakefield, massachusetts

FOR TECHNICAL ASSISTANCE AND SERVICE 
CONTACT THE TRANSITRON HELD OFHCE 
NEAREST YOU AS LISTED BELOW.

DeMambro Radio Supply Co. In< 
Pleasant 7-5626

MICHIGAN, Detroit 
Radio Specialties Co.
TEmple 3-9800

C & G Radio Supply Co.
MAm 4 4355

WASHINGTON Tacoma
C A G Radio Supply Co. 
BRoadway 2-3181

ARIZONA. Phoenix 
Kimball Distributing Co. 
ALpine 4-2539 

CALIFORNIA, Inglewood 
Liberty Electronics Corp 
ORegon 8-7163 

California, Long Beach 
Dean's Electronics, Inc 
GArfield 7-0955

CALIFORNIA, los Angeles 44 
Cell Electronic Corp.
PLessart 2-7191

CALIFORNIA, Sa- Diego 
Western Radu, ’. T.V. Supply 
BEImont 9-0361

California San Francisco 
Fortune Electronic Co.
UNder hill 1 2434

Canada, Montreal, Quebec 
Atlas Wholesale Radio Inc.
REgent 3 7135 

CANADA, Downsv. iw, OnUtio 
Alpha & Aracon Radio Supply Co. 
EMpire 6-1591

COLORADO, Denver 
Kimball Distributing Co. 
AComa 2 6208

FLORIDA, Cocoa 
Thurow Distributors, Inc. 
NE 6-6331

FLORIDA. Miami 
Thurow Distributors, Inc. 
NE 5 0651

FLORIDA, Orlando 
Thurow Distributors, Inc. 
CHerry 1-3695 

florida Tampa 
Thurow Distributors, Inc. 
TAmpa 2 188s

GEORGIA, Atlanta 
Specialty Distributing Co Inc 
TRimty 3-2521

HAWAII, Honolulu 
Industrial Electronics, Inc. 
Tel. 506-636

ILLINOIS, Chicago *4 
Radio Distributing Co., Inc. 
EStet,took 9-2121

INDIANA, Sooth Bend 24 
Radio Distributing Co., Inc. 
ATIantic 8-4664

IOWA. Cedar Rapids 
Iowa Radio Supply Co. 
EMpire 4-6154

KANSAS, Wichita 
Radio Supply Co. 
AMherst 7-5218

MARYLAND, Baltimore 
Kann-Eilert Electronics, Inc 
SAratoga 7-4242

MASSACHUSETTS, Boston 
DeMambro Radio Supply Co., Inc. 
ALgonqum 4-9000

Minnesota, St. Paul 1
Gopher Electronics Co.
CApitol 4 9666

MISSOURI, Kansas City 
Burstein Appubee Co.
BAItimore 1-1155

Missouri, St. Louis 16 
Inter State Supply Co.
FLanders 1-7585

new Hampshire. Manchester
DeMambro Radio Supply Co., Inc. 
NAtional 4-4006

new MEXICO. Albuquerque 
Electronic Parts Co., Inc.
AMherst 8-5862

new YORK, Binghamton
Federal Electronics
Pioneer 8 8211

NEW YORK, Buffalo 
Radio Equipment Corp.
MAdison 7790

new YORK, Long Island City 6
H. I. Dalis, Inc.
EMpire 1-1100

NEW YORK, New York 7
Harrison Radio Corp.
BArclay 7-7777

NEW YORK, New York 13 
Milo Electn mes Corp.
BEeckman 3-2980

NORTH CAROLINA, 
Winston-Salem
Dalton Hege Raoio Supply Co 
PArk 5 8711

OHIO, Cincinnati 
Hughes-Peters, Inc. 
DUnbar 1-7625

OHIO, Cleveland 15
Radio & Electronics Parts Co 
UTah 1-6060

OHIO, Dayton 2 
Stotts Friedman Co.
BAIdw.n 4 1111

OKLAHOMA, TulSI
Radio, Inc 
Glt’on 7-9127

PENNSYLVANIA, Philadelphia
Radio Electric Service Co. of Pa.. Inc. 
WAInit 5-584C

RHODE ISLAND, Providence
DeMambro Radiu Supply Co., Inc.
JAckson 1-5600

TEXAS, Dallas
Contact Electronics, Inc
Riverside 7 9831

TEXAS Houston 19
Busacker Electronic Equipment Co. 
JAckson 6-4661

UTAH, Salt lake City 1 
Kimball Distributing Co.
EMpire 3-5813

CORE SWITCH

mductoi

STABISTOR COUPLED 
LOGIC TRANSISTOR

UNIVERSAL 
50mc LOGIC TRANSISTOR

HI-POWER STUD-MOUNTED 
SILICON TRANSISTOR

150mc VERY HIGH 
FREQUENCY TRANSISTOR

Leadership in
Semiconductors

OFF-THE-SHELF DELIVERY FROM THESE 
FULLY-STOCKED TRANSITRON 
INDUSTRIAL DISTRIBUTORS

F RUM 1 999
Type Vcb Max Volts lc max.Amps B Typical Res Typical (Ohms)

2N1208 60 5 35 1 5

2 N1209 45 5 40 15

2N1212 60 5 25 2.5

APPLICATIONS Regulated Power Supplies . High Current Switching .. High Frequency Power Amplifiers

Type Vcb 
Max Volts

(ß)
Min

Typ. Input 
Voltage (Volts)

Typ Saturation 
Resistance (Ohms)

Switching 
Characteristics (yasec)

ST4100 60 15 2.5 10 tr -2

U -2

tf 2

APPLICATIONS magnetic core memory . . high level multivibrators ■ ■ buffer amplifiers clock source

- ? Min Typical Max Test Conditions

D.C Current Gam hre - 20 40 — lc = lOma, Vce =10V

DC Collector Saturation Voltage Vce — 5 0.7V lc = 10ma, In = Ima

Collector Cutoff Current Ico — 2 5 pi Vcb = Rating

Output Capacitance Cob — 8 12 Vcb =10V. Ie = 0 mA

High Frequency Current Gam hfe 5 7.5 — F = 20mc, Vce =10V 
Ie » 10 mA

Delay Time td — 6 m^isec.

Rise Time tr — 12 m^sec.

Fall Time tf — 10 mpsec.

flip flops IF and video amplifiers transistor logic pulse amplifiers

Type Typ. Alpha 
Cutoff (Mo)

Beta 
Typical

Co (Typical) 
(mmO

Max. 
(Volts)

Typ. Saturation 
Resistance (ohms)

ST3031 70 50 2 20 40

designed specifically for SCTL and DCTL circuits (write for descriptive paper on SCTL)

Type Beta 
Typical

V,. max 
(Volts)

Typical 
Saturation 

Resistance (ohms)

Typ. Alpha 
Cutoff (Me)

Switching 
Characteristics 

(/.sw)

ST3030 12 15 40 50 tr -05

t. .20

tí 10



THE PLUG-IN COMPONENT IDEA 

part one of a continuing series

PRODUCTS COMPANY
1139 N. Main Street, Brockton, Mass.

NOT THIS

Alden terminal card mounting — a 
servicing dream
conventional wiring — a rat's nest 
— • servicing nightmare

It adds up to unit planes of circuitry, 
organized function by function, as 
complete sub-assemblies ready for 
packaging — like the one our engineer 
friend is holding in the picture.

CIRCLE 45 ON READER-SERVICE CARD

It's all part of Alden’s unique plug-in
component idea —a complete 
integrated system designed to make 
life easier for the design engineer — 
and definitely worth knowing more 
about. Watch for future ads. Or, if 
you're the impatient type, write now 
for Alden’s 250-page handbook.

Planning 
your circuitry 

is like child’s play.
wun Miaen

Basic Building Blocks

NEW PRODUCTS

Operational Amplifiers
Transistorized

Iden plug-in components simplify 
engineering, cut layout time, and 
speed production. These basic 
building blocks help you move faster 
from idea right on through to 
completed equipment... beginning 
with planning and circuit layout.

Take the Alden Terminal Card 
Mounting System, for example. Alden 
provides everything you need to make 
planning and layout slick ... and 
quick: scaled layout sheets, pre
punched terminal cards, card 
mounting tube sockets, brackets, and 
tools —all available from stock.

Series 1300 operational amplifiers feature gains 
of 10,000 and an input impedance of 100 K. Out
puts of ±10 v at 200 ma are available. The basic 
units are differential de amplifiers designed to be 
used with external feedback. Typical applications 
include de and ac amplifiers, integrators, current 
and voltage regulators, preamplifiers, and selec
tive filters. The case for germanium or silicon units 
measures 1 x 2.5 x 3.5 in.

Burr-Brown Research Corp., Dept. ED, Box 
6444, Tucson, Ariz.
Price & Availability: Prices range from $65 to 
$98 for germanium, and to $310 for silicon. Deliv
ery is from stock to 30 days after receipt of order.

Portable Recorders 504
For strain gage or thermocouple monitoring

Developed for such applications as strain gage 
or thermocouple monitoring, models 10 and 20 
portable potentiometer recorders are one and two- 
channel units, respectively. They have a selectable 
9 to 120-mv span, gear shift selection of chart 
speeds, and 0.8 sec balance time. The sensitivity 
of the units is 0.25%. Suitable for rack mounting 
as well as portable use, the units weigh 15 lb.

Systron Corp., Dept. ED, 950 Galindo St., Con
cord, Calif.
Price 6- Availability: Model 10 is priced at $435 
and model 20, $850. At certain times, a delivery 
time of 10 to 30 days should be allowed for.

ELECTRONIC DESIGN • January 20, 1960



Countermeasures Receiver
Covers 20 to 260 me Consistently Dependable Capacitors

TINY MIKE
re gains 
K. Out- 
ie basic 
d to be 
ications 
current

T selec- 
on units

D, Box

$65 to 
. Deliv- 

>f order.

Designed for critical applications in counter
measures and intercept work, type 16A1 receiver 
has a basic tuning head which covers the fre
quency range of 30 to 260 me. One band covers 
30 to 60 me and another covers 55 to 260 me. The 
range can be extended to 1000 me by replacing 
the tuning head. The receiver has simultaneous 
am and fin detection with if bandwidths of 10 kc, 
300 kc, and 1 me. The noise figure is less than 4 
db for the first band and less than 6 db for the 
second. Oscillator radiation is 90 db below 1 mw. 
Power requirements are 190 w at 115 v ac, 50 to 
60 cps.

General Electronic Labs., Inc., Dept. ED, 8521 
Second Ave., Silver Spring, Md.
Price Availability: For small quantities, the 
price is $3900. Delivery time is 90 days.

Power Supplies
Regulation is 0.1% or 0.01%

Cornell-Dubilier’s 
low-inductance 
ceramic-disc 
capacitor 
for 
transistorized 
applications

in gage 
and 20 
nd two- 
lectable 
>f chart 
nsitivity 
ounting 
5 lb.
L, Con-

at $435 
lelivery 
ir.

19601

The DME line of transistorized power supplies 
includes four units with outputs of 0 to 18, 0 to 
36, 0 to 60, and 0 to 100 v de; a fifth unit provides 
0 to 36 and 0 to 100 v de. The output current is 
0 to 1 amp in the 100-v units, and 0 to 2.5 amp 
in the lower voltage models. Regulation of 0.1% 
or 0.01% may be specified. The line regulation is 
0.05%, ripple is less than 0.01%, and the recovery 
time does not exceed 50 psec. Overshoot is less 
than 1% at full current and voltage. These units 
are capable of continuous duty at up to 120% of 
rated current.

Mid-Eastem Electronics, Inc., Dept. ED, 32 
Commerce St., Springfield, N.J.
Price 6 Availability: The prices range from $795 
to $1395 fob Springfield, N.J. For the model with 
0:1% regulation. Delivery time is 60 days.

Tiny Mike miniature ceramic disc capacitors are 
designed to meet the limited-space, low-voltage require
ments of portable transistorized radios and a wide va
riety of other miniature battery-powered and line- 
powered equipment. Especially applicable for bypass 
and coupling use, their tough phenolic coating and high- 
temperature wax impregnation provide excellent insula
tion, protect against high humidity and severe vibra
tion. Immediately available in production quantities.

For detailed information and engineering assistance, 
write for Bulletin SEB-2 to Cornell-Dubilier Electric 
Corporation, South Plainfield, New Jersey. Manufac
turers of consistently dependable capacitors, filters and 

networks for electronics, thermonucleonics, broadcasting 
and utility use for 50 years.

SPECIFICATIONS AND FEATURES
Capacitance values available: .005, .01, .02, .05, and .1 mfd.
Diameters: .350" to .625"
Working Voltage: 50 VDC
Crimped and Straight-Cut Leads for Automation. These units 
are available in 600 and 1000 VDCW ratings on types C, JA, JB, 

> JC, BYA and other general purpose capacitors. Leads are accu- 
1 1 rately spaced for easy insertion into printed wiring boards.

Crimped leads prevent bottoming on printed wiring boards, as- 
suring positive contact for soldering. Straight-cut leads save 
height off the board and may be inserted to circumference of disc. 

F ” | Controlled phenolic dip avoids "rundown” of the phenolic on 
1 1 straight-cut leads. Assures always-uniform soldered connections.

CIRCLE 46 ON READER-SERVICE CARD
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NEW PRODUCTS

For stable oscillators

->200

>20

leati

Automatic, miniature

Toroidal Center-Tapped 
Inductors

stable 
75 kc.

Type TQA toroidal inductors are for 
oscillators with frequencies of 400 cps to
They are center-tapped and have a stabilized core 
for maximum temperature stability. Available in 
19 inductance values from 7 mh to 22 h, they are 
laboratory adjusted to 1% accuracy. The maximum 
Q is about 160 at 7.5 kc, 20 at 400 cps, and 30 at 
75 kc. The hum pickup is very low due to a uni
form toroid winding plus the high-permeability 
outer case, providing 80 db at coupling attenua
tion. Hermetically sealed to meet MIL-T-27A, 
they have the military’ identification TF4RX20YY. 
The case measures 11/16 x 1-9/32 x 1-21/23 in. 
and the weight is 4 oz.

United Transformer Corp., Dept. ED, 150 
Varick St., New York 13, N.Y.
Price ¿7 Availability: Price is $9 to $21 ea; quan
tity discounts are offered. Units are available from 
stock.

This automatic, miniature crystal can solderer 
is for use in the manufacturing of crystals. The 
equipment consists of a one-kw induction gen
erator with special tooling. The generator is 
mounted on a motor-driven, variable speed, 16- 
station turntable. The crystals are assembled and

TQA-3
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Th - U.S. Weather Bureau used a Honeywell Model 9O6B 
Vi icorder Oscillograph to record directly this diary of 
a t lunderstorm as it passed near the observation station 
on Mt. Washburn in Yellowstone National Park.

As the storm passed, the Visicorder measured and re- 
co.ded 1) positive and negative electrical conductivity 
of the air, 2) the rate of ionization of air due to airborne 
radio-active particles and extra-terrestrial radiation, 3) 
the size and charge of individual raindrops, 4) the corona 
discharge current from an insulated tree and from a 4x6' 
grass plot to determine current flow from the earth’s sur
face to charge centers in the clouds, 5) times of camera 
exposure photographing cloud droplet size and electrical 
¡charge, 6) atmosphere potential gradient, and 7) time.

The Visicorder made this and many other records on 
Mt. Washburn without the use of power amplifiers. This 
feature, plus the extreme portability of the Visicorder, 
made it the ideal oscillograph for use in these studies.

Byron Phillips, U. S. Weather Bureau Scientist, monitors 

thunderstorm data as it is recorded by the Honeywell Model 

906 Visicorder.

held in spring-loaded jigs. The required input is 
120 or 240 v, single-phase.

Reeve Electronics, Inc., Dept. ED, 609 \\ . Lake 
St., Chicago 6, Ill.
Price ¿7 Availability: The basic unit is priced at 
$2150. Additional equipment, such as the holding 
jigs, is furnished separately at additional cost. De
livery is four to five weeks after receipt of order.

Hermetic Terminal
For 1500 v operating components

ip in weather research

FF )M HONEYWELL..

Recent Models of the 906 Visi
corder incorporate time lines and 
grid lines and record up to 14 simul
taneous channels of data.

The NEW Model 1108 Visi
corder with many automatic fea
tures and the convenience of push
button controls, is ideal for inter
mediate uses requiring up to 24 
channels of data.

The Model 1012 Visicorder is 
the most versatile and convenient 
oscillograph ever devised for re
cording as many as 36 channels of 
data.

The Honeywell Visicorder is the pioneer, completely 
proven, and unquestioned leader in the field of high-fre
quency, high-sensitivity, direct-recording ultra-violet os
cillography. Here are some of the reasons why Visicorders 
provide the most accurate analog recordings available: 
constant flat response and sensitivity of galvanometers; 
grid-lines simultaneously recorded with traces to guaran
tee exact reference regardless of possible paper shift or 
shrinkage; flash-tube timing system for greater accuracy of 
time lines; superior optics for maximum linearity of traces.

No matter what field you are in . . . research, develop
ment, computing, rocketry, product design, control, nu
cleonics . . . the high-frequency (DC to 5000 cps) Visi
corder Oscillograph will save you time and money in 
data acquisition.

Call your nearest Minneapolis-Honeywell Industrial 
Sales Office for a demonstration.

Reference Data: write for Bulletins 1108, 1012 and HC-906B
Minneapolis-Honeywell Regulator Co.

Industrial Products Group, Heiland Division

5200 E. Evans Avenue, Denver 22, Colorado

Designed for use with electronic components 
in the intermediate operating voltage range of 
1500 v, model 599 nonturning hermetic terminal 
is a single unit assembly with no loose parts. It 
meets the requirements of MIL-T-27A.

Lundey Assoc., Dept. ED, 694 Main St., Wal
tham 54, Mass.
Price & Availability: Available from stock. Price 
is $0,049 per unit in quantities of 500,000; $0,065 
when less than 1000.

Frequency Meter
Uses no magnetic components

Honeywell
[11’ qudkLituatJY&íutâ

DIAMOND JUBILEE PARADE OF PRODUCTS

This all-semiconductor frequency meter uses 
no magnetic components. Either 396-404 or 360- 
440 cps can be read from the meter which is 
accurate to 0.1% over a temperature range from 
—55 to -j-65 C. The meter measures 3-1/2 in. in 
diam, and the box is 1-3/4 x 3-1/4 x 5 in. Weight 
of both units is less than 2 lb.

Vidar Corp., Dept. ED, 2107 El Camino Real, 
Palo Alto, Calif.
Price & Availability: Delivery 60 days after order 
received. Price is $250 per unit when ordered in 
quantities of 1 to 10. Quantity discounts available. 
< CIRCLE 47 ON READER-SERVICE CARD
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NEW PRODUCTSCHEMICALS THE RAW MATERIALS OF PROGRESS

2566,

HOW TO HOLD A JAM SESSION 8 MILES UP
Vickers active cooling system (inset) uses FC-75 in countermeasures system

CHEMICAL DIVISION

CIRCLE 48 ON READER-SERVICE CARD

cps, single-phase 
Dynatronics, 

Orlando, Fla.

Model 3500 photoelectric punched tape reader 
is a completely solid state unit which stops before 
the next character at reading speeds of 1000 char
acters per sec. The design of this unit essentially 
eliminates the mechanical motion involved in stop
ping the tape. All standard 5, 6. 7, and 8-level 
tapes plus sprocket may be handled interchange
ably. Both dual and single speed units operating 
at 100 to 1500 characters per sec can be furnished.

Dept. ED, Box

This fm-fm telemetry test set covers 18 IRIG 
channels. It has facilities for performance check
out of the following: over-all filter discriminator 
systems, individual discriminator linearity, magne
tic data recording systems, oscillographic data 
recording systems, individual filter characteristic s, 
sub-carrier generators and reference oscillators. 
The sub-carrier generators allow all 18 frequencies 
to be modulated to ±7.5%. The highest frequen
cies may also be modulated to ± 15%. Outputs are 
available individually or as a composite. The video 
generator has a drift of less than ±2% of design 
bandwidth for 8 hr. Both the video generator and 
the audio oscillator have a total harmonic distor
tion of less than 0.75%. Input power is 110 v, 60

and boils at 212°F at one atmosphere . . . ideally 
suited for evaporative cooling.
Compatible with most materials, FC-75 is non
corrosive, non-flammable, non-toxic, non-explosive 
and odorless. It is thermally stable in excess of 
800°F, and will not form sludges or gums under 
extremely rigorous conditions. These properties 
make it ideal as a coolant.
Investigate the remarkable properties of 3M inert 
fluids in terms of your own product design, 
miniaturization and performance problems. For 
free literature, write to 3M Chemical Division, 
Dept. KAP-10, St. Paul 6, Minn.

The increasing sophistication of electronic counter
measures systems poses many problems. Among 
them—how' to cool vital components at the en
vironmental and operat ional extremes encountered 
in sonic and supersonic aircraft.
For the Sperry countermeasures system, a new 
airborne active cooling system—capable of dissi
pating 47KW in a 74-lb. package—was developed 
by Vickers using 3M Dielectric Coolant FC-75.
This most stable of all fluids offered to electronics 
has high electric strength of 37KV. It is self
healing, and maintains electric strength after 
repeated high voltage arcing. It pours at — 148°F

ELECTRONIC DESIGN • January 20, 1960

Punched Tape Reader
Reads 1000 characters per sec
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VICKERS ECM COOLING SYSTEM plus

QÖQ

Write for Bulletin A-5244 for more details

2566,

P485
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Vickers’ 38 years of specializing in handling of fluids has been 
directed to “application-tailored” airborne cooling systems . . . 
reliable systems that are light weight and feature a broad 
range of flow and pressure characteristics.

This typical Vickers system circulates Minnesota Mining 
and Manufacturing Co.’s heat dissipating dielectric coolant, 
FC-75, through Sperry’s advanced design electronic counter
measures system.

Heart of the Vickers cooling system is a single-stage, centrif
ugal pump that generates relatively low pressure and moves 
fluids at high flow rates. Because it is inherently simple in 
design, the Vickers pump offers high reliability and simplifies 
maintenance. Bearing design permits operation with fluids 
having low viscosities, in this instance FC-75, a fluordinated 
hydrocarbon.

Included in this package are safety interlocking devices for 
the protection of the pumping unit and ECM system. Maxi
mum operating efficiency is assured even under unusually 
severe operating requirements. Such assurance stems from 
Vickers proven skills developed by long experience in designing 
and building components and systems for handling all types 
of fluid.

division of

SPERRY RAND CORPORATION

Price 6 Availability: Price quoted on request. De 
livery time is 60 days.

PUMPING UNIT AND CORE. Large airborne cooling system 
developed by Vickers’ Aero Hydraulic Product* division makes 
efficient use of 3M’-. FC-75 dielectric coolant to dissipate heat 
from electronic countermeasures equipment. Output prensurc is 
required to be approximately 100 psi with fluid flow rates as high 
as 52 gpm Operating range is from —65°F io 210°F. Pumping 
unit weighs 54 lb. dry and the heat exchanger core only an addi
tional 20 lb. Shown below is part of the extensive testing program 
conducted by Vickers to prove out the new design. It included 
extremes of heat and cold as well as vibration, shock, attitude 
and other physical tests

he unit meets the requirements of accuracy, re
ability, and speed for digital computer input, 

machine tool control, and ground support equip- 
lent. Modular construction enables the user to 

specify requirements. The power needed is 115 v, 
60 cps, 180 w. The unit mounts on a standard 
19-in. rack.

Digitronics Corp., Dept. ED, Albertson, L.L,

Type A1503-11 servo analog-to-digital converter 
consists of an amplifier, a servo motor or tachome
ter generator, the analog-to-digital converter, and 
appropriate gearing. Contacts and brushes for 
each binary bit are capable of carrying a load cur
rent of 20 ma at 10 v de. Having 16 bits per 
revolution, the system provides an accuracy of 1 
hit per 4096. Resolution for the total range is 256.

Kearfott Co., Inc., Dept. ED, 1500 Main Ave., 
Clifton, N.J.
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Analog-to-Digital Converter
Servo type

Motor-Generator for Computers 495
Is rated at 7.5 kw

This 400 cps, brushless motor-generator serves 
as the power supply for computers. It is rated at 
7.5 kw at 1714 rpm with a three-phase, 208 v out
put. Silicon diodes and an ac exciter replace com
mutator and brushes.

Electric Machinery Manufacturing Co., Dept. 
ED, Minneapolis 13, Minn.

AERO HYDRAULICS DIVISION
VICKERS INCORPORATED

DETROIT 32, MICHIGAN



NEW PRODUCTS

Modular Power Supply 514
Delivers 6 amp from 26 to 30 v de

This modular power supply de
livers 6 amp over the range of 26 to 
30 v de. Regulation is better than 
0.2% and ripple is less than 10 mv. 
Constructed according to MIL-E- 
4158B, the unit is completely trans
istorized. Dimensions are 6-1/2 x 
6-1/16 x 19-1/4 in.

Invar Electronics Corp., Dept. 
ED, 323 W. Washington Blvd., 
Pasadena, Calif.

Modular Oscillograph 474
For rack mounting

Designed for a standard 19-in. 
rack, type 5-123 oscillograph can be 
built to a variety of configurations 
by assembling a combination of 
modules: record transport, optical, 
drive, and front controls. Although 
36 to 50 channels are basic, other 
sizes are possible by changing mag
net blocks in the optical module. 
Recording speeds to 160 in. per sec 
are provided. Either slot-exit or 
record take-up is available in the 
record transport without change of 
hardware. Direct viewing is possible 
at all times. For use with paper 12 
in. wide, the unit holds 475 ft of 
thin base paper.

Consolidated Electrodynamics 
Corp., Electro Mechanical Instru
ment Div., Dept. ED, 360 Sierra 
Madre Villa, Pasadena, Calif.

Ceramic Foams 487
Three materials available

For use in microwave components 
such as attenuators, terminations, 
and loads, this ceramic foam, called 
Eccosorb, is available in three mate
rials: BR 240, 250, and 260. Their 
dielectric constants at 1010 cps are 
15, 7, and 3, respectively. The mate
rials come in sheet form and are 
readily machined.

Emerson & Cuming, Inc., Dept. 
ED, Canton, Mass.
Price & Availability: Available from 
stock. Price is about $20 per 12 x 12 
x 1/4 in. thickness sheet.

9

NEW...
Clare printed circuit relays, 

custom built to your design, 

offer sensational savings 

in space, weight, and cost 

for modern data processing 

and other high speed 

switching devices



Relay mounted on your circuit board
This outstanding relay assembly permits single or 
multiple installation of clare mercury-wetted con
tact relays in the small space of a printed circuit 
board. It plugs into a console in the same manner 
as the logic circuit it serves.

It brings to designers of data processing and data 
logging equipment all the proved advantages of 
clare mercury-wetted contact relays in the small
est possible space. Individual switch capsules and 
coils are affixed to the printed circuit board and 
sealed from dust, moisture and tampering by "Skin- 
Pack/’ a tough vinyl coating.

Let us show you how we would adapt your board to 
include either the standard hg relay or the ultra- 
high speed hgs ... as well as other selected com
ponents.

clare mercury-wetted contact 
switch hermetically sealed in 
high-pressure hydrogen atmos
phere. Life expectancy over a 
billion operations.

Each capsule is sur
rounded by individual 
coil which is custom- 
wound to suit the oper
ating characteristics of 
the customer’s applica
tion. For full informa
tion on CLARE HG print- 
ed-circuit relays send for 
Bulletin CPC-4.

Send us your 
printed circuit hoard
Discover how you can save 
time, space and money . . . 
enhance the performance of 
your high-speed equipment.. . 
with clare printed circuit 
relays. Contact your nearby 
Clare Representative, or 
address: C. P. Clare & Co., 
3101 Pratt Blvd., Chicago 45, 
Illinois. In Canada: C. P. Clare 
Canada Ltd., P. O. Box 134, 
Downsview, Ontario.

Typical assembly

FIRST in the industrial field

Temperature 475
Controller

Regulates within 1 deg F up to 
600 F

Type PC electronic temperature 
controller provides temperature reg
ulation to within 1 deg F up to 600 
F. The stainless steel sensing ele
ment is a small bullet-probe 1 in. 
long and 1/4 in. in diameter. The 
pre-aged thermistor probe may be 
placed as far as 100 ft from the am
plifier-relay cabinet. Loads up to 
10 kw can be controlled without a 
separate magnetic contactor. The 
dual scale covers from 25 to 225 F 
and from 200 to 6(X) F.

Edwin L. Wiegand Co., Dept. 
ED, 7500 Thomas Blvd., Pittsburgh 
8, Pa.

Acceleration 476
Transducer

Potentiometric type

Model 400 potentiometric type 
acceleration transducer offers low 
static friction and infinite resolution. 
Having a broadband width sensor, 
the unit is for use in control, tele
metry, and guidance systems; from 
0 to 10 g, the response is flat to 50 
cps. Dimensions are 1-1/8 x 1-1/8 x 
2-1/4 in. and the weight is 5 oz.

White Avionics Corp., Dept. ED, 
Terminal Road, Plainview, L.I., N.Y.

Limit Switches 477
Yoke-actuator type

Suitable for applications requiring 
automatic reversal on reciprocating 
mechanisms, types 206LS1 and 6LS1 
yoke-actuator limit switches have an 
electrical capacity of 10 amp, 120, 
240, or 480 v ac. When moved from 
either extreme position toward the 
other, the actuator causes the in
ternal switching unit to transfer and 
maintain the circuit. The actuator 
heads may be mounted in four posi
tions, 90 deg apart. The yoke actu
ator may be rotated 360 deg, locking 
positively in any position.

Micro Switch, Div. of Minneap
olis-Honeywell Regulator Co., Dept 
ED, Freeport, Ill.
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NEW PRODUCTS

Power Supply
Output is 6 to 30 v de

packaged to

ren

circ

EDGE MOUNTING Hermetically SealedUPRIGHT MOUNTING

SPECIFICATIONS

SPECIFICATIONS Has logarithmic and linear display

Humidity Resistance

CAPCAPCAP

047047047

Good-All Capacitors Are Available at Authorized Distributors

Write for detailed literature

Im re

CIRCLE 51 ON READER-SERVICE CARD

ELECTRONIC DESIGN

Dielectric 
Case 
Winding 
IR at 25 C

.187
203
225
296
312

.562

.453

.525 
687 
950

.125 
140 
171 
281
.375

DIA. 
.173 
.313 
.313 
.500 
560

Model TA-100L-120L telemetering analyzer has! 
automatic logarithmic display of subcarrier chan
nels and simultaneous linear display of individual 
channels. Frequency ranges are 350 cps to 85 kc

310 
.531 
.650 
.718 
812

TYPICAL 100 VOLT SIZES 
TYPES 663F and 663FR

.............Mylar Film
Hermetically Sealed 

Extended Foil 
40,000 meg. x mid.

These special - purpose versions of 
popular Good-All Type 663UW use 
precious space efficiently. Their rat
ings are conservative, and are equally 
suited for military and instrument 
grade applications.

Dielectric 
Case 
End Fill

TYPICAL 50 VOLT SIZES 
TYPE 627C

Model D-1480 power supply has an output of 
6 to 30 v de continuously variable with 500 ma 
full load output current. The dynamic output im
pedance is less than 0.05 ohms at 25 cps and 0.25 
ohms at 10 kc. Ripple and noise are less than 
500 pv rms. Static load regulation from no load to 
full load is less than ±0.3% or ±30 mv. A change 
in the nominal line voltage of ±10% causes a 
change of less than ±0.1% or ±10 mv. The load 
current limiting is continuously adjustable from 
50 to 500 ma and the unit will hold its specified 
voltage regulation to load currents within 1% of 
the overload current setting. Applications of the 
unit are with all types of transistor circuitry.

D & R Ltd., Dept. ED, 402 E. Gutierrez, P.O. 
Box 1500, Santa Barbara, Calif.

Ideal transistor “companions” where 
hermetic sealing is required. Both 
types are smaller than comparable 
MIL-C-25A designs yet exceed all 
requirements of this specification.

or 120 kv logarithmic display and 13 cps to 85 kt 
or 120 kc linear display. The sweep width is 150 
cps to 22 kc. The unit has a 60-db dynamic range 
and a 500-mv sensitivity.

Probescope Co., Inc., Dept. ED, 8 Sagamore 
Hill Drive, Port Washington, N.Y.

Voltage Range
100, 200, 400 & 600VDC

Temperature Range 
.........—55°C to -f- 125°C

IR at 25 C 100,000 meg. x mfd.

Dielectric
Case 
IR at 25 C 
Voltage Rating 
Temp. Range — 
Capacity Tolerance

TYPICAL 50 VOLT SIZES 
TYPE 601 PE

Type 627C 
Température Range Full rating to 

85e C, 50% derating at 125°C 
DC Voltage Rating 50 volts only

Type 617C
Température Range Full rating to 

125°C, 50% derating at I5O°C 
DC Voltage Rating

......................... 50, 150, 400 & 600

Mylar Film 
Epoxy Dip 

75,000 megohms 
50 V DC 

55"C to F125°C

Slim, trim and compact. The spe
cially shaped winding is of extended 
foil construction — equal in al) re
gards to high quality Good-All tubu
lar designs. These two types differ 
in that the 602 incorporates a base 
of epoxy-glass laminate for flush 
mounting on circuit boards. SPECIFICATIONS

Mylar Film
Plastic Wrap

......... Thermo-setting. epoxy

CAPACITORS



Fewer Switch
Electrically-tripped

all, the rugged, precise ESC delay lines continue

WRITE TODAY FOR COMPLETE TECHNICAL DATA

Merciless, meticulous testing is just one more 
reason why ESC is the world’s leading pro
ducer of custom-built and stock delay lines. 
Write today for a complete technical data file!

never say “uncle'

!'he TC200 proportional temperature control
> provide c lose control of floated gyroscope and 
elerometers. Using semiconductor switching

yzer has 
jr ohan- 
dividual h

ECTRONIC DESIGN • January 20, 1960

exceptional em ploy ment opportunities for engineers experienced 
n computer components.. .excellent profit-sharing plan.

Distributed constant delay lines • Lumped constant delay lines • variable delay networks • Continuously variable delay lines • Pushbutton decade delay lines • Shift 
registers • Pulse transformers • Medium and low power transformers • Filters of all types • Pulse forming networks • Miniature plug in encapsulated circuit assemblies

CIRCLE 52 ON READER-SERVICE CARD

utput of 
500 ma 
tput inl
and 0.25 
ess than 
> load to 
L change 
causes a 
’he loac 
>le from 
spécifiée 
n 1% o 
s of the

to Uniques, the units have an output of 100 w or 
m re at an over-all efficiency of better than 94%.

This manual power switch can be electrically 
tripped by almost any type of power from a 
remotely-located control or a safety device. The 
device is an adaptation of the hydraulic-magnetic 
circuit breaker, but has the breaker contacts 
electrically isolated from the coil. A limit control, 
timer, malfunction detector, or overload condition 
m one circuit can cause tripping in another inter
locked control circuit. The interrupting capacity 
is 2000 amp at 125 v ac. Either a current or a 
voltage sensing coil is available.

Heinemann Electric Co., Dept. ED, Plum St., 
Trenton, N.J.
Price & Availability: Price is on quotation only. 
Delivery time is 4 to 5 weeks for 25 units or less; 
for more than 25 units, delivery time is 7 to 8 
weeks.

In ESC's environmental testing laboratories, 
the most grueling elements in the world are un
leashed against finished delay lines—tempera
tures from — 55° C to +125°C, sand and dust 
storms, 100 g shock, vibration. 100% humidity 
at elevated temperatures. And through them

o 85 kc 
to 85 kc
1 is 150

Proportional Temperature 
Controllers

Over-all efficiency is better than 94%

ic range ( -mpletely solid state, the controllers are fur- 
H hed in a hermetically sealed enclosure with a 

igamore Si Cn-pin terminal header. Mil specs are met.
larrel. Inc., Dept. ED, 1788 First Ave., New 

Y k 28, N.Y.
1960

ESC 
delay lines 

won’t say ‘ uncle 
to the 

elements!



NEW PRODUCTS

differentiator, video

SPERRY MICROWAVE ELECTRONICS COMPARI

amplifier, peak reading voltmeter, and a calibration circuit, 
which eliminates calibration down-time.

direct reading—Pulsed microwave energy is coupled from 
the system under test into the crossguide directional coupler, 
and a high power termination connected to the coupler’s 
primary output. The suitably attenuated energy is fed from 
the secondary arm directly into a waveguide barretter mount. 
The output from the barretter and barretter mount is fed 
coaxially to the input of the Microline Model 630, and peak 
power is read directly from the scale. The measurement is 
simple, positive and precise.

ELECTRONIC DESIGN • January 20, I960

peak power may now be measured directly—with speed and 
simplicity using integrated Microline® equipment from 
Sperry. Unlike other power measurement techniques which 
require a wattmeter bridge or calorimetric load, plus an oscil
loscope and synchroscope—just four additional components 
are necessary when using the Microline Model 630: a cross
guide coupler, a termination, a barretter mount, and a 
barretter.

Model FA-5111 dial-controlled spot frequency 
signal generator has both local and remote con
trols. Ten present frequencies in the range of 108 
to 136 me are provided. The device is crystal- 
controlled, using crystals from 18 to 22.6666 me; 
stability' is ±0.0025% over an ambient temperature 
range of —10 to -f-60 C. The output can be cw 
or 50% modulated by 1000 cps audio. The output 
varies less than ±10%. A load of 51 ohms is rec
ommended, with a nominal power output of 115 
mw. The power requirements are 105 to 130 v ac, 
50 to 60 cps. The unit measures 8-23/32 x 19 x 
9-1/2 in. and weighs 24 lb.

Telectro Industries Corp., Dept. ED, Long Is
land City, N.Y.

Designed for miniature communication and test 
equipment, industrial applications, and micro
modular applications, series M250 composition 
variable resistor has a 9/32-in. diam. Units come 
in sizes of 500 ohms to 10 meg, the power rating 
is 0.1 w at 40 C for linear taper, and the angle of 
rotation is 250 deg.

CTS of Asheville, Inc., Dept. ED, Skyland, N.C. 
Price ¿r Availability: in quantities of 1 to 499, 
$4.50 ea; 500 to 999, $3.50 ea; 1000 to 2499, $3.00; 
2500 to 4900, $2.85; and 5000 and over, $2.75. 
Units are currently available in sample or produc
tion quantities.

the "630" meter consists of an active

Frequency Signal Generator
Has local and remote controls

Composition Variable Resistor
Has 9/32-in. diam

NOW-simple, accurate, direct

P EAK POWER

the barretter, in a suitable mount, is subjected to pulses oí 
microwave energy from the system under test. The barretter 
is operated in a constant current circuit and its resistance 
change is a function of temperature, which is determined 
by total power. The voltage waveform out of the barretter 
mount will be sawtooth with an essentially linear rise when 
a pulse is applied and an exponential decay as a resistance 
of the barretter returns toward normal after the pulse has 
decayed. The slope of the waveform is a function of peak 
power. The sawtooth waveform out of the barretter mount 
is fed into the differentiator, the output of which is a video 
pulse. This pulse is an accurate replica of the envelope of 
the microwave pulse impinging on the barretter. The ampli
tude of the video pulse is proportional to microwave peak 
power.

differentiator output is amplified in the video amplifier 
to provide sufficient signal amplitude to properly operate a 
peak reading voltmeter circuit. A portion of the output of 
the video amplifier is brought out to a front panel jack to 
provide a connection for viewing the video pulse with an 
external oscilloscope, if desired.

the peak reading voltmeter utilizes a novel amplifier 
feedback circuit which provides a stable and accurate means 
of measuring the peak voltage of a video pulse over a con 
siderable range of pulse width and repetition rates. The 
output of the peak voltmeter circuit is a front panel meter 
\*hich has been calibrated in milliwatts.

Address inquiries to Manufacturers’ Representatives: Gerald 
R Miller Co., P. O. Box 1471, Hollywood 28, California; 
Louis A. Garten A Associates, 645 Eagle Rock Ave., West 
Orange, New Jersey; Technical Instruments, Inc., 90 Main 
St., Reading, Mass.

630



Carrier Amplifier System
Designed for 20 kc

RMEASUREMENTS
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ATTENUATOR

LOW-POWER 
WAVEGUIDE TERMINATION

HIGH-POWER 
WAVEGUIDE TERMINATION

IMPANI
Ci 'ARWATER. FLORIDA

BARRETTERS
Model Nominal Resistance (ohms) Price
825 200 for Peak Power Measurements $ 14.
823 200 for Peak Power Measurements 14

Frequency Attenua-
ATTENUATORS

Model Description
Range- 

kmc
tion 

Range-db
Waveguide 

Size Fittings Price
134 Calibrated ± .5db 8.5-9.6 2-45 V’A/j" UG-39/U $220
152A Variable 8.1 12 4 0.5-20 l"x'/2" UG-39/U 45
375A Variable 12.4-18.0 1-15 0.702"x0.391" UG-419/U 75
374A Variable 26.5-40 1-20 0.360" x0.220" UG-599/U 60

DIRECTIONAL COUPLERS

Model Description
Frequency 

Range
Attenua- 
tion-db Fittings Price

517 7g" Coaxial .240-. 480 30 UG-46/U* $150
519 7/g" Coaxial .480-.960 30 UG-46/U* 150
467 7/g" Coaxial 1.99-4.0 20 30-40 UG 45/U* 150
306 3"x)’/2" Waveguide 2.6-4.0 30 UG-214/U 100.
544 3"xl 1/2" Waveguide 2 6-4.0 40 UG-214/U 150
545 3"xl'/2" Waveguide 2.6-4.0 50 UG-214/U 150.
233 2"xl" Waveguide 4.0-6.0 24 UG-149A/U 85
321 2"xl" Waveguide 4 0-6.0 30 UG 149A/U 123
322 Waveguide 4 0-6.0 40 UG-149A/U 125
209 iy2"x-i" Waveguide 5 3 8.1 24 UG-344/U 75
237 l'/2"x3A" Waveguide 5.3-8.1 30 UG-344/U 85
546 1 Waveguide 7 10 30 UG-51/U 85
547 l’A"»yg" Waveguide 7 10 40 UG-51/U 85
235 l"xl’/2" Waveguide 3 1 12.4 20 UG-39/U 65
419 l"x'/2" Waveguide 8.1-12.4 30 UC-39/U 65
234 l"xy2" Waveguide 8 1 12.4 40 UG 39/U 65
388 0 702"x0.390" Waveguide 12 4-17.0 20 UG-419/U 65
413A y2"x'A" Waveguide 18.0 26.5 20 UC 595/U 65
414A ^"x'A" Waveguide 18. ) 26.5 30 UG-r95/U 65
405A 0.360"x0.220" Waveguide 26.5-36.0 20 UG-599/U 80
429A 0.360"x0.220" Waveguide 26 5-40.0 10 UG-599/U 85.
•Input fitting. Main line output UG-45/U. Secondary line output, UG-46/U
Adapters (Models 352A and 217) convert these units to Type N.

Barretter Frequency Max.

BARRETTER MOUNTS

Model Line Size Type* Range-kmc VSWR
554 7/g" Coax. 811B/550T .82-2.0 1 8/1.5
245 2"xl" 821B 3.7-45 1.5
184 l"x’/2" 821B 8.5-9.6 1.5
423A 2"xl" 543T 5.0-5 9 1.5
219C l"x’/2" —T 8.5-9.6 1.5
•B-Barretter, T-Thermistor

Fittings
Input Output Price

UG-46/U BNC $175
UG-149A/U UHF 35.
UG-39/U UHF 70
UG-149/U BNC 135
UG-39/U BNC 130.

Prie* 
$150 

140. 
100
85

HIGH-POWER WAVEGUIDE TERMINATIONS

Frequency Power Capacity Max.
Model Size (kmc) Av (w)Peak (kw) VSWR Fittings
563 3"xy2" 2.6-4.0 2200 2200 1.15 UG-534/U
564 2"x1" 3.95-6.0 1500 1500 1.15 UG 4C7/U
565 HAW' 7 0-10.0 350 350 1.15 UG-138/U
566 i"xy2” 8 1-12.4 300 300 1.15 UG 135/U

LOW-POWER WAVEGUIDE TERMINATIONS 

Frequency Power Max.
Model Size Range-kmc Capacity VSWR Fittings
308 3"xiy2" 2.6-4.0 1 1.04 UG-214/U
370 0 702"x0.391" 12 4-18.0 0.5 1.05 UG-419/U
418A 18.0-26.5 0.5 1.07 UG-595/U
369A 0.3ó0"x0.220" 26.5-40.0 0.5 1.10 UG-599/U
637 7/g" Coaxial .65-3.5 12 1.4 UG-46/U

Price
$ 40

25.
30.
35.
55.

DIVISION OF SPERRY RAND CORPORATION
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This transistorized 20-kc carrier amplifier system 
is for use with strain gages, reluctance pick-ups, 
and differential transformers. The modulated fre
quency response is flat within ±1% from de to 
3 kc, the over-all sensitivity is better than 1 mv, 
and the input impedance is about 450 ohms. De
pending on the model, the output may be ±15 
ma or 50 ma into a 50 ohm load. The linearity is 
better than 1%. The temperature range is 30 to 
125 F. Adjustments are provided for calibration, 
attenuation, resistive and reactance balance, and 
gain and reference balance. Units can be furnished 
with a self-contained power supply.

Plug-In Instruments, Inc., Dept. ED, 1416 
Lebanon Road, Nashville, Tenn.

Magnetic Multiplier
Miniature

456

Model MCM 515-1 magnetic multiplier is a 
miniature modulator made to deliver an analog 
ouput voltage which is the continuous product of 
two variable input voltages. One of these is the ex
citation voltage which varies from 0 to 1 v rms at 
400 cps; the other is de which varies between 0 and 
±400 pa. The output voltage is 400 cps and is 
always in phase or 180 deg out of phase with the 
variable excitation or fixed reference. The output 
impedance is 3500 ohms, hysteresis is a maximum 
of 0.5% input control signal, and the suggested ex
ternal load is about 25 K. There is less than 5% 
harmonic distortion in the output ac modulated 
envelope. The device weighs about 1 oz.

General Magnetics, Inc., Dept. ED, Bloomfield, 
N.J.
Price ¿7 Availability: Price furnished on request; 
delivery is in 3 to 4 weeks.
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The assembling of highly-flexible electronic systems and sub
systems into a modular package ... for fast inspection, testing, 
service, and replacement of components ... calls for standard- 
ized-type plugs throughout the system. Reliability and optimum 
flexibility in shell designs and types of layouts are the design 
criteria for the more than 18 different basic Cannon Modular

is • 
Po\

1 
tail 
pul 
up 
din 
Wi

CANNON
•PLUGS

and Rack/Panel Plug Series. This Series is available in standard, miniature, or subminiature sizes.. .for 
standard or printed circuitry. Up to 180 contacts and a varied combination of contacts for control, audio, 
thermocouple, co-ax, twin-ax, and pneumatic connections. Single or double-gang. With or without shells. 
The Rack/Panel Series ranges from the tiny "D" subminiature to the heavy-duty DPD Rack/Panel Plug. For 
further information on Cannon Modular and Rack/Panel Plugs write for Cannon DP Catalog, Cannon Electric 
Co., 3208 Humboldt St., Los Angeles 31. Please refer to Dept 438Factories in Los Angeles, Santa Ana, Salem, 
Toronto, London, Paris, Melbourne, Tokyo. Distributors and Representatives in the principal cities of the world.

Maximum Flexibility for Modular and Rack/Panel Applications

15

NEW PRODUCTS

Flow Control 
Transducer

Weighs 5 oz

Model 25 flow control transducer 
weighs 5 oz and is less than 1-1 2 
in. high. Designed for high perforr i- 
ance control systems operatii g 
within the range of 0.5 to 1 g per 
min, the unit has an operating pres
sure range to 4000 psi and a tem
perature range to 450 F. Hysteresis 
is a maximum of 3%. Parallel mag
net design is used.

Hydraulic Research and Manufac
turing Co., Dept. ED, 2835 N. 
Naomi St., Burbank, Calif.

Accelerometer 
Calibrator

Pendulum type

Model 160 pendulum calibrates 
accelerometers in the range of 1 to 
4 g up to 5 lb with an accuracy of 
1%. The instrument consists of a steel 
bar to be swung freely in a vertical 
plane about a horizontal shaft 
through the upper end, and mounts 
on a wall or any rigid upright mem
ber. Overall length of the calibrator 
is 48 in.

Instruments Div. of W. L. Maxson 
Corp., Dept. ED, 475 10th Ave., 
New York 18, N.Y.
Price ¿7 Availability: Unit made on 
order only. Can be delivered 30 
days after order is received. Price is 
$675 per unit.

1 to 2500 ohm coil resistance

Available in frequencies from 20 
to 1600 cps, model J-500 relay can 
be supplied in coil resistances from 
1 to 2500 ohms. These units use a 
zero temperature coefficient reed to 
provide operation over a range of 
—40 to 4-85 C within 0.005% of de
sign frequency. A magnet structure 
employs a ceramic ferromagnetic 
material to eliminate aging effects.

Security Devices Lab. Div of Sar
gent & Greenleaf, Inc., Dept. ED, 
Rochester 21, N.Y.
4 CIRCLE 54 ON READER-SERVICE CARD
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TYPE SMFB

TYPE FIB

CIRCLE 55 ON READER-SERVICE CARD
CARD

ACTUAL 
SIZE
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Environmental Chamber
Temperature range is —125 to 4-350 F

Here’s an entirely new concept in ultra-high frequency filtering— 
Allen-Bradley’s new ceramic feed-thru filters. Their high insertion 
loss—up to 60 db—effectively prevents feedback and radiation 
from low power circuits operating in the frequency range from 50 
mcs to 5000 mcs.

Astounding in performance, these new A-B filters are actually 
superior to the theoretical ideal capacitor over a wide frequency 
range. Note, in the graph at right, their effective filtering increases 
with frequency—and they have none of the undesirable resonance 
characteristics of standard tubular capacitors. In addition, A-B 
filter elements provide far greater effective capacitance values than 
practical with conventional capacitor designs. Filters are available 
in voltage ratings up to 500 v DC at 125°C. Send for Technical 
Bulletin 5410.

Allen-Bradley Co., 1344 S. Second St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont.

This de inverter amplifier, model DI-101, con
tains two identical circuits with independent in
puts and outputs. Each inverter circuit will drive 
up to 5 gate legs. Both input and output are 
direct-coupled, allowing cascading of the gates. 
With the input at ground, the output is about 
4-15 v, depending on the load. When the input 
is 4-6 v or greater, the output goes to ground. 
Power requirements are —90 v, 0.5 ma, and 4-20 
v, 1.5 ma.

Computer Control Co. Inc., Dept. ED, 983 Con
cord St., Framingham, Mass.

Digital Module
Contains two inverter circuits

Model AF-1.5 —125 4-350 mobile environmen
tal chamber has a temperature range of —125 to 
4-350 F. Temperatures can be lowered from 
4-350 F down to —100 F in 50 min, and raised 
from —100 F to 4-350 F in 30 min. For use in 
research, testing and conditioning parts, the unit 
|has an accuracy of ±2 deg F. Entrance ports at 
the door for instrument cables eliminate feed- 
thiough ports and terminal panels. Power require
ments are 220 v, 60 cps, single-phase; or 220 or 
44 I v, three-phase. Included with the unit are: a 
24 lir recording chart, interior lighting, multi-pane 
th rmal glass assembly in the door, hermetically 
se led heating elements, and safety controls. In
to or dimensions are 14 x 14 x 14 in.; the unit 
m ds 26 x 32 in. of floor space.

Webber Mfg. Co., Inc., Dept. ED. P.O. Box 
2' ¡, Indianapolis 6, Ind.

4 ’ 4 è à 1 «'4 
100 1000

FREQUENCY (Mcps)------ ►

ALLEN-BRADLEY

High Frequency 
Filters



NEW PRODUCTS

Creative Microwave Technology
Published by MICROWAVE AND POWER TUBE DIVISION, RAYTHEON COMPANY, WALTHAM 54, MASS., Vol. 1, No. 8

NEW RAYTHEON HEATERLESS AMPLITRONS EXCEED 1,000 HOURS AT RATED POWER OUTPUT

55ComparatorsTypical Operating Characteristics

VOLTAGE-CURRENT CHARACTERISTICS

You can obtain detailed application information
Excellence in Electronica

4 CIRCLE 56 ON READER-SERVICE CARD
A LEADER IN CREATIVE MICROWAVE TECHNOLOGY

îaïTHEo^

3 Mw
15 Kw 

10 m sec 
200 Me 

.005 
50-55 Kv 
65 amps 

70% 
475 Kw 

125 lbs.

Witl 
—a i 
of T 
oppe 
outsl

(QK622 and QK783 Amplitrons)
Peak Power Output (min.)...........  
Average Power Output...............  
Pulse Duration ....................
Band Width.........................
Duty Cycle..........................
Pulse Voltage......................
Peak Anode Current.................
Efficiency..........................
RF Input ............................
Weight (with permanent magnet)......

and special development services by contacting: 
Microwave and Power Tube Division, Raytheon 
Company, Waltham 54, Massachusetts

Two new 3-megawatt, S-band Amplitrons 
have demonstrated an operating life of 
more than 1,000 hours at rated power out
put. The QK-622 covers the 2,900 to 3,100 
Me band; the QK-783, the 2,700 to 2,900 
Me band. Both tubes supply full power with 
low phase pushing characteristics over 
their entire operating bands at effici
encies greater than 70%—making them un
questionably the most highly efficient 
microwave tubes thus far developed.

Tubes may be operated at reduced peak power 
levels to serve as driver stages. High 
efficiencies are retained at peak power 
of 600 Kw and gain of 10 db.

QK-622 Amplitron

Flight Simulation 
Table

Tests missile or air-space craft 
systems

Flight testing of complete nis- 
sile or air-space craft stabilization 
and control systems on the ground 
is possible with model 17A flight 
simulation table. Having 2 free axes, 
the table is also used for angularly 
displacing gyros and accelerometers 
in pitch and roll, either statically or 
dynamically. The natural frequency 
of each axis is more than 15 cps. Ad 
justable damping is provided and 
the threshold of each axis is less 
than 0.005 deg.

Micro Gee Products, Inc., Dept 
ED, 6319 W. Slauson Ave., Culve 
City, Calif.
Price & Availability: Unit availabl 
from stock and can be delivered les 
than 30 days after order is received. 
Price is $33,000.

Exceptionally long tube life is made pos
sible by the fact that no cathode warmup 
is required. Starting takes place when
ever RF input is present prior to applicar- 
tion of modulating pulse. Heater supplies 
may be omitted ent irely from the equipment.

Applications include power-amplifier 
stages for long-range radars. The tube has 
been used successfully as an RF power 
source for linear accelerators.

Modular in construction

Called the Comparatron, this de 
vice performs continuous digita 
comparison of command and feed 
back signals and produces an analo 
drive signal. Two models are of 
fered: one accepts up to two 24-bi 
parallel binary numbers, and th 
other up to two 24-bit parallel bi 
nary-coded decimal digits. Inpu 
data may be presented from a stor 
age register, handset switches, or 
shaft encoder. The output signal is 
60 to 1000 cps error-modulated ac 
having an amplitude of 23 mv peak 
to-peak per unit of error for the bi 
nary model and 15 mv peak-to-peali 
per unit of error for the binary 
coded decimal model. Either mode 
can be furnished with an integra 
power supply. Uses include inspec 
tion operations, and military area: 
such as fire control and navigation

United Aircraft Corp., Norder 
Div., Dept. ED, 58 Commerce Rd 
Stamford, Conn.
Price & Availability: The price it 
$2000 fob Gardena, Calif. Deliven 
time is 90 days.
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TEFLON FEP resins open
electrical design
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Teflon is Du Pont's registered trademark for its family of 
fluorocarbon resins, including TFE (tetrafluoroethylene) 
resins and FEP (fluorinated ethvlene propylene) resins.

n IS- 
ition 

hi id

range of practical applications of Teflon resins. FEP 
resins not only make possible the rapid fabrication of 
complex components, but also permit the melt extrusion 
of jackets for wire and cable and long, continuous lengths 
of wire insulation.

Electronic designers now have a u ider opportunity than 
ever for miniaturizing components . .. simplifying assem
bly operations . . . reducing or eliminating maintenance 
costs ... by use of Teflon resins—the most dependable 
organic insulating materials known

With the commercial availability of Teflon 100 FEP resin 
—a new, melt-processible fluorocarbon resin—the family 
of Teflon resins now offers electronic designers new 
opportunities for improved component design. Wherever 
outstanding electrical properties, exceptional thermal sta
bility, savings in size and weight, and utmost safety and 
reliability in performance are called for. Teflon fluoro
carbon resins are the first choice of the designer. TFE- 
fluorocarbon resins are rated for continuous service at 
temperatures up to 500°F. For all operating temperatures 
between -200°F. and 400°F., FEP-fluorocarbon resins 
are suitable for continuous service. And because FEP 
resins can be molded and extruded by techniques com
monly used with thermoplastic polymers, they extend the

OVER

NUMBER E-7 

IN A SERIES:

ELECTRICAL 
DESIGN 

Component 
Insulation



For appi

wide variety of formssigner

SEND FOR
MORE INFORMATION

TEFLON

'RCLE 8

Silicoi 
Recti!

Powder sintering of FEP resins now 
makes possible corrosion-resistant 
coatings in such applications as this 
rotor, encapsulation of diodes, slot 
liners, pump impellers, valves and 
other motor hardware. These fluid
ized bed coatings offer high-tem
perature resistance and a smooth, 
non-stick surface.

The insulating spacers in coaxial 
couplers which sample RF in radar
jamming equipment must meet 
stringent requirements of perform
ance and reliability. The spacers 
must have a low dielectric constant 
and low dissipation factor over an 
extreme range of frequencies, in
cluding the microwave region. They 
must withstand severe vibration 
without cracking. They must not ab
sorb moisture. They must withstand 
high temperatures...and must be un
affected by aging. Du Pont Teflon 
TFE resins meet all these require
ments and were the natural choice 
for this exacting application.

Because FEP resins are heat-bond
able to themselves and to many 
other materials, including TFE res
ins and copper, they now make pos
sible improved design of printed 
circuits, both flexible and rigid. Film 
of FEP resin is an excellent cement 
for bonding copper to TFE resins 
and other materials because lami
nates so bonded will have the excel
lent surface electrical properties of 
the FEP resins plus the special 
properties - such as rigidity or 
economy—of the base material. And 
both the dielectric constant and dis
sipation factor of FEP and TFE res
ins are essentially invariant over the 
widest ranges of temperature and 
frequency.

about the properties and applications 
of Teflon resins, including additional 
data on the characteristics of the new 
FEP resin! Mention your area of 
interest. Address: E. I. du Pont de 
Nemours & Co. (Inc.) Polychemicals 
Dept.T-161, Room 2526, Wilmington 
98, Delaware.

In Canada: Du Pont of Canada Limited. 
P. O. Box 660. Montreal, Quebec.

Silicoi 
X16RCÌ 
applicat 
to 16 c 
from 20 
for stati

A variety of tiny electronic compo
nents such as feed-throughs, stand
offs, tube and diode sockets, and 
terminations like the missile con
nector above utilize the unsur
passed dielectric properties of both 
TFE-and FEP-fluorocarbon resins. 
The insulation resistance of all 
these resins is higher than that of 
any other solid insulation. Over a 
measured temperature range from 
—40cF. to 450°F., their volume re
sistivity is 10" ohm-cm, surface re
sistivity is 10" ohms/sq., over the 
widest range of frequencies.
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. . . THROUGH CHEMISTRY

The inherent properties of Teflon 
fluorocarbon resins have firmly estab
lished them as outstanding materials 
in electrical design, whenever maxi
mum reliability is important, and serv
ice conditions are demanding. These 
resins make possible savings during 
the manufacture of components, re
duced inspection costs, fewer rejects, 
fewer service failures and lower main
tenance costs. Even when ambient 
conditions are not extreme, the non
aging characteristics of Teflon resins 
assure longer service and storage life 
of equipment.

Today, the unique properties of 
Teflon resins are available to the de-

Stock shapes of Teflon fluorocarbon 
resins can be readily cut or machined. 
Fluidized bed coatings and rapid in
jection molding of complex shapes to 
close tolerances open new opportuni
ties for the use of Teflon FEP resins. 
Primary insulation and jacketing of 
Teflon FEP resins for wire and cable 
can now be extruded in any desired 
length by standard melt extruders. 
With the availability of a family of 
Teflon fluorocarbon resins, includ
ing new Teflon FEP fluorocarbon 
resins, designers of electronic equip
ment are now free to take advantage 
of the unique properties offered by 
these resins in a wider variety of use
ful applications.

TFE and FEP resins in a variety of forms offe 
utmost reliability under exacting conditions



pi. Connector
With wire wrap termination

' his printed circuit connector 
with wire wrap termination main- 
tai>is a positive contact with the1 

J printed circuit board over a dimen
sional range of 0.057 to 0.072 in. 
The 44 contacts are phosphor 
bronze with a silver plate of 0.0002 
and 0.00003 gold plate finish. The 
connector can be polarized in any 
position by inserting the plastic 
polarizing key.

Cinch Manufacturing Co., Dept. 
ED, 1926 S. Homan Ave., Chicago 
24, Ill.

There is
No Substitute 
for

îuûùoitMized

Magnetic Modulators
Silicon Controlled
Rectifiers
For applications requiring to 16 amp 

load current

■

L

All Magnetic Modulators 
strictly conform to MIL- 
T-27A. Some typical cir 
cuit applications for 
Magnetic Modulators are 
algebraic addition, sub 
traction, multiplying, 
raising to a power, con
trolling amplifier gains, 
mechanical chopper re 
placement in DC to fun 
damental frequency 
conversion, filtering and 
low signal level amplifi 

cation.

FASTER RESPONSE TIME 
NEGLIGIBLE HYSTERESIS 
EXTREME STABILITY 
(Ambient Temp. Range from —65 C to 135 C) 

COMPACT SIZE 
LIGHTWEIGHT
INFINITE LIFE
COMPLETE RELIABILITY

Silicon controlled rectifiers, types 
I X16RC2 through X16RC20, are for 
I applications requiring load currents 
I to 16 amp and blocking voltages 
I from 20 to 200 v. They can be used 
I for static switching, de motor con

trol, variable and regulated de 
power supplies, welding control, ig- 

। nitron firing, and other switching 
applications. They switch rapidly to 
a conducting state either when a 
signal is applied to the gate termi
nal or when the critical break-over 
voltage is exceeded. All units are 
h< rmetically sealed and have an all- 
0' er height of 1.615 in.

International Rectifier Corp., 
Dpt. ED, 1521 E. Grand Ave., El 
S gundo, Calif.
I ice & Availability: The approxi- 
n ate price range is $38 to $80 per 
t< it, when ordered in quantities of 

I I to 50. Delivery is in 6 to 8 weeks.
* IRCLE 850 ON READER-SERVICE CARD
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Miniaturization of the 
new Magnetic Modulator 
makes it possible to in 
corporate this compo 
nent into wafer type 
structures and transis 
torized printed circuit 
assemblies without sacri 
ficing ruggedness or 
reliability.

CONSULT GENERAL 
MAGNETICS on magnetic 
amplifier components for 
automatic flight, fire con 
trol analog computers, 
guided missiles, nuclear 
applications, antennas, 
gun turrets, commercial 
power amplifiers and 
complete control sys 
terns. Call or write for Cat 
alog B on miniature and 
standard components

TYPE NUMBER

Excitations Frequency—Carrier

Signal Winding 
DC Resistance

AC Excitation Volts

Input DC Signal Range

AC Output Range

Overall Dimensions (Inches)

Hysteresis — % of maximum 
input signal

Type of Mounting

Maximum % Distortion 
In Output

Magnetic 
Input 

Modulator

la
Magnetic 

Input 
Modulator

II
Magnetic 

Thermocouple 
Converter

IMM *436 *2

400 cps
1000 ohms ±15% 
each signal winding

0 to ±100 ßa.

(sine wave)

20 mv. RMS
I 7000 ohms

±0.5 ßa. max.

0.5% maximum

Male Stud

25%

1.3 oz.

IMM-436*3 MTC-435-2

400 cps 400 cps

6 V. RMS
0 to ±80 pa.

7000 ohms

±0.5 ßa. max.

0.5% maximum

1.2 oz.

I 0 to ±10 mv.

U lUi./V. '<» wu ups 
(sine wave)

±0.1 mv. max.

0.5% maximum

Male Stud

20%

1.5 oz.

0



NOW Specify Honeywell
life in any powei

Features like these make Honeywell

Alloyed junction, germanium PNP transistors

Will operate at junction temperatures up to 95°C

Honeywell Semiconductor Products Soles Offices

Honeywell Semiconductor Distributors

Kierulff Electronics, Inc 
Los Angeles, Calif.

Atlas Electronics, Inc. 
San Diego, Calif.

DeMambro Radio Supply Co. 
Boston, Massachusetts

T. F. Cushing, Inc. 
Springfield, Massachusetts

Servo Controller 450
Has controller, servo amplifier and power supply

Electronic Supply Co. 
St. Petersburg, Florida

Electronic Supply Co. 
Melbourne, Florida

Electronic Supply Co. 
Miami, Florida

Stark Electronics Supply Co. 
Minneapolis, Minn.

Peerless Radio Distributors, Inc 
Jamaica, New York

Electronic Industrial Sales, Inc. 
Washington, D. C.

Flight Electronics Supply Corp. 
Inglewood, Calif.Comprised of a controller, servo amplifier and 

power supply, the series 800 servo controller per
forms summation, integration, and differentiation. 
The unit is adaptable to any form of start-up, op
erational and shut-down programming, and in
cludes automatic, automatic balance, manual bal
ance, and manual mode selections.

Compudyne Corp., Dept. ED, S. Warminster 
Rd., Hatboro, Pa.
Price & Availability: Delivery within 60 to 90 
days. Price on request.

Stud-mounted for simple installation and reduced interface thermal resistance

Solder terminals for wiring ease and high current carrying

ELECTRONIC DESIGN • January 20, 1960

NEW PRODUCTS
Analog Computer

Solves Fourier integrals

Model CF-1 analog computer is designed to 
solve Fourier integrals. It can be used to deter
mine the far fields of aperture antennas from the 
distribution of the field in the aperture?, the fre
quency spectra of voltage pulses, and other physi
cal problems involving Fourier transforms and 
their inverse transforms over finite limits. Inte
gration may be observed on a de oscilloscope for 
interpretation or visual readout. In typical opera
tion, a main lobe and four side lobes can be 
computed and recorded in 15 min. The unit 
weighs 325 lb and measures 46 x 25 x 22 in.

Scientific-Atlanta, Inc., Dept. ED, 2162 Pied
mont Road, N.E., Atlanta 9, Ga.
Price & Availability: Price is $9000 fob Atlanta, 
Ga. Units ordered now will be delivered by about 
April 1st. After April 1st, units will be produced 
in limited quantities and can be delivered in 6 to 
8 weeks.

UNION, NEW JERSEY • ORLANDO, FLORIDA • BOSTON. MASSACHUSETTS • LOS ANGELES, CALIFORNIA • TORONTO, ONTARIO 

OTTAWA, ONTARIO • CHICAGO, ILLINOIS • MONTREAL, QUEBEC • GENERAL SALES, MINNEAPOLIS, MINN.

For miniaturization and high power capabilities, 
Honeywell’s complete line of power transistors is 
your best answer. Rugged, compact, versatile, 
Honeywell transistors give you smaller size per watt 
of power output. With a narrow span of character-

istics, you get superior electrical performance and high 
uniform power gain over a wide range of collector 
current values. For complete information, contact one 
of the Honeywell offices shown below, or write 
Honeywell, Dept. ED-1-34, Minneapolis 8, Minn.



ell reliability and long
er r ansisi or application!

High voltage, high current, low thermal 
resistance transistors. Designed for use in high- 
power amplifiers (servo, audio, etc.), power converters, 
switching circuits, voltage regulators, and other sim
ilar applications. Their small size and efficient means 
of attachment give these transistors a power rating 
(per unit volume) higher than any other commercially 
available units. 2N538, 2N538A, 2N539, 2N539A, 
2N54O and 2N54OA; 2N1202, 2N12O3, 2N1261, 
2N1262 and 2N1263. The latter three transistors are 
now rated 80 volts.

Highest current (30 amperes), lowest ther
mal resistance transistors. Designed for use 
in high-current voltage-regulators, high-powered DC 
converters and inverters, and other similar applica
tions. Their low thermal resistance (typical: O.36°C/ 
watt; maximum: 0.7°C/watt) gives these transistors 
the highest dissipation rating of any commercially 
available units. 2N574, 2N574A, 2N575, 2N575A, 
2N1157, and 2N1157A.

Tetrode power transistors. Designed for use in 
applications where exceptional linearity or stability is 
required. These transistors have two connections to 
the base layer. 3N45 and 3N46.

Low current transistors (Yi ampere). Designed 
for use in servo amplifiers, audio amplifiers, and all 
other relatively low-current power applications. H3A 
and H4A.
Transistors approximately twice actual size

1960

____ ___ _ ___ Honeywell 
u-] *4^^ 
M»YKU SINCE 188Sk_ _____
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X-Y Recorder 455
Has built-in X-axis time base

Model 2D X-Y recorder has an integral ac-dc 
input and a built-in X-axis time base. Eliminating 
the need for an extra ac converter, it operates 
directly from a transducer. The de ranges provide 
accuracy and resolution better than 0.2%. The 
input range is 7.5 mv to 150 v on the X-axis and 
5 mv to 100 v on the Y-axis. The X-axis time base 
is 7.5 to 750 in five steps. The input resistance is 
200,000 ohms per v. The pen speed for each axis 
is 20 in. per sec. The following accessories are 
available for use with the recorder: a digital char
acter printer, a curve follower, a continuous roll 
chart transport, and a pull-through, tear-off chart 
transport.

F. L. Moseley Co., Dept. ED, 409 N. Fair Oaks 
Ave., Pasadena, Calif.
Price ¿7 Availability: Price is $2350. Delivery 
time is 12 weeks.

DC Power Supplies 616
Provide 0 to 36 v at up to 50 amp

These Magitran transistor-magnetic power sup
plies provide regulated outputs in the range of 0 
to 36 v de with current ratings up to 30 amp for 
model TR36-30M and up to 50 amp for model 
TR36-50M. For both units, the input is 105 to 
125 v ac at 60 cps, line regulation is within 
±0.05%, load regulation is less than 0.1%, and 
ripple is less than 2 mv. They have automatic 
protection against short circuits or transients 
either on an intermittent or continuous basis, and 
recover instantaneously without resetting of re
lays or changing of fuses.

Electronic Research Associates, Inc., Dept ED, 
67 Factory Place, Cedar Grove, N.J.

75



Official U.S. Novol Observatory Photo

NEW PRODUCTS

Character Generator 39 i
Writes up to 40,000 characters 

per sec

Able to write up to 40,000 cha - 
acters per sec, the transistorize 1 
Alphadyne character generate r 
measures 6x6x6 in., and neec? 
5 w operating power. Its applica
tions include electronic readout cf 
navigational computers or other 
critical information concerning air
craft movements, in electronic con
version of mechanical readout de
vices, and in telemetry.

Skiatron Electronics and Tele
vision Corp., Dept. ED, 180 Varick 
St., New York 14, N.Y.

Miniature 454
Speed Reducers
Maximum output torque is 35 oz-in.

At 00* Off" 01' GMT \ 

January 1, 1960 \

Martin logged its 
390,660,000th mile j 

of space flight / y

Type UI miniature precision 
speed reducers have a maximum 
rated output torque of 35 oz-in. The 
backlash through the entire train is 
less than 30 min, measured at the 
output shaft. These units have a di
ameter of about 15/16 in. Made to 
meet Mil specs, they have a size 
10 frame and are offered with ra
tios of 9:1 to 3000:1. Ball bearings 
are used throughout.

PIC Design Corp., Dept. ED, 
477 Atlantic Ave., E. Rockaway, 
L.L, N.Y.
Price & Availability: Price range 
for types Ul-1 to Ul-15 is $66.60 
to $125.10. Individual units are 
available from stock. When larger 
quantities are ordered, there is a 
reduction in price and 10 days to 
two weeks delivery time should be 
allowed.

Leaders in Missiles / Space Technology —

BOOSTER SYSTEMS, ELECTRONICS. GROUND SUPPORT EQUIPMENT, AND NUCLEONICS
4 CIRCLE 59 ON READER-SERVICE CARD
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I egend Light Assembly 380
For airborne or ground support 

equipment

For use in airborne or ground 
s ¡pport equipment, this legend light 
a sembly can be mounted flush with 
the panel (allowing tandem arrange- 
nents), or it can be stacked ver ti
dily in rows to conserve space. It 
contains two MS 327 lamps and can 
be sealed against moisture. Lens 
faces are available in the following 
sizes (inches): 1-1/4 x 0.375; 1-11/16 
x 0.425; 2-1/8 x 0.375.

Radar Relay Inc., Dept. ED, 
Santa Monica, Calif.

Frame Grid Pentodes 381
For TV applications

Designed for if amplification in 
TV circuits, these frame grid pen
todes, types 6EH7/EF183 and 
6EJ7/EF184, have high transcon
ductance, low capacity and low 
feedback capacity. Transconduct
ance of the 6EH7 is 125 pmho when 
the grid voltage is —19.5 v. With 
grid voltage at —2.5 v, transcon
ductance of the 6EJ7 is 15,000 
pmho. The gain-bandwidth product 
of these tubes measures 55% higher 
than conventional if tubes. Glass 
envelopes are used on both.

Amperex Electronics Corp., Dept. 
ED, 230 Duffy Ave., Hicksville, 
L.I., N.Y.

Altitude Test Chamber 393
Has 27 cu ft of test space

Model FH-27 temperature and 
altitude test chamber offers 27 cu 
ft of test space. Temperature ranges 
are —100 to -¿-300 F and —100 to 
- 500 F. The test chamber cools to 
- 70 F in 38 min. It heats from 
- 70 F to ambient temperature in 
11 min, from ambient to —1-300 F in 
20 min, and to +500 F in 45 min. 
I has hydraulic-action positive-vac- 
uum door locks and strip-chart re- 
c »rding control of temperature. Ap- 
p ications include testing aircraft 
a id missile components in actual 
f ght simulation.

Conrad, Inc., Dept. ED, 141 Jef- 
I rson St., Holland, Mich.

CIRCLE 60 ON READER-SERVICE CARD >

Lambda Power Supplies specified 
for newest radar installation

ï’ ** w ax .
SSS&S2Bs3Sk£££££
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Meet MIL-4158 environmental test requirements

“Off-the-shelf” Lambda power supplies 
—modified only with special panels, MIL 
meters and tubes —will be part of the 
complex radar equipment housed in the 
85-foot tower at Thomasville, Alabama, 
one of four identical installations.

Sperry Gyroscope Co., operating under the technical guidance of the 
Rome (N.Y.) Air Development Center, is producing the new SAGE 
radar equipment (AN/FPS-35). The power supplies employed to 
power transmitters and receivers must be able to pass stringent tests. 
Sperry’s choice: Lambda’s COM-PAK® already widely used as a 
component in many rocket and missile programs.
All Lambda stock industrial power supplies are made to MIL quality 
and guaranteed for five years. They are pictured and described in 
our 32-page catalog. Write for your copy.

ALAMBDA ELECTRONICS CORP.
11-11 131 STREET • COLLEGE POINT 56, N. Y. • INDEPENDENCE 1-8500



NEW PRODUCTS

Foot Switch
Is 1-3/4 in. high

Model CM6A footswitch me s-

£ “THIS RELAY
\ WILL GIVE US 

300 MILLION
J OPERATIONS, JOE”

HERE’S WHY P&B TELEPHONE TYPE RELAYS GIVE YOU

reliable performance over long life
Armature Pin Bearing shows 
only .0005' increase in cleaiancr 
after 300 millinn operations.

BS SERIES TELEPHONE TYPE
Husky Armature Arm 
prevents sagging 
or bending.

Heavy Duty Frame 
maintains dimensional 
stability, adds to 
relay's sensitivity.

BS SERIES ENGINEERING DATA

*

ures 1-3/4 in. high, widens fr. tn 
2-1/4 in. at the rear of the pedal :o 
3-1/2 in. in the front for the f< )t 
rest, and is 4-1/2 in. long. T ie 
standard housing is cast iron in a 
black wrinkle finish which can )e 
modified to meet customer requiie- 
ments. A sponge rubber base pad is 
used. The unit can have maintained 
or momentary action and cord-sets 
are assembled to meet individual 
specifications.

Vemaline Products Co., Dept. ED, 
P.O. Box 222, Hawthorne, N.J.

Measure the thickness of the BS series armature 
arm. You will find the cross section area is greater 
than ordinary relays of this type. Here is the kind 
of quality that spells dependability.

Observe that the stainless steel hinge pin runs 
the full width (not just half) of the armature, pro
viding optimum bearing surface. This pin, operat
ing in a stainless steel sleeve, shows only minimal 
wear during nearly a third of a billion operations.

Best of all, P&B quality costs no more. A whole 
new plant is being devoted to the production of 
high performance telephone type relays. Your near
est P&B sales engineer will be happy to discuss your 
relay problems. Call him today.

GENERAL:
Brtakdewn Voltage: 1000 volts rms 60 cy. mm 

between all elements.
Ambient Temperature: 55° to 4-85 C.

+125° C available on special <rder.
Weight: 9 to 16 ozs
Terminals: Pierced solder lugs.

Coil: One 416 AWG wire 
Contacts: Two 418 AWG wires 

Enclosures: Dust covered or sealed 
CONTACTS

Arrangements DC—up to 23 springs
AC—up to 24 springs

Matinal: ¡V dia. twin palladium. 
Up to W dia single silver 
Other materials on special order.

Load: 4 amps at 115 volts, 60 cycle resistive 
Pressure* 15 grams minimum

COILS:
Resistance: 100,000 ohms maximum 

Current: 10 amps maximum
Power DC—50 Milliwatts per movable arm. 

Greater sensitivity on special order. 
AC—17.9 volt-amps.

Duty: Continuous
Treatment: Centrifugal impregnation
Voltages: DC—up to 300 volts with series 

resistor. AC—up to 250 volts, 60 cy.
MOUNTING: Two 18-32 tapped holes u c. 

Other mountings on special order.

High Speed Printer 436
For computers and electronic data 

processing systems

Model 190-120 high-speed print
er, for computers and electronic data 
processing systems, can operate at 
a speed of 900 lines per min with 
120 characters to the line. It has 
64 alpha-numeric characters. Con
taining its own firing circuits, it also 
has a magnetic drum. Able to make 
up to six carbon copies, the printer 
produces more than 250,(XX) lines 
per day without deterioration in 
quality.

Shepard Labs., Inc., Dept. ED, 
Summit, N.J.
Price 6- Availability: Price is $39,
750 for each unit; a reduction is 
made when purchased in quantities. 
Delivery time is 120 days.

Readout Device

LS SERIES—Medium coil relay 
with short springs and light 
weight armature for fast 
action, reliability and long life.

GS SERIES—Excellent sensi
tivity 50 mw per movable arm 
minimum (DC). For applica
tions requiring many switch
ing elements in small space

TS SERIES- Short coil relay is 
available in AC and DC versions. 
Long life construction. Can be 
supplied (DC) with up to 20 
springs (10 per stack).

P*B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR

ft POTTER 6* BRUMFIELD
DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA

IN CANADA: POTTER A BRUMFIELD CANADA LTD., GUELPH, ONTA'RIO

ELECTRONIC

For use with multichannel analyzer

For use with the model 34 multi
channel analyzer, model 44-7 add
punch offers punched paper and 
standard adding machine tape read
outs of stored data. The system can 
be programmed for any computer 
code and the code may be easily 
altered.

Radiation Instrument Develop
ment Lab, Inc., Dept. ED, 5737 S. 
Halstead St., Chicago 21, Ill.
< CIRCLE 61 ON READER-SERVICE CARD 
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2N715—2N716 140 Megacycle Power Amplifier
70 me Oscillator Doublet Amplifier Amplifier

RFC1
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ACTUAL SIZE

with NEW Tl 2N716 silicon mesa transistorsic data

Now silicon high frequency transistors specifically designed

2N71
J 700

These subminiature (TO-18) silicon units feature000
2N7 10-50 beta spread

500 maximum collector reverse

300

200

pt. ED. o 100

OSCILLATOR POWER OUTPUT vs. FREQUENCY
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Strain Gage Control 398 
Has 5 to 15 v de output

Type PB-280 strain gage control 
i a combination power supply and 
bridge control. The power supply 
f .mishes 5 to 15 v de with a regu
lation of less than 0.05% for a 10% 
line change. The output impedance 
is less than 0.2 ohms. Ripple is less 
t aan 1 mv peak-to-peak. Bridge bal
ance is by means of a high-resolu
tion locking potentiometer. A rotary 
selector switch provides for shunt 
calibration at four points. The unit 
measures 2-3/4 x 4-3/8 x 15-1/4 in.

Owen Labs, Ind., Dept. ED, 55 
Beacon Place, Pasadena, Calif.

for your VHF power circuits ... another addition to the industry’s 
broadest line of silicon mesa transistors (now 16 Tl types!).
Tl 2N715 and Tl 2N716 guarantee 500-mw amplifier output at 
70 me and provide 100-mw typical power output at 200 me.

1 Th<$ power rating for 1000 hours expected life at a case temperature 
of 25*C derated linearly to +175° case temperature at the rate of 
.125°C per mw.

2 Maximum voltage ratings df an ambient temperature of +25X
1 BVcfo This is the voltage at which hfg approaches one when the 

emitter-base diode is open circuited. This value may be exceeded in 
applications where the de circuit resistance (Rbe) between base and 
emitter is a finite value.
When the emitter-base diode has a reverse voltage applied, peak 
collector to emitter voltage equal to BVcbo minus Vf g may be 
allowed Such conditions may be encountered in class B or C 
amplifiers and oscillators.

'Pulse Measurement
•'Specify Iem on commercial data sheet
••'Specify lego on commercial data shunt

Jerkmeter 433
Measures rate of change of 

acceleration
Designed to measure the rate of 

change of acceleration, model 4405 
jerkmeter has principal applications 
related to missile and aircraft flight 
dynamics. The system consists of a 
transistorized accelerometer with 
integrator inserted into the servo 
loop in order to generate a jerk sig
nal. Resolution and linearity at full 
scale are 0.1%. The unit weighs 3.5 
oz. Dimensions are 3 x 1-1/2 x 
1-5/8 in.

Donner Scientific Co., Dept. ED, 
Concord, Calif.
Price ¿7 Availability: Available 
from stock designs. Delivery 8 to 12 
weeks after order received. Approxi
mate price: $750.

i est Bench 377
To calibrate vacuum gages

Model 904 test bench is used to 
calibrate vacuum gages with ranges 
from atmosphere down to 10-5 mm 
Hg pressure. The apparatus consists 
of a 2 in. high vacuum pumping 
system complete with air drying 
column, pressure regulating needle 
v live, and liquid nitrogen traps; a 
vertical manifold with individually 
\ lived gage ports; a 3-range Mc- 

eod gage with associated CO2 
< riven mercury system; and a pre- 
< sion manometer.

NRC Equipment Corp., Dept.
D, 160 Charlemont St., Newton 

• 1, Mass.
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currents of 1.0 (25°C) and 100 Ma (150°C).
Check the guaranteed specs below and take immediate advantage 
of advanced performance in your designs. Both units are ready for 
your orders in every Tl distributor’s stocks today, and in quanti
ties of 1,000 and up from your nearest Tl sales office.

TRFC9
Cl. C2, C3—.001 uf disc ceramic
C4.—20 uuf tubum ceiamic
C5.CS C7.CH. C15- 18 13
C8, — 47 ppf silver mica
C9 CIO, C13, C14, C17, C18-5O0 disc ceramic
C12,- 7 -45 mica trimmer
C16 32 -50 w^f
LI,—8 turns «08 Airdux. tapped 2 turns from grou 
12,-4 turns #12 magnet wire, ’ D, H* L 
13.-3 turns #12 magnet wire. »4* 0. Vu" L

50 70 100

FREQUENCY — me

500 in data 
sheet 
test circuit

|RFC3
•4F"

RFC7

-----------1—/^-------------------------------------------4

±RFC10
L4,—3 turns #12 magnet wire V4* D, h" L 
QI. Q2. U3, Q4 -Tl 2N71B
RI—5100 ohms A watt
R2—680 ohms, 4 watt
R3—200 ohms, ft watt
RFC1-47
RFC2-4.7 wf
RFC3 through RFC10

1.2
Yl—70 me crystal

-CURVE A 
Vcb = 40v 
Ic — 30ma 
Tc = 25 C

CURVE B
Vcb = 30v 
Ic = 25ma 
To = 25'C

How to design 250mw at 140 me 
transistorized power amplifiers

INCORPORATED
SEMICONDUCTOR-COMPONENTS DIVISION 
13500 N. CENTRAL EXPRESSWAY
POST OFFICE BOX 312 • DALLAS. TEXAS

! Tentative SpecIflartioM 2N716-2N718 |
1 t 8 «
Pc Tste VCB VEB VCE

| Tc - 25°C
1 watt °C v de v de v de |

12 -65 to + 175 +70 (2N716) +5 +40 (2N716)
I +50.&Jn57 +35(2N715) 1

Clif IV

Parameter Test Condition Mill Typ Mu Mln Typ Mu Units j

1 ‘*bvEBO ¡EBO - K» M a 
ic - o

5 5 v de 1

j ***BVCgo ICBO • 10 * • <*c 

•e -°
50 70 v de

*hFE Veg - 10 v de 
Ic - 15ma de 10 50 10 50

1 *VcE<saD W « 
1

E E 
!/><*> 

1 
1 

ott 1 2 1 2 v de

1 ^ob yCB - 5 v de 
IE - 0 
F - 1 me

3 6 3 6 Mpf

I Amplifier 
Power

1 Output
I and

(Vcb - 40 v de 
de -30 ma de 
(P (AC) - 500 mw 
(F - 70 me

500
4

600 
7 5

mw 
db

I Transducer 
gain

(VCB - 30 v de 
de “ 25 ma de 
(P (AC) - 300 mw 
(F -70 me

300

4

400

8

mw 1

db

Instruments



GLASS-TO-METAL SEALS ARE . .

448

A<

»

in
Ct

WRITE FOR FULL DETAILS.

Solder — weld — twist — pull — 
even the abuses of assembly line 
production leave Constantin seals 
effective — providing full and 
positive protection in thousands of 
electronic applications.

re 
in 
a.
r
a
v 
c 
t

DC Signal Amplifier
Output is 0 to 5 v de

ELECTRONIC DESIGN • January 20, 1960

no terminal in a Constantin seal 
will fail under rough handling 
during assembly.
The secret is in the glass — specially 
compounded to insure against seal 
leaks under the most extreme 
conditions.
From start to finish, Constantin 
controls reliability and sealing 
efficiency by manufacturing all 
components, including the glass, in 
their own plant. Every step of the 
way, production is by Constantin — 
rugged, dependable components for 
quality design with confidence.

ozfozf (fionbfa/ntin &
MANUFACTURING ENGINEERS

80

GENERAL OFFICES: ROUTE 46 LODI, NEW JERSEY • PLANTS: ROUTE 46, LODI, N J. — 6TH AND CAPITOL STS. SADDLE BROOK, N. J.

CIRCLE 63 ON READER-SERVICE CARD

NEW PRODUCTS
Microwave Amplifier 461

Output is 10 mw from 10.5 to 16 me

Model 549 microwave amplifier has broadband 
amplification with a gain of 30 db and a 10-mw 
output from 10.5 to 16 me. In addition to am ap
plications such as gating and pulsing, the grid 
may be used in age circuits to level power output. 
Phase modulation may be accomplished through 
a front panel connector capacitively coupled to 
the TW tube helix. The unit weighs 33 lb and 
may be bench or rack mounted.

Alfred Electronics, Dept. ED, 897 Commercial 
St., Palo Alto, Calif.
Price & Availability: Available within 30 days. 
Price is $3550, fob Palo Alto.

in 
A 
n< 
ci 
4( 
fr 
a< 
ra 
ui 
re 
ta 
1: 
4(

Model 1201 low level de signal amplifier in
corporates an adjustable network to adapt it to 
a range of sensor voltages and impedances. For 
all sensors, the output of the amplifier is 0 to 5 v 
de. The output impedance is 1000 ohms max, the 
output linearity is ±1% of full scale ±50 mv, 
and the output ripple is 50 mv rms max. Zero 
drift is ±1% of full scale ±50 mv and the fre
quency response is 2 cps. The excitation voltage 
is 28 v de; amplifier input impedance is 100 ohms 
per 1 mv input signal.

Lumen, Inc., Dept. ED, Moen Ave., P.O. Box 
905, Joliet, Ill.
Price & Availability: Price is by quotation only. 
Up to 100 units can be supplied in 6 weeks.



( Meter 620
Measurements are read directly

have you checked this 
Remote Actuator for Jobs 
under Shock and Vibration ?

MODEL 5E
SHOWN ACTUAL SIZE

mdband 
i 10-mw 
am ap- 

he grid 
output, 

through 
pled to 
lb and

ìmercial

30 days.

Model VA-260 measures Q, capacitance and 
inductance over the range from 100 kc to 100 me. 
All measurements are read directly and require 
no computation. A 5-in. mirrored scale meter, 
calibrated in Q values, covers the range 10 to 
400, with accuracy to ±5% up to 50 me. Test 
frequencies are covered in six steps with ±1% 
accuracy at all settings. Incremental capacitance 
range is 30 to 460 puf to ±1%. Inductance meas
urements are made to a tolerance of ±5%, with 
residual inductance less than 0.03 ph. Self-con
tained in a slope front case, the unit measures 

I 12-1/2 x 20 x 8-1/2 in. and weighs approximately 
40 lb.

Republic Electronics Corp., Dept. ED, 111 
Gazza Blvd., Farmingdale, L.I., N.Y.

Coincident Point Readout
Displays 16 characters per decade

ROTARY SOLENOIDS
(Mfd. under license from G. H. LELAND, INC.)

CUSTOM-BUILT FOR—

•lave « • • • _____  _____  ' * '*astfj»
• f •------------------- ' ,4 -WC
• * •------ - D -DRAW
• • -------------- ■ * - HU
// I 5-W1 RE CABLE CONTROLS

ETC / | nuX 12 SWITCH POSITIONS 
START DRAW OVER DISTANCES UP TO

SEVERAL HUNDRED FEET

MASTER-SLAVE DEVICES 
(Incremental Positioning)

A, B, C. & D ARE DRIVEN BY SOLENOIDS

A B C D 
4 DECADE COUNTER 

ADDED SWITCHING ALLOWS 
PRESETTING A FUNCTION TO OCCUR 
AT ANY COUNT SUCH AS SHUT OFF 

WATER AT 397 COUNT. ETC.

PRESETTABLE COUNTING DEVICES

PRECISIOli 
TYPE SWITCH

ROLLER

PIVOT

ROTATION

CUSTOM^— 
ARMATURE PLATT

CAM LIFTS

2 « < w»h -o eunoM-o J

... WIRE CABLE \
INSTANTANEOUS POSITIONING OF 

SLAVE BY PUSHING A BUTTON

AUTOMATIC SWITCHING

COUPLING AND 
SOLENOID BRAKE

OPERATES IN ANY POSITION

Snap-action 
torque in 
steps

Body remains 
stationary Ratchet 

mechanism Is 
/ added to 
/ provide 
r stepped 
I progression 

of an

R0TWY' 
SOUItOID

LOAD 
SHAFT

SOLENOID 
ARMATURE 

PLATE

HR on 
ARMATURE 

HATE

o o

Armature plate rotates 
through predetermined 
angle then springs back 
to original position.

"Solenoid" shaft oscil
lates with armature... 
cen bo supplied et front 
or roar... other power 
take-off arrangemonta 
also possible.

EXTREMELY ADAPTABLE

HERMETICALLY 
SEALED

ROTATES IN 
BOTH DIRECTIONS

BUILT INTO 
COMPLETE SUBCHASSIS

ifier in
pt it to 
?es. For 
3 to 5 v 
nax, the 
50 mv, 

ix. Zero 
the fre- 
voltage 
X) ohms

.O. Box

m only, 
^ks.

This miniaturized coincident point readout, 
model CPR-16, is a direct binary-to-decimal de
coding device which displays 16 individual il
luminating intelligence characters per decade. 
Accepting voltage signals of a computer or similar 
d« vice in the form of a four level binary code, the 
n adout electromechanically converts these signals 
into decimal numbers or other intelligence char- 
a ters. A single standard lamp illuminates the 
r adout plates. All moving parts are enclosed in 
a dust and moisture free two-piece structure 
v hich measures 2.5 x 1.5 x 2-7/8 in. Readout 
c laracters are 1.2 in. high. Operation time is less 
t ian 100 msec.

Genesys Corp., Dept. ED. 10131 National Blvd., 
1 Angeles 34, Calif.

i LECTRONIC DESIGN • January 20, 1960

TRIPPING DEVICES ACTUATORS CLUTCHES and BRAKES 
(When Modified for Straight Pull)

WITH SEALED 
OUST CAP

stepping torques from 6.4 to 64 inch-ounces
If you’ve been searching for an actuator that meets such specs as 
MIL-S-4040A, and is remarkably small for the amount of work it can 
do, investigate Oak Rotary Solenoids. They operate on DC and are 
designed for intermittent service. Standard models give steps of 25°, 
35°, 45°, 67.5°, or 95° in either a left or right-hand direction. Self-stepping 
or externally pulsed units are also built. Oak Rotary Solenoids find wide 
use in both commercial and military equipment. Why not evaluate their 
unusual capabilities for your next project. We will be glad to help you 
engineer the job. Just send us a short description and sketch.

CIRCLE 64 ON READER-SERVICE CARD

CO.

1260 Clyboum Ave., Dept D, Chicago 10, Illinois 
Phone: MOhawk 4-2222

SWITCHES • ROTARY SOLENOIDS • CHOPPERS 
VIBRATORS • TUNERS 

SUBASSEMBLIES

1960



NEW PRODUCTS

EDISON

SYNCHROS

TACHOMETER

¿diton Servo Motor-Generator» ar« available with any type or »iie gear head or gear train

INSTRUMENT DIVISION

55 LAKESIDE AVENUE. WEST ORANGE, N. J

CIRCLE 65 ON READER-SERVICE CARD

1 I

AMPLIFIER

Unlike ordinary "off-the-shelf” components, Edison 
Servo Motor-Generators are designed specifically to 
operate as part of an electro-mechanical system.

Type DY-2508A 24-hr digital clock is for pro
gramming system functions and for adding time 
information to data recording and processing. 
Time data for each second is supplied through

ELECTRONIC DESIGN • January 20, 1960

Power Supplies
Provide from 5 to 50 v de

As many as six of these transistor-regulated 
power supplies can be mounted on a standard 3.5
in. relay-rack panel. Sixteen different models are 
offered, covering from 5 to 50 v de. Designed for 
supplying multiple strain gage or other transducer 
systems, these power supplies are individually 
isolated from ground and have outputs individ
ually adjustable over a range of about 15%. The 
temperature coefficient for the output voltage is 
less than 0.02% per deg F and the leakage resist
ance to ground is greater than 100,000 meg.

Elcor, Inc., Dept. ED, 1225 W. Broad St., Falls 
Church, Va.

Digital Clock
For programming system functions

This line of standard and miniature coils is 
manufactured to meet customer specifications. In
cluded are relay coils, solenoid coils, precision 
chokes, MIL types, toroids, high temperature and 
fine wire coils.

Preferred Coils Inc., Box 14, Dept. ED. High
land Station, Springfield 9, Mass.

Coils
To satisfy customer specifications

For example, their motor sections are built to have 
minimum time constants and reversing times. To in
sure precise coupling with mating gear trains, output 
pinions are fabricated to better than AG MA standards. 
Damping constants, from unit to unit, are held to 
very close tolerances.

In addition to these special system features, Edison 
Servo Motor-Generators are made to the highest

quality standards. They outperform MIL-S-17087 
(for motors) and MIL-S-17806 (for generators).

Edison engineers provide you with the exact servo 
motor-generator your system calls for—not a cata
loged component that will only approximate your 
needs. For this reason, they will work closely with you 
in developing components that will assure you of 
the best system performance.

For additional information on Edison Servo Motors, 
Motor-Generators and other rotary components, write 
for Catalog 3044.
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ir iltiple relay contacts which can be wired to 
pi aduce several staircase and decimal outputs 
si mltaneously, or a binary-coded decimal output. 
T e unit also presents a 24-hr in-line display with 
a resolution of 1 sec. Time information is sup
pl ed continuously. A memory circuit holds the 
time display up to 0.9 sec for completion of the 
external recording or processing function. The unit 
op erates from an external 1-sec pulse train, an 
optional internal line-frequency divider, or a 
crystal-controlled time base.

Dymec, Div. of Hewlitt-Packard Co., 395 Page 
Mill Road, Palo Alto, Calif.

Generators 618
Operate from —55 to +125 C

However revolutionary your 
requirements may be— 
ELECTROSNAP can supply the 
world’s most advanced switches, 
panel components, or complete panels

P
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These tachometer generators, type 6204-01, 
operate from —55 to -{-125 C. Rotor moment of 
inertia is 0.65. The continuous duty motor has 
0.2 oz-in. minimum stall torque with approxi
mately 5 w total input, 6000 rpm speed at no load, 
26 v (fixed phase) and 40 v (control phase) rated 
voltage. The units have 26 v rms, 400 cps rated 
input voltage and 0.26 v rms output voltage at 
1000 rpm.

John Oster Manufacturing Co., Avionic Div., 
Dept. ED, 1 Main St., Racine, Wis.

Silicon Transistors 363
Designed for small signal applications

Silicon transistors 2N1440, 2N1441, and 2N1442 
a>e designed for small signal applications. Dissi- 
p ition at 125 C in free air is 100 mw. For in- 
C! eased mechanical strength, wafer mounting tabs 
a e welded to supports on both sides. The tran- 
si tors are hermetically sealed and solderless in 
design. They exceed the requirements of MIL-T- 
1 >500 A.

National Semiconductor Corp., Dept. ED, 
I anbury, Conn.

E ECTRONIC DESIGN • January 20, 1960

Electrosnap offers the industry’s most complete line of switches, 

actuators, and indicators designed for every conceivable application 

on control or information panels. Thousands of variations in basic 

snap-action switches from sub-sub-miniature to heavy-duty, single 

or multi-pole, commercial or military. Rotary actuations, toggles, 

interlocks, push-buttons, and lighted push buttons containing from 

one to four independently lighted lamps. (All lighted components 

easily relamp from front of panel.)

Whatever your panel problem, Electrosnap can probably supply a 
ready-made answer. Write for technical literature on panel components.

Most Efficient Link Between Mind 
and Machines

Revolutionary ASTROMATIC panel 
concept simplifies and, reduces com 
plex monitoring and control centers 
to small, efficient, pictonal lighted 
panels. Electrosnap supplies com 
ponents or complete panels Ask 
about ASTROMATIC.

CONTROLS COMPANY OF AMERICA
4216 West Lake Street • Chicago 24, Illinois 
Telephone VAn Buren 6-3100 • TWX C.G.-1400

For technical literature on following products circle appropriate number on Reader 
Service Card:

CIRCLE 66 ON

J ASTROMATIC 
PANELS

READER-SERVICE CARD

LIGHTED 
PUSH-BUTTONS

TOGGLE & PUSH-BUTTON 
SWITCHES



new INTERNALLY TRIGGEREDFor airborne applications

I 0.6-Nanosecond Risetime

The waveform photographs below show the ability of the Tektronix

Sampling System to display a wide range of pulses. These photographs were purposely

chosen to illustrate the system’s abilities under marginal conditions,

the range from L band

Resistors
Are ceramic-encased

Double exposure shows a óO-mv, 100-mc continuous 
pulse train at equivalent sweep times of 1 nsec/cm and 
1 0 nsec/cm. The Type 1 1 0 derives a trigger from the 
signal, permitting the Tektronix Sampling System to op
erate without external triggers, counting down from 
1 OO mc to the 100-kc sampling rate of the N Unit.

This picture shows the same conditions as in Fig 1, ex
cept the small pulse is now only 1 nsec wide. The time 
shift relative to the large step is just over 1 nsec.

ers are available

******

The leading edge of the large pulse of Figure3 is dis
played with the I nsec/cm sweep speed magnified ten 
times. This gives an equivalent sweep speed of 100 
picoseconds/cm. The risetime of the complete system— 
1 1 0 pulse generator, 1 1 0 trigger take-off, 1 1 3 delay 
cable and the N unit—is well under 0 6 nsec

The system is operating at maximum sensitivity, 
20 mv/cm A triple exposure, positioned vertically to 
align the 50% points, allows easy measurement of the 
time slip. Under these extreme conditions, the smallest 
pulse has an energy of about 24 millipicojoules The 
trigger take-off system then removes approximately 
1 millipicojoule for application to the switched system of 
amplifiers and the trigger regenerator.

The alternate pulse feature of the Type 110 pulse genera
tor is being used to generate a large, long pulse, and a 
short, small pulse. The trigger take-off system s sensi
tivity is set for maximum.The signal level is 100 mv/cm, 
and the sweep speed is 1 nsec/cm. There is clearly less 
than 1 nsec time difference in triggering on the lOOmv, 
3 nsec and the 500 mv long step signal,.

The 10T series delay line has a ratio of rise 
time to total delay of less than 0.02:1. Attenua
tion is less than 0.02 db for a 10-psec delay. Two 
or more units can be connected in tandem when 
they have identical impedances. The temperature 
coefficient is less than 50 ppm per deg C. The

The amplifiers in the trigger channel (used in the previ
ous 3 pictures) are switched out The sensitivity is 
2 v/cm. The smallest of the 1 nsec wide pulses furnishes 
approximately 0.4 v to the trigger regenerator, through 
the trigger take-off system. This picture is of interest 
since this is the narrow pulse response which is obtain
able with both the I 10 and N Units, when externally 
triggered with signals between 0.4 and 2 v.

through K band with maximum power reflections 
of 1% or 20 db down.

Emerson & Cuming Inc., Dept. ED, Canton, 
Mass.

Eccosorb AN-W is a weatherproof, fuelproof, 
flexible foam microwave absorber for use out
doors or in situations where the absorber will be 
in contact with fuel, lubricants, or other hydraulic 
fluids. The material is extremely light making it 
suitable for airborne applications. Several absorb-

These ceramic-encased bathtub resistors are 
available in 5-w sizes of 5 to 6000 ohms and in 
10-w sizes of 5 to 1500 ohms. Resistors having 4, 
7, 15, and 20-w capacity are available on special 
order for original equipment manufacturers. All 
units have waterproof encapsulation.

Milwaukee Resistor Co., Dept. ED, 700 W. 
Virginia St., Milwaukee 4, Wis. -

NEW PRODUCTS
Microwave Absorber

Delay Line 446
Ratio of rise time to total delay is less than 0.02



PULSE-SAMPLING SYSTEM
for use with oil Tektronix

I I X"\Plug-In Oscilloscopes

Characteristics
TYPE 110-

TRIGGER TAKE-OFF SYSTEM
' 10 v, 200 nsec regenerated trigger derived from 

signals of 20 mv to 50 v, with repetition rates from 
50 c to 100 me, at a signal loss of less than 2.5%. 
(The recovery time is 10 psec; thus above 100 kc 
signals must have increasingly greater regularity of 
spacing. Differences in signal level and polarity are 
taken care of with i flexible switching system by 
means of switched coaxial cables )

1 -nsec switched trigger shift for time calibration.

Less than 2.5% transmission and reflection loss 
of signal being viewed.

PULSE GENERATOR
Less than 0.25-nsec pulse risetime.

0.4-nsec minimum pulse length (longer pulses with 
external charge lines).

7U0/sec nominal repetition rate.

50-ohm output impedance.

50 v maximum calibrated output on internal power 
supply, higher externally.

Alternate pulses of different lengths, polarity, 
or heights possible.

TYPE N—
0.6 nsec risetime (approximately 600 me).

20 mv/cm sensitivity. (2 mv or less 
amplitude noise.)

1, 2, 5, and 10nsec/cm equivalent 
sweep times (20 to 50 psec time noise).

50-ohm input impedance

time delay per 10 sections ranges from 0.25 to 5 
msec, the accuracy of delay is less than ±1.5%, 
and the characteristic impedances is 50 to 1000 
ohms. All units meet Mil specs.

Ad-Yu Electronics Lab., Inc., Dept. ED, 249- 
259 Terhune Ave., Passaic, N.J.
Price & Availability: Price ranges from $77 for a 
20-section line to $277 for a 120-section line. De
livery is about two weeks after order.

Motor Generator 420

Size 8

Type M863-05 size 8 integrating motor genera
tor measures 2.5 in. in length. Thermistor-com
pensated, it provides an output of 0.5 v per 1000 
rpm. Linearity is 0.06% from 0 to 3600 rpm. The 
no-load speed is 5500 rpm. Able to operate over 
the temperature range of —54 to 4-105 C, this 
compact unit is suitable for missile applications.

Kearfott Co., Inc., Dept. ED, 1500 Main Ave., 
Clifton, N.J.

Semiconductor Radiators 621
Have dissipation ratings of 5 to 100 w

50, 100, 200, and 500 samples 
per display.

Sampling rate—50 c to 100 kc.

* 1 20 mv minimum linear range 
(safe overload 4 v).

External trigger ability: 0.5 v, 1 nsec 
duration, 40 nsec in advance «f signal 
The recovery time is 10 psec. Counts 
down above 100 kc to about 50 me.

The Tektronix Pulse-Sampling System has a high 
degree of inherent flexibility... you purchase only 
the parts needed in your application. For instance, 
if the signal source can furnish a trigger of 0.5 r 
to 2 v, the Type 110 trill not be required; if the 
trigger is furnished as a “pre-pulse,” the Type 113 
Delay Cable may not be required.

PRICES
Type N Sampling Plug-In Unit $600
Type 110 Pulse Generator

and Trigger Take-Off.................................... $650
Type 113 Delay line, 60 nsec, 0.1 nsec risetime $200 

(prices f.o.b. factory)

Your Tektronix Field Engineer will be able 
to arrange a demonstration in the very near 
future. Call him for complete specifications.

Tektronix, Inc.
P O Box 831 • Portland 7, Oregon 

Phone CYpress 2-2611 • TWX-PD311 • Cable: TEKTRONIX
TEKTRONIX FIELO OFFICES: Albertson, L. I., N.Y. • Albuquerque • Annandale, Vo. • AHonfo, 
Ga. • Buffalo * Cleveland * Dallas * Dayton • Endwell, N.Y. • Houston • Lathrup Village, Mich. 
Lexington, Moss. * East Los Angeles ■ West Los Angeles * Minneapolis • Mission, Kansas 
Orlando, Fla. • Palo Alto, Calif. • Park Ridge, III. • Philadelphia • San Diego • St. Petersburg, Fla. 
Scottsdale, Arii. • Stamford, Conn. • Syracuse • Towson, Md. • Union, N.J. • Willowdale, Ont.

TEKTRONIX ENGINEERING REPRESENTATIVES: Hawthorne Electrones, Portland, Oregon, 
Seattle, Wash.; Hytronic Measurements, Denver, Colo., Salt Lake City, Utah.

Tektronix is represented in 20 overseas countries by qualified engineering organizations.

CIRCLE 67 ON READER-SERVICE CARD

For use wherever semiconductors require heat 
dissipators, the R-5000 series semiconductor radia
tors have a dissipation rating range from 5 to 100 
w, with forced convection. The series is available 
in copper and aluminum. A surface machined flat 
to within 0.0002 in. is provided for mounting the 
semiconductors: transistors, rectifiers, or Zener 
diodes. Plastic shoulder washers are furnished for 
insulating the heat sink from its mounting.

Wakefield Engineering, Inc., Dept. ED, 11 
Broadway, Wakefield, Mass.
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NOW YOU CAN NEW PRODUCTS

SPECIFY SPERRY
FOR 2N327A

2N328A
2N329A Differential Transducer

Has full range nonlinearity of 1%

2N33OA

Rectilinear T ransducer
Withstands rapid environmental changes

And don't forget these other recently-announced
types for which you can now SPECIFY SPERRY

2N1219
2N1220
2N1221
2N1222
2N1223

SILICON PNP TRANSISTORS 
IN PRODUCTION QUANTITIES

2N1034
2N1035
2N1036
2N1037
2N1275

-X* • ■ / Js 
. »,

Newly added to the world's widest line of general
purpose PNP silicon transistors, these popular types are 
available immediately for your audio, switching and control 
applications

More than an additional production source for these 
devices, you will find Sperry Semiconductor to be the source, 
with new standards of quality and reliability

Tantalum Slug Capacitors
Are 15/32-in. long

Like all other Sperry transistors, these units feature new 
low levels of Ico and are baked at 200fiC for 200 hours for 
utmost stability. For immediate delivery on the 2N327A series, 
contact the nearest Sperry sales office as listed below

Having a full range nonlinearity of 1%, this 
variable differential transducer operates at a fre
quency of 400 cps with repeatability' of 0.01%. 
Type G series includes six models with 1/2-in. 
diameters and lengths of 1-1/2 to 17 in. Input 
voltage is 6.3 v to 24 v, depending on the model. 
The device is used for precision measurement and 
control in missiles, ground support equipment, 
aircraft, automation and laboratory applications.

Pacific ElectroKinetics, Dept. ED, 329 S. Ver
mont Ave., Glendora, Calif.

Developed for missiles engine testing and to 
withstand rapid temperature changes, this type 
KB rectilinear transducer is also adaptable to 
general aircraft, automation and industrial appli
cations. Nonlinearity is 0.5% max or less in the* 
rated range' of 0.25 in. to 4 in. for the five models 
that measure from about 2 to 9-1/2 in. in length. 
Phaseshift is less than 10 deg with a 3 kc carrier.

Type SUB tantalum slug capacitors are 15/32 
in. long and 3/16 in. in diam. These wet electro
lytic capacitors have a range of capacitances from 
1.75 to 30 pf and a work voltage range to 125 v. 
They have close tolerances and are made to stand 
extreme conditions of vibration, shock, and accel
eration.

Ohmite Manufacturing Co., Dept. ED, 3667 
W. Howard St., Skokie, Ill.

3565 W Peterson Ave.. CHICAGO 45. ///, KEystone 9-1776: 2200 East Imperial Highway. EL SEGUNDO Calif.. ORegon 9-6226 
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epoxy

Dept

ulse Delay
For use in sensing memory plains

3667

Capable of driving the otherbases of three

Capable of high torquing rates

In delicately-precise instrumentation, parts must react
bearingto relatively small rotive forces. Here

irrier
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ri the 
iodeis

15/32 
lectro- 
s from 
125 v

• stand 
accel-

he coils are encapsulated with an inert 
i sin which seals the unit.

Crescent Engineering & Research Co., 
1), 5440 N. Peck Kd., El Monte, Calif.

Designed for use as a control gyro in fire con- 
t»ol or autopilot systems in missiles or supersonic 
. rcraft, model M2514-01 rate integrating gyro 
has a maximum torquing rate of 54,000 deg per 
hr. A high viscosity damping fluid permits low 
temperature storage without detrimental effects 
) pig-tails. Short term vertical and azimuth drifts 
re 0.03 and 0.05 deg per hr, respectively.
Kearfott Co., Inc., Dept. ED, Little Falls, N.J. 

’rice & Availability: Available 90 days after or- 
er is received. Price on request. /proved re //ability you con bui/d around
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a fre- 
0.01%. 
L/2-in. 
Input 
nodel. 
at and 
iment, 
itions. 
. Ver-

nd to 
type

•le to

transistors, this Delay B unit’s applications are 
sensing memory plains, changing logical timing 
in a system and other uses where short delays are 
desired. The unit has a —4 v, 0.1 psec pulse for 
both input and output. The delay increments are 
at 0.03 psec each, and the 10 taps provide up to 
0.3 psec delay.

Harvey-Wells Electronics, Research and Devel
opment Div., Dept ED, E. Natick Industrial 
Park, E. Natick, Mass.

present day, modern assembly areas approach 
fantastic levels of cleanliness.
An everyday example of N.D. scontribution to improved 
instrument sensitivity can be found in the Smithsonian 
Institution-selected Micro Clocks. These vitally important 
instruments are accurately fracking both U.S. and 
foreign satellite movements in time determinations of 
1 milli-second . . . and better I
For new performance and reliability in your precision 
instruments, ask your N.D. Mimature/lnsfrument Hearing 
Specialist to sif in on early design level discussions. For 
further information call or write Department L.S., New 
Departure Division, General Motors Corp., Kristol, Conn.

thorj 

MAC« 

TITAN 

•IÍWK

ATLAS 
/ SNARK 

f NIKE B

BOMARC 

NfXE ZEUS 
SORROW I 

‘ SPARROW II 
SPARROW III 

NIKE HERCULES 

SIDEWINDER 

REGULUS II 
VANGUARD
PERSHING 

BULL PUP 

POLARIS 

CORVUS 

FALCON

torque is the highly critical factor. Separator selection, 
bearing finish and clinically clean assembly areas are 
extremely important.

It’s here that New Departure is setting new industry 
standards! Special dies and in-process gauging of 
separators assure ball retention with improved torque 
and vibration characteristics. In addition, new N.D. 
honing processes and Talyrond gauging deliver uniform 
accuracy to millionths of an inch. Moreover, having 
originated the first bearing industry white room , 
followed by continuous experience, New Departure s



NEW PRODUCTS

59»

transistors

I

402Crimping Tool

*Vbe=0.2V

614

t
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IN CANADA: Canadian General Electric Co. Ltd.
EXPORT SALES: Roburn Agencies, Inc., 431 Greenwich St., New York 13, N. Y.
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35-10 36th Avenue, Long Island City 6, N. Y. • EXeter 2-8000

IF Bandpass Filter
Center frequency is 40 kc

Polystyrene Capacitors
Range is 0.001 to 0.68 mf

ELECTRONIC DESIGN • January 20, 1960

pnp alloy junction germanium 
to MIL-T-195OOA

specify with 
assurance 
when you 
specify

• Medium to high speed 
switching

• Medium gain

TYPE VCER 
Rbe=5K

volts

fab 
typ

me

hFE 
typ 

lc~“l ma 
VCE=~ 0.25V

hFE 
typ 

Ib~ “10 ma 
Vce=-0.35V

Rsat (typ) 
Ib““10 ma 

lc=“100 to —200 ma 
ohms

• Tight parameters 2N425 -30 4 30 20 2.2
• Very linear current ampliti- 2N426 -25 6 40 25 2.2

cation factor 2N427 -20 11 55 25 1.3
2N428 -15 17 80 35 l.l

• Medium gain, fast switching 
High reliability at maximum 

ratings
Tight parameters

• Low leakage current at high 
temperatures

•General purpose HF switching
• Low leakage current at high 

temperatures
•Tight parameters
• High reliability at maximum 

ratings

High gain
HF fast switching
Low leakage current at high 

temperatures
High reliability at maximum 

ratings

• Medium to high gain
• HF switching
• Low leakage current at high 

temperatures
• Tight parameters
• Very linear current amplifi

cation factor

88

POLYSTYRENE
DIELECTRIC

Floating base replacement for 2N123

TYPE Vcer 
Rbe=1K

volts

fab 
typ

me

hFE 
typ 

Ic—“ 10 ma 
Vce=-1V

ICBO 
max 

Vcbo = — 20V 
Ma

Iebo 
max 

Vebo=~10V 
Ma

VcEsat 
typ 

lc=_10 ma 
volts @ Ib

2N1284 -20 8 90 -6 -6 —1.5 —.5 ma

TYPE VCEX 
Vbe=0.1V

volts

fab 
typ
me

hfe 
typ

ICBO 
max 

Vcbo=“12V 
Ma

Iebo 
max 

Vebo=~12V 
Ma

Cob 
typ

MMf
2N413 -25 2.5 30 -5 -5 12
2N414 -20 7 60 -5 -5 12
2N414B —24* 7 60 -6 @ -20V -5 12
2N416 -15 10 80 -5 -5 12
2N417 -12 20 140 -5 -5 12

TYPE VCEX 
Vbe=0.25V

volts

fab 
typ
me

hFE 
typ 

lc-~20 ma 
Vce=-1V

ICBO 
max 

Vcbo~— 15V 
Ma

Iebo 
max 

Vebo=~5V 
Ma

Vbe 
max 

lc- 20 ma 
Vce=-1V

2N1344 -15 12 90 -10 -10 —.6V

Floating base replacement for 2N394, 2N395, 2N396, 2N397

TYPE Vcer 
Rbe=1K

volts

fab 
typ

me

hFE 
typ 

lc=~ 10 ma 
Vce=-1V

hFE 
min 

lc=“200 ma 
Vce=-0.35V

VcEsat 
typ 

Ic—“50 ma 
volts @ Ib

2N1353 -16 3.5 70 10 —0.1 —5 ma
2N1354 -20 4.5 70 10 —0.1 —5 ma
2N1355 -25 8 80 15 —0.08 —3.3 ma
2N1357 -20 12 85 20 —0.07 —2.5 ma

• Special selection to customer parameters • 100% test to all parameters • For critical 
military and industrial applications • JEDEC 30 (TO-5 case) packaged for automatic assembly

Type 820-UB polystyrene dielectric capacitors 
are rated at 100, 200, 400, and 600 v and from 
0.001 to 0.68 pf. The temperature coefficient is 
less than 125 ppm per deg C. Having low dielec
tric absorption, a low dissipation factor and a 
high insulation resistance, the units are packaged 
in a case of phenolic molding with an endfill of 
moisture-tight epoxy compound. Applications an1 
in computer and timing circuits as well as in pre
cision test equipment.

Good-All Electric Manufacturing Co., Dept. 
ED, Ogallala, Nebr.

For hand or bench operation

Designed to handle pins and sockets used in 
the firm’s DS series miniatures, this pneumatic 
crimping tool may be used for hand or bench 
operations. Contacts are provided in disposable 
plastic cartridges which snap in or snap out of the 
tool. Two series of four indents are provided by 
the crimping action.

Deutsch Co., Dept. ED, Municipal Airport, 
Banning, Calif.

Designed for video if strip applications, type 
BF-121 bandpass filter has a center frequency of 
40 kc, a 1-db bandwidth of 3.4 kc, and a 50-db 
bandwidth of 22 kc. The input impedance is 51 K 
and the output is to the grid of the next strip 
stage. Special 1900-v de terminals are used. 
Ripple in the passband is held to less than 0.5 db. 
Case dimensions are 1.5 x 2 x 4 in.

Control Electronics Co., Inc., Dept. ED, 10 
Stepar Place, Huntington Station, L.I., N.Y.
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i otentiometer 362
Available in ranges from 50 to 400 K ohms

This 1-13/16 in. ten-turn wirewound potentiom
eter, model 860, is available in ranges from 50 to 
400 K, and up to 1 meg on request. Designed to 
operate over a temperature range of —55 to +105 
C, the potentiometer has a standard linearity 
tolerance of ±0.25% with tolerances of ±0.020 on 
special order. Sleeve bearings at both shaft ends 
are standard. Shaft diameter is 1/4 in.

Spectrol Electronics Corp., Dept. ED, 1710 S. 
Del Mar Ave., San Gabriel, Calif.

Magnetic Splicing Tape 400
Has a Mylar film backing

Combining nonbleed characteristics with good 
holding qualities, this magnetic splicing tape has 
a Mylar film backing 1.5-mil thick. Tensile 
strength is 25 lb per in. width with adhesion at 
35 to 40 oz per in.

Post Designs, Inc., Dept. ED, 7 Chester Drive, 
Great Neck, N.Y.

Power Supplies 613
Have outputs from 0 to 30 v de

Transistorized power supplies series 200 and 
300 are available with outputs from 0 to 30 v. 

ì hey operate on 117 v (95-135), 60 cps, over an 
inbient temperature range of ¿-10 to -|-140 F. 

liegulated for line, load and temperature varia- 
t on, the supplies are short circuit proof with each 
diannel independently fused. Internal impedance 
i 0.02 ohm to 15 v, and 0.04 ohm to 30 v de. They 
re 3-1/2 in. high and are built for rack mounting 
ith 6 units in a standard 19 in. rack.
Computer Engineering Associates, Inc., Dept. 
D, 350 N. Halstead, Pasadena, Calif.
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Complex 

Ceramic Assembly 
Problem?

*.002^^^

METALIZED

.0005 DIAMETER 
CLEARANCE

MICRO INCH

INTERNAL
CLASS 2 
THREAD

METALIZED

ACTUAL SIZE

. \ FINISH

\ EXTERNAL
'CLASS 3 

THREAD

METAL 
HARDWARE 
ATTACHMENT

Centralab solves them daily
The pictured unit shows how centralab can control the 
manufacturing of precision ceramic-to-metal assemblies to 
extremely close tolerances, no matter how complex the shape, 
how intricate the machining. Let centralab design and pro
duction engineering help you take full advantage of the 
superior electrical and physical properties of High Alumina 
and Steatite ceramics.
You can achieve improved performance and eliminate produc
tion assembly problems by utilizing centralab’s know-how in 
the specialized techniques of close tolerance ceramic-to-metal 
fabrication, centralab can handle complex, precision assem
blies involving machining of ceramics or metals to ^.0002', 
metalizing of ceramics, cementing, riveting, soldering, 
plating, and stamping.
For detailed information on how High Alumina and Steatite 
ceramics can solve your electromechanical problems, write 
for free copy of centralab’s new Ceramic Design Handbook 
(Bulletin No. 42-554), or consult Sweet’s Product Design File 
(folio 4a/ce).

fl J ELECTRONICS DIVISION OF GLOBE-UNION INC.■ X 960A E KEEFE AVE * MILWAUKEE 1, WIS 
In Canada: 669 Bayview Ave., Toronto 17, Ont.

VARIABLE RESISTORS • SWITCHES • CERAMIC CAPACITORS • PACKAGED ELECTRONIC CIRCUITS ENGINEERED CERAMICS
CIRCLE 71 ON READER-SERVICE CARD
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Now- Modular 
Control 

Systems

New Airborne 

concept saves design 

time, helps you 

get faster 

delivery

Heart of Airborne's new modular control systems is a contactorless control package 
consisting of a standardized case (3 x 3‘/2 x 5 in.) into which packaged preamplifier 
and power amplifier subsystems are plugged. Amplifiers drive actuators having maxi
mum operating loads up to 500 lb. (linear) or 100 in.-lb. (rotary). Modular design per
mits delivery of relatively complex systems in minimum time.

MO0UIA» ActUATOMTTANSOUCtK MO0UIA» CONTAOl »0X1$

=€1 •-•7»O ]MM> ]

■-•7»» ]

NEW PRODUCTS

Digital Circuit Kit 388
Has vibration and moisture resistant circuits

Type TDC transistor digital circuit kit has en
capsulated, vibration and moisture resistant cir
cuits that have high loading capabilities and low 
power requirements. Included are: gating circuits, 
signal forming circuits, a delay multivibrator, a 
flip-flop, and a lamp driver for indicating pur
poses. Applications of the kit are shift registers, 
binary counters, forward-backward binary count
ers, and half-adders. Easily accessible test points 
and in-line or tube-socket mounting are optional 
with the kit.

Epsco, Inc., Dept. ED, 275 Massachusetts Ave., 
Cambridge, Mass.

Differential Amplifier
Has remote differential input

TENS OF THOUSANDS
ULTRA LONG LIFE

INDICATORS

B6O33
B5O31

B4O32

Over the past 6 years, Airborne has 
designed and produced a number of 
special electromechanical control 
systems for aircraft-missile use. 
While these have differed in their 
functions, many of them have 
nevertheless employed essentially 
similar components. Thus our pol
icy has been to seek increasing 
standardization of parts through 
modular design—to the point where 
we can now offer complete systems 
engineered under this concept.

From transducer through actuator, 
these new Airborne systems are 
assembled entirely from standard
ized, interchangeable components. 
For many applications, you can de-

sign around these packaged systems 
as they stand—and thus reduce en
gineering time, lead time, and costs. 
In other instances, slight modifi
cations of the modular units 
provide the basis for immediately 
available systems.

Get complete information on this 
latest Airborne development by re
questing new Bulletin PS-5A. If you 
feel your requirements are unique 
and cannot be met with standard
ized units—however flexible—we 
still invite your inquiry. As men
tioned, Airborne offers an extensive 
background in custom systems—for 
temperature control, servo control, 
and positioning.

This broadband de amplifier, model 603, has 
1014 ohms input impedance and a remote differ
ential input. Its separate input head may be oper
ated up to 24 ft from the amplifier or plugged 
directly onto the panel. Bandwidth is de to 10 kc 
on the 2.5 mv range, rising to 50 kc on the 1000 
mv range. There are nine ranges from 2.5 to 1000 
mv, with precise gains up to 4000 and a 10 v 
output at 10 ma for full scale meter deflections.

Keithley Instruments, Inc., Dept. ED, 12415 
Euclid Ave., Cleveland 6, Ohio.

Analog-to-Digital Converter

Engineered Equipment for Aircraft and Industry 
AIRBORNE ACCESSORIES CORPORATION 

HILLSIDE 5, NEW JERSEY • Offices in Los Angeles and Dallas 
CIRCLE 72 ON READER-SERVICE CARD

Translates data into cyclic binary form

Model S-G-500-1 servoed analog-to-digital con
verter translates latitude and longitude data into 
cyclic binary form. Each latitude and longitude 
section contains two 2-speed synchro transmit
ters, a 215 analog-to-digital converter, and appro
priate gearing. For applications not requiring 215 
resolution, the least significant tracks can be 
rendered inoperative. Resolution for latitude is 
one part in 16,384 with a total count of 8192. For 
longitude, it is one part in 16,384 with a total 
count of 16,384.

Kearfott Co. Inc., Dept. ED, Little Falls, N.J.

Since 1958, 100 Ultra Long Life Nixie Indi
cators have been statically displaying each 
number ("0” thru “9”) for over 10,000 hours 
without one failure

In applications from milling machines to com
puters to digital voltmeters, tens of thousands 
of Ultra Long Life Nixie Indicators have been 
operating over one year without a single re
placement due to life.

• Lowest Cost —
Check low quantity prices

• No replacement or Servicing Problems
• Lowest Power
• Lightest Weight
• Most Readable for Number Size
• Smallest Volume, Any Number Size
• Maximum Temperature Shock 

and Vibration Specs
• All Electronic
• Longest Life

CLXCTRONIC CONTRIBUTION* «V

Burroughs Corporation

Plainfield, New Jersey

CIRCLE 73 ON READER-SERVICE CARD

ELECTRONIC DESIGN • January 20, 1960



height and 21-7/8 length,

to back base depth
15-3/4

CONVENTIONAL TRANSÌSTOR CIRCUIT

MAX
HN 2

iblems
Qi Sylvonio 1750 or equivolent

orporation
Ion

NIXIE 
8 5031

to com- 
ousands 
/e been 
igle re

height. Standard construction is 
steel; aluminum is available.

Western Devices, Inc., Dept. ED, 
600 W. Florence Ave., Inglewood 
1, Calif.

this console may be set up on a desk, 
cabinet or counter. The front is 
angled 15 deg from vertical; front

Desk Top Console 37i
Front angled 15 deg from vertical
Measuring 13-5/8 or 18-7/8 ir

Wire Markers 376
For bundles 0.125 to over 0.5 in. diam

Made of polyvinyl chloride, type 
S and Z markers come in six stand
ard colors and have a complete al
phabetical and numerical range. 
Type Z markers are used for 0.125 
in. diam bundles. Diameters over 
0.5 in. will use type S. The markers 
comply with MIL-E-5400B and 
MIL-E-4158A.

Electrovert Inc., Dept. ED, 124 
E. 40th St., New York 16, N.Y.

12-1/4 or 
on panel

uto
1960

NIXIE* INDICATORS ARE NOW 
DIRECTLY COMPATIBLE WITH

TRIXIE” READOUT

ig each 
0 hours

>over jyi
For open type relays

For use with class 66 relays, this 
nst cover is held in place around 

। he relay and against the mounting 
trip, panel, or chassis by a rigid 
teel frame secured by screws. The 

( over measures about 1-7/8 x 2-1/8 
v 2-21/32 in.

Magnecraft Electric Co., Dept. 
ED, 3350 W. Grand Ave., Chicago 
51, Ill.

“Trixie" readouts are immrhi tely 
available from stock.
miM«* Technical Bulletin

#TR 56 today.

15 meg - -w A i

15 meg.

The "TRIXIE” (TRansistors plus NIXIE® 
indicators) readout employs a completely 
new technique in the use of low-cost 
medium-voltage NPN type transistors to 
operate at breakdown voltage with 
the current limited by the Nixie 
inGicator. Accordingly, complete "junction 
protection” is provided with negligible 
current drawn by the nine "off’v 
cathudes of the Nixie indicator.

The result is the lowest power, all
electronic visual read sot available.
The "Trixie" readout can be triggered by 
signals as low as 3 volts with currents

MAX

“TRIXIE” READOUTS 
ARE AVAILABLE 

FOR ALL SIZES Of 
NIXIE INOICATOHS.

Foot Switches 371
Spdt and dpdt models

Model HT-52-D foot switch has a 
spdt action with a 20 amp rating at 
125, 250, and 460 v ac. The HT-54- 
D has a dpdt operation with a 10- 
i mp rating at 125 v ac and 5 amp 
it 250 v ac. Both models measure 
- -1/2 x 2-1/2 x 1-1/4 in., have a 
j eel housing and a skidproof 
‘ jonge rubber base pad.

Linemaster Switch Corp., Dept.
D, 432 Woodstock Terrace, Wood- 
ock, Conn.
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NEW PRODUCTS

Type 1257 Type 5948

General Electric Hydrogen Thyratron Silicone Varnish

Available NOW from Stock!
xylene toluene impregnating

diainGENERAL < CIRCLE 75 ON READER-SERVICE CARD

Avg. Power 12.5KW 
Peak Power 12 5MW

Avg Power 33KW 
Peak Power 33MW

Avf. Power 66KW 
Peak Power 33MW

Electrical 
Thermometer

Manson Laboratories, Stamford,Connect ¡cut, 
designed six GL-7390’s into this modulator 
whose power capability is 78 megawatts 
peak and 300 kilowatts average.

through a probe 1/2

now in use in 
pored to the new General

.......... 33 KV 
. . . 4 amperes 
2,000 amperes 
.... 30 x 10’

Ceramic-metal construction provides a ruj

<ress k Our Most Important Product

high-power radar, as com

Below are shown the approximate envelope 
sizes and power outputs of two thyratrons

Has accuracy of ±1 to 1.5 C

Suitable for laboratory or pro
duction line applications, the model 
T-l electrical thermometer has a 
range of —20 to +180 C and is 
accurate to ±1 to 1.5 C. It operates

CHARACTERISTICS
Peak Anode Voltage..........................
Average Anode Current.................  
Peak Anode Current.......................... 
Anode Dissipation Factor.................

solutions. It meets AIEE require
ments for use in 220 C systems.

Dow Coming Corp., Dept. ED, 
Midland, Mich.

Ihe new General Electric GL-7390 hydrogen thyratron, 
which has the highest known power handling capability of 
any hydrogen thyratron now available, can be shipped 
immediately from stock. Designed for high-power radar 
pulse modulators, the GL-7390 features metal-ceramic 
construction for great mechanical ruggedness, smaller 
size for important space savings, and ability to switch 
extremely high average and peak power.

The external anode and grid construction allows direct 
convection cooling of the anode and grid. Reduced anode 
and grid temperatures during operation minimize the 
possibility of arc-back and/or grid emission.

Cures in six hours at 150 C

This class H silicone dipping and 
impregnating varnish cures in six 
hours at 150 C. Supplied as 59% 
solids in diacetone alcohol, type 980 
varnish has a higher flash point than

which enables the GL-7390 to withstand shock and vibra
tion conditions beyond the limits of glass designs. The 
anode and grid are in the form of solid metal cups solidly 
brazed to the ceramic body. This is a far stronger design 
than conventional glass seals and lead supports.

The metal-ceramic construction allows close, accurate, 
and rigidly fixed spacings of the anode and grid. The re
sult is very reliable high-voltage operation. Application 
assistance available from your regional General Electric 
power tube office. Power Tube Department, General 
Electric Company, Schenectady 5, New York.

Electric tube.
New G-E 

Development 
(GL-7390)

Dielectric 37]
Coolant Pump

Weighs 21 oz

Designed for liquid cooling < f 
electronic instrumentation and ab e 
to pump any dielectric fluid, th s 
pump weighs 21 oz and has a 2 m. 
diam. Other applications induce 
use as fuel transfer or booster fu< 1 
pump. It has carbon bearings and 
can run dry.

Task Corp., Dept. ED. 1009 E. 
Vermont Ave., Anaheim, Calif.

ELECTRIC
9545-8481-23

Panel Console 374
Has a 22-1/2 deg inclined panel

This 22-1/2 deg inclined panel 
console has ball cornered, aluminum 
casting joints. Sides, top and bottom, 
are made of 1/8-in. aluminum alloy, 
and structural members are of 
aluminum extrusions. Top, front and 
panel are (hilled and tapped to ac
cept standard rack panels. A rein
forced rear door will support heavy 
components. The console is avail
able in four sizes.

Bud Radio, Inc., Dept. ED, 2118 
E. 55th St., (’leveland 3, Ohio.

x20
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VERSATILITY
; id 7 in. long that is connected to 
t ic instrument body by a 5 con- 
< ictor cable approximately 30 in. 
1 ng. Applications include measure- 
r ent of electronic components sur- 
f ¡ce temperatures.

Ameresco Inc., Dept. ED, 7 Cen- 
t r Ave., Little Falls, N.J.
I rice & Availability: Units avail
able from stock. Contact firm for 
price.

Fhp Motors
Are 2.2 in. wide and 2.66 in. high

Designated type KSB33-frame, 
these motors are rated from 1 to 20 
mhp. They are single-phase, 115 v, 
60 cps, 3000 rpm units and can be 
open or enclosed. The motors meas
ure 2.2 in. in width and 2.66 in. in 
height. They may be used in elec-
tronic equipment fans, and 
small fhp motor applications. 

General Electric, Dept.
Schenectady 5, N.Y.

Silicone Rubber

other

ED,

Insulate cable and wire

Silicone rubber compounds K- 
1347 and K-1357 are low-shrink in
sulators for use with cable and wire. 
Both compounds are white, and can 
be color coded to desired shades. 
Type K-1347 is available in sheet 
form in 25 and 50 pound cartons. 
Type K-1357 comes in coiled strips 
for direct feed to the extruder.

Union Carbide Corp., Silicones 
Div., Dept. ED, 30 E. 42nd St., New 
York 17, N.Y.

Silicon Diodes
Maximum power rating is 300 mw

These diodes, designated MA- 
450A through MA-450E, feature re- 
vcrsible polarity by means of a base 
adaptor supplied with each diode. 
C irtridge shunt capacitance at 100 
k is about 0.4 ppf. Series lead in- 
d ictance is less than 10-® h. Power 
d ssipation rating ranges between 
3 -0 mw for lowest cut-off types to 
1 '0 mw for highest cut-off types.

Microwave Assoc., Dept. ED, 
W. Industrial Park, Burlington,

N

Ampei ex 
4 400A

Whether intended for original equipment or as improved plug-in replace
ments, the 6 Amperex tetrodes shown offer the user optimum perform
ance and maximum reliability, PLUS an unrivalled latitude of selection. 
Available either in a powdered glass base version or equipped with a 
standard metal base, these tubes feature massive zirconium treated 
graphite anodes to handle large temporary overloads. Ruggedized sin
tered glass bases provide lower lead inductance, excellent heal dissipa
tion characteristics and dimensional compactness, while standard metal 
base types insure a complete range of replacement types to choose from.

6156 4-250A 250

Powdered Glass 
Base Types

Metal Base 
Types

Max. Diss. 
Watts

6155 4-125A 125
ask Amperex 
for the name of your nearest 
franchised Amperex dealer.

7527 4-400A 400

•230 DUFFY AVENUE, HICKSVILLE, LONG ISLAND, NEW YORK« 
• In Canada: •
2 Rogers Electronic Tubes and Components, 116 Venderhoof Avenue, Toronto 17, Canada *

ANOTHER 
Amperex 

EXTRA
IN SIX

TETRODE
DESIGNS

ass.
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NEW PRODUCTS
Power

Ask for Bulletin 6.304

E601A

EE82

CIRCLE 77 ON READER-SERVICE CARD

This rack-mounted wide range ohmmeter is es
pecially suited to the measurement of semicon
ductors because of the low test potential applied 
to the specimen being tested. At one ohm, the 
power dissipated is 0.036 mw, and at 500 K it is 
0.0004 pw. The self-heating phenomenon that is 
usual with thermistors is eliminated. The instru
ment has a range of 50 milliohms to 5000 meg, 
with center scale ranges of 0.5, 5, 50, and 500 
ohms; 5, 50, and 500 K; and 5, 50, and 500 meg. 
Accuracy is about ±3% of scale length. The volt
age applied to the sample is 30 mv at infinity, 
15 mv at center scale, and 7.5 mv at quarter scale. 
The instrument can also be used for determining 
the resistance in moving coils of electrical indi
cating devices and for detecting low resistance 
copper paths, insulation leakage, and similar ap
plications.

Mid-Eastern Electronics, Inc., Dept. ED, 32 
Commerce St., Springfield. N.J.

FULL DETAILS 
OF ALL TYPES FROM

This 10-w amplifier withstands operating tem
peratures up to 200 F, an acceleration of 10 g, 
and a shock of 120 g. Designed for use in tele
metry applications, it operates at all altitudes and 
exceeds MIL specifications for salt spray and dust. 
The amplifier uses low filament power, and has 
a push-pull grounded grid configuration. Its di
mensions are 2 x 1-9/16 x 3 in. Weight is 9 oz.

United ElectroDynamics, Dept. ED, 200 Al
lendale Road, Pasadena, Calif.
Price ó- Availability: Delivery is 30 to 45 days; 
price is $475 when ordered in quantities of 1 to 9.

CIRCLE 78 ON READER-SERVIE CARD
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35 OLD COUNTRY ROAD ■ WESTBURY • N.Y 
TEL: EDGEWOOD 4-5600

Whether you need one unit or 
thousands, the Fansteel Type 
6A, IN Series, is the 22 amp. 
silicon power rectifier that’s al
ways ready for immediate ship
ment from stock. No waiting.

And the reliability of Fansteel 
6A silicon rectifiers is proved by 
the most complete and rigid 
testing methods ever devised. 
Painstaking thoroughness and 
care . . . 100% testing . . . and 
production in “white room” en
vironment assures unquestioned 
reliability, and performance.

Full 22 amp. load in half
wave circuits ... up to 66 
amps in bridges .. . peak 
reverse voltages from 50 
to 400 volts . . . ambients 
up to 165’G... storage 
from —65® to +200®C.

Amplifier
For telemetry applications

MULTIPLIER
PHOTOTUBES

For scintillation counters, spectro
photometry. flying1 spot scanning.
The range of phototubes made by 
E.M.I. is one of the largest in the 
world. It includes end-window types 
of 1' to 15' diameter, with S10. SU, 
S13 and S20 cathodes, with 10 to 14 
dynodes of Venetian blind type or of 
box and gr d or focused construction. 
Tubes for Cu and H’ Scintillation 
counting, also very low dark-current 
types, are an E.M.I. speciality.
Tubes can also be produced to 
special order.

Wide Range Ohmmeter
For semiconductor testing

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

FANSTEEL...
They’ve GOT IT!
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Model 460 B 
Bakelite 
4’/j Inch

This transistorized

EE82
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1960

Sold to Electronic Part» Dittributor» 
excluiively through

a measure of 
perfection...
IDEAL 

PRECISION 
Panel Meters 
the complete line 

for every application

WALDOM ELECTRONICS, INC. 
M25 W. 53rd Street, Chicago 32, III.
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Synchro Repeaters
Are mechanically damped

LQ5-32-25, has a voltage range of 5 to 32 v de, 
and a current capacity of 0 to 25 amp. Line or 
load voltage regulation is within 50 mv, and ripple 
voltage is less than 2 mv. The output impedance 
of the power supply is less than 0.005 ohm. Di
mensions for rack mounting are 12-1/4 x 19 x 
14-3/4 in.

Universal Electronics Co., Dept. ED, 1720 
22nd St., Santa Monica, Calif.

Power Supply
Current capacity is 0 to 25 amp

power supply,

Units R925-1 and R925-21 are mechanically 
damped synchro repeaters that provide a line to 
line output voltage of 11.8 v. Designed to resist 
corrosion, the housing, shaft and ball bearings are 
stainless steel, and laminations are corrosion re
sistant nickel steel. The stainless steel housing also 
provides mechanical stability, positive grounding, 
and shielding. A variety of shaft configurations 
are available to suit desired applications.

Kearfott Co. Inc., Dept. ED, Little Falls, N.J.

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.

• Accurate to within 2% of full scale
• All sizes and types available
• Scales to customers specifications 

or comp/efe information, write to

Rotary Switch 399
Used in counters

Model J low force rotary switch is suitable for 
installations requiring sensitive snap action opera
tion such as in counters or coin-operated devices. 
It is rated at 5 amp, 120 to 240 v ac. The brass 
actuating shaft is drilled and slotted to accept the 
actuator wire.

Robertshaw-Fulton Controls Co., Dept. ED, 
Box 449, Columbus 16, Ohio.

— still the biggest value... still the workhorse... still the most 
widely used of all tantalum electrolytic capacitors ... the 
Fansteel “PP” Type capacitor. Here’s why—

unquestionable reliability proved in millions of applica
tions since their introduction in 1949 ... exceptional shock and 
vibration resistance because of special anode base support... 
meets MIL-C-3965B for grade 3 capacitor ... outstanding low 
temperature characteristics . . . operating range —55° 
to + 85°C at full rated voltage... high ratings in minimum 
case sizes with oustanding frequency stability and negligible 
electrical leakage.

Get complete specifications, application data and typical per
formance curves in Bulletin 6.100.

the bilges

IDEAL PRECISION METER CO

wfliDom

Model 460 P 
Clear Plastic

Model 350 P 
Clear Plastic 
3 ’/j Inch

Model 275 PR 
Clear Plastic
2 3/4 Inch

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

RT-10R

1001

up to 0.0001% accuracy and linearity

high input impedance

low effective series impedance

very low phase shift

RRT-1ST-100

Output is a function of frequency only

CRT-3

Gertsch
GERTSCH PRODUCTS, INC

13758
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Gertsch produces many types designed 
for bridging, isolation, and calibration 
applications. Many models are available, 
varying in turns ratio, input impedance, 
and other specifications.

You can set the ratios on these RatioTrans® by 
almost any method, from simple, manual in-line 
decade, to coaxial rotary set, proportional shaft 
position, or remote binary selection. MIL Spec, 
types available.

All types are built to typical Gertsch 
quality standards...many units avail
able from stock. Requests for spe
cials will be given prompt attention. 
For complete data, request Cat. #6.

3211 S. La denega Blvd., Los Angeles 16, Calif. • UPton 0-2761 • VErmont 9-2201

See Gertsch for 
any problem in 
precision AC or DC 
Voltage dividers

SHAFT-DRIVEN RATIOTRANS
precision shaft-angle to AC voltage ratio 
transducers, with the ratio reading visi
ble through a window in the case. Units 
are driven by MT shafts, and supplied 
in either 100-turn or 1000-turn models.

SPECIAL-PURPOSE 
TRANSFORMERS

CARD > 

I960

PROGRAMMABLE RATIOTRANS
-for automatic checkout equipment and 
other programmed devices. Gertsch units 
accept decimal, binary-coded decimal, or 
straight binary data arriving from punched 
tape or card readers. Units can be designed 
to customers applications.

RATIO STANDARDS
Combining precision RatioTrans with precise 
resistive dividers, these units offer the ulti
mate in accuracy (up to .0001%), for cali
bration and instrument standard labs. Avail
able in 6 combinations of AC & DC sections.

Measuring less than 3 cu in., and weighing 
2-1/2 oz, model VC-11 RC phase-shift transis 
torized oscillator supplies an output of 3 v rms 
min into a 10-K load with 5 ma current drain at 
20 v supply voltage. The unit operates over a 
temperature range of 32 to 160 F, and withstands 
shock and acceleration of 200 g. It is supplied 
for MIL-STD-442 bands 7 through 18.

United ElectroDynamics, Dept. ED, 200 Allen
dale Road, Pasadena, Calif.
Price & Availability: 90-day delivery. Price of 
unit with channels 7 to 17 is $240; with channel 
18 it is $350.

COAXIAL SWITCH RATIOTRANS
These small, lightweight instruments, ac
curate to 0.001%, are available in 2 types
one a 2^diameter unit qualified to MIL 
Specs...the other a 3%*• diameter unit, 
economically priced.
CRT models are available with up to 6-place 
resolution, and in a variety of decade ar
rangements. Gertsch also manufactures a 
complete line of coaxial-switched resistive 
dividers.

STANDARD RATIO TRANSFORMERS
Sixteen models of these variable, tapped 
auto-transformers are stocked, differing in 
mechanical construction, type of switching, 
number of decades, degree of resolution, 
max. input voltage, etc. Models available, 
either case-or rack-mounted.

complete Gertsch line includes 

over 500 models featuring:

Model PI-100 transistorized pulse rate integra
tor indicates the frequency or pulse rate from 
transducers such as flowmeters, tachometers, and 
similar frequency signal sources. The output is a 
function of frequency alone and does not vary 
with the amplitude of the input signal. Input sen
sitivity is 0.005 to 30 v rms with an input im
pedance of 20,000 ohms. The unit is small and 
combined with an integrally mounted 2.5-in. in
dicator. It operates with a high accuracy. Addi
tional outputs can be furnished for remote meter 
indications, counters, and a 0 to 50-mv output
with 0.25% accuracy.

Anadex Instruments, Inc., Dept. ED, 
Victory Blvd., Van Nuys, Calif.

CIRCLE 347 ON READER-SERVICE
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Rated at 600 mw

Fused silicon diodes 1N645 
tl ough 1N649 have a power dissi- 
p; tion rating at 25 C of 600 mw. 
P< ak inverse voltage, at —65 to 
-4 150 C, varies from 225 v for type 
1X645 up to 600 v for type 1N649. 
The remaining types are rated at 
100 v intervals. The units are de
signed for use in missile telemeter
ing links, airborne radar, and com
munications gear.

Hughes Aircraft Co., Dept. ED, 
Newport Beach, Calif.

For recording and controlling 
instruments

1 Allen-

rice of 
channel

This ball-point pen is designed for 
use with the Dynainaster electronic 
recording and controlling instru
ments. It can be used at chart speeds 
from 3/4 in. per hr to 240 in. per 
min, with instrument balancing 
speeds from 0.4 to 24 sec. The ink 
used can be reproduced on all 
standard office copying machines.

The Bristol Co., Dept. ED, Wa- 
terbury 20, Conn.

ategra- 
ï from 
rs, and 
ut is a 
•t vary 
ut sen- 
ut im- 
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•in. in-
Addi- 
meter 

output

Galvanometer

13758
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Has 15 cm scale

The Scalamp portable galvanom
eter comes with a projection system 
and has a 15-cm scale. An automatic j 
s iort circuit foot locks the coil when 
the instrument is lifted. Floating, 
s iock-resistant mountings eliminate 
t le need for critical leveling. The 
i nit is enclosed in a dustproof case.

The Ealing Corp., Dept. ED, 33 
niversity Road, Cambridge 38, 
lass.
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INTERNATIONAL RECTIFIER CORPORATION

High Voltage Cartridge Rectifiers Eliminate Warm-Up Time and 
Filament Losses Common to Tube Rectification • • • Save Space!

Cigar-Size High Current 
Silicon Cartridge Rectifiers 
Handle up to 20,000 volts!

If your application calls for high- 
voltage rectification in high tempera
tures or cramped quarters . . . these 
are the rectifiers to specify! You’ll get 
all the basic advantages of tubeless 
rectification plus higher current rat
ings, wider operating temperature 
range (—55°G to 4-150°C) and a 
smaller unit than other rectifier types 
can offer. In some cases the reduction 
in space requirement can be as much 
as 95% over conventional types!

These hermetically sealed, ceramic 
housed units withstand the severe 
vibration and shock encountered in air
craft and missile flight with full relia
bility. For specialized industrial 
equipment such as magnetrons, elec
trostatic precipitators, de overpotential 
test units, electric welders, etc., they 
offer characteristics you will want to 
know about for your future projects.

This rectifier configuration was de
veloped and introduced to industry by 
International Rectifier. The recent ad
dition of high current types makes this 
the widest selection available. The cur
rent range is from 45 to 440ma. PIV 
voltages range from 1500 to 16,000 
volts in standard types. With modifi
cation, the PIV can be increased to 
20,000. On special order, 72,000 PIV 
units can be supplied. For complete 
technical data on these units . . .

CIRCLE READER SERVICE CARD NO. 811

CXCCUTIVC OFFICES: EU SEGUNDO, CALIFORNIA • PHONE OREGON *-MSI • CABLE RECTUBA

NEW YORK CtTYi 15*0 LEMOINE, FONT LEE, N. J., WINDSOR 7-3311 • SYRACUSE, NEW YORK: t3M JAMES STREET, HEMRSTEAD 7-848» • CHICAGO, ILLINOIS: 205 W. WACKER DRIVE, FRANKLiN 2 3M» 

CAMBRIDGE, MASS., 17 DUNSTER ST., UNIVERSITY 4-5520 • ARDMORE, FENNSYLVANIA. SUBURBAN SQUARE BLOG., MIDWAY »-I428 • BERKLEY, MICHIGAN: 1799 COOLIDGE HIGHWAY, UNCOLN 8-1144 

CANADA! IMI BANK ST., OTTAWA, ONTARIO, REGENT 3-MSO

WORLD’S LARGEST SUPPLIER OF INDUSTRIAL METALLIC RECTIFIERS • SELENIUM • GERMANIUM • SILICON

TYPICAl CONFIGURATIONS AVAILABLE IN OVER 500 STANDARD TYPES

Semiconductor “cartridge type” recti
fiers can bring simplicity and compact
ness to your high voltage power supply 
design. Freedom from warm-up time 
filament circuit complications, reduced 
heat radiation, increased physical rug
gedness and a reduction in space 
requirements are advantages these 
components offer you over vacuum rec
tifier tube types you might be using.

Single selenium cartridge rectifiers 
may be employed in conventional and 
special voltage doubler, tripler and 
quadrupler circuits, as well as in simple 
half-wave and full-wave circuits. Poly
phase operation is also possible. In 
addition to half-wave units, standard 
cartridges are available in full-wave, 

Compact High Voltage “Packaged” Rectifiers Now 
Provide Ratings to 100,000 volts... Up to 1 Amp!

Specially “packaged” rectifiers com-
- * >umB rriM'loi » itbi i silo on »«r st lenium

un,f ’ mu ti db sealed housings 
prosid ■ Op to ion,000 Lohn ,1» Mirrt ut 
, 1 »”ilh oopiTi to I atnpere
I In \ .in opi rable in temperatures to 

150 < Individual units are available 
m half-wave, doubler or any of the

. i in nits

If rectifiers in this voltage range 
fit into your project plans, write to Bk BF our Electronics Products Department

—BL, r where ratings, configurations and pack-
age designs can he tailored to your 
most exacting requirements.

center tap, voltage doubler, and single
phase bridge types.

Over 500 standard selenium cart
ridge types are now in full production 
at International Rectifier Corporation, 
the firm that pioneered this configu
ration. With a voltage range of from 
20 to 20,000 volts PIV and current 
ratings from 0.2 to 195ma, there is sure 
to be a type to meet your most exacting 
need. Operating temperature range for 
standard types is —65°C to +100*C 
with specially processed cells available 
to extend the upper limit to +125*C 
if needed. For complete technical data 
on selenium cartridges ...
CIRCLE READER SERVICE CARD NO. 812
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Stepping Motor

Beattie Oscillotron

Magnetic
Interval Timers

precision ball bearings Exclusive

Write today for full details

CIRCLE 83 ON READER-SERVICE CARD

ELECTRONIC

■ Bryant tapered drum head-setting 
■ method, guaranteeing exact head-to
I drum spacing. 5. Standard heads provid- 
F mg .200" minimum register arc length.

6. Compatible with MIL-E-4158A and i 

MIL-E-16400-B specifications. Bryant J 
Computer Products Division, P.O. Box 

620M, Springfield, Vermont, U.S.A.

Oscilloscope
Recording Camera

TRACKS 
85 to 280 
85 to 280 
85 to 420

BIT CAPACITY 
174,080 to 569,344 
261,220 to 860,160 
348,160 to 1,720,320

Bryant’s three new series of 5", 7.5" a nd 
10" diameter standard drums offer im
pressive savings plus prompt delivery. 

These series, covering the majority of 
computer requirements, are:

R.P.M.
3,600 to 24,000
1.800 to 12,000
1,800 to 6,000

All Bryant standard magnetic drums are 
made to the same precision standards as 
are Bryant custom-designed drums. A 
few of their many features: 1. Drums are 
precision ground and dynamically bal
anced. Guaranteed less than .0001" 
dynamic runout. 2. Powered by exclu
sive Bryant-designed-and-manufactured 
integral drive induction motors. 3. Super-

Designed to have excellent regulation charac
teristics and low thermal drift, model PS4023 
power supply has an output of 100 to 200 v de 
at up to 400 ma load current. The output voltage 
is selectable by a six-step range switch; a vernier 
potentiometer provides tor the exact adjustment. 1000 N Olive St., Anaheim, California 

Branch: 437 Fifth Ave., New York, N.Y.
CIRCLE 84 ON READER-SERVICE CARD
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This stepping motor has a special clutch mech
anism which permits the translation of pulses to 
incremental shaft positions with 99.9999% accu
racy. The unit is available in uni-directional and 
bi-directional models having angular increments 
of 36 deg per pulse, up to 15 steps per sec, and a 
load capacity up to 2 Ib-in. starting torque. Weight 
of the units is from 4 to 13 oz. They are used to 
rotate potentiometers, counters, rotary switches, 
tape advances, and control mechanisms.

G. H. Leland, Inc., Dept. ED, 123 Webster St., 
Dayton 2, Ohio.

DIRECT 
VIEW

Power Supply
Output is 100 to 200 v de

Push button, motor driven device

Series AT-36 push-button actuated, motor- 
driven interval timer has a housing of molded 
phenolic. All terminal and blade configurations are 
of heavy gage spring steel without welded or 
staked joints. The sw itch is rated at 28 amp or 1 
hp at 250 v ac. The timer is available for 120 or 
240 v’ operation at 50 or 60 cps with intervals 
of 30 sec and 1, 5, 10. 30, 60, or 120 min.

Haydon Div. of General Time Corp., Dept. ED, 
245 E. Elm St., Torrington, Conn.

Now, get a direct view with both eyes of 
the cathode ray tube while you're re
cording. No mirrors — full, clear vision. 
The new Beattie Direct-View Oscillotron 
is the most versatile instrument of its 
kind — actually three cameras in one — 
and the only system to offer all these 
important features:

• Direct binocular view of CRT.

• Non-reversed image.

• Camera swings back for easy access 
to lens and shutter, or lifts off com
pletely. Can be rotated.

• Available with large Polaroid* Land 
back or electrically-pulsed 35mm or 
70mm camera for automatic, remote 
operation. Adapters for film pack or 
sheet film available.

• Continuous motion magazines avail
able for 35mm and 70mm models.

• Electric shutter actuator optional with 
Polaroid® Land model.

• Attaches easily to bezel of 5" CRT. 
Adaptable to other sizes. No special 
tools.

“Polaroid"® by Polaroid Corp.

Main,



RF POWER STANDARDS
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length and 1 diam. It uses three MS
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Metallized Film
Is 0.000375 in. thick
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Made of stainless steel and phenolic with an 
acrylic lens which provides side vision up to 180 
deg, this tricolor pilot light measures 2-9/16 in.

Model 17/3 
Black Bakelite

MILLIAMPERE 
a C

y access 
off com-

ELECTRICAL 
INSTRUMENTS

designed 
most ex
specifica-

„conmuuous
UlMBIinY--

com
ond

Electrical Instruments—compatible 
ponents for production, research, 
test requirements.

custom 
to the 
acting 
fions.

" CRT. 
special

d* Land 
5mm or 
remote 

pack or

Measures 2-9/16 in. long, 1 in. in diam

'Send *or latest fully illustrated brochure 
with descriptions, engineering data, 
and moderate prices.
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Model 1035
*■-• Transparent Polystyrene 

Quality meters on the panel indicate 
quality throughout—and HOYT Panel 
Meters are quality in appearance and 
function ... the complete Line of match
ing AC and DC Meters for original 
equipment and replacement applica
tions. Get accuracy, readability, and 
reliability; plus economy. Specify HOYT

Type CM cast Teflon film comes in a full range 
of thicknesses from 0.000375 in. to 0.004 in. True 
margins eliminate flash-overs which result from 
jagged margins or left-over deposits. The film 
can be metallized on one or both surfaces. Areas 
of application include transformers, reflectors, an
tenna circuitry, and high temperature electrostatic 
shielding.

Dilectrix Corp., Dept. ED, Allen Blvd. & Grand 
Ave., Farmingdale, N.Y.ornia 

N.Y.
CARD

1960

The input is 105 to 125 v at 57 to 63 cps or 380 
to 420 cps. Regulation provides less than 0.03% 
change in the set output for any combination of 
input voltage or load current conditions. Thermal 
drift is held to less than 0.006% per deg C change 
in output voltage. Ripple and noise are less than 
2.5 mv rms. Recovery’ time with the vernier set 
at the low end of the range is 20 msec; with the 
vernier at the high end, recovery time is 150

NSTAU/fo
PANEL Ml

25237, 327, or 328 lamps, 28 or 6 v. Each lamp 
may be wired individually. The light is com
pletely enclosed and may be mounted on 1-1/8 
in. centers.

Ronan Panel Co., Dept. ED. 8156 Orion Ave., 
Van Nuys, Calif.

h eyes of 
ou're re
ir vision, 
»cillotron 
nt of its 
in one — 
all these

msec.
Power Sources, Inc., Dept. ED, Burlingtoi 

Mass.

BURTON-ROGERS COMPANY
Sales Division—Dept. ED 

42 Carelton St, Cambridge 42, Mass. 
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185 N. MAIN STREET, BRISTOL, CONN. 
SUBSIDIARY OF

Cmm equipment is used to establish a refer
ence standard of RF power to an accuracy of better than 1 % 
of absolute.
THE 64IN CALORIMETRIC WATTMETER establishes RF power 
reference of an accuracy of 1% of value read, and is used to 
calibrate other wattmeters. Five power scales, 0-3, 3-10, 10-30, 
30-100, and 100-300 watts, are incorporated in the wattmeters 
for use in the 0-3000 mcs range.
71 IN and 712N FEED-THROUGH WATTMETERS, after comparison 
with the 64IN, can be used continuously as secondary stand
ards and over the same frequency range as covered by the 
primary standard. The MODEL 711N is a multirange instru
ment covering power levels from 0 to 300 watts in three ranges, 
0-30, 30-75, and 75-300 watts. MODEL 712N covers power 
levels of 0 to 10 watts in three switch positions, 0-2.5, 2.5-5, 
and 5-10 watts full scale.
636N and 603N RF LOAD RESISTORS absorb incident power 
during measurements. MODEL 636N is rated at 600 watts, 
and MODEL 603N is rated at 20 watts. Both models perform 
satisfactorily over the entire frequency range to 3000 mcs. 
These loads, in conjunction with the MODELS 71 IN and 
712N Feed-through Wattmeters, form excellent absorption type 
Wattmeters.
152N COAXIAL TUNER is used to decrease to 1.000 the residual 
VSWR in a load. The tuner is rated at 100 watts, and its 
frequency range is 500-4000 mcs.
For more information on Tunor«, Directional Coupler«, R. F. Load«, etc., write

is avail- 
odels.

nal with

Model 647 
Black Bakelite

Moving coil, rectifier, and repulsion 
types available from stock in a wide 
assortment of sizes, ranges, cases, 
shapes, and colors; many with parallax- 
free mirror scales 
- all with stand- 
a d mounting di
mansions. Or, 40 fic



Available in seven sizes

4 mySECS Connectors
For rf coaxial cable

GUARANTEED
MAXIMUM
RECOVERY

Dept. ED,
9 N. Wakefield Ave., Wakefield, Mass

Electrometer

CIRCLE 87 ON READER-SERVICE CARO

100

Sylvania D-1820 germanium 
High-Speed Switching Diode

,1.3Vt 
50 mA 
.20 V
80 mW

Fwd. Volt 
Fwd. Curr. 
Back Volt 
Pwr. Di»

Absolute 
Maximum Ratings’

Typical 
Operating Conditions*

Full scale sensitivity is 10 12 amp

ELECTRICAL CHARACTERISTICS 
SYLVANIA D-1820

Fwd. Volt............... 0.9 V
Fwd. Curr..............2.0 pA
Rev. Recovery ..Í....2J m^s

For all standard sizes and types of coaxial 
cable, the Kellems spiral-wire cable grip gets 
tighter the more the cable is pulled. The woven 
wire retains complete flexibility of the cable to 
prevent excessive stress at the point where 
clamping stops. Pull is uniformly distributed. 
These light weight connectors are designed not
to change the vswr.

Cremar Manufacturing Co

Now available 
in commercial 
quantities!

Available in square flange or bulkhead mount
ing receptacles, these miniature connectors with 
insertable or removable contacts come in 3, 7, 
12, 19, 27, 37, and 61 shell sizes. Current rating 
is 7.5 amp for each contact. The connectors can 
be used at altitudes up to 110,000 ft and at tem
peratures from —67 to -|-300 F.

Deutsch Co., Dept. ED, Municipal Airport, 
Banning, Calif.

SYLVAN IA
SMt^r of GENERAL TELEPHONE i ELECTRON ICS Accurate to 2% full scale from 10-3 to 10"7 

model E-105 electrometer has a full scale sensi

NEW PRODUCTS
Miniature Connectors

SYLVANIA D-1820 is the forerunner of an out
standing family of diodes, designed, produced 
and controlled specifically for logic circuitry, 
The cost of this new SYLVANIA diode is low 
enough to make it especially attractive for use 
in quantity-produced electronic computers. 
SYLVANIA D-1820, and the circuits designed 
around this diode, feature:

high-speed operation — with recommended cir
cuits, all units are guaranteed to provide a maxi
mum recovery time of 4 millimicroseconds. How
ever, recovery times of 2 5 millimicroseconds arc 
typical.

long-life performance — proved in 1000-hours 
operating and 7000-hours storage life tests.

high reliability — basic point-contact structure 
has been field-proved for more than a decade. 
Withstands environmental conditions of shock 
and vibration.

exceptional uniformity of electrical character
istics—assures complete interchangeability within 
the type—result of modern automated-production 
techniques employed in the manufacture of 
SYLVANIA D-1820.

economy — SYLVANIA pioneered the held of 
germanium point-contact diode manufacture, has 
"know-how” of superior-quality, large-quantity 
economical production. SYLVANIA is able to 
pass these savings on to you

simplicity—diode-logic circuitry is relatively un
complicated, requires few components. It reduces 
computer construction costs. It adds to equipment 
reliability.

compactness—SYLVANIA D-1820 "package" is 
miniature all-glass.,

availability—units can be supplied immediately 
through your local Sylvania Semiconductor Dis
tributor or through your local Sylvania Field 
Office

Complete sales information on quantity prices, 
delivery and sampling for your own evaluation 
is ava'lable from your local Sylvania Semicon
ductor Distributor or Field Office. For engineer
ing data sheets on the new Sylvania D-1820 
High-Speed Switching D'ode or on any Sylvania 
Semiconductor Device, write Sylvania Semicon
ductor Division, Dept. 18-1, Woburn, Mass
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TheyCathode Ray Tube
Has 1 mil spot size

vity of 10-12 amp. The unit uses double filament 
'gulation to obtain long term stability. Some of 
s uses are back current measurement in silicon 
ansistors, static discharge levels, and insulator 

; nd conductor leakage levels. Two of these in- 
ruments can be mounted in 3-1/2 in. on a 

standard relay rack.
Gyra Electronics Corp., Dept. ED, Box 184, 

LaGrange, Ill.
Price & Availability: Orders filled in 30 to 45 
days. Price is $350 fob, LaGrange, Hl.

This 5-in. cathode ray tube, type 5CKP, has a 
1 mil spot size, small-particle-size phosphor 
screen, and a precision ground and polished flat 
face-plate. Its molded accelerator lead permits use 
of 20 kv and operation at high altitudes. The tube 
weighs about 2 lb and uses conventional deflec
tion and focus coils.

Allen B. DuMont Labs, Inc., Dept. ED, Clifton, 
N.J.
Price & Availability: Available from stock. Price 
is $400. Quantity discounts available.

Code and Switching Drums
Have imbedded circuitry

I'hese code and switching drums are designed 
lor use in automation, telemetering, and control 
devices in aerial and missile research. The process 
”f imbedding circuitry conforms to and exceeds 
lany Mil specs. The standard telemetering code 
rum has a code pattern capable of 207 charac- 
er combinations. Also furnished are sequential 
ode drums, cycle drums for aerial research, code 
haracter drums and special drums for individual 
equirements.

Beck’s, Inc., Dept. ED, 300 E. Fifth St., St. 
aul 1, Minn.
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We got rid of the bobbin!

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 C9
91-27 138th Place • Jamaica 35, New York • Phone : Hickory 1-1000

FOR IMMEDIATE DELIVERY FROM STOCK, CONTACT YOUR NEAREST AUTHORIZED GENERAL TRANSISTOR DISTRIBUTOR OR GENERAL TRANSISTOR DISTRIBUTING CORP., 

91-27 138TH PLACE, JAMAICA 35, NEW YORK. FOR EXPORT: GENERAL TRANSISTOR INTERNATIONAL CORP., 91-27 138TH PLACE, JAMAICA 35, NEW YORK.

PRECISION MAGNETIC RECORDING HEADS AVAILABLE FROM GENERAL TRANSISTOR WESTERN CORP., 6110 VENICE BLVD., LOS ANGELES, CALIF.
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NEW LITERATURE

5CU4 ELECTRICAL CHARACTERISTICS

HANDLES LOAD OUTPUT TO 425ma

CIRCLE 89 ON READER-SERVICE CARD

5.0 volts
3 5 amp

260 volts
40 mfd

30 ohms
385 ma

300 volts

5.0 volts
800 volts
285 volts

425 ma

1.3 amp

6 0 amp

24 volts

Improves regulation 

Cuts transformer costs 

Eliminates one socket

Heater voltage
Heater current
AC plate supply voltage 

each plate (r.m.s.)
Input capacitance
Effective plate supply 

resistance (each plate)
DC output current
DC output voltage at filter input

Ratings*
Heater voltage
Max. peak inverse plate voltage 
Max. AC plate voltage per piate 
Max. DC output current
Max steady-stage peak plate 

current
Max transient peak plate 

current each plate
Tube voltage drop (conducting 

350ma each plate)

'Design maximum values

NEW RAYTHEON 
WORKHORSE" RECTIFIER 

FOR TV AND HI-FI

In applications requiring up to 300 de volts 

One tube does the work of two 
Replaces 5U4GB and 5Y3GT

Solenoid-Lock Mechanism 91
Application of a solenoid locking mechanism 

to the firm’s standard rotary switches is de
scribed in one-page bulletin No. 18. Dimension 
drawings, photographs of a typical installation, 
and data on solenoid ratings are included. Elec
tro Switch Corp., King Ave., Weymouth, Boston 
88, Mass.

Power Connectors 93
This six-page, illustrated brochure gives speci

fications, outline dimensions, and general in
formation on series 1900 miniature power con
nectors with center screwlock. This series has 
closed ring entry design contacts. Types include 
152, 104, 78, and 34 contacts with a choice of 
solderless taper pin, solder cup, and solderless 
wire wrap terminations. Electronic Sales Div., 
Dejur-Amsco Corp., 45-01 Northern Blvd., Long 
Island City 1, N.Y.

FIRST FULL-WAVE CATHODE TYPE RECTIFIER

Raytheon’s new 5CU4 “workhorse” rec
tifier tube will handle a load output of 
up to 425 ma. This first full-wave cath
ode type current rectifier is ideal for TV 
and hi-fi applications requiring up to 
300 de volts. Very low tube drop gives 
improved regulation and lower trans
former costs are possible. Transformer 
secondary voltage may be reduced 
approximately 25 volts per plate as 
compared with conventional rectifiers.

For more information on the 5CU4 
rectifier, call your local Raytheon Dis
tributor or write to the Raytheon Com
pany, Receiving Tube Division, Quincy, 
Massachusetts.

Transistorized Power Inverter 90
Transistorized power inverter model TP 1-3, 

designed for power inversion in any airborne 
environment, is described in this two-page data 
sheet. Specifications, features, and a simplified 
circuit diagram are included. Southwestern Indus
trial Electronics Co., 10201 Westheimer Road, Box 
22187, Houston 27, Tex.

ELECTRONIC DESIGN • January 20, 1960

Choppers 92
Bulletin C-43 describes types 600 and 800 dpdt 

choppers for 400 and 60 cps operation. It illus
trates typical circuit applications, internal con
struction, and terminal connections. The two- 
page bulletin includes dimensional data. Airpax 
Electronics, Inc., Cambridge Div., Cambridge,

Inverters 94
Information on the company’s models 4309, 

4311, and 4312 single and three-phase transistor 
inverters is contained in this 12-page booklet. 
Voltage regulation and frequency control under 
varied environmental conditions are discussed. 
In addition to an introduction into the theory of 
static inverters, diagrams and application notes 
are provided. Specifications include dimensions, 
weight, and efficiency at full load. Varo Manu
facturing Co., Inc., 2201 Walnut St.. Garland, Tex.

Typical Operation
(Full wave rectifier with capacitance input)

RAYTHEON
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Annunciators 103
This 36-page, illustrated catalog provides data 

>n the operation and application of annunciator 
ystems for fields involving automation of auto- 
natic control. Photographs, diagrams, tabular 
lata, and dimensional informations are included. 
The Scam Instrument Corp., 1811 W. Irving Park 
Road, Chicago 13, Ill.

Power Supplies 104
This four-page bulletin, GEA-6926, gives in

formation on the firm’s complete line of de power 
supplies. Tube and semiconductor supplies, rated 
from 10 to 1000 kv, de, and from milliampere 
values to 250 amp, are described. Data on silicon 
rectifier power supplies for electrostatic precipi
tation are included. Photographs are provided. 
General Electric Co., Schenectady 5, N.Y.

Vibration Meter 105
Designed for accurate measurement of veloc

ity, displacement amplitude and acceleration of 
vibration, Model T-1A vibration meter is de
scribed and illustrated in this two-page data 
sheet. Included are the unit’s specifications and 
applications. Southwestern Industrial Electronics 
Co., 10201 Westheimer, Box 22187, Houston, Tex.

Fluxes and Solders 106
Catalog C-l contains a description of fluxes, 

solders and supplies for all soldering applications. 
Technical data and photographs of available 
products are included. Johnson Manufacturing 
Co., Inc., Mt. Vernon, Iowa.

Transducer Equipment 107
Strain gage and transducer input conditioning 

equipment is described and illustrated in this 
six-page, two-color folder. The conditioning equip
ment is designed for front-end use on multi
channel data acquisition systems to convert the 
output of variable resistance transducers from a 
variable resistance to a controlled and calibrated 
millivolt signal. Bulletin BBUC959 also describes 
a line of models with provisions incorporated to 
orm resistance bridges, apply measured voltage 

to each bridge, initially balance each bridge to 
zero and to calibrate and standardize the entire 
channel. The basic features of the fifteen standard 
models are shown on a two-page chart complete 
with specific notes keyed into the text Input 
wiring techniques are explained and diagrammed. 
B & F Instruments, Inc., 3644 N. Lawrence St., 
Philadelphia 40, Pa.

ELECTRONIC DESIGN • January 20, I960

Mor« performance per pound This is the actual size of the Bendix-Pacific Subcarrier Oscillator. 
In addition to a sub-sub-miniature package, the Model TOE-300 Oscillator combines high 
density, extreme accuracy and extended reliability. Wire, write or call for complete specifications.

Bendix-Pacific, Division of Bendix Aviation Corporation, North Hollywood, California

CIRCLE 108 ON READER-SERVICE CARD



NEW LITERATUREENGINEERING

ON BENDIX COMPONENTS

Sensitive Relays

SOLENOID TOGGLE SWITCH

Magnetic Memory Stacks

the severe environ-Developed for

ADDITIONAL CHARACTERISTICS

Eclipse-Pioneer Division

ELECTRONIC104

Corrosion-resistant un 
operating conditions.

accurate — better than 0.5 mils; 
available—already designed, tooled 
and available for your immediate 
prototype needs—the product of 
our extensive field and test experi
ence in building for highly accurate 
tracking of aircraft and missiles.

mental conditions outlined in MIL-E- 
5272A, this small, lightweight unit 
consists of a miniature micro-switch 
actuated by a toggle held in place by a 
solenoid-operated detent. In case of 
circuitry failure, the manually-oper
ated toggle switch is returned to 
normal position automatically. Write 
for details.

General purpose and plate circuit relays are 
described in this two-page data sheet. Models RG 
and PC weigh 1-3/4 oz; models RGP and PCP 
weigh 2-1/2 oz. Coil and contact ratings are given. 
Bulletin No. 99 contains wiring diagrams and out
line drawings. Artisan Electronics Corp., 171 
Ridgedale Ave., Morristown, N.J.

This Bendix Ground Antenna Ped
estal is unique in that it can be 
easily modified to a variety of 
radar antenna applications, some 
of which are shown above. In 
addition, the pedestal is air trans
portable— weighing only 700 lbs.;

These lightweight digital display 
counters, featuring stainless steel 
types, are readily adaptable to fire 
control devices, aircraft and industrial 
instrumentation uses. Counter wheel 
numerals are high. They count in 
increments of 1° from 000° to 359 and 
repeat, with a cycle of operation 
infinitely repeatable and reversible. 
Available with either left-hand or right
hand input shafts. Request details.

Series TS wet electrolytic, tantalum slug capaci
tors are described in bulletin No. 1004, a one-page 
data sheet. Specifications are listed for capaci
tances ranging from 1.75 to 30 pf. Operating tem
perature range of the capacitors is —55 to -|-85 C. 
Ohmite Manufacturing Co., 3601 Howard St., 
Skokie, Ill.

This 32-page book, “Functional Drafting” Sup
plement No. 2, deals with precision drafting 
equipment. Section headings include: The Draft
ing Table, Drafting Machines, Floor Space, Cost 
Reduction Factors, and Using A Drafting Ma
chine. The illustrated book contains statistics on 
drafting efficiency and fatigue as affected by 
various types of equipment. Kuhlmann Straube 
Co., Ltd., Box 358, Oakville, Ont., Canada.

For further information about this unit—and others in the Eclipse
Pioneer “family” of radar antenna devices—write:

AZIMUTH COUNTER
Presents angular information in 1 
increments.

Eclipse-Pioneer Division
Teterboro, N. J.

Optional control indicators for various servo drives.

’/j to 2 horsepower motors standard. Other power and speeds optional

Bulletins 100 and 150, four-pages, illustrate and 
describe sensitive relays. Relays described range 
upward from 1 mw with contact arrangements 
from 1 Form C through 4 Form C. Input powers, 
contact ratings, coil resistance, enclosure dimen
sions, mounting arrangement, terminal sty les, and 
weight are included. Photographs of the relays 
appear in the literature. General Automatic Corp., 
12 Carlton Ave., Mountain View, Wayne, N.J.

Bulletin 59-L, two-pages, describes the series 
3000 apertured ferrite plate memory stacks, a line 
of miniature plug-in magnetic storage modules 
for use in high-speed, coincident current, random 
access memories and serial buffers. Capacity is 
from 356 to 4096 words and 4 to 16 bits per 
word. Complete specifications include the 150 ma 
half current drive and switching time of 1.75 fisec. 
Rese Engineering, Inc., 731 Arch St, Philadelphia 
6, Pa.

ENGINEERING J

ON OTHER BENDIX 
COMPONENT PACKAGES

VERSATILITY PLUS-IN 
GROUND ANTENNA PEDESTALS

District Offices; Burbank and San Francisco, Calif.; Seattle Wash., Dayton, Ohio,- and Washington, D C 
Export Sales & Service: Bendix International, 205 E. 42nd St., Now York 17, N. Y.

CIRCLE 112 ON READER-SERVICE CARD

Teterboro, N. J.
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Manufacturer» of

GYROS • ROTATING COMPONENTS 

RADAR DEVICES • INSTRUMENTATION 

PACKAGED COMPONENTS
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E ectron Tube Directory
This 1960 edition lists tubes made by American 

L ms. Receiving, television and special purpose 
t ibes are listed by type number. Many discon- 
t nued tubes are included. Write on company let
terhead to Metropolitan Supply Co., Dept. ED. 
1133 Broadway, New York 10, N.Y.

“When You Need A Material With Extra Ad
vantages” summarizes design and application data 
on the company’s materials for high temperature, 
electrical and electronic insulation, and gasketing 
and sealing requirements. Rogers Corp., Rogers, 
Conn.

Bulletin No. 1, two pages, is the first in a 
monthly series involved with video tape. Storage 
and handling precautions, and physical and mag
netic properties of tape No. 179 are covered. The 
tape is splice-free up to 5400 ft. Longer, special, 
or non-standard lengths have one splice per reel. 
A folder for file purposes is included. Minnesota 
Mining & Manufacturing Co., 900 Bush Ave., 
St. Paul 6, Minn.

Several types of mechanical, electromagnetic, 
and photoelectric predetermining counters are 
described in this illustrated, four-page, two-color 
folder. The counters will register units and ob
jects, linear lengths, angular movement, and 
other values. Outputs may be in the form of me
chanical motion or an electrical impulse. Veeder- 
Root Inc., Hartford 2, Conn.

Model 717 absolute pressure transducer is de
scribed in this two-page data sheet that includes 
specifications and dimensional information. The 
instrument employs a Bourdon tube design that 
eliminates mechanical linkage, bearings, and 
multiplication. Bourns Inc., 6135 Magnolia Ave., 
Ki verside, Calif.

Relays
Folder No. R-200 contains 13 data sheets de- 

cribing the firm’s line of relays. Schematics and 
limension drawings of the 5 and 10 amp relay 
eries have been designed to meet one or more 
>f the MIL-R-5757C, MIL-R-6106C, and MIL-R- 
5018 specifications. Write on company letter- 
wad to the Relay Div., Dept. ED, Electronic 
pecialty Co., Los Angeles 39, Calif.

•LECTRONIC DESIGN January 20, 1960

PERFORMANCE-PACKED -
PRECISION POTENTIOMETERS
CLAROSTAT

SERIES

CIRCLE 125 ON READER-SERVICE CARD

± 2% INDEPENDENT LINEARITY
± 2% deviation for actual angular displace
ments. Tops for W diameter potentiometers.

MECHANICAL/WELD TERMINATIONS
Windings terminated with tapered-pins and 
electronic weld. Terminals molded in place.

Phone your local Clarosfat Industrial 
Distributor for popular, standard Series 5? 

or military style PV 4 units...for 
fast delivery from local stock.

UP TO 50K OHMS
Resistance range: 50 ohms to 50,000 ohms 
± 5%. 1.5 watts @ 40°C.

MINIMUM ELECTRICAL LEAKAGE
High dielectric materials employed through
out with nickel-silver body.

COMPLETELY SEALED
Meets and exceeds military moisture and 
humidity requirements.

RESOLUTION
.08% resolution permits extreme accuracy 
in read-out and setting.

direct 
Une 
service 

IMMEDIATE



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.

DC POWER SUPPLY

NWL
SEQUENCE 

CONTROLLED

ESTABLISHED 1920

SAY; NO-TEL-FER

NOTH ELF ER WINDING LABORATORIES, INC., P. 0. Box 45S, W. ed i. Trent.«, mj. 
Specialists in Custom-Building 
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NEW LITERATURE

Servomotors 133
The firm’s entire line of size 11 servomotors 

are described in this 16-page catalog. Units de
scribed include 115 v, 400 cps servomotors, ad
justable velocity-damp and inertia-damp servo
motors, and servomotor-rate generators. Electri
cal and mechanical specifications are outlined. 
Individual schematics and torque speed curves 
are included. Helipot Div., Beckman Instruments, 
Inc., 2500 Fullerton Rd., Fullerton, Calif.

Electronic Tachometer 134
A self-contained tachometer with an accuracy 

of better than 0.25% is described in bulletin No. 
F-53, two pages. The unit employs a combination 
of transistor and magnetic circuits that convert 
a signal input from a magnetic pickup into a 
current output which can be read directly on a 
meter scale calibrated in rpm. Airpax Electronics, 
Inc., Seminole Div., Fort Lauderdale, Fla.

Electronic Instruments
Instruments for electronic measurement and 

control are described in this illustrated 32-page 
catalog. Specifications and performance data are 
included for the firm’s complete line. Schematic 
diagrams and application circuits, as well as in
formation on electrometers and micromicroam
meters, are also included. Write on company let
terhead to Keithley Instruments, Inc., Dept. ED, 
12415 Euclid Ave., Cleveland 6, Ohio.

Electronic Housings 135
The firm’s line of modular electronic housings 

is described in this illustrated eight-page catalog, 
No. 100. Among the housings listed are: cabinet 
racks; sloping front consoles; instrument and tur
ret cabinets; and equipment such as casters and 
sliding drawers. Complete dimensional descrip
tions and ordering charts are included in the 
booklet. Stantron Div., Wyco Metal Products, 
6914 Beck Ave., N. Hollywood, Calif.

Magnetic Modulators 136
Seven models of miniaturized magnetic modu

lators are described in an illustrated six-page bro
chure. The units are designed for subminiature 
circuit assemblies and printed circuit card con
figurations. Specifications are presented in table 
form, and amplitude response curves for all mod
els are included. General Magnetics, Inc., 135 
Bloomfield'Ave., Bloomfield, N.J.

ELECTRONIC

Get the Facts About 
These Cost Saving 
Terminals and 
Cable Clamps

STANDOFF AND 
FEED THROUGH TERMINALS

Low cost and high r'” 
electrical specs. I I JL
have made these the LJ
most popular in the I I A | I i 
industry. Choice of t III
over 100 varieties— «ZB
fork, single and dou- ■ IBB
ble turret, post ... , _ B—-B
standard, miniature, r_ _
sub-miniature ... molded or 
metal base.. .wide variety of jA
body materials and plating ¿JS 
combinations. CJ

Request Catalog SFT-1

CIRCLE 709 ON READER-SERVICE CARD

STRAPLOCK* CABLE CLAMPS

“Straplocks” reduce installation 
time to a minimum, reduce inven
tories and simplify production. 
Special self-locking stud eliminates 
nuts, bolts, lockwashers. Tough 
molded Nylon construction assures 
excellent electrical and mechanical 
performance. “Straplocks” provide 
a positive, vibration-proof, insulat
ed and heat-resistant support for 
fastening electrical cables to either 
wood or metal cabinets and panels. 
Simply push “Straplocks” into a 
H" hole, lay in cables and fasten 
adjustable strap to fit.

Request details «Patented
CIRCLE 710 ON READER-SERVICE CARD

POINTER KNOBS
A military and in
dustrial favorite by 
reason of price and 
practicability. Sup
plied in attractive 
black, satin-finished
phenolic.

Request details 
g— . _________ CIRCLE 711

WHITSOrINC
9326 Byron Street, Schiller Park, Illinois 

/Chicago Suburb)

CIRCLE 709, 710, 711 READER-SERVICE CARO
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Soldering Irons
Bulletin GED-3553.

More than 50 military and scientific quartz 
crystals in all desired frequency ranges are listed 
in this four-page, illustrated catalog. In addition 
to such specifications as tolerances, temperature 
ranges, static capacity and resonance, diagrams 
and photographs of holder types are also shown. 
Scientific Radio Products, Inc., 2303 W. 8 St., 
Loveland, Colo.

DELIVERED 
OFF-THE-SHELF

This four-page, two-color brochure covers re
circulating, miniature batch, mechanical convec
tion, and other electric ovens made by the firm. 
Specifications for individual units include tem
perature ranges and control points. The ovens are 
for applications requiring temperatures to 1300 F. 
Blue M Electric Co.. 138th & Chatham St, Blue 
Island. Ill.

Get this new TIC catalog with 
complete details on the most com
plete line of precision potentiometers 
by calling, writing or wiring.

functions. Accurate, 
dependable, long-life 
performance.

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.

TECHNOLOGY INSTRUMENT CORP.
555 MAIN STREET, ACTON, MASS.

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 m re
liability of operation.

Attenuators, power bridges, frequency meters, 
power supplies, slotted sections, spectrum an
alyzers and dry calorimeters are described in four- 
page bulletin No. 300. A photograph of each unit 
is included. The last page categorizes microwave 
test equipment. Polytechnic Research and Devel
opment Co., 202 Tillary St., Brooklyn 1, N.Y.

are included. Consolidated Electrody

Designed to provide clean demagnetization of 
either direct or fm recorded tapes, this magnetic 
tape eraser is described and illustrated in the 
firm’s one-page bulletin. Specifications are in
cluded. Southwestern Industrial Electronics Co., 
Div. of Dresser Industries, Inc., P. O. Box 22187, 
Houston 27, Tex.

¿^■1 ILICTRIC COMPANY
Oept ED-6 • 223 W Madison Street 

2-2944 • Chicago 6. Illinois

TPO5 TP09

Uses include such 
equipment as aircraft 
instrument panels, 
shipboard control cen
ters, ground control
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Bulletin 1604, two pages, describes and illus
trates the* firm’s potentiometer pressure pickup

From

NEWARK
namics Corp., 360 Sierra Madre Villa, Pasadena. 
Calif

TP SERIES —Types 
TP05, TP09, TPll, 
TP13, TP17 and 
TP20, in 6 sizes from 

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 prec ise con
trol. Available with 
non-linear functions, 
including complete

illustrates a line of soldering irons. Specific models 
(75-300 w, 60 w, 25 w and 12 w) are discussed. A 
table shows the results of high-speed melt tests 
on the firm’s soldering irons and those of other 
manufacturers. General Electric Co., Schenec
tady 5, N.Y.

P SERIES — Types PU/4, Pl# 
and P3 with numerals desig

nating diameters. Espe
cially designed for low 

cost commercial ap
p' plications. These

rotary type pots 
feature low in

A ductance and 
PvsH * aPacitant'

^^7 Available in
■BuUff linear or non

linear functions 
single or ganged 

assemblies.

C;^Your Authorized 
Tl Distributor

Tl semiconductors are USE-PROVED 
by thousands of customers and 
GUARANTEED for one full y ear I 
Now available at Factory Prices in 
1-999 quantities:
Silicon transistors, germanium tran
sistors, silicon diodes and rectifiers 
and carbon film resistors.
sonsi^to- silicon reside s: 1-499 
tan-ii-cap tantalum capacitors: 1-99

designed

FREE
Newark Electric's all-new 
1960 INDUSTRIAL ELEC
TRONICS CATALOG #70 
Order your copy now! Over 500 
industrial suppliers in one giant 
404-page referencel An up to-the 
minute guide to the latest listings of 
electronic- equipment . . . including 
Texas Instruments complete line 
of semiconductors and components.
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Limit Switches

Signal Generator 155

vac-

8423-SR

STALWART!

METAL SniELOSILVER SKIN
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108

Write today for complete information.
Ask for your copy of Stalwart Catalog SR-59.

nent-appendage, electronic.

TALWART
RUBBER COMPANY

num pump identified as the UlteVac Se
ries 110. Described with the pump is the 
model PS4 Ultek Power Supply designed 
to operate it. Specifications and a pres
sure vs. current chart are included. Lit
erature is identified as Form 110-859. 
Ultek Corp., 920 Commercial St., Palo 
Alto, Calif.

Electronic High-Vacuum Pump 157
New leaflet describes a small perma-

This two-page data sheet, No. 166. de
scribes two oil-tight maintained-contact 
yoke-actuator switches, ty pes 206LS1 and 
6LS1. Actuator heads of these switches 
may be mounted in four positions, 90 deg 
apart. The yoke actuator may be rotated 
360 deg, positively locking in any posi
tion. Photographs, dimension drawings, 
mechanical characteristics, and electrical 
ratings are included in the data sheet. 
Micro Switch, Freeport, Ill.
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A description of model 238 pulsed sig
nal generator appears in this two-page 
data sheet. The instrument produces pulse 
modulated signals of known levels and 
frequency in the 2160 to 2400 me range. 
Its uses include testing of tropospheric 
scatter receivers, local oscillators for re
ceivers, and drivers for transmitters. The 
bulletin contains specifications and a 
block diagram. General Measurements 
Co., Inc., 1108 Beacon St., Newton High
lands 61, Mass.

409 Northfield Rood • Bedford, Ohio 
Manufacturing facilities in
Jasper, Georgia and Bedford, Ohio

Power Transistors 15 5
Series 2N1031,A,B,C Power Transisto s 

are described in this four-page data she t 
that includes electrical characteristic s, 
performance curves, and dimension out
lines. The transistors constitute a series of 
12 power transistors with a typical current 
gain of 40 at 10 amp de and a maximu n 
current rating of 15 amp de. They are 
designed as high current switching trai- 
sistors for dc-dc converter and dc-ac in
verter circuits. Bendix Semiconductor 
Products, Long Branch. N.J.

Channels or chicken pluckers , . . 
washers or weatherstrips . . . you 
name it and we’ll make it! And we’ll 
produce it to meet your most pre
cise design specifications! Stalwart 
offers you a complete rubber parts 
service ... Rubber Engineers develop 
your special compound from natural, 
synthetic or silicone rubbers . . . Lab
oratory Technicians pre-test actual 
performance . . . our own completely 
equipped Tooling Department pro
duces the necessary extrusion dies ... 
skilled Production Personnel operate 
the latest rubber machinery for max
imum economy, dependable delivery 
. . . and our Quality Control Depart
ment protects your interests! This 
means you get higher quality at a 
lower cost .. . the result of nearly 40 
years of fabricating experience! To 
solve tough rubber parts problems ... 
cut assembly costs, specify Stalwart.

ELASTACLAMPEXTRUDED

SPLICED

DIE CUT

Heat-dissipating subminiature tube shield with elastic thermal conductor

hand cut

En'arged section of Elasta 
damn's inner cartridge

The answer to more effective 
cooling of subminiature tubes!

Resilient elastomer will com
pletely conform to pronounced 
irregularities of glass surface 
thus reducing dangerous hot 
spots
Tubes protected from severe 
shock and vibration by rubber 
like elastomer which cushions 
glass Enlarged section conventional 

heat-dissipating tube shield.

fDECISION GROUND

for custom rubber parts 
to your exact requirements

For additional information write for bulletin No. 559.

AUGAT BROS., INC
31 Perry Avenue * Attleboro, Mass.
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AXIMAX
166

167Trimming Potentiometers

AIR VOLUME -CFM

ROTRON WOODSTOCK. NEW YORK ORIOLE 9 2401

1960 109

Engineering drawings and other illus
trations appear in bulletin No. TA209G, 
a two-page data sheet that describes two 
models of the firm's hinged line clamps. 
They may be applied to electrical lines 
of 1/4 to 6 in. in diam. TA Manufacturing 
Corp., 4607 Alger St., Los Angeles, Calif.

Ideal for flushing tightly packed 
“black boxes" aboard aircraft and missiles 
where size and weight must be held to a 
minimum, where reliability is critical and 
where high heat loads must be dissipated 
with cooling air. Dimensions x IV?", 
weight 4 ounces. The Aximax 1 will deliver 
23 CFMfree air or!9CFM at 1” W.G.
Choice of motors for 115 or 200 VAC, 400 CPS, 
1 phase or 3 phase, for either pressurized 
or non-pressurized applications and for 
sine or square wave. Airflow instantly 
reversible by turning fan end-for-end.
Meets military specifications.

BOOTH 2827—Radio Engineering Show-
N.Y, Coliseum'—Mar. 21-24

The company’s line of self-retaining 
assembly fasteners is described in tin’s 
eight-page booklet. Included are fasteners 
for use in the installation of tubing and 
wiring. The booklet contains photographs. 
Robin Products, 27027 Groesbeck High
way, Warren, Mich.

This 36-page catalog describes the 
c< mpany’s complete line of equipment 
vaich measures the electrical character
istics of control synchros, torque syn
chros, and computing resolvers. The 
tl eery of operation, operating procedure, 
and specifications for each item of equip
ment are described in detail. Photographs 
and outline drawings are included. Theta 
Instrument Corp., 520 Victor St, Saddle 
Brook, N.J.
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Test data of the series 50 ceramic metal 
trimming potentiometer appears in this 
16-page booklet. Test results appear m 
tables. Among the tests are acceleration, 
altitude, fungus, humidity, and load life. 
Helipot Div. of Beckman Instruments, 
Inc., 2500 Fullerton Rd., Fullerton, Calif.
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Space At An 
Absolute 
Premium?

Motor and Actuator Catalog 164
Ac and de motors, linear and rotary 

actuators, gear boxes, turbine controls and 
electro-mechanical systems are covered 
in this 36-page catalog, No. EE-100. In
cluded arc1 descriptions of specific appli
cations of these devices on aircraft and 
missiles, as well as a complete section 
detailing the firm’s motor frame sizes. 
Photographs and outline drawings for all 
units are included. Write on company 
letterhead to EEMCO Div. of Electronic 
Specialty Co., Dept. ED, Los Angeles,
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SWITCHCRAFT (series uooo)«TELEVER-SWITCH 
(Telephone Type Lever or Key Switch)

• T-BEAM FRAME—provides rugged assembly.
• SINGLE HOLE MOUNTING—in panels up to W thick.
• STANDARDIZED NON-TURN DEVICE.
• POSITIVE STOPS—stop is not a part of mounting plate.
• FURNISHED—2 or 3 position actuators either locking, non

locking or a combination of the two.
See Catalog No. $-58 or write for special Catalog S-302.

5529 N-E,ston Ave 

Chicago 30, III. 
Canadian Rep: Aflat Radio Corp., Ltd., 50 Wlnpold Aw., Toronto, Canada

SWITCHCRAFT’S

■ . kit —— IM C. — I

IS YOUR GUARANTEE OF 
Dependability
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173Connectors

174Electronic Control Unit

hl175Power Packs
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High Voltage Resistors

176Temperature Indicators

177Power Supply

*

178Magnetic Clutches
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Resistance
up to

MEGOHMS !
rpc
AVRaWV-

R

914 S 13th St., Harrisburg, Pa.D

This 18-page booklet presents information on 
design, applications, and technical and testing 
specifications for magnetic clutches. PIC Design 
Corp., Subsidiary of Bennis Watch Co., Inc., 477 
Atlantic Ave.; E. Rockaway, N.Y.

y

2% in matched pairs.

Further information or 
engineering assistance 
gladly supplied.

OPERATION
BARREL or TANK

P.O.BOX 965 PROVIDENCE, R.l.
7001 NO. CLARK ST. CHICAGO 26 ILL
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AIFtAfi THE WORLD'S FIRST

24K Acid Bright Gold

Soldering is
with .American Beauty Soldering Tools

BRIGHT
MIRROR

For complete 
information on 

OROTHERM HT
Write,Wire, 

Phone or TWX

Technic

■STANCE
00°c Minimum

CONTROL
ONE ADDITION AGENT

TEMPERATURERANGE
65°F to U5°F

ity made, 
materials

American Beauty electric soldering 
irons are the highest 
The finest engineering, 
and on-the-job experience since 1894 
isyoura with every American Beauty. 
There is a right model, correct tip size 
and proper watt input to do any 
soldering job easier, faster and better.
TEMPERATURE REGULATING STANDS 
Automatic devices for controlling tip 
temperatures while iron is at rest— 
prevents overheating of iron, elimi
nates frequent retinning of tip, while 
maintaining any desired tempera
ture. Available with perforated steel 
guard to protect user's hand.

NO. 3I2S 
H'TIP 
M WATTS

NO 31» 
H'UF 
IN WATTS

NO 31»
TIP 

2» WATTS

NO. 3171 
H'TIP 
3N WATTS

NO. SIN 
iH’tip 
IN WATTS

This two-page catalog illustrates and lists con
nectors now in production for delivery of 18, 20 
and 22 shell size configurations. Features, mate
rials, contacts and ordering information are in
cluded. Burndy Corp., H. H. Buggie Div., Toledo 
1, Ohio. 100 Million

(1 X 10'4)

An electronic control unit that automatically 
stops injection molding machines when molds 
are closing improperly is described in this two- 
page bulletin. The device does not slow the nor
mal molding cycle. After installation, no settings 
or adjustments are required. Wintriss, Inc., 20 
Vandam St., New York 13, N.Y.

A description, illustration and features of high 
voltage, miniaturized, solid state power packs 
appear in one-page catalog No. 116. The sheet 
lists available model types with their specifica
tions and current prices. Electronic Research As
sociates, Inc., 67 Factory Place, Cedar Grove, N.J.

Crayon, liquid, and pellet temperature indica
tors are described in this five-page folder, No. 
5905. Temperature ranges for each type of indi
cator are given in Fahrenheit and Centigrade 
equivalent tables. Accuracy of ±1% is possible 
with the indicators. Tempil Corp., 132 W. 22nd 
St., New York 11, N.Y.

Model PS4000C transistorized power supply 
for general purpose use is described in this one- 
page data sheet. The unit has silicon rectifiers, a 
transistor regulator requiring no de fuse, and 
a temperature-compensated silicon diode voltage 
reference. The sheet contains electrical and me
chanical specifications. Power Sources, Inc., Bur
lington, Mass.

From a miniature % watt 
resistor, rated at 250 volts, 
to the 100 watt resistor, 
rated up to 1 25 KV.
Tapped resistors and matched 
pairs also available. Low 
temperature and voltage 
coefficients.

Few can match—and none 
can exceed—the stability 
and performance of rpc 
HIGH VOLTAGE RESISTORS! 
Ask anybody who uses them. 

Tolerance—1 5% standard.

WRITE FOR 2S-FAGE ILLUSTRATED CATALOG CONTAINING FULL INFORMATION ON OUR 
COMPLETE LINE OF ELECTRIC SOLDERING IRONS—INCLUDING THEIR USE AND CARE.

AMERICAN ELECTRICAL HEATER COMPANY

RESISTANCE 
PRODUCTS 
COMPANY
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SEMICONDUCTORS

From

Department TI-K

110 Federal Street 
Boston 10, Mass. 

HU 2-7850

100 6th Ave. 
New York 13, N.Y. 

WO 6-5300
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24 Central Ave. 
Newark 2, New Jersey 

MA 2-1661

165-08 Liberty Ave. 
Jamaica 33, New York 

AX 1-7000

139 W. 2nd Street 
Plainfield, New Jersey 

PL 6-4718

COMPLETE LINE 
AT FACTORY 

PRICES!
For fast, reliable delivery on 
all Tl use-proved, guaranteed 
semiconductors and components, 
just call Lafayette Radio and 
get off-the-shelf delivery.

Lafayette Radio 
I > Your Authorized 

M< Tl Distributor

ARD

1960

Free!
1960 ELECTRONICS 

CATALOG #600
Telephone or write now for your free copy 
of Lafayette Radio's new industrial electron
ics catalog ... over 300 pages describing 
the industry's latest electronic equipment, 
including Texas Instruments complete line 
of semiconductors and components.

DELIVERED
IMMEDIATELY

Time Delay Relays 183
Eighteen standard electronic time delay relays 

including factory preset, internally adjustable and 
externally adjustable units are covered in this 
eight-page, illustrated bulletin. Delayed pull-in, 
delayed drop-out maintained and delayed drop
out momentary operation are discussed. Specifi
cations and dimensional diagrams also appear. 
Master Specialties Co., 956 E. 108 St., Los An
geles 59, Calif.

Silver Zinc Battery System 184
This six-page, illustrated brochure describes a 

silver-zine battery system which combines the 
features of primary and secondary battery types. 
Electrical and physical characteristics, construc
tion and application data for the reusable pri
mary batteries are given. Graphs and charts con
trast the performance of this system with other 
battery systems. Yardney Electric Corp., 40-50 
Leonard St., New York 13, N.Y.

Pressure Cut-off 185
Operation, maintenance, specifications and a 

description of the firm’s pressure cut-off for simul
taneous control of up to 30 pressure lines appear 
in two-page, illustrated bulletin 103. Dimensional 
diagrams and a wiring diagram are included. An 
external de power supply and a suppression cir
cuit are also covered. Datex Corp., 1307 S. Myrtle 
Ave., Monrovia, Calif.

Servo Construction System 186
A servo breadboarding system that reduces 

production time is described in this 12-page, il
lustrated brochure. Basic components, stock parts, 
system kits, a schematic diagram and a grid lay
out are included. Specifications and dimensional 
diagrams for step motors and transmitters also 
appear. Gap Instrument Corp., 116 Merrick Road, 
Freeport, N.Y.

Fasteners 187
Self-locking fasteners are described and illus

trated in this 20-page catalog. Dimensional dia
grams, uses and coding for heavy-duty, light-duty 
and double-ended spacer nut plates are included. 
In addition to diagrams of typical equipment in
stallations, the catalog also provides vibration test 
data, strength and weight data and drafting tem
plates for the fasteners. Advantages, applications, 
installation tools and photographs of nylon flip 
grommets also appear. Western Sky Industries, 
21301 Cloud Way, Hayward, Calif.

20, 1960

What’s the
latest score
on cartridges?

ceramic cartridge 
was invented 

by Sonotone...

years "’O.
Today, over...

different manufacturers 
have specified Sonotone for...

models of high-quality 

phonographs. 
Altogether over...

i I Sonotone Ceramic
m «An rtnn Cartridges have been used 

Q nnn i II ^0^1 and 
VaUUUaUUU replacement purposes.

1 (’Nuff said!)

Sonotone.|
Electronic Application; Division, Dept. C23-102

ELMSFORD. NEW YORK
In Canada, contact Atlas Radio Corp., Ltd., Toronto

Leading makers of fine ceramic cartridges, speakers, microphones, electronic tubes.
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An Open Letter To Science 
On A New Physical Law

I
T all goes back to the laws of motion. We seem to have 
stumbled on one that has been overlooked through the 
ages, and it should prove a boon to all. The principle is 

simplicity itself:

An object moving at half the speed of a second object 
covers only half the distance in the same time.

Beautiful, isn’t it? We thought so, too. but being hard-minded 
people we immediately set out to put this theoretical gem to 
practical use in our own business: magnetic tape recording. 
Suppose we pulled tape at half the speed and recorded the 
same amount of data. Say 30 ips instead of 60. The savings to the 
country in fine magnetic oxide, plastic tape base, and precision 
reels (to say nothing of hard cash) staggers the imagination.

But there was a rub: the same amount of data. That set us 
back a bit. Two years to be exact. Management was behind us 
though. They gave us an unlimited four-figure budget and told 
us to use both engineers if we had to, but solve it. And solve 
it we did. We won t go into the fine details of how we did it. 
(Some things are best kept under wraps, since management 
seems determined to get their four figures back — and a new 
engineer to boot.) Suffice it to say that by changing a few things 
here and there we increased that elusive thing bandwidth. (For 
the engineering reader: 125 kc at 30 ips and 250 kc at 60.)

The marketing people took one look at our new machine and 
said as one man: ''We’ll call it the FR-600. It has the ring of 
success to it.” One thing still lacked. An equation to express 
the new law. You see it floating in all its pristine glory in the 
white space at the top of the page. E = mc/2. The import of this 
is undoubtedly painfully clear to our engineering colleagues, 
but for the lay reader we shall work a trial problem by way 
of illustration. Suppose you now use 100 14-inch reels of the 
finest bonded instrumentation tape per month. In surprisingly 
rough figures this comes out to about $18,000 worth of tape 
per month. We enter this as me,’ monthly cost of tape, in our 
equation. The constant 2 is made possible by recording on the 
FR-600 at half your present tape speed. A quick calculation 
on the slide rule (any engineering friend will be glad to do 
this for you) solves the equation for 'E,’ or Effective saving 
in tape cost per month. In case you don’t have an engineering 
friend we will publish the answer in our next paper. We will 
say, however, that it’s quite a lot of bonded instrumentation 
tape or bonded anything else.

We are happy to share this valuable discovery with the indus
try, and our marketing people have asked us to let you know 
they are quite anxious to share their stock of FR-600’s as well.

NEW LITERATURE

Resin Selector Charts 192
Selector charts for potting compounds, 

coatings, foams and bonding agents ap
pear in bulletin No. 121, four-pages. The 
charts show hard, semi-rigid, and flexible 
formulations for various processing appli
cations. Illustration and coating are pro
vided. Plastic Assoc., 185 Mountain Road, 
Laguna Beach, Calif.

Frequency Meters 193
Miniature, switchboard, and portable 

type frequency meters are described in 
bulletin No. 32-99, 20-pages. The meters 
are available in various ranges between 
10 and 1700 cps and signal voltages from 
millivolts upwards. They are designed 
for continuous operation and are inde
pendent of waveform and exact input 
voltage. Specifications of each meter are 
given. Dimensions are shown in outline 
drawings. Photographs are included. 
James G. Biddle Co., 1316 Arch St., 
Philadelphia 7, Pa.

Plastic Fabrication 1S 4
Machining of plastic sheets, rods ai d 

tubes for electronic equipment is illus
trated in this four-page folder. Sanding 
milling, and inspection operations a e 
shown through photographs. Insulating 
Fabricators Inc., 150 Union Ave., E. 
Rutherford, N.J.

Laminated Plastic 195
Available grades and properties of a 

variety of laminated plastic sheets, rods 
and tubes are listed in this 20-page cata
log. Typical applications are illustrated, 
and fabricating and finishing information 
is included. Some of the laminate grades 
described are: phenolics, melamines, 
epoxies and silicones with paper, asbestos, 
canvas, cotton, nylon, and glass fabric 
bases. Copper-clad laminates for printed 
circuits are included. Physical and elec
trical characteristics are given in tabu
lated form. The catalog contains photo
graphs. Cadillac Plastic & Chemical Co., 
15111 Second Ave., Detroit 3, Mich.
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AMPEX

AMPEX DATA PRODUCTS CO., 934 CHARTER ST., REDWOOD CITY, CALIF.

112

Powdered 
I ron

Toroids

1

2
3

5

9

APPLICATIONS
Q circuits for
a Transformers — I.F., ate.

b Precision Filters
C Delay lines 

d Linear Networks
TOROIDAL FEATURES

Reduces stray fields and proximity effects to 
obtain better stability.
Permits small coil construction
Higher effective permeability
Coupling not affected by tuning circuit 
High stability with temperature and time 
Low harmonic distortion
Improved insulation results in high Q
Manufacturing methods permit close control of 
permeability and Q
Finishes of tough thermosetting resins mini
mizes moisture absorption and provides insula* 
tion suitable for winding enameled wire di
rectly on the core.

CORE SIZES
Corei ar* available in diameter! from 9/32 OD 

to 2" OD
Permeability: From S to 45
Recommended frequencies:

Materials are available which will provide 
good Q from 0.1 to 25 MC

Writ» for tampini and furthor information.

9540 South Tuliey Avenue 
Oak Lown, Illinois

Phone: 
GArdan 2-3353

INDUSTRIES

« t M • I I I 
METAL I 

POWDER L.
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I Magnetic Shielding 202
□ata sheet No. 151 explains how mag- 

I ne ic shield enclosures simplify the eval- 
I m ion of test data by eliminating factors 

1*4 I introduced by magnetic fields radiated 
s ai d I by vibration exciter units. The data sheet 
ilhis- I pi ovides photographs and an outline 

riding I drawing. Magnetic Shield Div., Perfection 
s a e I Mica Co., 1322 N. Elston Ave., Chicago 
lating I 22. III.

I Control Devices 203

I Wiring diagrams, dimension and ap-
I plication information for the company’s 

of a I complete line of control devices appear 
rods I in this 72-page catalog. The illustrated 
cata- I book contains hp selection charts for 

rated, I motors from 1/4 through 200 hp, provid- 
lation I ing quick selection of starters, heaters 
grades I and push button stations necessary for 
nines, I control of these motors. Included are 
estos, I complete product description of motor 
fabric I starters (both manual and magnetic), 
minted I contactors, relays, solenoids, limit 
elec- I switches, push buttons, static control and 
tabu- I pilot devices. Pricing tables are included 
hoto- I in catalog No. GEC-1260D. General 

I Co., I Electric Co., Schenectady 5, N.Y.

Test Equipment 204
Bulletin 500-T, four-pages with five in

dividual flyers, describes transistorized 
test equipment, power measuring equip
ment and microwave instrumentation. The 
catalog gives brief descriptions and the 
individual specification sheets give com
plete data on the following instruments: 
model 500 waveform generator; model 
504 transistor curve tracer; model 701-B 
klystron power supply; model 100-X 
peak power test set; and model MC-1B 
calorimetric wattmeter. Cubic Corp., 
5575 Kearney Villa Road, San Diego 11, 
Calif.

Transducers 205
Model 304 gage pressure transducer is 

described in this two-page data sheet. The 
unit uses a Bourdon tube as the pressure 
sensing element and offers a selection of 
beryllium copper, stainless steel, and Ni- 
Span-C assemblies. Uses include control, 
telemetering or remote recording circuits. 
The data sheet contains specifications, 
outline drawings, and performance curves. 
Bourns, Inc., 6135 Magnolia Ave., River
side, Calif.

Not a worry in the world...

THIS IS/ONE
SNAP-IN CONTACT THAT 

WON’T PULL OUT!
...the Deutsch snap-in contact, of course - 

guaranteed to withstand 25 pounds 
pull. In Deutsch DS miniature 
connectors, each pin and socket is locked 
in place by an exclusive, patented 
spring mechanism.

what’S more...Deutsch-designed 
tools whip the problem of fast, reliable 
crimping (hand or automatic) - insertion 
and removal.

METAL FABRICATIONS 
TO CLOSE TOLERANCES
Industrial designers demand close 
tolerances and iccurate, fast production 
The Falstrom Company, one of America's 
leading metal fabricators.
has been meeting these demands for 
almost 90 years. Growing with 
indust-y. Falstrom is constantly adding 
to its extensive metalworking facilities 
Falstrom fabricates consoles, 
chassis, weldments, in 
stainless steel, aluminum, 
magnesium and other metals

WRITE OR CALL 
FOR FREE BULLETIN

FALST 
COMP

om Court, Passaic, New Jersey

And.. .just glance at these specs:
Deutsch-designed crimp, stronger than the wire 

itself (AN #18 wire and smaller)
7 shell sizes, with alternate clocking and 

insert arrangements
exclusive Deutsch ball-lock coupling
superior interfacial seal
silicone inserts; no shrinkage, bonding 

or reversion
temperature range —67° to in excess of 300°F

• seal before electrical contact
interchangeable with existing Deutsch DM (MS) 

miniatures and hermetics
• meet all applicable requirements of MIL-C-26482

So why worry ? For details on completely 
reliable snap-in type connectors, contact 
your local Deutsch representative 
or write for data file C-l.

The Deutsch Company
ELECTRONIC COMPONENTS DIVISION
Municipal Airport • Banning, California
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215Magnetic Tape Recorder

216Mechanical Fasteners
friendly, relaxed,city

ermore, Cal are located

ing and hunting skiing.

217Germanium Diodes

13216 Crenshaw Blvd., Gardena, Calif.

Pacif

Sandia Corporation wants design draftsmen and drawing 
checkers with a minimum of eight years experience, including 
four years in product design of electronic computers and test 
equipment or airframe structures and mechanical devices.

San Francisco Bay area which 
is only an hour away by car.

In Albuquerque, you’ll live 
in a modern, metropolitan

in the part of America most 
visited by people on vaca
tions. But living and working 
there is much better than just 
visiting.

You’ll find year-round fish-

and famous for its excellent 
climate.

VOlTAQt tEGULATO*

Exclui 
possil 
minin 
maxir

Sandia does research, design 
and development on nuclear 
weapons and other nuclear 
energy projects for the AEC. 
Our two laboratories ... at 
Albuquerque, N. M., and Liv-

-delivers highly 
regulated, variable 
voltage from an 
unregulated source

Sandia is a good place to 
work. Our employee benefits 
include advanced educational 
programs, health care and re
tirement plans. You’ll like the 
stimulating challenge of work 
in new fields, done in modern, 
well-equipped facilities.

If you’d like to know more 
about specific opportunities 
for you at Sandia, and more 
about the job advantages we 
offer, send a resume to Gen
eral Employment Section 557, 
at either Albuquerque, N. M., 
or Livermore, California.

golf, riding, and many other 
outdoor activities ... all 
within easy driving distance 
of your home in Livermore 
or Albuquerque. And with 
our generous vacation plan, 
you’ll try them all.

In Livermore, you’ll enjoy 
suburban living plus all the 
attractions of the beautiful

CIRC

E EC

This 12-page, two-color brochure describes the 
complete company line of mechanical fasteners 
and special cold headed parts. Illustrations of lock
bolts, fasteners, tubular and blind rivets, setting 
machines, and a variety of solid rivets are in
cluded. The brochure contains photographs. 
Townsend Co., Engineered Fasteners Div., Box 
71-Z, Ellwood City, Pa.

This one-page technical newsletter published 
“on occasion’ by the firm discusses developments 
in the field of electroforming-the process of 
building structural parts of electro-deposition. 
Issue No. 1 describes electroforming as a method 
of fabrication for antenna components. Allied 
Record Manufacturing Co., Research and Engi
neering Div., 6916 Santa Monica Blvd., Los An
geles 38, Calif.

Details of an airborne and mobile tape recorder 
are presented in this four-page illustrated bulletin, 
No. 1607. The recorder, which comes in 7 or 14 
track models, is designed for high-altitude opera
tion and a temperature range from —54 to #71 C. 
Specifications and operating description are in
cluded. Consolidated Electrodynamics Corp., 360 
Sierra Madre Villa. Pasadena, Calif.

Transistorized Power Supplies and Pulse 
Generators • Voltage Regulators • Tran
sistor Checkers • Delay Lines • Pulse 
Transformers.

The company’s complete line of germanium 
gold bonded diodes is described in this 10-page 
brochure, GD-40. They have a permanent weld- 
bonded solid gold whisker, germanium crystal, 
and flexible tinned leads. Specifications and char
acteristic forward and reverse curves are included. 
A guide to the use of the specifications and sug
gestions on the selection of diodes are contained 
in the brochure. Photographs are also included. 
General Transistor Corp., 91-27 138th Place, 
Jamaica 35, N.Y.

Operating characteristics of the firm s complete 
line of relays are given in this four-page folder. 
The listings itemize data of varied types of relays 
—sensitive, antenna, medium power, hermetically 
sealed, telephone and microminiature. Photo
graphs are included. Kurman Electric Co., 191 
Newel St., Brooklyn, N.Y.
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Engineering DRAFTSMETNT 
You really LIVE in the West

Conta 
a fas
Calco 
ard t
□reci;

Upgrades power supplies. The Valor 
makes your low-voltage, unregulated 
power supply a regulated unit, at 
low cost. You can vary the voltage 
output, or use more than one Valor 
to get multiple voltages-positive or 
negative.

Regulates DC sources. In the laboratory 
or in missiles, for example, you can 
use it to regulate a master 28-volt 
supply.

Increases computer efficiency. You can 
locate these regulators directly at 
points of use, thus eliminating wire 
impedance.

Eight models cover a range from 6 to 
35 volts. Line regulation: 0.1% 
Load: 0.2% at 25 volts. Size is only 
3"x3"x5"... weight only 16 ounce?. 
Models available with fixed outputs, 
and to Mil. specs. Off-the-shelf deliv
eries. Bulletin VR 1059 on request. 
Price: $95.00.

ALBUQUERQUE, N.M 
AND

LIVERMORE, CAL.
CIRCLE 288 ON READER-SERVICE CARD
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VALOR 
transistorized 

voltage regulator 
(DC to DC)
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Wide-Band Transformers 224
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TINNED 
METAL 
CASE -

METAL 
SPRAY 
COATING

GLASS 
TERMINAL

INSULATING 
WASHER —

TANTALUM 
ANODE

SOLOERABLE
LEADS - - - - -

SOLDER - - - - - - - -  
ENCAPSULATION

Exclusive Celco core materials make it 
possible to achieve faster recovery times, 
minimum hysteresis, high linearities and 
maximum sensitivities.

Illustrated bulletin 64-A, 19 pages, covers wide
band transistor transformers which are designed 
for use as coupling and impedance matching trans
formers. Features, dimensional diagrams and turns 
ratios for the 58-series, one-watt; the 65-series, 
half-watt; and the 70-series, half-watt units are 
included. Power ratings, operating temperature 
range, frequency response and distortion are dis
cussed. Aladdin Electronics, Div. of Aladdin In
dustries, Inc., Nashville 10. Tenn.

ASTRON SOLID

deliv 
[uest.

•a tory 
>u can 
8-volt

Contact Celco Engineering Department for 
a fast solution to all your yoke problems
Celco produces a complete line of stand
ard or special commercial and military 
irecision deflection yokes.

Thirty types of microwave directional couplers 
are illustrated in this six-page brochure. In addi
tion to mechanical dimensions for each of the 
units, their design and electrical performance data 
are discussed. Custom designed types are dis
played and their functions outlined together with 
suggestions for submitting specification data for 
special assemblies. Waveline Inc., Caldwell, N.J.

•u can 
tly at 
: wire

Voltage and modulation requirements needed 
to power backward wave oscillators are discussed 
in this eight-page booklet, entitled “Power Sup
ply Requirements of BWO Tubes.” The book de
scribes theory and operation of M and O type 
tubes. Relationships between power output, fre
quency shift, and delay line current are graphi
cally presented. Included is a discussion of the 
model 813 BWO/TWT power supply. Polytech
nic Research & Development Co., Inc., 202 Til- 
lary St., Brooklyn 1, N.Y.

Hain Plant: MAHWAH, N. J. DAvis 7-1123
Pacific Division - Cucamonga. Calif. - YUkon 2-2688 
Central Division, Lanesboro. Pa ■ ULysses 3-3500

■ Southern Division, Miami, Fla; • Wilson 5-2164
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This two-page data sheet, No. 001, contains in
formation on the firm’s line of encoders. Arabic 
decimal to cyclic decimal conversion and binary 
coding are discussed and illustrated. Datex Corp., 
1307 S. Myrtle Ave., Monrovia, Calif.

FOR COMPLETE INFORMATION WRITE 
TODAY FOR BULLETIN E-67SA AND FOR 

ASTRON’S DESIGN ENGINEER 
PUBLICATION. TECHNIQUES.

VOL. 5», NO. 2

Valor 
ulated 
nit, at 
oltage 
Valor 
ive or

Batteries for Transistor Applications 223
Technical data on single and multiple-voltage 

type batteries for transistor applications appear in 
this 12-page booklet. No. TBA-107A. Tabulated 
material includes voltage, dimensions, weight, 
number and type of cells. The batteries are de
signed for use in compact portable radio receivers, 
communications equipment, and other applica
tions utilizing transistors. In addition to perform
ance curves, terminal and socket patterns are il
lustrated. Radio Corp, of America, Semiconductor 
and Materials Div., Somerville, N.J.

I our problem?

Uniform magnetic fields 
Produced in Celco
Precision
Deflection Av J
Yokes I a1**’ 
Minimize xH * a
SPOT 
DISTORTION

WITHSTAND 

vibration.
TO 2000 CYCLES
AND 35 G’S.
In the construction of the 
Astron Tantalum Solid 
Electrolyte Capacitor, the 
tantalum anode is firmly 
embedded in solder and solidly 
fixed in the case. There are 
no external welds, and the 
tinned leads can be bent 
adjacent to the case.

Production capacitors are 
regularly tested in accordance 
with MIL-STD-202A, Method 
204, test condition B, to 2000 
cycles and 15 g’s.
Astron Solid Tantalum 
Capacitors have withstood 
200 g acceleration and 150 g 
shock tests.

• 125°C operation.
• Rugged construction.
• Capacitance stability.
• Subminiature.
• Dry, solid construction.
• Meets MIL specifications.

1smd>

Celt®



UNIQUE IDEAS FOR DESIGN

POTENTIOMETER
ermi
'F MOUNTING!

This illustration 
shows the unusual 
“lay-down” method as 
used l»v Electro Instruments 
in their digital multimeter.

Engineers Specify Wee PotR 
For Their Numerous Applications

The Handley Wee Pot’’, because of its mounting flexi
bility, unusual configuration and long leads, can be 
mounted in many ways...laid down, vertical, or even “sus
pended” above the board“. Furthermore, exacting engi
neers like Wee Pot's extreme accuracy, low impedance, and 
freedom from back-lash. Under 900 KC, inductive react
ance is not measurable. The Wee Pot can be sealed to 
meet MIL-E-5272A.

CIRCLE 232 ON READER-SERVICE CARD 
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THREE WAYS THE 
WEE POT MAY BE 
MOUNTED.

TEMPERATURE Wee Pot's temperature range is 
from 55 to 140 C with (1.3) watts at 40 C.
SHOCK Wee Pot withstands 50 G’s meeting MIL 
202 ... exceeding NAS 710 proc. Ill
VIBRATION Wee Pot takes 30 G's at 11 milli 
seconds duration exceeding MIL R 19
ACCELERATION The Wee Pot withstands 100
G’s at 11 milliseconds duration exceeding MIL R 19

The
Wee Pot

Is Also 
Stackable!

% IXmiM 0U1Y
POTENTIOMETERS

2030 Colorado Avenue, Santa Monica, California

High Differential Monitor 
Detects Out-of-Bounds Voltage

A VOLTAGE sensing circuit was desired to 
sense an error voltage of either polarity and 

give an indication that the voltage had surpassed 
pre-established limits. In addition, the circuit had 
to be:

1. Small size
2. Reliable
3. Fail-safe
4. Temperature stabilized
5. Low drift sensitive
6. Fairly high in its input impedance.
Circuits of this type are used in monitoring

circuit faults, or as part of automatic checkout 
equipment. Many types of circuits were investi
gated, but the differential type consistently satis
fied the above criteria.

The basic differential monitor consists of a 
differential stage followed by a two-stage relay 
driver. The diagram illustrates a circuit intended 
to monitor negative input voltages. Transistors 
QI and Q2 are npn types while Q3 and Q4 are 
pnp types. A negative reference is provided by 
CR3.

A revised version of this circuit can be used to

m m 
ai d 
type 
aie 
CR3 
ci i ci

Tl 
mini 
per 
impi 
For 
a cii

If 
than 
divii 
a nc 
low( 
may 
Hov 
the 
3.9' 
inpi

T

C

ne 

mi 
(si

RIO

l50fl

+ 15.0V

CRI 
M2 8 2

01 
2N479A

INPUT 
-5.0 VDC

R8 
I.5K

R9 
I.5K

R4 
I50A

R2 
25OAPOT

CR2 |^INI53OA

R6 l50û

CR5 
IN 277

CR6 
IN 277

RI4
I.5K

04 
2N672

02 
2N479

RI5 
330û'

500 n POT

IN I530A

RII > RI2
4.7K < 330Û

RI3
3.3K

, y CR8 
- -M2 3.9

CR4 
M2 12

o-I5.OV
High-impedance transistorized differential circuit trips relay when monitored voltage exceeds preset limits.
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Electronit test and maintenante tests
REDUCED 90%

with the Tape-Programmed SUPERTESTER

ton'

READER-SERVICE CARD

960

relay 
ended 
sistors

eckout 
nvest i
' satis-

The new Model 180 Tape-Programmed Supertester has the 
same outstanding features that have made CTI automatic test 
equipment the leader in the field—high accuracy, go/no-go 
bridge measurements, widest scope of tests and auxiliary opera
tions. and complete customer confidence tn test results through 
fail-safe circuitry and self-testing ability

Engineers Career opportunities are currently available at Crl

CIRCLE 233 ON
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in initor positive input voltages. In this circuit, QI 
ai d Q2 are pnp types, and Q3 and Q4 are npn 
txpes. In addition, all power supplies and diodes 
aie reversed, resulting in a positive reference at 
CR3. Otherwise, the differences between the two 
circuits are insignificant.

The circuit as shown is designed to monitor a 
minimum voltage of —5 v to a tolerance of ±5 
per cent with an accuracy of 25 mv. The input 
impedance of the monitor is approximately 50 K. 
For this reason, it should not be used to monitor 
a circuit with less than a 5 K impedance.

If the nominal voltage to be monitored is larger 
than 5 v, then it is necessary to use a voltage 
divider, as the circuits are designed to work with 
a nominal input of 5 v de. Inputs with higher or 
lower output impedance than that recommended 
may be monitored at the discretion of the user. 
However, it must be remembered that due to 
the bootstrapping from QI to Q2, approximately 
3.9 v are present at base of QI when there is no 
input.

The input impedance varies as follows:

Null Stability is held to a level no greater than 
25 mv between 10 deg C and 40 deg C with 
power supply variations of ±5 per cent. Com
ponent interchangeability is achieved by means 
of double regulation of the critical reference volt
age and the choice of temperature stable comple
mentary diodes throughout. Changes due to hFE 
and Ico are substantially nullified by the common 
mode rejection of QI and Q2 as well as by the 
c implementary symmetry arrangement of the 
< rcuitry.

Operating points of the circuit are set by the 
t iree potentiometers, Ri, R2 and R3. To set these 
; djustments, all three are set to mid-range and 
i n input voltage of — 4 v de or less is applied.

is adjusted for —5.25 v de at its wiper. When 
t ie input voltage is raised to —5 v de, relay Kt 
' ill pick up. The low^er drop-out voltage is then

*t to —4.75 v de by means of R} and the upper 
rop-out voltage to —5.25 v de by means of R2.
Joseph T. Moses, Specialist, General Electric 

< o, Syracuse, N. Y.

Drastically reduced test costs, increased equipment reliability 
and quality, incipient failures located during routine main
tenance, decreased down time for vital equipment, production 
bottlenecks eliminated, no time wasted overhauling good units 
and needlessly replacing good components, exceedingly valu
able in ground support—these are a few of the many reasons 
that CTI Supertesters are so widely used for all types of elec
tronic and electrical testing from production to field main
tenance. In making complete static and dynamic measurements 
on constituent circuits or in analyzing performance of entire 
systems, Supertesters have demonstrated time and again their 
advantages over other test methods.

Proved in over one year of use, the Model 180 Tape
Programmed Supertester is bringing a new versatility into 
automatic testing. With the accessory Tape Punch and Tape 
Duplicator, identical or revised copies of tapes can be made in 
seconds, an important feature where numerous design changes 
are of concern. Copies of tapes used by the original equipment 
manufacturer can be supplied for field use, always assuring 
that equipment is meeting the latest design specifications. In 
addition, lengthy test specifications are eliminated and the test 
instruments for a large variety of units are kept to a minimum 
—one CTI Supertester.

Write for* complete specifications on the Model 180. A 
brief outline of your test requirements will enable us to advise 
you in more detail on the application of our testers to your 
needs. Related CTI products are the Model 165 Cable-Harness 
Analyzer, Model 176 card-programmed Component Tester, and 
Model 100 Supertester.

CALIFORNIA TECHNICAL INDUSTRIES
DIVISION OF TEXTRON, INC.

BELMONT 2, CALIFORNIA
Foremost in Automatic Testing

re 1 Circuit Input Voltage Input Impedance
3y 1

1 negative —4 75 v 50 K
to I .

1 monitor - 5 00 v 170 K
1 (shown)

—5.25 v 175 K

, positive 4-4.75 v 82 K

1 monitor 4-5.00 v 139 K

4-5.25 v 350 K



IDEAS FOR DESIGN

[¡¿Z^^^RESISTORS
MOLDED CARBON-DEPOSITED RESISTORS

STABILITY
PRECISION

RELIABILITY
KNoub 

■.....
IM

Zener Provides Initial Sweep Step
In many sweep circuit applications, there is a 

need for an initial jump, or pedestal, along with 
a linear sweep. The usual circuit to obtain such a 
waveform includes a resistor in series with a tim
ing capacitor. The disadvantage of this arrange
ment is a longer flyback time. The discharge time 
constant, rrf, is increased by the added resistor, 
Fig. 1.

A circuit which eliminates this increased flyback 
time but provides an initial step is illustrated in 
Fig. 2. The flyback time constant is = (Raw + 
Rz) CT but in most cases, Rz « Raw [or at least 
Rz « Rstep] so t = Raw- The initial step is now 
equal to the Zener diode breakdown voltage.

Joseph R. Kotlarski, Electrical Engineer, Hughes 
Aircraft Co., Bldg. 12, M.S. 1323, Culver City, 
Calif.

-j— C timing

Fig. 1. Usual sweep circuit, with initial step resistor, 
has increased flyback time.

there’s
many

’twixt 
the

A superior molded resistor manufactured under exacting 
quality control specifications assuring excellent 
performance under adverse operating conditions.

Designed for full load operation at 70°C. (derate to 
zero for operation at 150°C) these units meet and 
exceed the requirements of MIL-R-10509C.

—r- C timing

nZENER
DIODE

Fig. 2. Zener diode produces initial step with de
creased flyback time.

Model PT-244 
Pulse Timer 
. . . $1895

The Crosby-Teletronics Model PT-244 
Pulse Timer is a highly sophisticated 
clock ... or a paired trigger genera
tor. to be exact. By providing a fixed 
and delayed pulse, it measures delays 
up to 10,000 microseconds with an 
accuracy of ± 0.01 microseconds 
making it ideal for delay line meas- 
urement, calibration of radar circuitry, 
and pulse generation. Results are read 
directly from a combination of decade 
counters and a digital dial.
The unit Is a full size module In the 
Crosby-Teletronics Modular Instru
mentation System (described in bro
chure #249). It may be used with 
the system’s Stack Pedestal for 
bench-mounting or, if preferred, with 
the Modular Rack Adapter for rack
mounting.
Want complete specifications? Just 
write! We’ll get them to you by re
turn mail. I
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TYPE SIZES MIN. 
OHMS

MAX.
MEG.

MIL-R10509C 
MAX. 

DC Voltage
Type

Equivalent to 
MIL-R-10509C

Char. Tol.

CPM-V2 Vt X .735 10 249 350 RN70 B F

CPM-1 % X 1%2 10 5.11 500 RN75 B F

CPM-2 % X 2%, 30.1 10.0 750 RN80 B F

Rotate Waveforms for 
Effective Values

The effective value, IE, of a waveform i(t) over 
period T is given by the formula

Division

REROVOH
CORPORATION

118

Write today for detailed 
specifications ...

OLEAN, NEW YORK
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Multiplying both sides by the product of the 
period by ji yields:

.T 
rh\T = /

ELECTRONIC
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54 Kinkel Street, Westbury, L I., N. Y.
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Another

WHY ELECTRONIC
CIRCUITS

PERFORM BETTER
WITH BENDIX
SPARK GAPS

The total volume is

Therefore

need not always be multipliedIt is noted that n
it often cancels out, asinto the calculation, since

rms across contacts or»
BR-IS, 500 V rms across contacts on BR-1SZ

Insul. Res.

Amb. Temp. Range: BR-is,

gol»

Other miniature Babcock
BR-7 (dry circuit to 10

amp) and reliable BR-8 crystai can and BR-3 series

then

1960

Call or 
mation.

2. The waveform is first broken up into segments, 

rotated.

Fig. 1. The waveform is rotated about the time axis

Relays include the versatile

BR1SZ, -65 C to -4-85 C

CIRCLE 237 ON READER-SERVICE CARD

BR-2S, BR-2SZ,

10,000 M o min

Shock: 25 g, 11 millisec.

Biel. Str.: 1000 V rms, 750 V

Life: 100,000 op. min. at rated temp, and current 

Duty: Continuous.

SPECIFICATIONS:
Vibration: 10 to 55 cps at double amplitude of 

(500 cps on spécial applications.)

1UU.Saul SUven, Engineer, Hughes Aircraft, Bldg.
5, M.S. 2390, Culver City, Calif.

□paw.
Due to inherent design character

istics, Bendix Spark Gaps can be 
made insensitive to ambient temper
ature variations and are not normally 
affected by pressure, altitude, or 
humidity changes.

Our broad line of Spark Gaps— 
ranging from 750V to 50KV— 
should contain a type to fit your 
needs. If not, we can design one to 
perform your particular job with 
the efficiency you require.i-x_

BABCOCK RELAYS, INC
1640 Monrovia Avenue, Costa Mesa, California

Contact Arrangement: SPDT, 1 form "C”.

Contact Material: Rhodium plated fine silver, 

plated for dry circuit requirements.
Operate Time: 10 millisec, (a) 100 mw.

Release Time: 10 millisec, max.

Altitude: 450 V rms Diet. Str. @ 70,000 ft.

Adjustment Differential:

Two big jobs are performed ny 
Bendix Red Bank Spark Gaps in 
electronic circuits. The first is pro
tection against high voltage surges 
that might damage circuit compo
nents, as in the case of radar equip
ment.

The second is acting as a’’trigger
ing switch,” as on the ignition 
avo^ms of iet engines. Here Bendix*

As shown in Fig. 1, the right-hand side of Eq. 
(2) is the volume obtained by rotating the 
waveform i(t) about the time axis. The left-hand 
side of Eq. (2) is the volume of a cylinder of radius 
7/ and height ‘T. This principle is put to use in 
the following example, where the effective value 
of the waveform shown in Fig. 2 is calculated.

The waveform is first divided into the four sec
tions shown. It is seen that upon rotation, Sections 
I, III, and IV yield right circular cones, while 
Section II yields a right circular cylinder. The re

spective volumes are:

Standard: Dropout 50% of pull-in.
Special: Drop-out 90% of pull-in.

Pull-In Power @ 25°C: 40 mw for BR-IS and BR 2S 

5 mw for BR-1SZ and 8R-2SZ.
Weight: 1 Vs oz.

Size: %" x 1^" above socket.

BABCOCK FIRST!
New BR-1SZ 5 MW MINI A TURE RELAY 
Only 5 mw of power is required to operate the new Babcock 
BR-1SZ miniature 1V4 oz- relay. This extremely versatile, 
hermetically sealed relay is ideal for airborne and ground 
applications where requirements include very critical pull-in 
to drop-out ratios, long life and temperature range's from 
—65 C to 4-125 C. Relatively inexpensive compared to other 
sensitive relays, the BR1-SZ and BR2-SZ Relays operate 
within the same performance parameters as standard ver
sions of the BR-IS and BR-2S. AN/USD-1 surveillance 
drones, RP 77 target drones, and thousands of telephone 
carrier systems today utilize BR-1 and BR-2 type relays, 
indicating accuracy and reliability of the highest order. The 
new BR-IS series meets MIL R 5757C, 6106C and 25018, 
and is available in a variety of mounting and header con
figurations. Bulletin BR 593 available upon request.

Contact Rating: BR-IS, ÖR-2S, 2 amps resistive 

32 VDC or 110 VAC;
BR-1SZ, BR-2SZ, 1 amp resistive @ 32 VDC 

110 VAC

in the given example.
If portions of the waveform do not yield an 

easily recognized rotated volume, the volumes 
may be determined by calculus methods. The re
sult is then substituted in the total volume expres-

SPEC1AL-PURPOSE TUBES DEPARTMENT

i
Division

EATONTOWN, NEW JERSEY
'Vest Coart Saki A Sarvica: 117 E. Providencia Ave., 
burbank, Calif. • Export Saki 4 Sorvica: Bendix Inter- 
r’Otional Division, 205 E. 42nd St, New York 17, N. Y.

Canadian Dirtributor. Computing Devices of Canada, 
td., P.O. Box 508, Ottawa 4, Ontario.
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Bendix 
Craftsmanship 
at work for you
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DEAD END 
FOR STRAY POWER...

New rotary shutter for S-Band 
extends reliable standby protection to RG 48f U 

waveguide systems.
Microwave Associates’ new MA-788 
rotary shutter puts up an effective sec
ondary barrier to high level signals . . . 
forms an important element in the guar
anteed crystal protection offered by 
Microwave’s complete duplexing units.

NOW —SIX SHUTTERS AVAILABLE
Six magnetically operated rotary shut
ters for S, X, Ku and Ka bands are now 
in our line and are charted below. They 
form the best-yet supplementary protec
tion against crystal damage when radar

system is inoperative. They may also be 
used as on-off waveguide switches for 
low power applications. In the closed 
position they create a dead end short 
circuit across the waveguide, reflecting 
essentially all the incident power.

COMPLETE DUPLEXERS OR SEPARATE SHUTTERS 
They’re available as separate units sup
plied to fit your system or as components 
in complete duplexers carrying guaran
teed crystal protection for life ... at full 
rated power and elevated temperatures.

Dual * * Tandem

SPECIFICATIONS

Band Type Frequency kMc Isolation 
(Closed position)

Insertion Loss 
(Open position)

VSWR 
(Open position)

S MA-788 2.7-3.1 kMc 25 db min. 0.2 db max. 1.10 max.
X MA-710 8.5 9.6 kMc 30 db min. 0.2 db max. 1.10 max.
X MA-750* 8.5-9.6 kMc 30 db min. 0.2 db max. 1.10 max.
Ku MA-760 16.0-17.0 kMc 30 db min. 0.2 db max. 1.10 max.
Ku MA-776*’ 16.0-17.0 kMc 75 db mm. 0.2 db max. 1.10 max.
Ka MA-761 33.0-36.0 kMc 28 db min. 0.2 db max. 1.10 max.

Write or call for complete data and prices to

MICROWAVE ASSOCIATES, INC.
BURLINGTON, MASSACHUSETTS • BRowning 2-3000 TWX 942
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Prevent Transient Damage
Power transformers deliver a husky transient 

“kick” when the primary current switch is turned 
“on or “off.” In many cases this can be costly. 
Two specific cases are:

(1) When using semiconductor rectifiers the 
transient voltage must be considered. This means 
higher rectifier cost, especially in the case of three 
phase full wave circuits.

(2) When a transformer-rectifier supply is used 
to power transistor circuitry, the transient is likely 
to exceed the transistor voltage rating, causing 
transistor failure.

Both of these conditions can be remedied in 
new or existing equipment by placing a small 
cover over the primary power switch. The cover 
is hinged, and must be lifted to operate the power 
switch. Lifting the cover operates a push button 
or microswitch, which disconnects the transformer 
from the rectifier in the first example—or discon
nects the external load in the second case.

In one application, a high voltage supply, the 
cover switch operated an inexpensive relay, which 
disconnected the rectifiers. The relay cost $12, the 
rectifier saving was $180, a net gain of $168!

Bernard Daien, Bogue Electric Co., Paterson, 
N.J.

An Uncomplementary, Exclusive 
OR Circuit

The Exlusive-OR circuit published in Ideas for 
Design (ED, July 22, 1959, p84) brought to mind 
the circuit shown below. This circuit, for two 
inputs only, uses no diodes and identical, rather 
than complementary, transistors. Compared to a 
pure diode equivalent, it may be slightly more 
expensive, but it delivers more current to the 
output, at a lower impedance level, and it does 
not require complemented inputs.

In operation, if the inputs are either both nega
tive or both positive, both transistors are cut-off 
and the output is negative. If only one input is 
negative, then the other (positive) input supplies 
the emitter current, and the output is positive. 
Symbolically:

C = A-B # Ä-B
Use of npn transistors and reversal of power 

supply polarities gives the complemented func
tion:

C = A-B + A-B
lensing E. Tryon, Senior Engineer, Stromberg- 

Carlson Co., Rochester, N. Y.

CLOSED

PALISADES PARK, 
NEW JERSEY

/ Hermetically sealed
/ Extremely compact, light 

weight
4 "Reliability engineered" 

for guaranteed 
performance

4 Shock & vibration tested 
in conformance with 
MIL-E-5272A

4 Operates 24 to 30 volts, 
DC, at 125°C ambient

4 Rating, 1 amp.
4 Size, iyZx12,/32*x2yZ
4 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.

miniaturized 
solenoid actuated

CAM SWITCH

SUI

100,000 CYCLES 
and
800,000 BREAKS

OPEN ,

120
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CIRCLE 851 ON READER-SERVICE CARD ►



V212AT7

OUT

OUT

'/z I2AT7

FOR

H IBI HMWALLSON

CIRCLE 241 ON READER-SERVICE CARDARD

WRITE TODAY 
For frte Dewriptive Literature

This dynamic rectifier test set, with in
dependent forward current and reverse volt
age controls, is completely self-contained 
and measures average forward voltage 
drop and reverse current of any type of 
semi-conductor rectifier rated to 20 am
peres forward current and 1000 volts 
PIV., in accordance with proposed JEDEC 
specifications.

new CRMR meter-relay offert continuous indication, con

The new CRMR (short for Continuous-Reading Meter-Relay) 
permits you to perform minor miracles in simplifying control 
circuitry. A new toggle-contact principle gives full-scale in
dication at all times with immediate, non-cyclic control re
sponse. An unrestrained D’Arsonval movement gives high 
sensitivity and versatility to measure any electrically-measure- 
able variable.

The entire system consists of the CRMR and a load relay. 
Interrupters are eliminated. So is their associated circuitry. 
Reset is instantaneous and automatic.

Because of the exclusive API booster coil, contacting action 
is fast, firm and virtually without “dead zone.” Control per
formance is uncompromisingly reliable.

LECTRONIC DESIGN • January 20, 1960

Neon tube limits symmetrical input to Class-B push 
pull stage.

voltage difference across AB produces the maxi
mum acceptable signal to the output stage grids. 
The waveform across AB is a clipped sinusoid, 
with its plateau at the neon tube conduction po
tential. The initial pip which is also present was, 
in this application, unimportant.

Andrew S. Williams, Senior Electronics Engi
neer, Stromberg Carlson Co., 1400 N. Goodman 
St., Rochester 9, N.Y.

FROM 
PHASE 

SPLITTER 
STAGE

Neon Tube Lights And Limits
A cheap, commercial type neon tube can limit 

signals and, at the same time, provide a visual in
dication of its limiting operation. In the particular 
circuit shown, a signal limiter was required for a 
class B push-pull servo amplifier to prevent the 
output stage from being overdriven. Resistor R? is 
chosen so that, with the neon tube ignited, the

OTHER WALLSON PRODUCTS

• Automatic High Vacuum Exhaust 
Equipment

• TWT Power Supplies
• Dynamic & Life Test Equipment for 

Semi-conductor Rectifiers with Ratings 
up to 500 Amperes and 2500 Volts

Wallson also produces a 
5 Ampere Rectifier Analyzer

SURGE TEST UNIT AVAILABLE

INCOMING INSPECTION 
ON-LINE INSPECTION 
LABORATORY USE

912-914 WESTFIELD AVE. 
ELIZABETH, NEW JERSEY

Flanders 1-0700
CIRCLE 240 ON READER-SERVICE CARD 

< Circle 85 i on reader-service card

ASSEMBLY PRODUCTS, INC 
Chesterland 17 Ohio

Coiled Power Cord 
Eliminates Pickup

A sensitive vtvm was being plagued by un
desired pickup from a nearby source of rf. 'The 
usual shielding methods proved ineffective, so it 
was decided that the spurious signals were com
ing in through the common power line. Wrapping 
several turns of the vtvm power cord around 
the palm of the hand provided the amount of 
inductance necessary to filter out the radio fre
quency energy. The exact number of turns was 
determined by trial and error, after which the 
cord was taped together to hold the coil shape.

Joseph Leeb, Project Engineer, Bulova Watch 
Co., Jackson Heights, N.Y.

WALLSON

DYNAMIC
RECTIFIER
ANALYZER

THE COMPLETE STORY in pictures . . . 
a clear, graphic presentation of the 
CRMR and associated circuitry is pro
vided in Bulletin S-2.

SEND FOR YOUR COPY
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pulse generator

MICROWAVE
MODULATOR

accepts over 40 magnetrons ! tac

ove

a new

series
thermostat

REGULATED OUTPUT

Complete 1959 catalog available on request.space

CIRCLE 242 ON READER-SERVICE CARD

I 22

POWER 
SUPPLY

BIASED 
PULSE

Other features are shown below. For complete specs and a list 
of at least 40 magnetrons suitable for use with the 10001, write 
Narda’s High Power Electronics Division (HPED) at Dept ED-7.

ing, but it should be noted that the ground termi
nal on the de source had to be suitably grounded 
to the system under test.

Morris Suntop, Development Engineer, Rem
ington Rand, Utica, N. Y.

OUT O- 
GR Q

Here's the first of a series of new products from Narda's 
recently-established High Power Electronics Division! A high 
power Microwave Modulator that permits installation inside the 
unit of any of more than 40 magnetrons! Complete, compact 
and self-contained, it accepts magnetrons covering 3,200 me 
to 35,000 me, with peak outputs from 6 KW to 120 KW. Model 
10001 features a completely interlocked circuit, with all high 
voltage leads and connections internal, for maximum safety; 
solid state high voltage bridge rectifiers for longer life and 
reduced heat output (prolonging life ot other components, 
too); and built-in meters and viewing connectors for all princi
pal parameters.

Power Transistor Substitutes 
For a Series of Zener Diodes

Pilot 
Duty:

125 Volt 
Amp», 

120/240 
VAC

High voltage supply: Continuously variable from 0 to 4 KV at 
100 ma; Pulse power: 18 KV at 20 amps max.; Magnetron 
filament supply: Cont. variable from 0 to 13 volts at 3 A; Rep. 
rate generator range: Cont. variable from 180 to 3000 pps. 
Pulse width: 1 microsecond at 70% points, rise time 0 15 
microseconds, max. slope 5% (other pulse widths available); 
Size: 38" h, 22" w, 18" d. Weight: 150 lbs.

Power transistor substitutes for a series of Zener 
diodes in this variable voltage regulated power supply.

O-5OV 
SUPPLY

During breadboarding trial and error, setting 
up a series of regulated power supplies with a 
range of output voltages can be time-consuming. 
What is more, the proper Zener diodes may not 
be readily available. This handy circuit is often

Resistive 
Heater 
Load:

6000 Watts, 
240 VAC

3000 Watts, 
120 VAC

for oporating temperatures up to 350 F. 
UNDERWRITERS* LABORATORY RATINGS 

(basis 100,000 cycles — max. temp. 350s F.)

CIRCLE 243 ON READER-SERVICE CARD 
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designed for 
dependability, efficiency 

and economy • • • in a minimum of

Generator is Biased, But So is Pulse
A biased pulse was needed for test purposes 

which would not be distorted, or otherwise dis
turbed, by the biasing method.

The bias was introduced by connecting the 
ground terminal on the pulse generator to an 
external de source. The generator was left float-

Inductive Load:
10 Amps, full load @ 120 VAC 
60 Amps, locked rotor @120 VAC
5 Amps, full load @ 240 VAC

30 Amps, locked rotor @ 240 VAC
Recommended Direct Current Ratings 

1 Amp, 125 VDC 12 Amps, 30 VDC 118 160 HERRICKS ROAD. MINEOLA, L. I PIONEER 6 1650

HIGH POWER ELECTRONICS DIVISION

in ini in uni production order 
quantity accepted —25

microwave 
corporation

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.

Model
10001

M700

write for free bulletin

THERM-O-DISC, Incorporated 
MANSFIELD, OHIO



* Greatest versatility!
• Highest accuracy!

• Widest range!

NARDA transistorized

POWER
METER

uro

♦ir

«»VT \ *

microwav. 
Corporation

OH
! Mgahv,

BATTtftv *

MODEL 440... $250

rda’s 
high 

Ie the 
npact 
0 me 
4odel 
high 

afety;
and 

ents, 
rinci-

What’s most important to you in a power meter? Accu
racy? Portability? Independence from line voltage deviations? 
Wide range? Stability? Rapid warm-up?

state-of-charge indicator and protection against overcharging, 
and freedom from internal heating caused by vacuum tubes.

a list 
write 
:d-7.

ÍV at 
itron 
Rep. 
pps; 
0.15 
ble);

Not that you have to make a choice...or a compromise 
...any longer. The Narda Model 440 Power Meter gives you 
all these features! Completely transistorized and powered by 
a nickel-cadmium battery, rechargeable during operation or 
overnight, it offers two low-power scales in addition to the 
five standard scales (see below), a built-in charger with

Moreover, the 440 provides up to 18 ma bias current, 
enabling you to use the widest selection of bolometers and 
thermistors. In short, the 440 is the most versatile unit 
available to provide accurate direct-reading measurements 
of cw or pulsed-power automatically, over any frequency 
range for which there are bolometer or thermistor mounts. 
For complete data, contact your nearest Narda representative, 
or write us directly. Address: Dept. ED-11.

SPECIFICATIONS
POWER RANGES: 7 SCALES

*0.01 mw full scale

*0.03 mw full scale

0.1 mw full scale

0.3 mw full scale

1.0 mw full scale

3.0 mw full scale

10 mw full scale

—30 to — 20dbm

—25 to — 15dbm

—20 to —lOdbm

— 15 to —5dbm

— 10 to Odbm

—5 to +5dbm

0 to +10dbm

4.5 ma bolometers give best results on these scales.

Range Switch: 0.01 to 10 mw (full scale)

Accuracy: 3% of full scale reading

Bolometers & Thermistors: All 100 and 200 ohm,

requiring up to 18 ma bias.

Battery Charger: Built-in, continuous or overnight.

(Battery operable 16 hrs. before recharge required.)

th« narda corporation
118-160 HERRICKS ROAD, MINEOLA, L. I., N. Y. • PIONEER 6 4650
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found useful to simulate a series of 50-w Zener 
diodes rapidly with available materials.

An 80-v 50 w power transistor, wired as shown, 
permits a small laboratory supply (or battery) 
0-50 v to simulate a regulated variable voltage at 
currents up to 3/4 amp. When the correct voltage 
is found, the proper Zener diode may be substi
tuted.

John T. Lamb, Research Engineer, The Tappan 
Co., Mansfield, Ohio.

Hang Your Cord High

The photograph illustrates an idea which can 
prevent your soldering iron from burning its own 
cord. In addition, the cord is prevented from 
tangling, and interfering with, components on the 
bench.

The soldering iron cord is suspended from an 
easily purchased ironing cord holder. This holder 
is fastened to a metal rod which, in turn, is at
tached to a spring. The spring can bend in any 
direction with very little effort.

Another advantage of this holder is that when 
soldering in delicate areas, the cord does not drag 
upon the iron and prevent its free movement.

Ralph Rinaldi, Theta Instrument Corp., Saddle 
Brook, N.J.

A common ironing cord holder clamps the soldering 
iron cord and keeps it from tangling with components 
on the bench.

123
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...proved by millions in use over several years! 

IERC TR type Heat-dissipating Electron Tube Shields are 

still the only effective heat-dissipating tube shield 

designed for retrofitting equipment having JAN bases.

Present TR’s are unchanged from the original version 

introduced — and over the years, nothing has equalled 

their cooling and retention qualities. The greatly extended 

tube life and reliability provided by IERC TR’s is 

acknowledged by the entire industry.

lERC’s TR’s have been right for the job —right from the 

start. For immediate, increased tube life and reliability — 

retrofit now with IERC TR Shields.

Free IERC Tube Shield 
Guide, listing TR Shields, 
is available by writing 
Dept. TR for your copy.

International Electronic Research Corporation 
145 West Magnolia Boulevard, Burbank, California

IDEAS FOR DESIGN

Low Current Steps High 
Current Stepping Switch

In operating large stepping type switches a 
large current is often required, particularly for 
low voltage units. Furthermore, if the stepper 
must be operated from a remote location, there 
may be an objectionable voltage drop in the con
necting wires.

INTERRUPTOR CONTACTS 
♦ o------------------- 0 ..... -

HIGH CURRENT
POWER SUPPLY

STEPPING SWITCH
COIL

Fig. 1. ‘‘Old” circuit requires a high current power 
supply to directly feed the stepping switch coil.

REMOTE 
SWITCH

NORMALLY CLOSED 
CONTACTS ON K,

3OOV

LOW CURRENT 
POWER SUPPLY

K,= I0K PLATE RELAY
Rp APPROX I0K

«Out
A50V

STEPPING SWITCH 
CC<L

Fig. 2. The stepping switch is operated by the dis
charge current of capacitor C, in this “new’’ circuit. 
Hence, only a relatively low current supply is required.

The current shown in Fig. 2 does away with 
the need for a high current power supply, and 
uses relatively small cable wire between the con
trol and operating switch positions.

When the remote switch is closed, the charging 
current capacitor Ci is large enough to cause 
relay Ki to operate. As Ci charges, the current 
will decrease until the fall-out point of Ki is 
reached. The relay again operates, closing the 
normally closed contacts. This causes Ci to dis
charge through the stepper coil, advancing it one 
position. The time required for the operation is 
determined by the values of Ri, the de resistance 
of Ki, Ci and the pull-in, drop-out characteristics 
of Ki. It is possible to make the time constant 
variable according to a pre-arranged program by 
inserting the proper values of Ri in one bank of 
the stepping switch, and stepping to a different 
value during each operation.

W. E. Barker, Jr., Systems Engineer, Systems 
Incorporated, 'Orlando, Fla.

Wayne Kerr RF Bridge Type B-601

BALANCED
OR

UNBALANCED 
MEASUREMENT 

of complex Impedance

Wayne Kerr VHF Admittance Bridge 
Type B-801

Both bridge* offer all these important feature*
• Balanced or unbalanced meaturement
e Exceptional range
e Two or three terminal meaturement
• High accuracy
• Transfer admittance measurement
• Series impedance measurement of semicon

ductors

RF BRIDGE TYPE B-601. Uses three terminal 
tapped-transformer ratio arm principle. 
Measures complex impedances, balanced 
or unbalanced, or balanced with center 
point grounded, and between any pair of 
terminals in a 3-terminal network. Extreme 
stability—very low impedance looking back 
into terminals and to ground at balance. 
Measures resistance, inductance, capaci
tance between 15 kc and 5 me.
VHF ADMITTANCE BRIDGE TYPE B-801. Also 
uses 3-terminal, transformer ratio arm prin
ciple. Measures variety of components be
tween 1 and 100 me. Calibration indepen
dent of frequency, in terms of conductance 
and positive or negative capacitance. Sep
arate external source and detector are 
available.

ELECTRONIC

SPECIFICATIONS 
B-601

Frequency Range 15kc-5mc
Capacitance

Inductance 
Resistance 
Accuracy 
PRICE

0.01-20,000^

0.5MH-50mH 
I0Ü-10MÛ 

±1% 
$640.00

B-801 
1-100mc 
± 230 nnt 

Susceptance 
Equivalent

10Q-10KÜ 
±2% 

$800.00
Special adaptor* cover meaturement of tran*i*tor 

and semiconductor parameter*

OTHER INSTRUMENTS: Audio to VHF Bridges 
and Oscillators; Attenuators; Microwave Equip
ment; Vibration and Distance Meters; Waveform 
Analyzer; Voltmeters.

Send for complete literature.

WAYNE KERR
CORPORATION

1633 Race St., Philadelphia 3, Pa.

Representatives in major U.S. cities and Canada
CIRCLE 246 ON READER-SERVICE CARD
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resistance wire ACFPI
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100
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The design chart below plots this equation in 
percentage of gain deviation before and after 
feedback, with the ratio A^/Ai as a parameter.pen

ance

dges 
quip 
form

In terms of Afbl and A 
easily be shown that

or A/bn and A 2, it can

Also 
jrin-

nced 
nter 
ir of 
•eme 
back 
nice, 
jaci-

Rearranging the preceding equation produces the 
following desired relationship. It states that a 
reduction in the gain deviation by a factor of x 
can be accomplished by decreasing the lower gain 
limit with degenerative feedback by the same x 
factor.

A capot * Acetrim* Acoohm® Meg Appi, for
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not the high resolution, call 
designed and built our own

ELECTRONICS ASSOCIATES, INC.
** 99 Dover Street, Somerville 44, Matt.

Somerset 6-5130 TMX SMVl 1 «1 West. Union WUX

Here's highest resolution in a standard sub miniature pot: The 500 

Acepot® yi" size, ±0.5% independent linearity. Special prototype 

section insures prompt delivery on the Acepot® — yi” to 6” Al A sizes.

ing unturned to produce pots with the highest 
resolution in the industry. All A1A sizes, all 
mounting styles, specials and standards. So 
get your resolution the easy way — get 
Acepots! See your Ai 'Erep at once!MESA PLASTICS COMPANY, Dept. 14 

12270 Nebraska Ave., Los Angeles 25, Calif
PLEASE ( I Data on heat resistant D all 
SEND ( ) Data on chemical resistant Diall 

( ) Catalog and complete data on Diall

FORf 

Technical 
Information

IOO(A2-At^2 

PERCENT DEVIATION BEFORE FEEDBACK

D. A. Pierre, Member of the Technical Staff, 
Hughes Aircraft Co., Los Angeles, Calif.

You'll Like Diall Compounds . . . They’re 
easy to mold, easy to machine, have no 
post-mold shrinkage . . . offer greater 
resistance to chemicals than any other 
comparable compounds. Heat resistant 
to 500° F. Many are flame-proof. Un
affected by moisture, fungus proof, non
corrosive to metals. And . . . for greater 
sales appeal . . . available in all colors! 
Write Today!

on Ace! We ve 
special winding

A Feedback Design Chart
rk nonlinear amplifier can be made more linear 

by inserting degenerative feedback. Unfortunately, 
a loss in gain is associated with the improved 
linearity. A handy relationship between the 
achievable linearity and the inherent gain reduc
tion is derived here. Also, a design chart depicting 
this relationship is presented.

In the region of interest, the maximum and 
minimum values of gain are defined as A2 and Ai 
respectively.

Molding 
Compounds W*
If You Make Parts Like These

When a constant feedback coefficient, B, is 
placed around the amplifier, the new limits of gain 
are

If you’re dedicated to the cause of high resolution, you could wind 
your own pots and be sure. Allow yourself plenty of time, though — 
because the secret’s in the number of turns per inch, and the spacing 
between ’em. Pack those turns right in there closely and accurately, 

and you might have a pot you II be proud of!

But if you want to eliminate all bother, but
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ELECTRONICS DIVISION

CURTISS-WRIGHT
CORPORATION • WEST CALDWELL, N.J.

CURTISS

CUSTOM DESIGNED

ELECTRONIC COMPONENTS
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TIME DELAY RELAYS
Instant reset — Voltage compensated

Curtiss-Wright “IR” thermal time delay relays reset the instant 
they are de-energized. The second cycle will always provide 
the same delay as the first cycle. Variations from 22 to 32 volts 
will not affect the time delay of the “IR” Series.

SPECIFICATIONS
Time delay................. Preset 20 to 180 seconds
Contact arrangement. .SPST, DPDT OR SPDT
Temperature comp. 
Weight:...................  
Terminals...............  
Mounting..............

—65°C to +125°C 
...............ounces 
Hooked solder type 
... Bracket or stud

3 /* & 52

Variations of the above relay characteristics 
available upon request.

New DIGITAL MOTORS
Stepping motors for high reliability ap
plications. Meet the requirements of 
assured reliability and long life for air
craft, missile and automation systems.

FEATURES Bi-directional • Positive lock • Dynamically 
balanced • Simplicity of design • High pulsing rate.

'2

New ULTRASONIC DELAY LINES
Enables development engineers to em
ploy new concepts in existing and pro
jected applications. Low in cost, small 
in size and simple to operate.

SPECIFICATIONS

Delay range................. 5 to 6000 microseconds
Tolerance...............................±0.1 microsecond
Signal to noise ratio.............Greater than 10:1
Input and output impedance. 50 to 2000 ohms
Carrier frequency........... 
Delay to pulse rise time

100 kc — 1 me 
...Upto 800:1

Patent No. 2,910,614. Ralph J. Bondley 
(Assigned to General Electric Co.)

The klystron tuning means is external to 
the tube and isolated from the electron

beam by dielectric windows. This arrange
ment allows the window to be made thin
ner than is usual. Failure of the window 
due to heating is eliminated and the ca
pacity loading is reduced. The structure 
is stronger since the window merely

CIRCLE 249 ON READER-SERVICE CARD
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serves as an insulated air seal and is not

ration of transistor 11.

The material is contained in hollow

STOCK ITEMS AVAILABLE. Genera

due to the circumferential force created

Non-Saturation Junction
Transistor Circuits

fect which causes the turn-oil of a satu

ELECTRONIC DESIGN

required to support the tube elements.

Electromagnetic Stirring Method
Patent No. 2,890,940. William G. Pfann.
(Assigned to Bell Telephone Labs).

In zone melting, the liquid is stirred 

by passing an electric current through 
the liquid at right angle to the direction 
of the magnetic field. This increases the

January 20z 1960

efficiency of both zone leveling and zone 
refining since the freezing rate increases 
and, in addition, the concentration of 
minor ingredient is made uniform.

body 10 wherein region 11 is a molten 
zone in the presence of heater 12. Mag
net 14 and ring 15 generate a radial field 
which reacts with the longitudinal current 
flow introduced by electrodes 16 and 17.
Turbulent flow results in region 11, which, 
for example, is shown to correspond to a
Reynold’s number of 20,000.

Patent No. 2,887,542. R. R. Blair and J. R.
Hams. (Assigned to Bell Telephone
Labs.)

A common emitter transistor stage 
achieves a high switching rate by combin
ing it with an emitter follower amplifier 
and a diode. This combination prevents 
saturation of the switched stage. The ar
rangement avoids the carrier storage ef

rated transistor to lag the control signal.
In the configuration shown, a small, 

positive going input signal to transistor

11 directly couples to emitter follower 
transistor 13. This drives the latter stage 
toward cut-off. Diode 16 is still reverse 
biased. As signal strength increases, tran
sistor 13 goes to cut-off and diode 16 be
comes forward biased, coupling the ap
plied signal directly to load resistor 15.
Diode 17 precisely sets the level above 
which diode 16 conducts to prevent satu

Need High Purity
fused quartz components?

General Electric offers most

complete line.. .plus prompt delivery

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.

I lectnc now has plant facilitivi devoted 
exclusively to the making of fused 
quartz products—and offers a wide 

Tigress Is Our Most Important Ptoduct

GENERAL ELECTRIC

range of stock items for immediate—
yes, immediate—delivery.

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-10, Willoughby Quartz
Plant, Willoughby, Ohio. And you can 
get free engineering assistance just for 
the asking—when you write.



F
PATENTS

F

d

50
//

OF7FC7OR

6/

30 20

CIRCLE 253 ON READER-SERVICE CARD

c
c

Decoupling Means for 
Electrical Circuits
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1 RECORDER Plus 5 NETWORKS Plus 1 PROBE 
EQUALS ... INSTRUMENT DOLLARS SAVED ! ! !

REC’s many Resistance Temperature Probes, when used with the 
Model 173 Plug in Trimming Network covers the entire temperature 
range from —435 F to + 100°F and higher, with absolute accuracy 
and interchangeability of + 0.1 °F.

Standard Networks are available to adapt any probe to the tem
perature spans indicated above.

• PROBE AND NETWORK FITS MASTER CALIBRATION CURVE 
TO + 0.1 °F . . . ELIMINATES CALIBRATION . . . .SAVINGS

• ONE PROBE FITS MANY INSTALLATIONS . . . FEWER SPARE
PARTS REQUIRED..................................................................SAVINGS

• PROBE INTERCHANGEABILITY TO + 0.1 °F, ELIMINATES
COSTLY RECALIBRATION SAVINGS

• CHANGE PLUG IN NETWORK TO CHANGE TEMPERATURE 
RANGE. REDUCE SYSTEM MODIFICATION COST . . $AVINGS

Write for further information

ROSEMOUNT
ENGINEERING

COMPANY
4900 West 78th St. Minneapolis 24, Minn.

Patent No. 2,908,858. Forrest A. Nelson. 
(Assigned to Varian Associates)

In a microwave spectrometer, the di
rect leakage from the transmitter to the 
receiver is cancelled by coupling an out- 
of-phase portion of the transmitted signal 
to the receiver through a high resistance 
loop.

Gyromagnetic resonance in the test 
sample is generated by a magnetic field

produced by pole pieces 44. These poles 
are spaced between the sample and 
oriented perpendicular to the rf field set 
up by transmitter coil 30. A visual display

on crt 47 is produced by slightly wob
bling the magnetic field by means of 60- 
cps coils 31 and 32. These coils drive the 
sample periodically through resonance. 
The vertical plates of the oscilloscope are 
driven by receiver coil 20 oriented normal 
to transmitter coil 30.

However, due to the proximity of coils 
30 and 20, there is, induced in the latter, 
a residual, out-of-phase, component. This 
is cancelled by coupling loop 15 to coil 
30. The voltage induced in loop 16, 
loaded by resistor 14, produces a field 
which cancels the direct leakage from the 
transmitter coil 30 to receiver coil 20.

¿5

7RANSMI77LR-----

Ruoto 
AMPLIFIE R

Radio Interference Filters

w

Standard has proven it knows the noise filter problem-and 
how to cope with it! Modern production facilities and skilled 
engineering assure you economically produced filters to your 
exacting specifications. Prompt, scheduled delivery also!

Let filter specialists solve your filter supply problems. Send 

your specifications and quantity requirements for a quote.

STANDARD ELECTRONICS COMPANY
1611 W. 63rd St. • Chicago 21, III. • PRojpect 8-4222

CIRCLE 254 ON READER-SERVICE CARD
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FOR ABSOLUTE
MEASUREMENTS
OF CORROSIVE

ield

OSCILLATO!

999 353-

Write to Dept. 36ED

FAIRCHILD
TP-100

PRESSURE
TRANSDUCER

Specifications and Characteristics

CIRCLE 256 ON READER-SERVICE CARD

Pressure Range
Accuracy

Acceleration 
Shock 
Temperature

Y AMPLIFIER
DC-15MC (-3dB) 
.025/isec Risetime 
.25/xsec delay 
50mV/cm to 50V/cm

tter, 
This

OSCILLATOR
ANO •

DISCRIMIN’ «
ATOR

Model 1330 
$1050

X AMPLIFIER
DC to 2 Me (—3dB) 
.03jusec/cm to 1 sec/cm 
Automatic Triggering and 
Voltage Selection

J AMPLIFIER ANO 
PHASE DETECTION
’ SYSTEM

core, 332. A second winding, 334, is con
nected in bridge 14c. Element 335, a 
variable resistor, for example, disturbs 
the bridge balance and the detection 
system 17c responds to cause motor 344 
to position magnet 330 with core 332 to 
restore balance. This changes the in
ductance of coil 356 so that oscillator 366 
is set at a different frequency.

A ferrite core is used particularly since 
the inductor has high Q (low loss) and 
the incremental permeability is greatly 
affected by a small change in the degree 
of magnetic saturation.

mce.
are

•mal

Reselution 
Repeatability

Vibration

0-15 to 0-500 psla
Overall band width of ±1.5% includ
ing linearity, hysteresis and friction 
in most pressure ranges
0.25% for most ranges
Less than 0.5% depending upon 
resolution
io to 2000 cps, 15g with less than 
1% error
10 to 2000 cps, 35g with less than 
2% error
40g with test than 1% error
100g without damage
—54’ to +W0‘C

. Ill CEDAR LANE • ENGLEWOOD, NEW JERSEY
CIRCLE 255 ON READER-SERVICE CARD
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AND THIS IS NEW...
X and Y gain continuously variable and 

continuously calibrated to 2%

WINDOW 
ON ' 
RESEARCH

UJI | A This l-inch Pressure TransducerIwl F" I J I /wk takes shock, acceleration, and vibra- 
■ ” “■ tion like no other its size. It was spe
cifically designed to measure pressures of corrosive fuels such as 
...red fuming nitric acid (RFNA) and liquid oxygen (LOX). The 
corrosive media is contained inside a welded stainless steel or 
Nl-Span-C diaphragm. The precision wirewound potentiometer 
pick-off provides an output signal resolution of 0.25% for most 
ranges. The TP-100 safely takes up to 100% overpressure with 
negligible calibration shift. An improved “H" bar linkage between 
the diaphragm push rod and the pot wiper arm is a major factor 
in the excellent performance and high reliability of this precision 
device. All parts are statically and dynamically balanced, the link
age limits the motion and minimizes errors under severe vibration 
and acceleration conditions.

334 
^332

Ferrite Stabilizing System

Patent No. 2,891,158. William D. Gabor. 
'Assigned to C.G.S. Labs, Inc.).

An oscillator contains a winding on a 
ferrite core; a second winding on this 
core is a component of a bridge circuit. 
External means unbalance the bridge 
and the permeability of the core is ad
justed to restore balance. The resultant 
change in inductance of the first winding 
changes the oscillator frequency.

In the system shown, the oscillator, 
366, has its coil, 356, wound on ferrite

¡9 ¡9 r H /tx. 'Kr f9 9 '919» IMF • gyros

CONTROLS CORPORATION ; TRANSDUCERS 
'•components D < V < • I O N • POnNUOMiUHS 

»5 Pim Avenue ; 6111 € W«hh „on Blvd ACCELEROMfTfRS
Hicksville LINY; los Angeles. Cai •

A Subsidiary of Fairchild Camara and Instrument Corporation
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resistor 37 to drive diode 10 to conduc

Three State Electronic Circuit

three.

Separate Anodes

(Formerly Atlas E-E Corporation)
47 PROSPECT STREET, WOBURN, MASSACHUSETTS

CONDENSER COMPANY
1616 NORTH THROOP STREET

EV 4-1300CHICAGO 22, ILL.

Dual Common Positive

These dual section common anode con-

applications.

CIRCLE 258 ON READER-SERVICE CARD

• FULL CONTACT with tube

shorter tube life.

— a com-

this fact-filled Bulletin!

DROP

prolong tube life—increase reliability
atlee FULL-CONTACT TUBE COOLING SHIELDS

provide MAXIMUM tube cooling through

• FULL CONTACT with shield

• FULL CONTACT with chassis
The new atIGG FULL-CONTACT tube-cooling shield, with exclusive

delta-wave” insert and flat-mounting shield base, provides a spec
tacular reduction of envelope temperatures even under extreme operating 
conditions. Tests prove a drop of 130°C below bare-bulb temperatures, and 
80°C below levels reached with JAN shields and standard N.E.L. inserts.

Here is a significant advance in the fight against equipment failure even under 
conservative operating conditions. Further, where tubes must operate close 
to maximum ratings, it means a real reduction in the inevitable penalty of

DESIGN FOR RELIABILITY WITH atlGG
píete line of dependable heat-dissipating holders and 
shields of all types, plus the experience and skill to 
help you solve unusual problems of holding and 
cooling electronic components. Get the complete story

in your free copy of

PATENTS
Electrically Energized Magnetic Shield

Patent No. 2,901,641. Edward L. Wolf.
(Assigned to General Dynamic Corp.)

Patent No. 2,907,914. H. R. Brownell.
(Assigned to Magnetic Metals Co.)

The magnetic shielding in a Lang
worthy strip-wound shield for a color TV 
tube is improved by passing a de current 
through the helix. This increases the 
permeability of the shield in both mag
nitude and polarity.

Conical shield 27 is formed by wrap
ping annealed strips of high silicon steel, 
separated by asbestos paper, and shaped 
to the contour of the picture tube bulb.
Potentiometer 30 is set for the desired

A simple gas tube circuit indicates or
counts pulses scaled down by a factor of

Initially it both diodes are cut off, the
voltage across diode 10 is higher. A first

pulse is differentiated by capacitor 32 and

tion and the transistor 22 couples a pulse
to the output. The second pulse causes
diode 11 to conduct and a pulse couples
through capacitor 34 to cut off diode 10.
Finally, the third pulse differentiated
causes diode 11 to cut off. The cycle
thereby repeats. Typical circuit compo
nents are suggested.

magnetic field strength.

16' *10 1)

I—L^A/W WAY^

fZddititu

ILLINOIS UP-RIGHT Miniature
Electrolytic Capacitors
Type SMTU finest for

TRANSISTORIZED CIRCUITRY
Aluminum cased, with exclusive patented hermetic sealing. Stable 
under temperature extremes — stable to shock and vibration.
Guaranteed long life. Fully tested and approved. Millions now in use.

Typa SMTUCN
Dual Common Negative

Compact construction permits exceptional

Typo SMTUCP

Separate Cathodes
space savings and economy which is
highly desirable in modern transistor cir- structed capacitors have cathodes which
cuitry. One capacitor saves space where
normally two individual capacitors were

are electrically separated and isolated.

previously needed. These dual units are
Unique construction with “floating cath
odes mokes these ideal for coupling, filter

ideal for bypass, filtering or coupling
where a common ground exists.

and bypass circuits for “above ground

Temperature Range: —40 to +65®C; alto available — 30 to +85°C
Voltage Range: 3 to 250 volti

Export Department: 15 Moore Street, New York 4, New York

ELECTRONIC DESIGN • January 20, 1960
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C ystal Filter

P tent No. 2,908,877. Thomas T. True 
C ssigned to General Electric Co.)

Grid current loading of a series reso
nant circuit changes the bandwidth of a 
color TV crystal filter according to signal 
strength. This novel device uses a high 
rt sistance in shunt with a capacitor in the 
form of its analog, which is a low resist
ance in series with the capacitor.

In the schematic, crystal 22 is driven by 
tube 10 and its Q is conveniently pread-

B+

ises
SIGNAL 

SOURCE

justed by resistor 52 in cascade with the 
series tuned network, inductance 36 and 
capacitor 42. When the strength of signal 
source 2 is low, the grid-cathode resist
ance of tube 40 is high and, in effect, the 
crystal is in series solely with resistor <52. 
However, when the signal strength in
creases, the grid of tube 40 draws current, 
reducing the grid-cathode resistance in 
shunt with capacitor 42. This, by equiv
alence, corresponds to a high resistance 
in series with resistor 52 and the crystal 
Q is reduced.

44— 42^~r

——î—

COMPACT Modine transistor coolers

keep tight rein 
on temperature

Same size and weight as a 
pack of cigarettes . . . dissi
pate 85 watts with only 5 
cubic feet per minute of 25°C 
air with silicon transistors.

Standard models for forced 
air flow and natural convec
tion carried in stock, avail
able for immediate shipment 
with any of five standard 
transistor mount
ing hole patterns.

Write for bulletin ID-159

Modine Manufacturing Company
® 1608 DeKoven Ave., Racine, Wisconsin tuo5
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MINIATURIZED HIGH-PERFORMANCE

POWER SUPPLIES
Utilizing semiconductor devices throughout, Hermetic Seal Trans
former Co. provides power supplies meeting rigid voltage, 
regulation and temperature requirements. Applicable military 

specifications are MIL-E-5400 and MIL-E-5272.

1 SPECIFICATIONS

ELECTRICAL CHARACTERISTICS:

INPUT: 115Vhms ± 7’/2%

FREQUENCY: 400 cps ±5%

OUTPUT: IOOVdc ± 0.1 Vdc at any 
load between 60 and 125 
MA and specified input

RIPPLE: IOMVrms maximum

OPERATING TEMPERATURE RANGE:
-40°C to + 70 C

DUTY CYCLE: Continuous

WRITE FOR BULLETIN NPB-104

Our Special Products Division provides power supplies for com
puters, radar range circuits, tracking circuits and built-in control 
or evaluator portions of equipment. Comparable supplies avail

able in commercial counterparts. We welcome the opportunity 
to quote on your special production requirements.

Model No. PAI-012

MECHANICAL CHARACTERISTICS:
SIZE: 2%x4%x4% 
WEIGHT: Less than 2 lbs.
PACKAGE: High density aluminum 

extrusion for high heat 
radiation

MOUNTING: Two *10/32 captive 
screws

ENVIRONMENT CONDITIONS:
ALTITUDE: 50,000 feet
HUMIDITY: 50°C 95% relative hu

midity 360 hours
SHOCK: 15 g’s
VIBRATION: 10 g’s 5 to 500 cycles

SPECIAL PRODUCTS DIVISION 
2925 Merrell Road D a 11 a s 2 9, T e x a s

Phone F Leetwood 7-4348 
CIRCLE 260 ON READER-SERVICE CARD
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ELECTRONICS CO.
MT. HOLLY SPRINGS, PA. 

Phone: HUnter 6-3411 
DEPT. ED-l

CIRCLE 261 ON READER-SERVICE CARD

SHOWNwurr
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SIZE

04 M Mtllll

M-20 (M2O, M21, M23)

MK-Or 
! M-20

222-

.635'

- — O*O'

M-25

M*CO Í 
M-25 .

SHOWN 
ACTUAL 

SIZE

MINIATURIZED Oystafe 

in all frequencies above 1 Me.

Possessing all of the fine characteristics of the regular size crystals 
that for years, have made the McCoy name a synonym for quality 
— these small counterparts can be relied upon to deliver the utmost 
in frequency control despite wide temperature variations and ex
treme conditions of shock and vibrations.

MEETS SPECS.: MIL-C-3098B, CAA R-916 and ARINC No. 401

Write today for our free illustrated catalog. For your specific needs, 
write, wire or phone us. Our research section will be glad to assist you.

FREQUENCY RANGE: 
1.0 Me. to 200 Me.

The latest addition to the 
McCoy line It fills the grow
ing need for miniature crys
tals, particularly in the 1.0 to 
7 0 Me range, that have the 
same frequency stability, per
formance, and shock resist
ance previously only available 
in larger sizes.

FREQUENCY RANGE: 
3 Me. to 200 Me.

Adaptable to multi-channel 
design for communications 
and frequency control equip
ment. Can be plugged into 
sub-miniature tube sockets, 
wired into miniature selector 
switch assemblies or can be 
soldered to printed circuit 
terminal boards.

PATENTS

Electron Discharge Devices and Electric 
Resonators Therefor

Patent No. 2,904,719. A. F. Pearce, G. 
Cross and K. 11. Kreuchen. (Assigned to 
EMI Ltd.)

In a reflex klystron operating in a har
monic mode, the electronic tuning range 
is doubled by capacitive loading of the

the tuning range of 40-50 me correspoi Is 
to a change in reflector voltage of 20-3( v.

16a

cavity outside the voltage nodal surface. 
The loading appears as an inductance 
across the capacity gap of the resonator 
and extends the frequency range.

Normally, the external cavity 12 is di
mensioned so that the nodal surface A 
corresponds to the radius of the tube 
envelope. Silver may be evaporated on 
the outside of the tube to form a capaci
tor comprising sections 16a. At 9200 me,

•. If&Mânrsm
AC ELECTRONIC GENERATOR

MODEL 150
$495°°

PRECISION 
AC POWER 
SUPPLY FOR 
LABORATORY & 
PRODUCTION USE

Power Output . 
Fixed Frequency

SPECIFICATIONS
... 160 V.A.
400 CPS (other freq, avail.)

Variable Frequency 350-450 CPS
External Frequency 50-4000 CPS

Total Distortion Less than 1%
Regulation Less than 1%
Operates with load of any power factor
Small size 83/4"x19" Panel

Also Available — Model 250 — 250 VA Power Output
Representatives in Principal Cities

INDUSTRIAL TEST EQUIPMENT CO.
55 EAST 11th STREET . NEW YORK 3. N. Y.

CIRCLE 262 ON READER-SERVICE CARD
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Protect your Copperbrite surface with

37 36

MASK

I960

UPGRADE YOUR
PRINTED CIRCUIT
PROGRAMespoi Is 

20-31 v.

LONCO SEALBRITE #230-10. Keeps away 
oxides and dirt and improves ultimate 
soldering with its unique solder-assist 
coating. Effectively inhibits oxidation dur
ing high temperature cure of solder resists.

IPC

133

3 15

electron Tube

Patent No. 2,910,613. G. M. W. Badger. 
Assigned to Eitel-McCullough, Inc .)

In a klystron amplifier, the collector is 
insulated by a ceramic section from the 
tube body. This enables the de collector 
current to be separately metered in tun
ing the cavities and in setting the mag
netic focusing. Since all of the rf energy 
is not taken out of the final cavity, the 
collector radiates back some of the rf 
voltage and the device becomes unstable. 
The solution is to metalize the inner and 
outer walls of the ceramic to produce, in 
effect, a capacitor which filters the col
lector rf signal to the grounded tube 
body.

Ceramic section 34 is metalized at the 
ends and brazed to discs 31 and 32. The 
capacitor is formed by continuing the 
metalizing on the surfaces of the ceramic 
to form metal walls 40 and 41, suitably 
gapped at the opposite ends.

56 37

The

BRIGHTEN

z?
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ONCO Problem
Solver Way

Brighten with LONCO COPPERBRITE #48, 
the oxide remover that does not etch away 
your copper, but does completely clean off 
surface oxides and hydrates. Copperbrite 
lasts indefinitely, and it increases the 
adhesion of plating by 100%!

PROTECT

Mask out solder “take” with LONCO 
PC#33-R SOLDER RESiST-the hard, tough 
film that performs excellently over Seal
brite #230-10. Minimizes bridging, im
proves soldering of uncoated areas, greatly 
enhances appearance of the finished board.

FLUX
Flux with a LONCO RESIN-FLUX that passes 
MIL F-14256 Signal Corps Copper Mirror 
Test, yet gives you smoother, more reliable 
solderability than you've ever had before. 
You get perfect soldering at safer, lower 
temperatures, too—4500 to 480 F.

CLEAN
Clean flux residues from your boards by simple dip with a LONCO FLUX REMOVER. 
Removers are designed to wash off flux residues at a maximum speed consistent 
with safety to the delicate components and materials involved.

Get the Facts... Ask for full information on any or all o’ 
Lonco's printed circuit problem solvers. Request special bulle
tin, Soldering of Printed Circuit».

LONDON CHEMICAL CO., INC

1511 N. list AVENUE • MELROSE PARK, ILLINOIS 
MEMBER OF INSTITUTE OF PRINTED CIRCUITS

CIRCLE 264 ON READER-SERVICE CARD



BOOKS

wiancko offers a

portable secondary standard

with digital readout

Check these exclusive features

■ ?

can

For more information write for Product Bulletin 106A

Production Braving

Silver Soldering
Automati' Production Unit

Precision with lasting reliability

CIRCLE 265 ON READER-SERVICE CARD

voltages and completely automatic units 
be built to satisfy individual requirements.

enfiai pressure heads —ranges 5 to 10,000 psi

ducers (pressure, force and accelerometers) in field, plant or 
laboratory.

pressure pickups —500 feet distant from Standard.

yi x2 and x4 plug in frequency multiplier, coupled with bandwidth 
adjust provides greater accuracy due to increased resolution and 
real data capability —speedier testing and checkout.

detailed 
literature.

Accuracy. ±0.05 percent full scale; ranges 0-2500 psi
±0 08 percent full scale; ranges 3000 10,000 psi

Transformers: For the Electric 
Power Industry
R. L. Bean, N. Chackan, Jr., H. R. Moore, 
and E. C. Wentz, McGraw Hill Book Co., 
327 W. 41st St., New York 36, N. Y., 426 
pp, $12.50.

This book is a practical manual on elec
tric power transformers—giving ground 
work in transformer design, construction, 
application, operation, and maintenance.

Besides empirical equations, tables, and 
other up-to-date reference data, the book 
includes new material on the economics 
of transformer design and application. It 
also covers recent advances in methods of 
temperature calculation; testing tech
niques; estimation of eddy and stray 
losses; gauging the transformer’s life span;

New EDI Induction Heaters provide an ex
tremely versatile tool for all manufacturing 
operations requiring controlled area heating. 
Modem 3 megacycle units supply instantaneous 
pin-point heat with no contamination and no 
preheating, permitting a safer, more accurate 
and reliable method of sealing semiconductors, 
diodes and transistors, as well as soldering, 
brazing and heat treating. All EDI Induction 
Heaters are designed for use on regular factory

Only EOI brings you

3 Megacycle Range 
Induction Heaters

insulation materials and methods; and 
fault detection.

A chapter on “Insulating the Windings” 
shows what is actually going on within 
the insulation during transformer service. 
It coordinates the problem of voltages 
which appear in various parts of the 
winding with the types of structures 
which are used, their strengths, and 
characteristics of the materials. The sec
tion on “Maintenance, Detection of 
Faults, and Protection” is based on recent 
researches reported to the AIEE.

Extensive bibliographies and appen
dices, plus 277 photographs and drawings, 
are used to clarify both basic fundamen
tals and such practical matters as impulse 
testing, connections, oil deterioration,

I SHERMAN INDUSTRIAL ELECTRONICS
. 4 . HF Induction and Dielectric HeatersDivision of

ELECTRONICS DEVELOPMENT, INC./STATE COLLEGE. PENNSYLVANIA
CIRCLE 266 ON READER-SERVICE CARD
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DIGISYN® ENCODERS
for precision in:

Radar and Optical Tracking

Navigation and Guidance Systems

Missile Launch Control

^NAVIGATION

This

ultimate in accuracy, the utmost in reliability, theneed

Standard A Custom Encoders

Quiet OperationNo. 1397-B

Each $525.00belt or base.

588 COMMONWEALTH AVENUE
CIRCLE 268 ON READER-SERVICE CARD

135

LAUNCH 
CONTROL

RADAR 
TRACKIN’

OPTICAL 
TRACKING*

Reactor 
/CONTROL

Pergamon Press, Inc., 122 E. 55th St., 
New Turk 22, N. Y., 400 pp per year. 
Subscription Rates are $20.00 per volume 
to multiple reader organizations, $15.00 
per annum to private individuals.

problems involved.
On the theoretical side, papers will

When you 
maximum 
DIGISYN®

Problems in Information Storage and 
Retrieval (Journal)

BOSTON 15, MASS

DIGISYN® RD-17 
The Ultra-Precise Encoder

1387-C. DUO-SEAL 
tor Driven. For 
A.C.

I397-B. DUO-SEAL 
tor Driven. For 
A.C.

VACUUM PUMP. Mo- 
115 Volts, 60 Cycle», 

Each $645.00

VACUUM PUMP.. Mo- 
230 Volts, 60 Cycles, 

Each $645.00
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1397-D. DUO-SEAL VACUUM PUMP. Mo
tor Driven. For 115 Volts, D. C.

Each $749.00
A belt guard is included with the 

mounted pumps.
1397. DUO-SEAL VACUUM PUMP, Un

mounted. With pulley, but without motor.

W. M. WELCH SCIENTIFIC COMPANY 
DIVISION OF W. M. WELCH MANUFACTURING COMPANY 

-  ESTABLISHED 1880 ------------
1515 Sedgwick Street, Dept. ED, Chicago 10, Illinois, U. S. A.

Position 
Encoder

method of digitizing the angular position of a shaft, meet military specifi
cations, and function in environmental extremes.

For full information on tho now, ultra-precise RD-17 or other DIGISYN* encoder* 
and accecsoriec, writ» today, or rail (Boston) COpley 7-8425.

with
VENTED-EXHAUST

PATENT #2.885,143

Removes Vapors 
speedily and effectively

Performance Tested

VM DUO-SEAL 
VACUUM PUMP 

TWO-STAGE CONSTRUCTION

which hopes to establish a medium for the 
rapid publication of original work on the 
techniques and theory of information 
storage and retrieval, emphasizing scien
tific information and the intellectual

lightning protection, corona detection, 
magnetic principles, heat dissipation, and 
others. The book interprets much of the 
\SA Test Code governing transformers 
into less technical language and also in
cludes a chapter on best shipping meth
ods for transformers.

new international journal

discuss new departures

—High Vacuum —
O.OOO1 mm Hg. or 0.1 Mieron GUARANTIED

—Large Capacity—
FREE AIR CAPACITY 375 Liters Per Mln.

WAYNE-GEORGE
CORPORATION 

(ADCON DIVISION)

• 17-digit accuracy in 10" diameter — 10- 
second resolution without gearing

• Self-contained amplifiers and control elec
tronics

• Self-contained power supplies — 115 Volts, 
60 cps or 400 cps input power

• Solid or Hollow Shaft Input

• Serial or Parallel Digital Readout

• Modular construction — easy maintenance

in performance, the minimum in maintenance — specify 
Shaft Position Encoders. They provide a direct, single-step

classification and notation, recording and 
disseminating information, and the ap
plication of such disciplines as experimen
tal psychology, semantics, linguistics, 
logic and information theory. Reports on 
techniques will include transmission of 
information, punched card methods, me
chanical and electronic selectors, and 
mechanical translation. Articles will be 
concise, with a minimum of specialist 
terminology, and news items of interna
tional interest on meetings, symposia and 
specialized educational courses will be 
given. Letters to the Editor commenting 
on previous articles will also be pub
lished.

The publication will maintain a staff of 
regional editors located in Moscow, 
Tokyo, Paris, Milan, Frankfurt, New 
York and London.

I FATE CONTROL 
Nuclear Reactor Control • / /
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rapid analy« 
off recorder 
frequency

200 kc
PANORAMIC
SWEEP 
GENERATOR

MODEL

Plots recorder’s relative 
amplitude response vs. frequency 
on oscilloscope screen. Trace 
repeats each second.
An optional version of the versatile 
Model SG-1, this new Panoramic Sweep 
Generator combines the swept signal with a 
synchronizing pulse. Sweep frequency test 
records are made using SG-1R. 
Calibrated CRT screen furnished.

I.MAKING TEST RECORD 
‘SCOPE SERVES AS MONITOR

SG-IR
RECORDER

ON "RECORD”

I. PLAYBACK
RECORDER RESPONSE 
DISPLAYED ON CALIBRATED 
'SCOPE CRT SCALE

• Ideal for tape, wire, and disk 
recorders.

• Much faster than point-by- 
point methods.

• One cps repetition rate per
mits easy synchronization with 
many oscilloscopes, e.g. H-P 
#150 A, DuMont #304 and 
#401. We will supply oscillo
scope if desired.

• Internal frequency markers 
speed set-up and insure ac
curacy.

• Precise enough for lab use.
• Simple enough for production 

test.
SG-IR features include

II. Separately adjustable swept signal 
pulse outputs. 1 volt rms signal with 75 
1 db attenuation. 4 volt peak pulse re- 

Iducible to zero.
2. Two log sweeps: 40 cps-20 kc and 
400 cps-200 kc.
Linear sweeps: Any linear segment ad
justable within 20 cps to 200 kc range 
may be selected.
3. SG-1R log amplifier provides 40 db 
calibration in addition to linear ampli
tude calibration.
4. SG-1R may be used as normal SG-1 
sweep generator for tests of filters, am
plifiers, etc. Sawtooth output drives os
cilloscope H axis in such applications.

The Servo Engineer’s Handbook 
Daystrom Transicoil, Div. of Daystrom, 
Inc., Worcester, Montgomery County, 
Pa., 128 pp, $3.00.

This book, the author feels, is the first 
engineering text devoted primarily to the 
more practical aspects of servo system 
design, rather than to the theoretical con
cepts of system parameters and dynamic 
analysis. It is aimed at the practicing 
servo engineer instead of the control cir
cuit scientist. Hence, rigorous mathemati
cal derivations have been avoided wher
ever possible, and practical component 
information has been assembled in a way 
which permits the servo designer to apply 
it immediately. The handbook covers in
strument type servomechanisms only. 
These are considered to be servomechan
isms which operate at a load power of 
less than twenty-five watts. The first 
chapter serves as an introduction, show
ing how the different components are

related, and as a foundation for the ive 
succeeding chapters dealing individu illy 
with motors, rate generators, synch os, 
gear trains, and amplifiers. A sepa ate 
chapter describes how these are ass m- 
bled into a coordinated system for opti
mum control. The final chapter di als 
with methods of environmental testing 
for completed control units.

Plastics Safety Handbook
The Society of the Plastics Industry, Inc., 
250 Park Ave., N. Y. 17, N. Y., $5.00

This accident prevention handbook has 
been prepared by The Society of the 
Plastics Industry, Inc., in cooperation with 
the National Safety Council. It is devotee 
entirely to safety methods applicable to 
the plastics processing industry. Many 
processes are specifically treated with the 
latest safety methods and practices ex-

How to keep computers compact

MICROPHONE
RECORDER 

ON "PLAYBACK*
speaker 

J_l OUTPUT

SCOPE 
Y INPUT

‘SCOPE 
Y INPUT

using SG-IR Log sweep; 40 cps

Visual plot shows frequency response 
of tape recorder upon playback of test
record 
to 20

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, 1397 Chestnut St., Newton Upper 
Falls 64, Mass.

Block diagram shows recorder test
setup with oscilloscope and SG-IR

CONDENSED SPEC OF RVG-30XS-4
Resistance........................... 16,000 ohms ±5%
Conformity.........................1.0% 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

J dependable \ 

CERTIFIED 
SPECIFICATIONS 
for accurate >

\ data J

WRITE TODAY 
FOR COMPLETE 
SPECIFICATIONS 
AND PRICES 
Ask for the cur
rent Issue of 
“The Panoramic 
Analyzer.”

Panoramic *
RADIO PRODUCTS. INC *//

it the leader

PANORAMIC
524 South Fulton Ave

RADIO PRODUCTS, INC
Phone: OWens 9-4600

Mount Vernon, N.Y.
Cables: Panoramic, Mt. Vernon, N.Y. State
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PRECISION POTENTIOMETERS

INTEGRALS OF
RVG-30XS-4 HIGH PERFORMANCE
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MADE FOR EACH OTHER

MOTORS

AMPLIFIERS

Honeywell

•ook has 
of the 

on with 
devotee 
:able to 
, Many 
vith the 
ices ex-

These motors and amplifiers are designed to operate together 
as a precise, hard-working team in all sorts of measuring, 
positioning and balancing applications. They serve depend
ably in Honeywell instruments, and will serve you well 
wherever you use them as components.

ry, Inc., 
00

the ive 
vidu Jly 
Knch os, 
>epa. ate 

ass m- 
or o Hi- 
r di als 
test ing

ph ned in detail. Processes covered in- 
dn.le calendering, coating, casting, com- 
pr< ssion and transfer molding, extruding, 
injection molding, thermal forming, and 
tool and die making. There are also chap
ter^ detailing the planning for safety, 
maintaining of personnel’s interest in 
safety, analysis of the cause of accidents, 
the keeping of accident records, and the 
economic and sociological reason for 
accident prevention programs. Included 
are 128 photographs, charts, diagrams, 
tables and report forms illustrated 
throughout the text, as well as numerous 
suggestions on wrays and means of pro
moting greater safety in the plastics in
dustry.

Introduction to Matrix Analysis
Richard Bellman, McGraw-Hill Book Co., 
Inc., 327 W. 41st St., New York 36, N. Y., 
331 pp, $10.00.

Three basic fields in the analysis of 
matrices are covered in this newly pub

I960

Shatterproof, Clear Plastic Containers 
for packaging individual components! 

.11 • / I u i

For individual packaging or kits • Wide range 
of sizes • 1/5 the weight of glass • Lower ship
ping costs • Can be printed or decorated • Low 
cost • Reusable • Also Available in Color.

Write for complete prices and literature 

LERMER PLASTICS, INC.
572 South Avenue, Garwood, N. J.

PIONEERS AND SPECIALISTS IN PLASTIC CONTAINERS SINCE 1919 
CIRCLE 271 ON READER-SERVICE CARD

EL! CTRONIC DESIGN • January 20, 196a

■qyth 
pioneering the future

lished book. They are symmetric matrices 
and quadratic forms, matrices and differ
ential equations, and positive matrices and 
their use in probability theory and mathe
matical economics. The book also presents 
part of the theoretical treatment of the 
use of matrices in the computation solu
tion of ordinary and partial differential 
equations by means of digital computers.

Emphasizing the parts of matrix theory 
that occur in analysis and application, the 
contents of this book are specifically 
slanted toward the needs of analysts, 
statisticians, mathematicians, mathemati
cal physicists, engineers, and mathemati
cal economists. Each part is motivated 
with a discussion of the mathematical, 
physical, and economic background of the 
matrix theory introduced. Important chap
ters are included on dynamic program
ming and stochastic matrices.

Many references are given to original 
research papers containing further results. 
The material presented in this volume 
should enable the reader to make more 
complete use of current research papers.

Two Phase Induction Motors

Nominal 
No Load 
R.P.M.*

Gear 
Ratio

Intermittent 
Rated Load 

(oz.-in.)

Max. 
Starting 
Torque 
(oz.-in.)

Power 
(Watts) 
Loaded

Current 
(amps.) 
Loaded

Temp 
Rise 
°F

330 4.4:1 4 10 11.5f 0.11 70
144 10:1 5 23 11.5f 0.11 70
48 30:1 15 56 11.5f 0.11 70
23 60:1 30 105 11.5f 0.11 70

*1/6 less at 50 cycles. t Field winding 110 watts, balance in amplifier winding. 
Note: Some speeds available at 25 cycles.
Synchronous motors also available enclosed in same type case designs.

They amplify a d-c or a-c microvolt 
input signal sufficiently to drive one 
field of a two-phase balancing motor. 
Three stages of voltage amplification 
are followed by the power-output 
phase discriminator stage, which 
supplies power for the motor. Ex
tremely low stray pickup ... adjust
able sensitivity . . . fast response. 
Priced from $110 to $250.

Designed for servos and balancing 
circuits, the motors are available in 
three general types: Stack type, with 
easily maintained sectional housing; 
self-lubricated, oil-sealed type; and 
fungus-proofed, oil-sealed military 
motors. Prices from $40.

POWER SUPPLY—115 v., 60 cycles 
(fused power line)

Gain Sensitivity 
(Microvolts)

Nominal Input Impedance 
(Ohms)

IO 4.0 400, 2,200, 50,000
4x10 1.0 400, 7,000, 50,000

12 x 10 0.5 400, 2,200, 7,000
40 x 10 0.1 2,200

OUTPUT—2 to 18 ma. into 12,000 ohm 
load
SENSITIVITY—Continuously variable 
screwdriver adjustment. Recessed slot 
protects setting
MOUNTING Operation unaffected by 
mounting position
OPTIONAL FEATURES—(a) thermo
couple burnout protection, (b) de
sensitizing, (c) parallel T feedback, (d) 
velocity damping, (e) special connect
ing cables and plugs, (f) without tubes, 
shields, and converter, (g) for 25 cycles, 
(h) Tachometer feedback.
Minneapolis-Honeywell. Wayne and 
Windrim Aves., Philadelphia 44, Pa.
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BOOKS

A DIGEST OF NEW DEVELOPMENTS 
IN ELECTRONICS AND AUTOMATION

PUBLISHED BY ROME CABLE DIV. OF ALCOA, ROME, N. Y.

PIONEERS IN INSTRUMENTATION CABLE ENGINEERING

MAN AND THE MOON. Was Lunik’s photo of the moon’s backside merely the 
first step in a larger Russian plan? Speculation since the October 4 moon 
shot has it that a special moon “package” may have been dropped from 
the Russian moon station—capable of relaying data continually back to the 
satellite and then back to earth. This possibility has not yet been verified as 
this column goes to press. Nonetheless, the general implications are evi
dent: the Russians fully intend to explore the planets and may be beginning 
now. Can they do it? Well... moon rocket control, according to the Reds’ 
own opinion, requires 10 times greater precision than that needed to orbit 
an earth satellite. This seems to indicate a tremendous rate of achievement 
for the Russians—improving the precision of rocket control by at least 10 
times in the last two years!

SMALL MATTER LOOMS BIG. Little things are becoming a bigger and bigger 
problem to the aerospace industries. The fact is, measurement techniques 
are not keeping up with the requirements of advance space projects. Aero
space equipment manufacturers lack the means of measuring, for example, 
1/1,000,000 of an inch. Several manufacturers have entered a joint program 
designed to solve the problem and provide the answers that stand in the 
way of better calibration and improved standards. Any ideas?

HOW TO BE A CABLE EXPERT. Part of being an expert is knowing where to 
look for knowledgeable advice. When your problem is cable design or selec
tion of cable materials, you can qualify as “expert” by calling on Rome 
Cable’s specialists to solve your problem for you. In addition to solving the 
electrical problems inherent in the design of instrumentation and telemeter
ing cables, Rome Cable engineers can also help you overcome certain en
vironmental and physical handicaps under which your system must operate. 
You become the expert because you’re backed by experts! Get acquainted 
with what Rome has to offer you by sending for the free booklet “Instru
mentation Cables.” Address IMPULSE, c/o Rome Cable Corporation, Dept. 
1110, Rome, N. Y.

HOW MUCH FOR DEFENSE IN 1960? The Khrushchev visit of 1959 may 
cause reduced spending for defense in 1960. Speculators looked upon his 
visit to the U.S. early last fall as a turning point in the cold war. If predic
tions hold true, then the big electronic stock boom of 1959 will be over by 
1960. As yet, there has been no indication of what this might mean to the 
large number of small firms that depend on R&D.

CABLEMAN’S CORNER. The subject of cable testing is an important one. This 
is the phase of production that determines whether or not the cable you are 
purchasing is in accordance with your standards and requirements. In the 
field of electronics and automation, cables are required to suit various strin
gent electrical, mechanical, and/or chemical environments. Many years of 
study and testing have gone into the design of test equipment to be used for 
these critical tests. It is not enough to know that a cable has been tested in a 
manner that is “essentially” the same as the required standard. Slight varia
tions in equipment design or methods of tests can mean the difference be
tween conformance and non-conformance. Make sure the test data you 
receive gives a true picture of the performance of your cable. When you need 
cable, call on a cable specialist. Our number is Rome 3000.

These news items represent a digest of information found in many of the publica
tions and periodicals of the electronics industry or related industries. They appear 
in brief here for easy and concentrated reading. Further information on each can 
be found in the original source material. Sources will be forwarded on request. ”
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Advances in Electronics and 
Electron Physics
Edited by L. Marton, Academic Press 
Inc., Ill Fifth Ave., New York 3, N. Y., 
523 pp, $15.00.

This volume is the latest in the series 
which was devised to review the latest 
developments in the general fields of 
electronics and electron physics. The 
topics dealt with in this eleventh volume 
are best described in the section head
ings: Recents Advances in Photoemission, 
Parity Nonconservation in Weak Inter
actions, Quantum Efficiency of Detectors 
for Visible and Infrared Radiation, Auto
matic Data Processing in the Physical 
Sciences, Operational Amplifiers, Radio 
Telemetering, Electron Diffraction Struc
ture Analysis and the Investigation of 
Semiconducting Materials, and Secondary 
Electron Emission from Solids.

Incidentally, this volume includes for 
the first time sections written by scien-

tists from the Communist countries, rhe 
chapter on photoemission has been \ rit- 
ten by P. Gorlich of the Friedrich-Sch Iler 
University, Jena, Germany and the cl ap. 
ter on electron diffraction was writtei by 
Z. G. Pinsker of the Institute of Crystal*
lography, Academy of Sciences 
USSR, Moscow.

of the

Electronic Switching, Timing, 
And Pulse Circuits
Joseph M. Pettit, McGraw-Hill Book Co., 
Inc., 330 W. 42nd St., New York 36, N. Y, 
267 pp, $7.50.

The aim of this book is to promote hot 
physical understanding and analytics 
techniques for dealing with several im
portant classes of electronic circuits. 
Tubes and transistors are used primarily 
as switches in these circuits and the re
sulting waveforms of current or voltage 
may be rectangular, triangular, or a sue-
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New Production/research instruments from

MULTIPURPOSE ELECTROMETERS 
FOR MEASUREMENT AND CONTROL

• Drift less than 2% full scale per 
week on 10-” or greater currents

• Sensitivity: 10-<2 amp full scale 
• 10 mv recorder output
• Service tubes without removing 

instrument from rack
• Voltage regulation unnecessary: 

accepts full 50*60 cps
Series E-100 Electrometers are the re
suit of six years of concentrated design 
activity to develop an instrument offer
ing superior stability and accuracy in 
the low price range. Gyra Electrom
eters are characterized by the Buck- 
nam circuit, which incorporates double 
regulation of the electrometer stage 
to achieve superior long-term drift.

GENERAL SPECIFICATIONS
Accuracy: within 2% full scale to 10-7 
amp; 3% on all other ranges. Output 
noise level: less than 2% full scale 
on IO*" amp or greater. Input drop: 
less than 6 mv. Zero check button 
allows zeroing without disturbing cir
cuit (optional at $10.00 additional by 
adding suffix B to model numbers.) 
Power: 105-125 v, 50-60 cps, 30 watts 
consumed. Mechanical and electronic 
trips available (see table.) Slow or 
fast response circuits, 0.01 to 2 sec
onds, available (specify when order
ing.) All prices F.O.B. LaGrange, Illinois.

E-105 Electrometer

MODEL
FULL 

SCALE RANGES
DIMENSIONS 

INCHES

TRIP 
MECH* 
ANISM PRICE

E-100 10 decades to 10~u 19x10x5% — $325.00
E-102 10 decades to 10~1J 19x10x3% — 325.00
E-105 10 decades to IO"1* 19x10x1% — 350.00
E-106 10 decades to IO-’* 19x10x3% (M) 405.00
E 107 9 decades* to IO-11 19x10x3% (M) 520.00
E-108 9 decades* to IO“12 19x10x5% (M) 520.00
E-109 10 decades to 10~n 19x10x3% (ER) 550.00
E-110 10 decades to 10~11 19x10x5% (ER) 550.00
E-lll 9 decades* to 10~12 19x10x3% (ER) 570.00
E-112 9 decades* to 10 19x10x5% (ER) 570.00
E-113 9 decades* to IO-12 19x10x5% — 350.00
E-114 9 decades* to 10“12 19x10x3% — 350.00

•Dual «cale on these models permit reading 3 x 10-‘ to 3 x IO-1’ In eight decades. (M) mechanical 
trip, 0 to 100% of meter. (ER) electronic trip, for reactors, positive signal only.

Inquiries solicited for the design of related instrumentation. For complete literature; write:

SALES 
REPRESENTATIVES:

C. W. REED • 5959 S. Hoover St. • Los Angeles, Calif. • PLeasant 3-2221 
MAURICE ASA • 3024 College Ave. • Berkeley 5, Calif. • THornwall 1-4388 
ROBT. M. LUNDGREN A CO. • P.O Box 201 • Batavia, III. • TRemont 9-3486
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cuits.

less > >n of short pulses, but in almost no 
Lise will they be sine waves.
I The basic analytical techniques pre- 
lentcd are based upon the graphical rep
resentation of the tube or transistor char
acteristics, and approximate these by 
¡near segments.

This book is unique in that it integrates 
ihe numerous circuits which were devised 
luring the 1940’s in connection with radar, 
luclear instrumentation, and television, 
nto a unified analytical framework. 
Vacuum tubes and transistors are treated 
in parallel fashion, in contrast to the com
mon process whereby a section on tran
sistors has been added to books pre
viously devoted solely to vacuum tubes. 
Fhe author emphasizes the similarities 
between the two types of devices, but is

sanatron. The numerous problems and 
numerical examples in this book are based 
on practical contemporary circuits and 
components, including both tubes and 
transistors.

larilvL 
e re rare^u^ not to °bscure their relative ad- 
Jtager311^68, ^mong the recent advances

Covered are: the newer types of npn tran-
SUC-1

»istors and special circuits such as the

True Position Dimensioning
D. Bibeau and D. Sweet, Bendix Aviation 
Corp., Scintilla Div., Sidney, N. Y., 28 pp, 
$3.00 per copy in lots of 1 to 10; $2.50 
per copy lots of 10 or more.

A well illustrated, 28-page booklet pre
senting a step-by-step explanation of True 
Position Dimensioning and Tolerance 
Principles. It is desigend to allow the 
reader to interpret more readily the 
drawings of various agencies and com
panies throughout the country, and in 
particular, the standard documents: MIL- 
STD-8, ASA Y14.5, and SAE Dimension
ing Standard.

voltron

to 4-10 times greater accuracy and reliability in
EXPANDED SCALE METER RELAYS

This series brings together a combination of ultra
stable glass sealed crystals, matched-design sili
con transistor-oscillator circuitry, and transistorized 
proportional control performance. The result of 
this advanced engineering is frequency stability 
of 1 part in 100,000,000 per day, under normal 
conditions.

IxlO8 
with compact, transistorized series 

JKTO-PIP 
FREQUENCY 
STANDARDS 

(Standard Models Stocked For Quick Delivery)

Just as gin -|- vermouth
Vol iron plus API 

combines two top instruments. The results:

Accuracy * Vi % of center scale • I ow current and voltage 
inputs required • Load isolation in measuring 

circuits eliminated • 10,000,000 make break cycles with 100% perfect 
contact • Requirements met for M1L-M-10304A

4 nd many more advantages ...get complete data from either firm...

10 ----------- ----------- ------------------------------------ ---------------------------------- I
0 3 6 9 12 15 18 21 24 I

PERIOD-HOURS I
For information, write stating your requirements. I
THE JAMES KNIGHTS COMPANY 

SANDWICH, ILLINOIS 1
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SPECIFICATIONS
FREQUENCY: 1 to 5 me. it standard. 
Other frequencies available on special 
order.
OVEN: Transistorized, proportional 
control.
OUTPUT: One V into 5000 ohms.
POWER: Operates from 24 to 28V D.C 
DIMENSIONS: 2" x 1.84" x 2%" H. 
WEIGHT: 10 Oz. Maximum.
ENVIRONMENTAL: Hermetically 
sealed, shock and vibration resistant. 
TEMPERATURE RANGE: From 
— 55°C to +75°C. Also from -55°C 
to 100-I-°C.

4 J RON

ASSEMBLY PRODUCTS, INC. • Chesterland, Ohio

VOLTRON PRODUCTS • 1O1O Mission Street • So. Pasadena, Calif.
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films by pyrolysis, evaporation, an 
duction of oxides.

525 S. Webster, Indianapolis 19, Indiana 
CIRCLE 277 ON READER-SERVICE CARD

ENGINEERED FOR RUGGED 

DEPENDABILITY AND LONG LIFE

Frequency range: 400 cycles to 500 KC (as low as 60 cycles 
on custom design). Frequency stability: Up to 1 part 10*. 
Calibration accuracy is ±.002%. Sine or square wave form. 
Power output: 5V RMS across 10000 OHMS (other output to 
customer requirements). Temperature range is — 55°C to 
-{-85°C. Warm-up time is 15 minutes. Vibration: Up to 20 
G’-s to'2000 cycles depending dn frequency. Glass-metal sealed 
header. Size: 1.375" by 2.7" tall, or 2" x 2.25" x 3.5" tall.

Hart a problem? Write, wire or call us, TODAY! 
Send for NEW, detailed literature!

MONITOR PRODUCTS COMPANY
815 Fremont Ave. • South Pasadena, Calif.

V- RYan 1-1174
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The Radio-Electronic Master
United Catalog Publishers, Inc., 60 Modi 
son Ave., Hempstead, N. Y., 155J pp 
$3.50.

Engineering progress at Chassis-Trak, 
keeping pace with the equipment mounting 
needs of the electronics industry, has re
sulted in two new slide designs. They are:

1%-inch slide
Ideal for light-duty slide applications— 

loads up to 50 lbs. Chassis-Trak "pencil 
thin” design plus an overall height of only 
1.687" saves cabinet space, permits easy 
mounting without cabinet modification. 
Cadmium-plated cold-rolled steel construc
tion. Phenol epoxy coating provides per
manent dry lubrication. Tilt and non-tilt 
styles in eight standard lengths—10, 12, 
14, 16, 18, 20, 22 and 24 inches.

The new 1960 (24th) edition of Th( 
Radio-Electronic Master is now availabh 
from local electronic distributors. Contain 
ing 1551 pages, it provides detailed de 
scriptions, specifications, and prices o 
over 170,000 standard stock electron« 
items. The products of 330 manufacturer! 
are catalogued and more than 12.500 il 
lustrations are shown.

The Master is divided into 28 produc 
sections, with manufacturers arranger 
alphabetically in each section. A detailer 
index pinpoints the thousands of product 
which include: tubes, transistors, printer 
circuit components, automatic equipment

Lightweight slide
Newly developed model for special 

equipment mounting problems. Exception
ally compact (1" high, ’Zz" wide), yet 
supports up to 150-lb. loads. Saves space 
without sacrificing heavy-duty strength 
I.ow in cost, easy to install. All stainless 
steel construction. Precision roller and ball 
bearings for effortless operation

Check with Chassis-Trak engineers for 
the solution to your rack or cabinet appli
cation. Slides asailable in tilt, non-tilt, and 
tilt-lock models. Supports up to 275 lbs.

Resistance and Resistors

Charles L. Wellard, McGraw-Hill Book 
Co., 327 W. 41st St., New York 36, N. Y., 
272 pp, $8.50.

This newly published reference and 
guidebook presents groundwork in the 
basic aspects of resistance and detailed 
descriptions of the characteristics of each 
ty pe of resistor, and the materials used in 
its manufacture.

Tables in the book include most manu
facturers’ data on given resistor types. 
Thus, it is possible to compare at a glance 
in one common table the full technical 
scope of available resistors. Charts and 
graphs also present useful information 
regarding power and voltage ratings of 
resistors, varieties of material used in their 
construction, and applications. Attention 
is given to such matters as reliability in 
resistors, measurement, etc. Precision 
films as replacements for wirewound re
sistors are treated in detail including in
formation on the1 preparation of precision

2 NEW Chassis-Trak Slides

QUALITY-PROVEN 
LOW FREQUENCY 

TRANSISTOR
OSCILLATORS

NEW . lightweight, 
extra-thin slide

NEW. . . 134-inch 
slide . . . saves space
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m aiature and subminiature components, 
tr. nsformers, communication receivers, 
wire and cable, speakers, volume con
trols and components and equipment for 
microwave and telemetering. It is a valu
able reference volume for those who buy, 
sell, specify, design, manufacture, and 
service electronic parts and equipment.
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Information Transmission, 
Modulation, and Noise
Mischa Schwartz, McGraw-Hill Book Co., 
Inc., 330 W. 42nd St., New York 36, N. Y., 
461 pp, $11.00.

This senior or first-year graduate level 
text stresses the basic unity inherent in 
modem information transmission systems. 
Emphasis is placed on the two fundamen
tal limitations to the transmission of in
formation: non-zero time response, and 
finite bandwidth and noise. The signifi
cance of these two limitations is explored

in a representative group of modulation 
systems.

Much of the book’s material is devoted 
to pulse modulation and pulse code mod
ulation systems. Am and fm systems are 
treated in a more unified way than is 
customary. Among the recent advances 
and special topics included in the text 
are: the relation between time and fre
quency response of networks using 
Fourier series and integrals; choppers as 
examples of balanced modulators, and 
the phase coherence necessary in sup
pressed carrier demodulators; sampling 
theory, time multiplexing, and pulse 
modulation systems; the concepts of 
power spectrum, autocorrelation func
tion, and matched filters; noise reduction 
of fm pre-emphasis and de-emphasis net
works; probability and its application to 
problems in noise phenomena, analysis 
of pern systems, radar signals, etc.

Reference is made to practical systems 
wherever possible and mathematical 
topics are included when necessary.

Engineering notes from the

I IBM REPORTER
I by STANLEY M. INGERSOLL, Capabilities Engineer

Report No. 3
TR 2100 Force Balance Pressure Transducer
SMI is now producing a new, unusually flexible Force Balance 
Pressure Transducer that features both electrical and mechanical 
output capabilities. Extreme sensitivity and accuracy is com
bined with unique flexibility in the TR 2100. It is available 
in ten models and the functional “Mechatronics” packaging 
philosophy permits prompt delivery of standard transducers 
covering a wide range of applications: from subsonic to super
sonic aircraft, drones and missiles, to ground support, and test 
equipment. The functional schematic, shown below, illustrates 
the basic force balance principle. The transducer measures 3%" 
dia. x 7" long, weighs 3.25 lbs., without shockmount, and con
forms to MIL-E 5400 and 5272.

Typical Performance Specifications
Type Inputs Compu- Output Output
No. Physical tation Range Form Accuracy Threshold

Total A Static 
TR 2100 Pressura Mach No.

0.1<M£1.0 Pot. or
-1000 £ Alt. < 100.000 ft. Synchro ± 0.001 M 0.0001 M

TR 2100-2 Total A Static Mach No. 5.12 £ 3.0 Pot. or
Pressure -1000 < Alt. < 100,000 ft. Synchro 0.003^ M£ 0.015 0.0002 M

I960

PRECISION POTENTIOMETERS
Immediate 

delivery 
from 
local stockl

SERIES 57
The answer to miniaturized precision control—1.5 
watts @ 40’C. ±5% resistance tolerance. 
Dielectric strength, 1000 v.a.c. for 1 minute at 
atmosphere. Exceeds MIL-R-19 specifications...and 
best of all, your local Clarostat industrial 
distributor has them for off-the-shelf delivery!

clW LINE SERVICE
A complete line of precision and industrial electronic 

resistance devices as close as your telephone— 
right at your Clarostat industrial distributor...

Altitude 
TR 2100-5 Static Pressure Deviation

± 500 ft. From
-1000 to + 80.000 ft.

Pot. or 
Synchro

Pressure
TR 2100-6 Static Pressure Altitude 1000 to+ 100.000 ft.

Dual Speed ± (25 ft. + 0.25%) 
Synchro —1000 to 5000 ft.

± (40 ft. + 0.25%)
5000 to 80,000 ft. 2 ft. to 

40,000 ft.
± 0.5% to 100,000 ft.

TR 2100-7 Turbine Out- Engine Pressure 1< E.P.R. ^4 Pot. or 7 in.£ Pj < 30 in.
let (P?) And Ratio (E.P.R.) Synchro 19 £ E.P.R£ 2.6
Compressor ± 0.010 E.P.R <10005 E.P.R.
Inlet (Pa)
Pressures 3 in. £ Pa ^40 in.

10< E.PR <4.0
± 0.020 EPr

fciÄßOSTAT

FUNCTIONAL SCHEMATIC

TR 2100 Force Balance Pressure Transducer

For more information and complete operating specifications on 
the TR 2100 Force Balance Pressure Transducer, write or wire today. 
Address your inquiries to Stanley M. Ingersoll, Capabilities Engineer.

CLAROSTAT MFC. CO., INC.
DOVER. NEW HAMPSHIRE 

In Canada: CANADIAN MARCONI CO., LTD.. TORONTO 17, ONT.

CIRCLE 279 ON READER-SERVICE CARD
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SERVOMECHANISMS, INC
Los Angelas Division 
12500 Aviation Boulevard 
Hawthorne, California
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RUSSIAN TRANSLATIONS

The Transistorized Schmidt Trigger
Petin

has two threshold values of input voltage, Ui and
transistor Tl con-

used

ue:

the collector voltage. Therefore, thecurrents on

\R.2kRglOQ" Ry

0 10 20 30 40 50 60TX

standard 191 rack

VAC,from 105-125

Soviets Expand Research

POWER SOURCES

Tl is cut off, and T2 conducts. 
Uu the circuit has two stable

voltage discriminator1’2 to shape

When U
When U2
states, with Tl conducting and T2 cut off, or vice

mum reliability.
• All available for 

mounting.
• For input voltages 

50-62 cps.

AGROUNDED-emitter junction transistor has 
a voltage and current amplification factor 

much greater than unity. Thus, it can be used as 
a substitute in many vacuum tube circuits, includ
ing the Schmidt trigger. The Schmidt trigger is

I uCt200

Ui the circuit can

U2, such that when U 
ducts and T2 is cut off.

• All "short-circuit protected

versa. When U.
flipped from one state to another by means of a 
short external pulse, applied to the collector of Tl. 

A characteristic of junction transistors is a very' 
slight dependence of the electrode voltages and

a ra 
ternin solid-state physics, the presidium said that 

ferrites have contributed to important progress 
in some of the most important fields of tech
nology (computers, electrical acoustics, radio
astronomy, radiospectroscopy, etc.), and 
without them, the progress would have been 
impossible. The presidium pointed to an in
teresting scientific sidelight: ferrite phenomena 
lie on the borderline between semiconductor 
physics and the physics of magnetic phenom
ena.

(Vestnik Akademii Nauk SSR is one of the 
many scientific journals abstracted semi

monthly in the Central Intelligence Agency’s 

Scientific Information Report. This is dis
tributed hy the U.S. Dept, of Commerce, 

Office of Technical Services, Washington 25, 

D. C. for an annual subscription rate of 

$28.00.)

rectangular voltage from a sinusoidal one,3»4 and 
to generate periodic and aperiodic, rectangular 
and triangular voltage pulses.

A Schmidt trigger circuit using junction tran
sistors (Fig. 1), is an exact duplicate of the vac
uum-tube circuit and has analogous properties: it

anc 
ren

Thermoelectric elements, semiconductors, 
and ferrites are due to receive more intensive 
study in the USSR. The August 1959 issue of 
the Soviet journal Vestnik Akademii Nauk 

SSR9 reports that the presidium of the Soviet 
Academy of Sciences resolved to expand re
search activity in these three areas.

The presidium stressed the importance of 
further research on thermoelectric conversion 
and of developing higher-efficiency, cascade
type thermoelectric devices.

In the semiconductor field, the presidium 
urged research on complex-composition semi
conductors as well as further work on the 
usual, crystal semiconductor types.

Regarding ferrites as a “cardinal problem

Fig. 1. The basic Schmidt 
trigger.

F POWER SOURCES, INC
* Burlington, Massachusetts
CIRCLE 282 ON READER-SERVICE CARD

transistor-regulated 
power supplies
for critical industrial 

and military applications

Write for complete specifications

SPECIFICATIONS
MODEL 

PS4000C
MODEL 

PS4017
MODEL 
PS4018

MODEL 
PS4019

MODEL 
PS4O22

MODEL 
PS4023

VOLTAGE RANGE 
(VDC)

250-300 200-250 125-150 25-32 4 5-9.0 100-200

CURRENT RANGE 
(AMPS)

0-15 0-1.5 Ó-1 5 0-1.5 0-10.0 0-0.4

REGULATION 0.2% 0.2% 0.2% 0.2% 0.2% 0.01%

IMPEDANCE (OHMS) 
(1) DC to 100KC 
(2) DC to 1KC

RIPPLE (RMS)

0.2
(1)

0:2
(1)

02
(1)

0.2
(1)

0.02 
(2)

0.8 
(2)

2 MV 2MV 2MV 2MV 2MV 2.5MV

METERS 1. output voltage
2. output current
3. transistor monitor voltage

1. output voltage
2. output current

PANEL HEIGHT 574" 574" 574" 574’ 9" 9"

DEPTH 12" 12" 12" 12" 9" 9"

Fig. 2. Temperature de
pendence of the two thresh
old values of the input volt
age to the Schmidt trigger 
of Fig. 1.

Fig. 3. This shaping circuit 
changes a sinusoid to a rec
tangular voltage.
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ized as follows

and
Don-

icts. 
able 
vice

be 
of a
TI. 

very 
and 
the

A transistorized Schmidt trigger with linear 
characteristics should switch at the instant the cut
off transistor conducts, i.e., when the emitter volt
age of the cut-off transistor equals zero. Taking 
this into account, two sets of Kirchhoff equations 
can be written for the circuit of Fig. 1, for the 
two possible states of the circuit. The solutions of 
these systems give the following approximate val
ues of Uy and U2:

Ux = EX RbRb
(Ri+Rt+Rb) (Rb+h\¿

+ U+Ä21) (Äl+Ä2) Rb

Ä3 (Äö + Ä0!!)

(Ri-FRz-FRb) Rb — Ri Rz ^21

In these formulas, is the total input imped
ance of the transistor, h°n = Ue Ie; h21 is the cur
rent amplification factor of the transistor taken 
with a minus sign, i.e., h2i = — a.

A great shortcoming of transistors is the strong 
dependence of their parameters on temperature. 
The temperature dependence of Ui and U2 shown 
in Fig. 2, was obtained for the following parame
ters of PIZh transistors: E = 9 v, Ri = 3.67 K, 

= 19.7 K, R3 = 15.45 K, R, = 2 K, R5 = 
4.22 K. Assuming for these transistors h°n = 30 
ohms and h2i = 0.95, we obtain, from Eqs. (1) 
and (2), = 3.21 v and U2 = 2.75 v.

Fig. 2 shows that, at low temperatures, there is 
a rather good agreement between the theoretical 
temperature dependence of U [it is calculated 
from Eqs. (1) and (2)] and the experimental ones. 
The temperature coefficients for the voltages Ui 
and U2 in this circuit are about 0.003 to 0.004 
parts per degree.

By substituting for R3 a combination of several

PßfdH

Here it is . . . the smallest—and lightest—motor generator combination in the industry today. And 
you can get it with the new Size 5 Gear Train, too. Weighing a mere 1.1 oz., the Size 5 

develops a minimum stall torque of 0.11 oz. in. and has a free speed of 10,000 rpm. Units 
are available for 400 cycle operation with 26 or 33 control phase winding. The control phase 

is split for operation directly with transistor amplifiers.

Write for complete specifications. And be sure to get all the details on our new synchro line. Daystroi 
Transicoil Division, Worcester, Montgomery County, Pa. Phone: JUno 4-2421.

In Canada: Daystrom, Ltd., 840 Calendonia Rd., Toronto 18, Ont.
Foreign: Daystrom International Division, 100 Empire Street, Newark 12, N.J.

, 1960

Fig. 4. A rectangular voltage 
generator.

DAYSTROM
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THE DIFFERENCE IS IN THE QUALITY
Quality Digital Systems 

For Finite Measurements 

In Infinite Applications Unique unit con
struction affords 
simple development 
of “systems that de
sign themselves” . . . 
systems that are “cus- 
tom-made” with 
standard digital units.

DC MEASUREMENT: Four and five-digit 
Cubic DC Voltmeters combined with the 
Control Unit provide instrumentation for 
bench-top use or for simple insertion into 
elaborate systems.

Monitoring, control, check-out, inspection, calibration, re
search and development. .. just a few of the applications 
possible on small or large scale with Cubic Digital Systems. 
Almost every phenomenon of science or nature is a poten
tial application for instrumentation to make your job easier, 
faster, more successful. The difference with Cubic instru
ments is the superior quality of their design and 
construction.

resistors and a thermistor with a negative ten 
perature coefficient one can reduce the influent * 
of the temperature. For temperature stabilizatio i 
of Ui or U2, the resultant resistance should have 1 
magnitude and a temperature coefficient

1 dR'3
y' = K3dT (C)

1 dU, 
Ur dT

(Rt+Rt+RJ (Ri+h°n)
+ (1+^21) (^1 + ^2) ¡G

(Ri+R2) (Jib+h°n)

The values of

1 dUi . 1 dU2- - - - - - - - - - and —- - - - - - - - - -  
Ui dT U2 dT

must be determined experimentally since they can
be computed only if the dependence of the tran
sistor parameters on the temperature is known ex-

AC MEASUREMENT: The superior AC Con
verter Unit expands a systems capability for 
rapid, accurate measurement of AC volt
ages. Automatic or manual ranging models 
are available.

RESISTANCE MEASUREMENT: Built with 
Cubic’s years-ahead design and careful at
tention to fine detail, the Ohmmeter gives 
rapid, accurate measurement of resistors and 
resistance materials.

VOLTMETER UNIT, featuring front and rear panel input terminals 
and wide output capabilities for multiple applications. Models 
V-41, V-51.
AC CONVERTER UNIT, featuring high input impedance, extreme 
stability, linearity and accuracy. Models AC-1 (Manual Rang
ing), AC-2 (Automatic).
OHMMETER UNIT, featuring four-wire input leads, superior input 
filter, automatic range selection, high accuracy. Models 0-41,0-51. 
CONTROL UNIT, featuring quality-engineered DC Power Supply, 
Precision Reference, Amplifier. Models C-l, C-2 (without Ref
erence for use with Ohmmeter).
SCANNER UNITS, featuring Master and Auxiliary Scanners cap
able of selecting up to 1000 input channels. Models MS-1, AS-1. 
PRINTER CONTROL UNITS, featuring all controls necessary to inte
grate printers with a Digital Measuring System. Models PC- 
series.
RATIOMETER UNIT, featuring precision measurement of the ratio 
of the input to a reference DC voltage. Models R-41, R-51.
PRE-AMPLIFIER UNIT, featuring precise amplification of voltages 
as low as lO^V for reading by the Voltmeter. Model PA-1.

It is impossible to stabilize Ui and U2 simul
taneously, since the lines in Fig. 2 for Ui and U2 
have different slopes. However, if one threshold 
voltage is stabilized, the dependence of the second 
threshold voltage on the temperature is also re
duced. This is because yi and y2 have the same 
sign and are nearly equal.

As long as Tl is cut off, the input resistance of 
the circuit is approximately equal to the reciprocal 
of the junction diode resistance, i.e., several hun
dred thousand ohms. When Tl conducts, the re
sistance is reduced to approximately the magni
tude of the input resistance of the circuit with the 
collector grounded

~ R& + hn _ R3 + hg 
1 d” ^21 1 — ex

The switching time in a transistorized Schmidt 
trigger is determined essentially by the time con
stant of the transistors themselves,5 which is about 
several microseconds.
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CUBIC CORPORATION’S electronic tracking systems monitor the missiles of U.S. defense 
agencies. The skill and experience responsible for the accuracy of these Space Age 
systems are also important engineering and production components of Cubic digital 
instruments. Cubic and its representatives are ready to provide you with a fast, prove- 
it-yourself demonstration.

Write or call us today.

BIC CORPORATION
5575 Kearny Villa Road, San Diego II, Calif. 

WITH A OIMENSI0N TOW THt FUTURE

CIRCLE 284 ON READER-SERVICE CARD

Applications of the Schmidt Trigger
Reliable operation of Schmidt-trigger circuits 

with junction transistors is possible through the 
use of temperature stabilization or through man
ual adjustment of the operating threshold. We 
describe here, circuits with manual adjustment.

1. A circuit for shaping a rectangular voltage 
from a sinusoidal one is shown in Fig. 3. The volt
age produced has good waveform, with a rise 
time of about 2 or 3 microseconds. Consequently 
the voltage remains rectangular up to 50 kc.

CIRCLE 348 ON READER-SERVICE CARD > 
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Some Idea^
,R,-20k

R^6h\

R^.3k\

Fig. 5. A sawtooth generator

one
no need for

This badly-soiled drawing is getting a mild soap-and-water bath to restore its original printing quality

Name & Title

Company & Address
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Only the dirt washes away. There’s no loss 
of line-background contrast, no loss of 
detail. The tracing can be restored to its 
original condition in a few moments — 
without re-drawing!

volt is applied to the circuit, there 
temperature stabilization, for in 
amplitude of the applied voltage i

ing for a more efficient and economical 
solution

for your file of practical information on drafting 
and reproduction from

card > 
1960

e ten 
fluent 
[izatio 
have

Functionally, an engineering drawing is 
only as good as the prints it will produce. 
This is a fact of life that governs any dis
tribution-print system —conventional blue
prints, white prints, or reduced-size prints. 
It holds true in a full-fledged miniaturiza
tion program, too. How long will an orig
inal tracing continue to produce top-notch 
prints? The answer depends on how much 
and what kind of handling it receives. Re
visions, smudging, processing and filing all 
take their toll of a drawing’s printability, 
decreasing it gradually — and sometimes 
quite sharply. As printing quality dimin
ishes, some form of rehabilitation becomes 
necessary. But re drawing — whether man
ual or photographic - can be costly and 
time-consuming. Drafting and reproduc
tion experts have been wishing and work-

Mor* M*roll*** Testing Invited 
We’d be pleased to send you a sample of 
Herculene, and we invite you to do your 
best to ruin its excellent drafting and print
ing quality. The Herculene sheet comes in 
a small folder with complete instructions 
and a water-fast Duralar pencil — which 
K&E engineers helped develop for use 
with washable Herculene Drafting Film. 
Mail the coupon below for your sample!

Tracings you can wash’ Mention this to a 
Chief Draftsman and you’d likely see his 
eyes light up as he perceives the implica
tions of a simple new technique — one 
that’s being used now by Raytheon Co. and 
could save them at least $50,000 this year. 
The secret: Herculene® Drafting Film by 
K&E. plus Staedtler Duralar plastic pencils 
—a completely washable combination, and 
the answer to . ..

A Simple Solution: Soap-and-Water 

Washing became a possible answer with 
the advent of polyester-base drafting films 
and plastic pencils — and a practical reality 
with Herculene. This remarkable film com
bines a stable, waterproof Mylar® base 
with a completely washable surface for 
smudge-proof Duralar pencil lines-which 
bond to the Herculene surface and won’t 
wash off.

his case the 
much greater

A Proved Money-Saver

To amplify an earlier point: the Missile 
Systems Division of Raytheon has been 
washing Herculene drawings for the past 
year, and now expects to save over $50,000 
on re-draws alone in the year ahead. A 
large aircraft manufacturer has used the 
Herculene-Duralar soap-and-water method 
even longer, and reports impressive dollar 
savings plus an outstanding improvement 
in print quality.
In 6 months of testing and 14 months of 
actual drafting-room use, Raytheon engi
neers exposed Herculene to all basic trials 
— and a battery of fiendishly extreme con
ditions. They scored Herculene with a 
sharp scriber, but couldn’t remove the 
matte surface. They taped a sheet to the 
floor and had a 200 pounder roll over it 
in a swivel chair during an active day. 
Herculene was baked and frozen — and 
doused with hot coffee — with no effect on 
its surface. After two hours, the coffee 
stain was washed off without a trace. Re
sults of these torturous tests were so favor
able that now. Raytheon’s Missile Systems 
Division uses practically no drafting film 
but Herculene!
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Please send me further information about the washable tracing method, pl 
a sample sheet of Herculene Drafting Film and a Duralar pencil.

A Not* of Caution
There are other waterproof drafting films, 
but plastic pencil lines will wash off some 
of them. So, when comparing polyester
base films, it’s best to check them for pencil 
line washability. And another point—don’t 
try this technique with ink or graphite 
lines — use only the Duralar KI or K2. 
Even if you don’t want to adopt the wash
ing technique immediately, you’re free to 
make the change at any time if you 
use Herculene —the indestructible drafting 
medium with the washable, engineered 
surface.

than the possible temperature drift of the dis
crimination voltages Ui and U2.

2. The circuit of Fig. 4 can generate rectangu
lar voltages. The operating principle of this cir
cuit, as well as the one that follows, is well an
alyzed,6 for ordinary vacuum tube circuits. The 
duration of the front of the generated rectangular 
pulses is about 5 microseconds. Depending on the 
capacitance C, it is possible to obtain rectangular 
voltages up to 30 kc.

The frequency is continuously varied by means 
of resistor R<». By a suitable setting of potentiome
ter R7, it is possible to establish such an operating 
condition, that when a short pulse is applied to 
the collector of Tl the circuit generates a single 
rectangular pulse of constant duration and ampli
tude.

3. Satisfactory sawtooth waveform can obtain 
up to approximately 30 kc with the circuit of 
Fig. 5. The frequency can be continuously varied 
by resistor R6, and ranges can be changed by 
changing the charging capacitor C. The amplitude 
of the generated voltage is — U2, i.e., about 
0.5 v. By setting potentiometer Ry, one can place* 
this circuit in a slaved mode, at which it generates 
sawtooth pu]ses after a brief negative pulse is ap
plied to the collector of Tl.



MHX ventilated cabinet 
with heavy duty dolly. 
Note adjustable rear 
chassis-slide mounting 
rail, center stiffener on 
rear door, louvered top.

Rear view —same cabinet. 
Note recessed stainless 

steel handle, lift-out 
door, clean-cut design.

si.

VARIABLES... ALL TO CUSTOMER SPECS
Refrigerated cooling —insulated if required— 
H and 1 ton systems built in with high 
efficiency insulation —all MIL spec.

• Ventilated or non-ventilated... Panel-mounting blower pro
vides 600-900 CFM of filtered air to pressurize duct in left side 
of ventilated units—air is then accurately directed through fully 
controlled openings to temperature-critical areas —see sche
matic at right... Natural convection in non-ventilated units 
draws air through louvers in lower portion of rear door and 
exhausts heated air through louvered top cap.
• Choice of steel or aluminum construction • Panel space as 
required—in 1%" increments (for 19" or 24" width panels) • 
Cabinet depths 18"-36" in 2" increments • Choice of Three 
types of cabinet front • Choice of hinged, lift-out or bolt-on 
doors • Choice of square or rounded front and/or rear top 
corners • MIL spec (standard) or special finish • With or with-
out heavy duty dolly—to Customer specs.

Also available—matching consoles and a complete line of MIL spec and 
high grade commercial accessories: chassis, panels, Chassis-Trak®, 
blowers, handles, cable retractors, slope- and turret-front console 
fronts, desk top consoles, fixed and retractable writing surfaces.

ONE SOURCE... _______________

I
 for VENTILATED RELAY RACK CABINETS, 

CONTROL CONSOLES, BLOWERS, CHASSIS, 
CHASSIS-TRAK®, RELATED COMPONENTS

CIRCLE 286 ON READER-SERVICE CARD

SURPASSES
NEW MIL-T-4807 
30 G SHOCK AND 
VIBRATION TESTS

HEAVY DUTY "M” SERIES
RELAY RACK CABINETS

These MC and MH Series cabinets were 
designed for those who must have excep
tional strength, superlative quality in 
material and every detail of design and 
construction, the utmost in flexibility and 
dependability—and a wide choice of 
semi-custom features with which to satisfy 
their own highly specific requirements. 

Standard models surpass the 30 G shock 
and vibration requirements of MIL-T-4807 
(steel construction), but reinforcement for 
higher shock loading is available.

Mount standard 19" or 24" panels. All-welded 
frames in choice of 12-ga. steel or .125" alu
minum alloy 5052 SH32. Side panels, lou
vered top cap and rear door in choice of 
18-ga. steel or .062" aluminum. Continuously 
adjustable rear mounting rail is 12-ga. steel. 
All tapped holes are 10-32 tapped and spaced 
per MIL-STD-189. Rear door panel has 4" cen
ter stiffener, Neoprene seal, lift-off hinges.

^^q o Ûq o Î

SCHEMATIC 
OF AIR FLOW IN 

VENTILATED MODELS
IT, c,

Write for complete data ORegon 8-7827

-> Western Devices, Inc.
600 W. FLORENCE AVE., INGLEWOOD 1, CALIF.

RUSSIAN TRANSLATIONS

Electronic Control of
Triggered Multivibrators

A. F. Ivanov and M. L. Tsetlin
Moscow State University

U. S. S. R.

IN THE CONSTRUCTION of computers it is 
frequently necessary to delay pulses by an in

terval which is adjustable over a wide range. The 
adjustment must have a low time-lag, and if pos
sible, little power should be required for the ad
justment.

The circuits of this type heretofore known in 
the literature, permit only mechanical adjustment 
of the delay, and this imposes many limitations. 
The system shown in Fig. 1 has electronic adjust
ment, insuring sufficient speed, sensitivity, and 
flexibility of control.

This circuit differs from that of an ordinary 
triggered multivibrator with cathode coupling, in 
the presence of a cathode follower T3 and a con
trol tube T4. In the absence of a triggering pulse, 
T2 is blocked by the plate current of Tl.

When a negative triggering pulse is applied, 
the charging current of the capacitor C produces 
a voltage drop for T4, which results in the posi
tive potential on the grid of the cathode follower 
T3, and consequently on the grid of T2, connected 
with the cathode follower. The charging time of 
capacitor C is determined by the current through 
T4, which in turn is regulated by the potential on 
its grid.

The use of a cathode follower makes it possible 
to exclude the shunting action of the grid-cathode

mm

Fig. 1. A triggered multivibrator with a cathode fol- I 5 
lower and a control tube for varying the delay.

A

ELECTRONIC

MINIATURE AND 
SUB-MINIATURE

CAPACITORS

W1
TANTALUM 

CAPACITORS

lei
ALUMINUM 
CAPACITORS

wi
iei. oripinctc- of m'niatur« aluminum foil 

electrolytic capacitors, now offers a full range of 
miniature and sub-miniature types and sizes:

Polar and non-polar
Plain foil and etched foil tantalums 

Multi-section aluminum types 
Reliable over a wide temperature range 

Tantalum capacitors are made in accordance with 
Military Specs. High capacities, low DC leakage 
ideal for transistorized circuits. Write for bul
letins 81558 and 41858.

International Electronic Industries, Inc. 
Box 9036-A, Nashville, Tennessee.

tei
where reliability replaces probability 
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(Translated from Izevestiya Vysshykh Ucheb- 
n kh Zavedeniy (News of the Higher Institutions 
o Learning), Radiophysics Section, Vol. II, No. 
1 1959.)

0

fUSEC)

IRE

6 -UG (V)

Fig. 2. Pulse duration 
of the multivibrator can 
be varied by changing 
the grid voltage on the 
conti ! ‘ube.

resistance of tube T2. The diode D serves to re
duce the reset time of the circuit.

The dependence of the duration T of the out
put pulse on the voltage ug on the grid of tube T4 
is linear over 
changes from

T =a mm

a rather broad range. Here T

(7?al + Rd C In (uiM

when

to Tmax

when

Ug — 0

= Rh C In (A ual/U2)

I Wp I > utr.

In these formulas Ri is the internal resistance of 
tube T4 when ug = 0, Rb is the inverse resistance 
of the diode, Auai is the jump in the plate voltage 
when TI is cut off, Ui is the initial voltage drop 
across T4 when ug = 0, and the voltage across 
T4 at the instant TI conducts (TTs cutoff voltage) 
is

u/g ~ Ri E/(R Rd + | Etr |

The values of Auai and Ui can be found graphi-

rechargé 
BAT«’’

Inc.

MPANY

In our experiments we used type 6N1R tubes. 
The parameters of the circuit were: E = 300 v, 
Rai = 1000 ohms, Ra2 = RK — 3.4 K, Rm = 47 K, 
Ri = 18 K, R2 = 110 K, C = 100 ppf, Rb = 41 
meg (for silicon diode D 204). Here the duration 
of the multivibrator pulse changes from three 
psec to four psec while ug changes from 0 to — 6 v 
(See Fig. 2).

Electronic adjustment of pulse duration makes 
it possible to control the time lag in servomecha
nisms. In a breadboard of such a model, the dura
tion of the lag, which varied during the time of 
operation of the system, was compared with the 
duration To, of a reference pulse.

In conclusion, we note that it is possible to 
generate a sequence of pulses of specified dura
tions by using a scaler in conjunction with the cir- 
c lit described here.

A Gulton “VO” Series 
Button Cell Battery 
powers this Electro-Larynx 
for laryngectomees

\/A 7 J SERIES 
XI I I BUTTON CELL 
V BATTERIES

A vail able Immediately 
From These Distributors

Dependable... long- 
li ved... rechargeable
This child holds a voice in her hand... the Kett 
Electro-Larynx. A push of a button sets a column 
of air vibrating in her throat, gives sound to 
words formed with mute lips.

The Electro-Larynx will prove a boon to thousands 
of people who cannot speak for one reason or another. To give it 
a reliable, long lasting, sealed rechargeable source of 
power, Kett Engineering Corp, chose a Gulton “VO” series 
sealed nickel cadmium button cell battery.

How Can You Use These Batteries?
Here is a partial list of the many ways imaginative engineers are 
employing Gulton button cell batteries: transistorized radios, 
prosthetic devices, missiles, flashlights, photoflash power packs — 
wherever small size, large capacity, light weight, long life, no 
maintenance, complete reliability, and easy recharging are desired. 
Like more information? Write us for Bulletin No. VO-110.

ARROW ELECTRONICS 
525 Jericho Turnpike 
Mineola, L. I„ N. Y.
Pioneer 6-8686

0 I H. DISTRIBUTING CO. 
2025 Worcester Street 
Baltimore, Md.
SAratoga 7-5100

0E MAMBR0 RADIO SUPPLY CO 
1095 Commonwealth Avenue 
Boston 15, Mass.
ALgonquin 4-9000

ELECTRA DISTRIBUTING CO. 
1914 West End Avenue
Nashville 4, Tenn. 
ALpine 4-8444

ELECTRONIC EQUIPMENT CO.
2701 N.W. 42nd Avenue 
Miami 48, Florida 
NEwton 5-0421

ELECTRONIC WHOLESALERS, INC.
2345 Sherman Avenue, N.W. 
Washington 1, D. C.
HUdson 3-5200

ENGINEERING SUPPLY CO. 
1124 East Fourth Street 
Tulsa 10, Okla.
Diamond 3-8121

ENGINEERING SUPPLY CO. 
6000 Denton Drive
Dallas 35, Texas 
FLeetwood 7-6121

ELECTRONIC SUPPLIES 
909 Morningside Drive 
Melbourne, Florida 
PArkway 3-1441

FEDERATED PURCHASER INC. 
11275 West Olympic Blvd.
Los Angeles, California 
BRadshaw 2-8771

LEW BONN CO.
67 South 12th Street 
Minneapolis 3, Minn. 
FEderal 9-6351

MILGRAY-NEW YORK 
136 Liberty Street 
New York 6, N. Y.
REctor 2-4400

NEWARK ELECTRIC CO. 
4736 West Century Blvd. 
Inglewood, Calif.
ORchard 4-8440

NEWARK ELECTRIC CO.
223 West Madison Street 
Chicago 6, Illinois 
STate 2-2944

OLIVE ELECTRONIC SUPPLY CO. 
6662 Olive Blvd.
University City 5, Missouri 
Volunteer 3-4051

PENINSULA ELECTRONIC SUPPLY 
656 South First Street
San Jose, California 
CYpress 4-8781

PHILADELPHIA ELECTRONICS INC. 
1225 Vine Street
Philadelphia 7, Penn. 
LOcust 8-7444

RADIO EQUIP. CORP.
312 Elm Street 
Buffalo 3, N. Y. 
MAdison 9676
SREPCO INC.
314 Leo Street 
Dayton 4, Ohio 
BAIdwin 4-3871

Available from stock- GLENNITE BATTERY DISTRIBUTORS 
92-15 172nd Street, Jamaica, New York

ELECTRICAL 

SPECS.

Capacity (1 Hour rate):
Charging Current (1c):
Charging Time (Constant Current):
Trickle Charge Rate:
Cell Voltage During Charge: 
Maximum Peak Discharge Current:

V0-.080
80 mah 
2-10 ma 

150/lc hrs.
2-5 ma
1.4 V
1.5 A

V0-.180
180 mah 
4-18 ma 

270/lc hrs.
2-5 ma
1.4 V 
3 A

V0-.250
250 mah 
5-25 ma 

375/lc hrs. 
2-5 ma
1.4 V 
5 A

V0-.500
500 mah 
10-40 ma 

750/lc hrs.
5-10 ma

1.4 V
7.5 A

MECHANICAL 

SPECS.

Diameter: 
Thickness: 
Weight:

.900
.200 
.25 ounce

.975

.270 

.35 ounce

1.375 
.1875 
.5 ounce

1.375 
.3125 
.75 ounce

Gulton Industries, Inc
Alkaline Battery Division, Metuchen, New Jersey
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C. P. CLARE’S MERCURY-WETTED

GLASS-TO-METAL SEALING ALLOY

Add rest

City

J. BISHOP & CO.,

Penna, builds these control cubicles that

Bishop s Tubular Products Bulletin.

55 KING STREET, MALVERN, PENNA.

Niagara 4-3100

Vce for IB~V0 R = 0.1

Vbe for In

occurs = 0.04 to 0.2 v

Fotitton

Company

Af 1.12

N
o

CONTACT RELAYS PERFECTLY SEALED WITH

use the coupon for details. (Circle 816 on inquiry card1

TUBING TAKES 5,400 PSI IN HONEYWELL’S MISSILE CHARGING

Check information you d like and mail to 

55 King St, Malvern, Penna.

CIRCLE e 16, 817 ON READER-SERVICE CARD

C. P. Clare & Company, Chicago, Illinois, produces a com-
plete line of mercury-wetted contact relays characterized bv
long life, high speed of operation and no contact bounce.
To supply relays that have a conservative life expectancy of
more than a billion operations requires absolute perfection
in all phases of manufacturing. C. P. Clare uses Bishop’s
#52 alloy tubing for the critical tubular stems of these
relays. Mercury and hydrogen at 150 psig are introduced
through this connecting stem- which is then sealed off by
welding and forging. Can glass-to-metal sealing alloys solve
any of your problems? Bishop makes a complete line . . .

THE ASTABLE multivibrator, when designed 
■ symmetrically (Fig. 1 with Ri = R2 = R; Rei

= Rc2 = R; Ci = C2 = C) generates a square
waveform with the nominal repetition frequency
f = 1/2 RCln2. The actual frequency of the out-
put depends on the supply voltage, temperature
and component variations and tolerances.

Super pressure stainless steel tubing con
nects many components of the cubicles 
illustrated. Minneapolis-Honeywell s
Missile Equipment Division, Pottstown, 

make up the gas charging system for the
Bomarc missile. Bishop supplies Honey
well with two sizes of 304 seamless super 
pressure tubing for this application. Dur
ing charging of the missile, tubing handles 
pressures up to 5,400 psi. If you use smal 1 
diameter tubing super pressure, com
mercial quality or other—consider
Bishop, use the coupon for a copy of

(Circi* 817 on inquiry card!

platinum works

THIS IS THE BISHOP LINE
Products of all the Platinum Metals
Small diameter Stainless Steel
nickel and special alloy tubing

Frequency Stability

of Astable

Transistor Multivibrator

The influence of supply voltage variation on 
frequency can be calculated but leads to a com
plicated expression. Using instead typical values,
for example

Fo R = 0.1 to 0.3

JcBo — 3 ua at 20 (

base-emitter voltage when loop gain
reaches unity so that transition 

one can show that a 10-per-cent variation in sup
ply voltage results in the frequency change 

Vo - 0.175

where in addition to the above assumptions, the 
values R = 16 K, Rc = 1 K and transistor types
OC602 spec are used.

Eq. 1 is verified experimentally as shown in
Fig. 2.

Similar calculation for temperature variation

Fig. 1 . Astable transistor multivibrator.

ELECTRONIC DESIGN • January 20, 1960
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Donner Model 5002 Null Voltmeter costs only $245 for cabinet model 
$230 for rack mount.

888 Galindo * Concord, California 
Phono: MUIberry 2-6161

DonncR NULL VOLTMETER

Hg. 3. Temperature dependence of frequency. The 
inail circles indicate measured points, the curves are 
olculated.

Generates any de voltage in the range of 0 to 
-I-100 volts or 0 to -100 volts at 10 ma. Volt
age can be set at 0.1 volt with a ten turn heli
cal potentiometer with direct dial readout. 
Other features include stability of 0.1% in 
8 hours, 0.5% per year. A source voltage of 
±100 volts (±0.1 %) is always available for 
reference in addition to selected output volt
age. Hum and noise is 2 mv rms maximum.

In operation, the user measures voltage by 
simply twisting the ten turn precision poten
tiometer dial until the meter nulls. Voltage is 
read directly off the potentiometer dial to 
a resolution of 0.1 %. Operation over a range 
of 0 to +100 volts or 0 to —100 volts without 
range switching. Features negligible loading 
over whole range with infinite impedance at 
null. The meter is protected against burnout 
from overvoltage.

s iows the dependence depicted in Fig. 3.
Abstracted from an article by E. Brueckner, 

Nachrichtentechnische Zeitschrift, Vol. 12, No. 10, 
October 1959, pp 509-513.

Fig. 2. Calculated and measured curve of frequency 
dependence on supply voltage for 10 per cent varia
tion in supply voltage using OC 602 spec germanium 
transistors.

Your nearby Donner engineering sales representative will 
be happy to furnish you with complete information and 
arrange an opportunity for you to use the Donner 5002 
in your own lab. For complete technical specifications 
please address Department 19.

doh ntn «un VOLT««««
„ MOOLI. 5002

0.05%
POWER SUPPLY
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GERMAN ABSTRACT

Hall Generators
For Magnetic

°??® •**•**»

TO THE ENGINEER

who needs “for instances”

AE 
CAN 
DO

Take such a “for instance” as this: you want 
to step an indirectly driven rotary switch 
immediately on pulse closure. The schematic, 
Fig. 28, above, points out an easy way of 
doing it with a standard relay.

Or suppose you’d like to stretch a pulse with a 
relay —or set up a sequential programming cir
cuit with stepping switches. You’ll find the most 
practical methods among the 41 schematics in 
AE’s new 32-page booklet on “Basic Circuits.” 
It comes complete with a handy template for 
drawing relays and switches on your own cir
cuits. And it’s all yours for the asking!

AUTOMATIC ELECTRIC
Subsidiary of
GENERAL TELEPHONE & ELECTRONICS

In case you don’t find the solution to your 
switching problem in Basic Circuits, our 
engineers can find a solution for you. In fact, 
AE engineers can show you switching tricks 
that will cut corners on costs. Or, if you wish, 
they’ll assume the job of designing and build
ing to your specs, anything from a simple 
control package to an entire system.

To get your copy of Basic Circuits and/or the 
answer to your specific control problem, just 
write J. E. James, Director, Control Equip
ment Sales, Automatic Electric, Northlake, Ill. 
In Canada: Automatic Electric Sales (Can
ada) Ltd., 185 Bartley Dr., Toronto 16, Ont.

LjALL GENERATORS can be used in repro- 
■ ■ ducing heads of magnetic tape devices to 
avoid the following four disadvantages associated 
with conventional electromagnetic induction 
transducers:

1. The output voltage, v, Fig. 1, is proportional 
to frequency. As a consequence, comparatively 
elaborate compensating schemes must be used in 
the amplifiers.

2. The output voltage is proportional to the re
corded trace thickness, s, so that the storage capac
ity of a tape is limited since s cannot be reduced 
without adversely affecting signal-to-noise rela
tions.

3. Increasing storage capacity by reducing tape 
speed and slit reluctance is possible only in a very 
limited sense because reduction of slit thickness 
leads eventually to excessive magnetic decoupling 
between tape and pickup.

4. The inductance of commercial induction 
units is so large (0.1 to several henries) that com
plete transistorizing is difficult since the low-input 
impedance of transistors in conjunction with this 
large inductance give rise to excessive time con
stants.

The Hall-effect transducer arrangement shown 
in Fig. 2 has much less frequency dependence 
than the conventional head and requires less elab
orate equalizers. Down to recording trade thick
ness s of 1 mm, the output amplitude is inde
pendent of s.

Completely transistorized electronic circuitry 
can be used with the Hall transducer since the 
output impedance of Hall generators is purely 
resistive. In addition, slit thickness and speed
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Tape Recorders

“CRONAFLEX® gives us the highest possible degree of stability in a reproduc
tion film” —North American Aviation, Inc., Los Angeles, California i

I
• I

i 
i

North American Aviation, a leader in its field, uses Cronaflex Engineering Reproduction Films for 
projection and direct positive printing. In addition to its incomparable stability, Cronaflex has other 
important advantages.
One North American spokesman puts it this ¿co//,’’Cronaflex has excellent emulsion characteristics, 
too. Its speed and line density are remarkably uniform from batch to batch—an extremely important 
factor ichen you consider that we make upwards of 15,000 square feet of reproductions per month.”
Cronaflex Films can cut time and costs in your plant, too. Ask your DuPont Technical Representa
tive for information or a demonstration. E. I. du Pont de Nemours & Co. (Inc.), Photo Products 
Department, Wilmington 98, Delaware. In Canada: Du Pont of Canada Limited, Toronto.
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reduction is possible without decrease in output 
voltage.

Because indium antimonide has the largest 
electron mobility of the known semiconductors, 
it is best suited for the attainment of large power 
capability. In addition, indium antimonide has 
only pure Nyquist noise while other semiconduc
tors exhibit additional noise which varies inversely 
with frequency.

Abstracted from an article by F. Kuhrt, G. Stark 
and F. Wolf, Elektronische Rundschau, Vol. 13, 
No. 11, November 1959, pp. 407-408.

WINDING

TAPE
MAGNETIZABLE 

LAYER

MAGNETIZED 'SLIT 
REGION

SUPPORT

Fig. 1. Induction reproducing head.

FERRITE 
PLATES

TAPE

MAGNETIZED 
REGION

SEMICONDUCTOR
WAFER

MAGNETIZABLE 
LAYER

SUPPORT

Fig. 2. Hall-effect reproducing head.

North American Aviation's Los Angeles Division photographic experts, left to right: Clay Chapen, Supervisor of the X-ray 
Photo Template Lab; Buzz Holland, Manager of Photographic and Reproduction Department; Bob Mease, General Super
visor of Photographic Services, inspect a Cronaflex print to be used by engineers working on the B-70 triple-sonic inter
continental bomber developed by the company for the U.S. Air Force.
This advertisement was prepared exclusively by Phototypography.

Better Things for Better Living ♦.. through Chemistry
CIRCLE 293 ON READER-SERVICE CARD
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T^ogress Is Our Most Important Product

GENERAL ELECTRIC
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Custom-designed
General Electric

Cathode Ray Tubes 
Improve 

Display-equipment 
Performance

Today’s industrial and military display appli
cations require the finest in cathode-ray-tube 
technology.

At General Electric, each customer require
ment is analyzed to help the customer de
termine the tube design best suited to it. 
Should a new or improved type be needed, 
a veteran G-E engineering-manufacturing task 
force researches, custom-designs, and produces 
the appropriate tube.

General Electric’s fully integrated Cathode 
Ray Tube Department includes research-and- 
development engineering and laboratories, de
sign engineering, and manufacturing and 
marketing engineering facilities. Also available 
is the experience gained through company
wide work in virtually every engineering and 
scientific field.

For immediate answers to your display 
problems, call or write Regional Sales Man
agers R. E. McBride, M. B. Lees, or R. J. 
Goggins—General Electric Company, Cathode 
Ray Tube Department, Electronics Park,

From G.E.’s CRT Development Laboratory came the GL-4619 
21 -inch, closed-circuit TV monitor tube, which provides more than 
1000-line resolution in critical airport operations.

Tiny (1 yi") GL-4580 electrostatic deflection tube, developed by 
G-E manufacturing-engineering task force, performs as vital 
remote indicator tube at high altitude.

Designed for use under severe conditions of vibration and 
humidity, two-gun GL-4386 4 x6* electrostatic deflection tube 
meets all design specs, is successfully job proven.

READER-SERVICE CARD

ELECTRONIC DESIGN

Large (16*) GL-4623 electrostatic deflection tube was custom 
designed for critical processed-video use ... can be furnished to 
meet specific pattern-distortion requirements.

Aluminum Strip 
Cuts Voids

BECAUSE ALUMINUM has less conductivity 
than copper, a greater cross section is needed 

to provide the same conductance. The actual 
cross-sectional area occupied by an aluminum 
conductor must therefore be greater than that of a 
comparable copper conductor.

If an aluminum conductor is in the same form 
as conventional insulated copper magnet wire, 
then a coil of it will occupy more space than a 
coil of copper and may require enlarging the
magnetic circuit of iron and other components 
the enclosure in which it is to be housed.

Thoroughly researched and job-tailored, Z-4448 transparent 
phosphor tube offers ultra-high resolution for specialized photo
graphic applications.

ANODIC 
INSULATION

CONDUCTOR

INSULATION 
BETWEEN WINDINGS

CORE INSULATION

Fig. la. Transformer coil using anodized aluminum strip 
has a conductor space factor up to 30% of window 

opening.

Fig. lb. Conventional copper magnet wire coil has
conductor space factor approximately 25 to 35% of 

window opening.

CORE INSULATION

LAYER INSULATION

MAGNET WIRE 
INSULATION

CONDUCTOR

COOLING DUCT
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HUGHES PRODUCTSCreating a new world with ELECTRONICS
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These Hughes PNP fused junction silicon transistors...which are especially recom
mended for small signal current gain, DC amplifier and other applications...offer you 
the following advantages over competitive devices:
* BVcb0, BVebo, and BVCEO are symmetrical • lower leakage current • controlled 
gain band • lower saturation resistance • higher operating frequency
You receive still another benefit from these Hughes silicon transistors: proven reliability. 
Its reliability life tests at maximum operating temperature show a reliability factor of 
4 X 10-5 or only one failure in 25,000 transistor hours of operating life.
Order today! These Hughes transistors are available from inventory at both the factory 
and at all Hughes distributors. Just call or write your nearest Hughes Semiconductor 
Sales office or distributor.

However, a coil wound with aluminum strip 
can be designed so it will occupy no more space 
than a comparable coil wound with copper mag
net wire. This is because the cross-sectional area 
of a coil includes the conductor itself, the elec
trical insulation, and any voids in between.

Advantages

With aluminum strip conductor, it is possible 
to eliminate some of the space required by the 
insulation and to greatly reduce the voids.

Basically, a strip wound coil consists of a num
ber of turns of aluminum strip with an exception
ally thin layer of insulation between each turn. 
The number of layers is equal to the number of 
turns, and the layer-to-layer voltage is equal to 
the tum-to-tum voltage. This eliminates the high 
layer-to-layer voltage common in magnet wire 
coils wound with round copper magnet wire:

The result is a compact coil with practically 
no voids and a minimum of insulation. The con
trast between strip wound coils and those wound 
with conventional copper magnet wire is illus
trated in Fig. 1.

In addition, aluminum strip wound coils have 
a number of other advantages over comparable 
coils wound with round copper magnet wire. 
Among these are:

■ Winding problems are simplified. Traversing

Specifications

Typ«
BVebo 
BVcbo 
■Vc.EO

Hfe
Min. Max.

Max. Vce 
&lc = 10ma 
@>lB = 2ma

Maximum 
Icbo* and Iebo*

Typ.F « b 
(MC)

2N1228 —15V 14 32 -0.2 —0.1 mA 1.2

2N1229 —15V 28 65 -0.2 -0.1mA 1.2

2N1230 —35V 14 32 -0.2 —0.1 mA 1.2

2N1231 —35V 28 65 -O.2 -0.1m A 1 2

2N1232 -60V 14 32 —0.2 -0.1 mA 1.0

2N1233 —60V 28 65 -0.2 -0.1mA 1.0

2N1234 —110V 14 32 -0.2 -0.1mA 0.8
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FABRICATION FACILITIES?

THE DOW METAL PRODUCTS COMPANY
Division of The Dow Chemical Com pan.
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AUTOMATIC ARC WELDER, using tungsten-inerf 
gas process, joins end tu wrapper.

400 TON PRESS draws end pieces of magnesium 
transmitter housing for missile ground support 
electronic system Heated dies make possible 
one-step draws.

The electronic transmitter housing 
shown in various stages of production 
on this page is a good example of the 
type of work carried on at Dow’s Bay 
City fabrication plant. It is a large 
and complex assembly which is pro
duced in quantity, involves many 
operations, and must conform to ex
tremely high standards.

used. The type preferred will depend upon coil 
operating temperatures and upon relative costs; 
available thicknesses; electrical, mechanical, and 
physical properties of the insulating material.

ELECTRONIC DESIGN • January 20, 1960

"WRAPPER," or shell of housing is roll-formed of 
magnesium sheet.

For more information contact your Dow Sales 
Office or write today for an illustrated brochure 
discussing Dow fabrication services, the dow 
metal products company, Midland, Michigan. 
Merchandising Department 1010BC1-20. Fig. 2. Aluminum strip wound coil and the conventional 

copper wire cod it replaced.

ASSEMBLY involves attachment of doors, hard 
ware, components using riveting, bolting

Anodized Aluminum Strip
Aluminum oxide exists on all aluminum in the 

form of a microscopically thin layer. This pro
vides aluminum with its excellent corrosion re
sistance. By the use of anodizing techniques, this 
thin layer is built up to a hard, inelastic, and

Capacity and outstanding capabilities now available for both 

magnesium and aluminum fabrication, finishing and assembly

Large or small jobs. The Bay City 
plant is a large, well equipped produc
tion facility set up to handle large or 
small jobs, and plenty of both. Its 
activities encompass every phase of 
fabrication—deep drawing, bending 
spinning, stamping, piercing, machin
ing, arc and spot welding, assembling, 
chemical treating and painting. The 
facilities are government certified.
Engineering and quality control. Dow 
engineers working closely with the 
customer are frequently able to sug
gest design modifications which cut 
costs and or meet application require
ments better. A quality control team 
using modern methods and equipment 
assures that high standards of crafts
manship are rigidly maintained.
Many ‘firsts." The Bay City fabrica
tion plant has pioneered many devel
opments in the production of 
magnesium parts and products. They 
were first to hot draw the lightest 
structural metal, and first to spot weld 
and automatically weld it. They have 
also been a leader in the production 
use of chemical treatments and fin
ishes for magnesium.
Whatever your requirements, if they 
involve magnesium or aluminum fab
ricated parts or assemblies, it will pay 
you to make Dow your supplier.

mechanisms of conventional winding equip 
ment are not needed. Bobbins and flanges can 
often be eliminated.
■ Layer-to-layer voltage is reduced, eliminat
ing the need for additional insulation required 
for wire wound coils.
■ Heat transfer characteristics are better, and 
hot spots are eliminated. Since hot-spot tem
perature determines allowable current densi
ties, it is often possible to use higher currents 
or a lower equivalent conductor cross section.
n It is practical to use the excellent insulating 
properties of anodic films for turn insulation.
o With anodized strip conductors, impregnation 
of coils is usually unnecessary. If it is the prac
tice to impregnate, however, less material is re
quired because voids are at an absolute mini
mum.
■ Joining and insulating of taps and terminals 
are simplified.
Insulation for strip wound coils may be pro

vided by an anodized film on the surface of the 
strip, or by a thin ribbon of insulating material 
interleaved between turns as the coil is wound.

It is possible also that adherent materials such 
as organic resins or enamels may sometimes be

DOW.
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lighly insulating film approximately 0.00022-inch 
hick.

Anodized films have certain properties that 
nake them ideal for coil insulation. They are very 
thin; they are very hard and resistant to abrasion; 
they have a high breakdown voltage (good dielec
tric strength) for a given thickness (about 550 
volts for 0.00022-inch film); they are inorganic 
and chemically inert; and, above all, they with
stand extremely high temperatures without distress 
of any kind. Aluminum oxide has a melting tem
perature which is actually much higher than that 
of the aluminum itself.

The greatest single problem in the develop
ment of a practical anodized strip conductor was 
to obtain a satisfactory film on the edge of the 
strip. When a wide sheet is slit into narrower 
strips, the slit edges are ragged and may have 
slight burrs.

Such irregularities cause no trouble in most 
applications, but it is impossible to get a uniform 
anodized coating over such a configuration. The 
problem was overcome by a combination of 
chemical and mechanical processes which give 
the edge a smooth contour that can be anodized 
adequately. It is around these edge conditioning 
processes that the major claims of patent appli
cation are based.

Systems using bare strip conductor are quite 
flexible, since many arrangements of strip widths 
and thicknesses may be used, and a number of 
excellent interleaving materials are available. 
Materials for interleaving may be any of the con
ventional insulating materials such as paper, 
Mylar, Teflon, glass, mica, or others depending 
upon operating temperature requirements, rela
tive cost, available thicknesses, electrical, mechan
ical, and physical properties. The excellent heat 
transfer characteristics of strip wound coils result 
in lower average operating temperatures and in 
much lower hot spot temperatures than in wire 
wound coils. These reductions are significant 
when the choice of interleaving materials is con
sidered.

Abstracted from Reynolds Metals Company 
Product Description, “Aluminum Strip Conduc
tor,” No. llc-2, August 20,1959.

Editors note: Recently, the first large-scale ap
plication of aluminum foil strip conductor was 
announced. The Sparton Automotive Division of 
Sparton Corp., Jackson, Mich, switched from cop
per and aluminum magnet wire coils to inter
leaved aluminum strip conductor coil units for its 
line of automobile horns. Fig. 2 shows the strip 
wound coil and the conventional copper wire coil 
it replaced. The sizes of the two coils are about the 
same but in switching to the strip coil, 12 bulky 
□arts were eliminated from the old style, copper 
wire coil horn. ■ •

ELECTRONIC DESIGN • January 20, 1960
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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.

The nation's first and leading, manufacturer of slides

GRANT INDUSTRIAL SLIDES
/21 High Street. West Nuack. New York 

Long Iteaeh Lenue. Loe Angele. tl, CaL
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FOR OUR FREE BOOKLET, write 
Mr. John F. Wallace, Director of 
Employment, The Martin Company, 
Orlando 18, Florida

SKILLED ENGINEERS, 

scientists, and produc
tion men moved into 
a new facility in Or
lando, Florida, just 
two years ago. Work
ing in the stimulating 
environment of a new 
$21-million plant, these 
men have written a 
most unusual growth 
record for five major 
electronic and missile 
projects and several 
advanced research pro
grams at Martin Or
lando. The professional 
advancement of the 
men who manage and 
staff ambitious new 
programs has kept 
pace with this rapid 
progress. Investigate 
new programs in Com
munications, Guidance 
and Control, Reliability 
and Quality, Radar Sys
tems and Operations 
Analysis. You may 
move into a ground
floor position by send
ing your resume now.

CIRCLE 920 ON CAREER INQUIRY FORM, PAGE IM

SEVERAL of the common switching devices 
have the disadvantage of causing a pedestal, 

or step function, to be transferred to the load by 
the switching signal. This pedestal can be very 
undesirable, particularly in the case where the 
switching frequency falls in the signal frequency 
band, and this paper describes several circuits 
which produce pedestal-free switching.

A two-diode type pedestal-free switch is shown 
in Fig. 1. It uses a transformer with a bifilar wound 
primary and a single secondary. When the switch
ing current turns on diode Di, diode D2 is turned 
off and the signal can be transferred to the load 
simultaneously with the switching current. During 
the interval when Di is turned off and D2 on, the 
signal cannot reach the load and another switch
ing current is passed through D2 and the load. 
When the switching potentials are balanced 
around ground it is possible to obtain equal 
switching currents which then would maintain a 
constant current through the load. The load will 
then be pedestal free. When any distortion of the 
switching signal occurs in the transformer it will 
be found difficult to completely balance the two 
switching currents. Note that the switching signal 
has to be larger than the largest information signal 
in order to keep the diode Di properly biased.

A pedestal-free transistor switch is shown in 
Fig. 2.

An alloyed junction transistor of either the pnp 
or the npn type can be used depending on the 
switching voltage polarity. In Fig. 2 when the 
switching voltage is positive the emitter-to-base 
junction of the transistor is biased in the for
ward direction and the transistor will present a 
very low impedance from collector to emitter. The 
signal now finds a return path to ground and the 
transformer passes the information to the load. 
When the switching voltage is negative, the emit
ter to base junction is back biased and the tran-
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ransistor de gain. (continued on following page)
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INFORMATION 
SIGNAL

INFORMATION 
SIGNAL

Fig. 2. Transistor type pedestal-free 
switch.

SWITCHING 
SIGNAL

LOAD

Fig. 1. Two-diode type pedestal-free switch.

SWI TCHING 
SIGNAL

LOAD Firm price and delivery on low noise parametric amplifiers

devices 
edestal, 
oad by 
>e very 
?re the 
quency 
circuits

Firm price and delivery schedules are available for negative resistance, cavity type 
amplifiers in the L, S, C, and Lower X-Bands. You can choose from either development 
models for evaluation in your system, or custom designed, fully qualified units in production 
quantities. The table at right shows typical amplifier characteristics now being obtained 
in development models.
With noise figures as low as 2 db, these amplifiers are ideally suited to radar acquisition 
and tracking systems, tropo-scatter communications, telemetering, satellite tracking, and 
microwave relay links.
They recover from overload in milliseconds—are resistant to deterioration and failure from 
high power. Phase jitter and gain stability characteristics are excellent, and with the 
associated ferrite circulator, the amplifier is fail-safe in case of pump or diode failure.
Small in size and weight, the amplifier can easily be retrofitted to many existing systems. 
Hughes Microwave Products can provide complete retrofit kits, including ferrite circulator, 
amplifier, pump circuitry, and pump klystron, custom fitted to your system configuration.

HUGHES PARAMETRIC AMPLIFIERS—Typical Characteristics

L Band 8 Band C Band X Band
Pump 50 mw at S 

or C Band
100 mw at 
X Band

100 mw at X 
or Ky Band

150 mw at 
Ky Band

Gain 15 to 20 db 15 to 25 db 15 to 25 db 15 to 20 db

Bandwidth 2 to 10 me Up to 26 me Up to 25 me 2 to 8 me

Noise Figure 2 to 4 db 2 to 4 db 2 to 4 db 6 db

Remarks Non- 
degenerate

Non- 
degenerate

Non- 
degenerate

Quasi- 
degenerate

For information on price and delivery 
dates, or for further technical data, 
write Microwave Products, Advanced 
Program Development, Hughes Aircraft 

Company, Culver City 4, Calif, 
or phone UPton 0-7111, Ext. 4727

: HUGHES
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sistor will present a high impedance in the signal 
return path. Nearly all of the signal is then de
veloped across the transistor and very little is re
flected to the load. The transformed load imped
ance must be carefully selected to obtain useful 
efficiency in the “ON-time” and good isolation in 
the “OFF-time.” The resistance of the collector 
to emitter junction will be in the order of several 
ohms, while several hundred kilohms can be ob
tained in the “OFF-time” with germanium tran
sistors. Efficiencies of 95% with an isolation of 60 
db can be obtained this way.

The transistor should have bilateral characteris
tics. This means that the collector and emitter of 
the transistor can be reversed in a circuit without 
a change in performance. As can be seen from 
Fig. 2, when the transistor is turned on, signal 
current through the collector to emitter junction 
should be able to flow in both directions.

During the off time, it is imperative to have 
the switching voltage larger than the largest signal 
voltage; otherwise, the collector to base junction 
would be forward biased and another return path 
is established.

The base current drive has to be larger than 
he largest signal current in the base in order to 
maintain the transistor in the “ON-state” and to 
produce a low impedance from collector to emit
er. Therefore, the required switching power is a 
unction to both the maximum signal and the
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SWITCHING 
SIGNAL i

Electronic* Confer, Inc. 
211 West 19th Street 
New York 11, N. Y.

/NVERSEC 
SWITCHING 

SIGNAL

FOR FULL DETAILS on TES plug-in or other types of tantalum 
capacitors, write Tansitor Electronics, Inc., Dept. 10, West Road, 
Bennington, Vermont.

Neutral electrolyte 
Low leakage current 
Long shelf life

No, 29: high-gain version of No. 28 
handset.

No. 27: high-gain version of No. 26 
handset.

tures up to 125 C 
hundred hours — 
voltage derating 
150-volts operation 
Polar or non-polar 
Plain or etched foil

for several 
with some

Fig. 4. Pedestal-free switches using two 
versed switching signals.

load could be connected by means of an addi
tional switch.

Another form of a pedestal free switch can be 
used when two switching signals are available 
which are identical except for polarity. In Fig. 4a 
and b are given two types. Fig. 4a shows a two 
diode switch, turned on and off alternately and 
simultaneously, causing a continuous switching 
current to flow through the load, which does not 
produce a pedestal. The signal is only passed

The signal source should be at de ground 
potential to avoid any de current from the signal 
source through the load (and transistor) during the 
“ON-time.” Having established this condition the 
switch operates as a true impedance switch and 
will cause no pedestal across the load. A typical 
voltage waveform is given in Fig. 3b. The maxi
mum frequency that can be used is considerably 
higher than that of mechanically driven switches 
as the relay or commutator types.

Although the switch described above requires 
a floating load, it has the advantage over a parallel 
switch that the signal source is not shorted during 
the ‘OFF-cycle.” Instead, the load is disconnected 
from the source and during this time another

Peerías*
Radio Distributors Inc. 
92-32 Merrick Road 
Jamaica 33, N. Y.

STROMBERG-CARLSON
* o v.s ON OF GENERAL- DYNAMICS

Typical applications: mobile radio • 
intercom systems • carrier and mi 
crowave • aircraft and railroad.

No. 26: short, lightweight, sturdy. 
Comes with capsule-type receiver 
and transmitter.

TES CAPACITOR 
CHARACTERISTICS

Can operate at surge tempera-

No. 28: “push-to-talk" handset. 
Rocker bar switch; various spring 
combinations.

MORE CAPACITANCE, LESS WEIGHT 
Combined volume of 40 TES Capaci
tors equals that of large paper ca
pacitor which far outweighs them. But 
combined capacitance of TES capaci
tors is 24,000 microfarad* to only 4 
for paper capacitor.

TES Plug-in Type are Rated at —55 to + 85 C
Tansitor’s new TES tantalum foil capacitors provide more capaci
tance in less space than axial types of comparable performance. 
That’s because both leads emerge from one end, so only one seal 
is required, with consequent savings in length.
The welded leads are completely encapsulated too. Hence solder
ing can be done close to the end of the capacitor without damag
ing the welds. The combination of 
shorter length and minimum le ids 
makes possible space savings up 
to 50% — a mighty important fac
tor in applications such as printed B * • i*/— 5*^ 
and transistorized circuits for min- r i
iaturized military or commercial 
electronic equipment. . 1 I .

caü
wer
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MODELS FOR 
MANY INDUSTRIAL 
APPLICATIONS

Modern handset cradle for mobile 
or panel use fits 

ME9HM any Stromherg- 
K Carlson handset.

g Send for Bulle
Y Uns T-5005 and
■ T-5013. Write to

* * " Telecommunica
tion Industrial Sales, 116 Carlson 
Road, Rochester 3, New York.

SWITCHING 
PULSES 

SIGNAL

NEW TANSITOR TANTALUM CAPACITORS 
. . OFFER SPACE

SAVINGS 
¡-Jp' UP TO 50%

Fig. 3a. Typical voltage wave shape with 
signal voltage transmitted to load. b. Typical 
voltage wave shape obtained with pedestal- 
free switch.
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VALPARAISO,

ELECTRONIC DESIGN • January 20, 1960 159

INDIANA
PERMANENT
MAGNETS

idset. 
spring

»turdy.
ceiver

Indox V has proved successful on 
the above applications. If you want 
to know more about this outstand
ing material in relation to your 
product write. M-l

3.5x10«
1.05
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Peak Energy Product (Bd Hd) 
Reversible Permeability 

Temperature Coefficient 
of Reversible Flux Change 

Magnetization Field for
Saturation, oersteds 

Chemical Composition 

Specific Gravity

4 0 4.5 5.0 60 7.0 S O 100 15.0

5.0 or
.1 81 Ib/cu in

IN CANADA: The Indiana Steel Products Company of Canada limited, Kitchener. Ontario 
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t rough during the “ON-state” of transistor Qi. 
F jth transistors alternately contribute to a steady 
switching current through the load, providing that 
sufficient drive is applied to the bases of both 
ti ansistors to produce saturation current independ
ent of transistor gain.

Digested from Pedestal Free Switches by 
Sybrand L. Anema, presented at the Sixth Annual 
East Coast Conference on Aeronautical and Navi
gational Electronics, Oct. 26-28, 1959, Baltimore, 
Md.
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METALLIZED capacitor developments, us
age, and reliability have been of consider

able interest to the Signal Corps, primarily for 
their improved volumetric efficiency. In 1952, 
the Signal Corps initiated a specification engineer
ing program to better understand the relatively 
new metallized capacitor.

The results of this program showed, essentially, 
that the environmental and mechanical character
istics of hermetically sealed, metal-encased metal
lized paper capacitors were equal to the accepted 
conventional foil styles. In addition to standard 
climatic and vibration tests specified in MIL-C- 
25A, the program included high frequency vibra
tion, shock, and acceleration tests now specified 
in the high reliability specification, MIL-C-14157, 
covering the foil styles. Electrically, approximately 
W of the specimens had dissipation factors of 
less than 1%, the limit specified in the foil specifi
cations. The insulation resistance values, however, 
were lower than those found in conventional 
styles, quite unpredictable, and marginal with 
ft spect to MIL-C-25A requirements. It was found 
tl it the effect of the intermittent breakdown on 
the capacitance and dissipation factor, before the 
ft petitive sparking point, is not significant, al
ti ough the insulation resistance deteriorated with 
ii leasing numbers of sparks. In one test group,

INDOX V opens NEW 
design avenues in permanent 
magnet applications

Use of Indiana Steel’s Indox V by design engineers continues to 
grow by leaps and bounds. So much so that the company has just 
completed a new plant solely for the production of this remarkable 
ceramic magnet material. Designers find it the answer where other 
materials didn't measure up. Today it's in big volume demand by 
major users of permanent magnets.

Here's a summary of basic data on Indox V. Investigate this 
material. It has helped others outstrip competition — both in prod
uct design and cost reduction. It could do the same for you. What
ever you’re working on, keep this information close at hand — or 
write for the complete story on Indox V, and ask about design help 
on any project that involves permanent magnets.

275 3.0

What Is Indox V?
Indox V is a highly oriented bari
um ferrite permanent magnet mate
rial—the first to be produced in this 
country on a commercial scale. Like 
other ceramics, it is a non-conductor, 
hard, brittle and lightweight—much 
lighter than metallic alloy magnets. 
It has an energy product 3^ times 
that of non-oriented ceramic mag
nets.

Typical Characteristics of 
Indox V

Coercive Force (Hc), oersteds 2,000

Residual Induction (Br), gauss 3,840

Indox V is made of readily avail
able, non-critical materials — an im
portant design consideration for 
long-range production plans. In the 
precisely controlled manufacturing 
process, magnet shapes are die
formed from powdered material un
der high pressure, then sintered in a 
special high-temperature furnace. 
Standard shapes of Indox V mag-

nets available from stock include 
wafers, rings and cylinders in most 
practical sizes. Special shapes and 
sizes can be produced for unusual 
applications.

Special Properties
The unique characteristics of Indox 
V often have indicated its use in 
areas of design where the applica
tion of permanent magnets formerly 
was considered impossible.

High resistance to demagnetization. 
The high coercive force of Indox V 
permits much shorter magnet lengths 
than is possible with other materials, 
but larger magnet area is necessary 
because of lower flux density.

High resistivity. As a non-conductor, 
Indox V can be used where other 
materials would create unwanted 
current paths. In the presence of 
high-frequency alternating fields,

Divition

Indiana General Corporation
INDIANA

eddy current losses and associated 
heating effects are extremely low.

Low incremental permeability. The 
change in flux that results from a 
change in demagnetizing influence is 
lower in Indox V than in any other 
magnetic material. Thus, Indox V 
maintains a more constant field in 
the presence of external fields be
cause variations in its flux are small.

High energy per unit volume. On an 
equivalent weight basis, the energy 
product of Indox V is comparable 
to that of Alnico V — the strongest 
permanent magnet material avail
able — and 3% times that of non
oriented ceramic magnets. Optimum 
area is 5^ times the area of an equal 
Alnico V magnet, about half the area 
of a non-oriented ceramic. Optimum 
length is 28 percent that of Alnico V. 
Since Indox V requires less mag
netic material and less space, the 
cost per unit of usable energy is 
extremely low.

Resistance to radiation environ
ments. Recent comprehensive stud
ies of the effects of nuclear radiation 
on permanent magnet materials in
dicate that Indox V meets or ex
ceeds environmental requirements 
for equipment likely to be used in 
nuclear-powered aircraft and ballis
tic missiles.

APPLICATIONS

Electronic Loudspeakers 
Ion pumps

Holding

Door closers: 
refrigerators

Conveyors and 
automation

Magnetic switches
Magnetic chucks

Electro
Mechanical

Synchronous drives: 
Motors

DC fields 
AC rotors 

Generators

Miscellaneous
Temperature 

control
Magnetic 

separation
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Drafting Templates are a valuable tool to faster drafting. They are available 
in an almost endless variety.

Specialized 
drafting templates 
speed drawing time
Always a handy tool, drafting tem
plates are becoming increasingly in 
use to simplify everyday drawing 
techniques. Now vinyl plastics are 
used in the manufacture of the ma
jority of templates. But the thick
ness, color and finish vary in almost 
endless profusion. Glare-saving col
ors, such as green and amber, are 
usual, both in clear and matte finish
es. However, the white and clear 
plastics still are popular. The thick
nesses vary with the different types 
of available templates from .020 
gauge through .070 gauge.

Specialized template applications

A list showing the growing applica
tion for templates includes templates 
for: Electronic Symbols, Electrical 
Wiring, Landscaping, Screw 
Heads, House Plans, Nuts and 
Bolts, Screw Threads, Tooling, Win
dows, Plumbing, Mathematical 
Symbols, Map Planning, and many 
’’all-purpose” templates for circles, 
ellipses, triangles, and other shapes.

Isometric ellipse template 

is a big timesaver

An isometric ellipse template may 
be more useful if it is cut in half to 
provide edges parallel to the minor 
axes of the ellipses. Halves of the 
template may then be moved along 
a 30-60 degree triangle so that ends 
of a shaft or any cylindrical shape 
can be drawn in a minimum of time 
and in perfect alignment.

A selection of 52 popular tem
plates is illustrated and described 
in a special six page brochure, 
’’Drafting Templates” recently pub
lished by Frederick Post Company. 
For your copy, write Frederick Post 
Company, 3644 N. Avondale Ave., 
Chicago, Illinois.

SENSITIZED PAPERS & CLOTHS • TRACING & DRAWING MEDIUMS • DRAWING INSTRUMENTS & SLIDE RULES 

ENGINEERING EQUIPMENT & DRAFTING SUPPLIES • FIELD EQUIPMENT & DRAFTING FURNITURE 
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DIGEST

for example, insulation resistance of representative 
specimens dropped from approximately 20,000 
megohm/pf initially to 50 megohm/pf after only 
14 breakdowns. One important observation, which 
is of added significance today since emphasis is 
being placed on low voltage ratings for transistor 
circuitry, is that no “self-clearing” was detected 
when the capacitors were derated to 90% of their 
nominal rating. Establishing a derating where no 
breakdowns are encountered is of importance 
when considering the use of metallized capacitors 
in circuits which cannot tolerate intermittent 
sparking and pulses.

Since this study was made, there has been a 
general evolution of metallized capacitor design, 
manufacturing and quality control procedures.

Concurrent with this study, a number of events 
took place which further influenced Signal Corps 
thinking and added to their confidence in metal
lized capacitors. One factor has been the general 
evolution of metallized capacitor design, manu
facturing, and quality control procedures. A prin
cipal design advance has been the use of metal
lized paper-metallized mylar combinations. These 
capacitors have proved themselves, under labora
tory tests, to be capable of meeting the require
ments of MIL-C-25A covering standard foil 
designs. They also demonstrated higher orders 
of insulation resistance values and insulation 
resistance stability than earlier metallized paper 
capacitor designs.

Also, the Signal Corps developed a miniature 
0.2-mil, 50-volt metallized paper capacitor. Three 
large Signal Corps Industrial Studies established 
facilities for evaluating this miniature capacitor. 
From these programs, large quantities of valuable 
test data resulted which are presently being 
analyzed.

Perhaps the most influential event affecting 
Signal Corps thinking has been the development 
and acceptance of transistors. These devices, to
gether with the many microminiaturized circuit 
projects underway, have changed capacitor volt
age requirements and placed added emphasis on 
capacitor miniaturization. Military equipments are 
being transistorized, wherever possible, and ca
pacitor voltage ratings of less than 50 volts are 
more the rule. In the near future, it is expected 
that almost 90% of capacitor needs could be serv-
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Couch Relays are used in the suc
cessful Hawlc missile now being pro
duced by Raytheon Company for the 
U.S. Army. Designed primarily to at
tack low flying aircraft from mobile 
launchers at a battle front, or from 
fixed installations in populated areas 
of the United States, the Hawk's 
mission leaves no room for error or 
unreliability of its systems. The pro
duction quantities of Couch Relays 
used in these systems measure up to 
this required reliability.

IMPORTANT 
SPECIFICATIONS

!E CARD

1960

Size: 
Weight

CANCER'S 
DANGER 
SIGNALS

CAN BE 
SAFETY 
SIGNALS

iced with low voltage ratings. Fortunately, this 
trend is in line with the recommended voltage 
derating of metallized capacitors mentioned 
earlier, and certainly is in the safe direction. The 
engineer gains added confidence in the use of 
metallized capacitors when these capacitors are 
applied in 20,- 35,- and 50-volt circuits.

From a development viewpoint, the metallized
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Pull-in power: J5 watt 
Ambient Temperature

—65°C to +U5*C
Vibration Resistance:

2OG, 5 to 2000 cps
Shock Resistance:

75G operating
200G non-operating

4PDT - Dry circuit to 
3 amperes

D x 1’/,”
3.2 oz.

Denied this, capacitor thin-film development pro
grams would be seriously handicapped. The Anny 
micromodule program, printed circuitry, and solid 
state circuitry require utmost miniaturization, and 
all, in some measure, depend on metallized elec
trode capacitors. A number of low voltage capaci
tor developments and production development 
programs employing metallized electrodes are 
underway at the Signal Corps. These develop
ments are summarized briefly and the volumetric 
efficiencies of the metallized capacitors are com
pared with conventional foil-paper capacitor con
struction. For convenience of comparison, all ca
pacitors are 1 pf and hermetically sealed. Using 
the 100-volt conventional capacitor as a reference, 
the following is noted:

a. The 0.2 mil metallized paper capacitor men
tioned earlier is approximately 25% the volume 
of the reference capacitor.

b. The Bell Telephone Laboratories 0.1 mil 
stripped lacquer metallized capacitor, presently 
under Signal Corps Industrial Study contract, re
duces capacitor volumes to approximately 17%.

c. A novel, thin film Signal Corps development 
is presently underway for rolled, micron-thick 
teflon capacitors. Briefly, in this process, uniform, 
substantially pinhole-free teflon is discharged on 
a 0.25 mil metallized mylar substrate, and counter- 
electroded. Capacitors have been made in the 
laboratory in sizes approximately 12% of the con
ventional capacitor. With further development 
effort, and with dielectric thicknesses reduced and 
tailored to 10- and 25-volt applications, this per
centage could be considerably reduced.

In view of the progress made since the early 
metallized paper capacitor production, the new 
styles available, and the engineering and produc
tion test information made available, the Signal 
Corps has, today, increased confidence in metal
lized capacitors.

(Digested from The Metallized Electrode Ap
proach To Capacitor Miniaturization, a paper by 
Albert Lunchick, U.S. Army Signal Research id- 
Development Laboratory, Fort Monmouth, N. J., 
delivered to a recent meeting of the New York 
Metropolitan Chapter of the IRE’s Professional 
Group On Component Parts.)

You can do two things to guard 
yourself against cancer: Have an 
annual health checkup. Alert 
yourself to the seven danger 
signals that could mean cancer: 
1. Unusual bleeding or dis* 
charge. 2. A lump or thickening 
in the breast or elsewhere. 
3. A sore that does not heal. 
4. Change in bowel or bladder 
habits. 5. Hoarseness or cough. 
6. Indigestion or difficulty in 
swallowing. 7. Change in a wart 
or mole.
If your signal lasts longer than 
two weeks, go to your physician. 
Give him the chance to give you 
the chance of a lifetime.
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Transistor Alpha
Effect of ambient temperature on the transistor 

parameters alpha and alpha cut-off at various bias 
conditions, is studied in this report. The alpha de
creases and the alpha-cut-off frequency increases 
with a lowering of the ambient temperature. Effec t 
of Temperature on Alpha and Alpha Cut-off, 
Edwin Hirshmann, Diamond Ordnance Fuze 
Labs, Washington, D.C., April 17, 1959, 25 pp, 
Microfilm $2.70, Photocopy $4.80. Order PB 
142852 from Library of Congress, Washington 25, 
D.C.
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HIRSCHMANN
plugs • sockets
Hirschmann precision made components, a standard of 
excellence in Europe for more than 30 years, are now 
available to meet your design, production and replacement 
needs from the Rye Sound Corp., its 20 sales offices and 
its national distributor organization. Hirschmann prod
ucts are standard equipment on such well-known European 
brands as Norelco, Grundig, Nordmende, Blaupunkt, 
Lowe, Telefunken, Siemens, Braun, Uher and many others.

Hirschmann plugs, sockets and terminals offer two 
distinct advantages—American designed equipment for 
American consumption can use these products, and Ameri
can designed equipment for European consumption can 
also use these products because they are designed to 
satisfy both American and European standards.

The Hirschmann line consists of miniature type plugs, 
connectors, and couplings for transistor and other small 
size applications, as well as standard sizes. The line in
cludes multiple connectors from 2 to 36 poles, round types, 
flat types, wire mounts, panel mounts, wall mounts, etc. 
Depending upon the type of plug, they generally feature 
strain relief, axial and transverse wire connection, flexible 
sleeves, cord grips, unbreakable construction and shock
proofing.

Included also are spring-loaded and insulated test prods, 
plus flexible and rigid types, alligator clips, banana plugs, 
continental type electrical plugs, universal multi-function 
panel terminals, spade terminals. A complete 52-page 
catalog with detailed specifications dimensions and appli
cations is available by writing to S. M. Scher

Exclusive U. S. sales agent
RYE SOUND CORP., 145 Elm Street, Mamaroneck, N. Y. 
West Coast warehouse: 1113 El Centro, Hollywood 38, Calif.
Other precision Rye Sound products include: earphones, 
headsets, miniature microphones, sub-miniature components

plugs and 
couplers for 

flat twin leads

High-Temperature Insulation
Aluminum was plated and subsequently ano

dized on substrates of copper, chrome, iron and 
Inconel. Efforts to anodize aluminum plated over 
various layer metals on copper were unsuccessful. 
Frit-silicone resin compositions were applied to 
anodized wire in separate steps, and electrical 
properties of frit-resin coatings applied to ano
dized wire were determined. Colloidal silica was 
deposited electrophoretically on anodized alumi
num as a possible substitute for frit-resin coat
ings. Work on a “one time at temperature coating” 
showed possibilities of continuous operation to 
900 deg F. High-Temperature Insulation for Wire, 
J. N. Harris and J. D. Walton, Georgia Institute 
of Technology, Engineering Experiment Sta., 
Atlanta, July 1959, 43 pp, $1.25. Order PB 151944 
from OTS, Washington 25, D. C.

Nonlinear Elements and Circuits
Two methods of obtaining the response of an 

rlc circuit, containing a nonlinear inductor, to an 
arbitrary applied voltage are discussed. One 
method makes use of the phase portrait of the 
circuit; the other, of the phase-current relation
ship for the inductor. A method of evaluating the 
coefficients in a polynominal approximation to the 
two paths of a hysteresis loop is presented. This 
evaluation is made from a set of tuned voltmeter 
readings. An rlc circuit with nonlinear resistance 
is analyzed in a novel manner. A bibliography of 
material related to nonlinear circuits is presented. 
Analysis of Electrical Nonlinear Elements and 
Circuits, Harold E. Ellithom and Robert C. Mc
Collum, Notre Dame University, South Bend, Ind., 
April, 1959, 96 pp, $2.25. Order PB 151916 from 
OTS, Washington 25, D.C.
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Frequency Control Systems
A general analysis of the phase loop is made 

f ir a system employing division of the locked 
oscillator frequency. The analysis includes the 
effect of an external signal introduced to fre- 
(|uency-modulate the locked oscillator. The re
sults of the phase loop analysis are then used to 
establish certain design criteria for various loop 
components, and to set limitations on the fre
quency of the external modulating signal. General 
problems associated with the introduction of fre
quency modulation in the system are discussed, 
and ways of using the frequency synthesizer to 
control a separate fm modulator are briefly con
sidered. Frequency Control Systems, R. W. Stuart, 
General Radio Co., Cambridge, Mass., Feb. 1954, 
23 pp, Microfilm $2.70, Photocopy $4.80. Order 
PB 142534 from Library of Congress, Washington 
25, D. C.
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Spurious Radar Echoes
Radar echoes that are received from a sensibly 

clear atmosphere are commonly called “angels.” In 
this paper the various types are described and the 
probable causes discussed. Also considered is the 
nature of signals from extra-terrestrial sources. 
Spurious Echoes on Radar, A Survey, Vernon G. 
Plank, Air Force Cambridge Research Center, Bed
ford, Mass., May, 1959, 61 pp, $1.75. Order PB 
151952 from OTS, Washington 25, D.C.

Variable Capacitor Diodes
Alternative processes for the n and p-y regions 

of the hypersensitive type voltage variable capaci-
I tor are discussed. Units fabricated using one such 

process have shown hypersensitivity between —7 
and —10 volts. Rased on the improvement of 
capacitance range, nominal capacitance, and fig
ure of merit, the abrupt junction device having

I V~% voltage sensitivity of capacitance is proposed 
I as the best candidate for satisfaction of electronic 

tuning requirements. Characteristics of sample 
units produced to date are presented. Progress in

I characterization and measurement is outlined. 
Next quarter’s activities are to be aimed at further 
device and process improvement in terms of elec- 
t onic tuning, and the fabrication of “develop-

I i icntal model” units. Variable Capacitor Diodes, 
L. S. Chase and H. D. Frazier, Pacific Semiconduc- 
t irs, Inc., Culver City, Calif., Oct. 1-Dec. 31,1958, 
<2 pp, Microfilm $3.00, Photocopy $6.30. Order

I 1 B 142771 from Library of Congress, Washington 
: 5, D. C.
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FOTOCERAM circuit board blanks are made using the micro-accuracy of photography. All 
holes and shapes are produced by simple exposure to light, heat, and an etching operation.

No bending, bowing or delaminating with a 
FOTOCERAM printed circuit board

Made of one solid piece of Fotoceram material, these 
printed circuit boards can’t delaminate, because there are 
no laminations—the problem of bending, twisting and warp
ing are eliminated, even under high ambient temperatures.

Dimensional stability is so great you’ll want to use them 
for environmental stress tests.

Through-hole plating presents no problems, either. We 
plate through the hole uniformly with the same conductor 
material. Thermal conductivity, as well as electrical con
ductivity, is exceptionally good. You can even make a solder 
bridge over a hole with no gap and without a wire.

Resolderability is excellent—we’ve removed and resol

CIRCLE 308 ON READER-SERVICE CARD

dered components over fifty times on a Fotoceram board 
without damage to runs or holes.

In addition, Fotoceram boards provide good adhesion, 
exceptional pull strength, zero water absorption. They are 
non-flammable, never blister.

We are now equipped to produce Fotoceram printed 
circuit boards in quantity on a mass production basis and 
at a practical cost.

For more information, write for our data sheet to 
Corning Glass Works, 540 High Street, Bradford, Pa. 
Or contact our sales offices in New York, Chicago or 
Los Angeles.

RONIC COMPONENTS
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new, low-cost

Keithley micro-microammeter

Nickel-Cadmium Batteries
The experimental program was divided into 

two main tasks. The first task includes a devel
opment and evaluation of Sonotone hermeticalb 
sealed nickel-cadmium batteries. The second task 
includes a study of the reaction mechanism and 
kinetics of a hermetically sealed cell. Experiments 
have been designed and initiated for two phases 
of Task 1 and also for Task 2. A cycling panel 
was constructed for life cycling studies on her
metically sealed cells. A reaction chamber was 
designed for the reaction mechanism study. Pre
liminary investigations were made at 1/2 atmos
phere and 1 atmosphere pressures on the effects 
of the variations of volume and concentration of 
electrolyte on cell performance. This work indi
cates that an increase in electrolyte concentration 
gives increased capacity and decreased voltage 
level. Study of Sealed Nickel-Cadmium Batteries, 
Irwin M. Schulman, Sonotone Corp., Elmsford, 
N. Y., Dec. 1, 1958-Feb. 28, 1959, 48 pp, Micro
film $3.30, Photocopy $7.80. Order PB 142721 
from Library of Congress, Washington 25, D. C.

model 414 offers high performance 
over 17 ranges for just $280

Think of the many ways you could use a truly depend
able and economical micro-microammeter:
• testing reverse leakages in diodes and transistors, and 

grid currents in vacuum tubes. The 414 is ideal for 
many production tests, requiring only manipulation of 
a single range switch and very infrequent zero checks.

• monitoring and controlling nuclear reactors. The 414 
costs less per channel than more complex systems, 
offers greater dependability and safety because each 
channel is independent of the others.

• measuring photocell currents, determining radioactivity 
in “tagged” biological samples, measuring leakages of 
insulators, resistors, and capacitors. You can convert 
the 414 for current integration, use it in a thickness 
gauge, or as an ionization gauge control.

The 414 is built to the same rigid standards as other, 
more sensitive Keithley products. It is available with 
a contact meter for go no-go production tests, alarm 
and control systems.

SEND TODAY FOR COMPLETE DETAILS

KEITHLEY INSTRUMENTS, INC.
12419 EUCLID AVENUE • CLEVELAND 6. OHIO

SPECIFICATIONS

17 RANGES in lx and 3x steps, from 10 milliamperes 
to 0.1 milli-microampere full scale.
ACCURACY within ±3% full scale on all ranges down 
to 10 milli-microamperes, and within 4% on the more 
sensitive ranges.
INPUT DROP of less than five millivolts on all ranges, 
with full-scale signals.
RESPONSE TIME of less than 0.5 second on all 
ranges for any input capacitance up to 5000 micro
microfarads.
ZERO DRIFT of less than 2% of full scale, in any 
eight-hour period, on any range.
RECORDER OUTPUT of 5 volts with a 1-ma capa
bility.
INPUT CONNECTOR at front; output connectors at 
both front and back.
DIMENSIONS 19'x 5)4 * high x 10'deep. Net weight, 
16 pounds.
PRICE.................................................................$280.00

Thermoelectric Generators
This project covered experimental engineering 

investigation leading to the construction of five 
breadboard thermoelectric generators. The maxi
mum efficiency achieved was 1.47 per cent at a 
load of 2.6 v with a 10 watt-15 cc heat source. A 
method of improving commercial insulating mate
rials was found. The design parameters governing 
the choice of the number of junctions, apportion
ment of heat flow, temperature difference, and in
ternal resistance in their relation to efficiency was 
also studied. Thermoelectric Generators, Lloyd 
Owens, Horizons, Inc., Cleveland, Ohio, Feb. 7- 
Dec. 1, 1957, 65 pp, Microfilm $3.90, Photocopy 
$10.80. Order PB 142578 from Library of Con
gress, Washington 25, D.C.

Four-Level Masers
A new application of the push-pull pumping 

scheme is proposed, leading to maser operation 
with a signal frequency higher than pump fre
quency. Conditions are indicated under which 
such operation is possible, and a simple theory is 
developed. Experimental results obtained with a 
ruby maser are quoted. A Possible New Mode of 
Operation for Four-Level Masers, George Mak
hov, Willow Run Laboratories, University of
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A ichigan, Ann Arbor, Mich., June 1959, 8 pp, 
Microfilm $1.80, Photocopy $1.80. Order PB 
I 2782 from Library of Congress, Washington 
2 L D. C.
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Antenna Beam Scanning
A brief outline is presented of some of the fac

tors that affect radar range. A reduction in the 
noise figure of the radar receiver can greatly in
crease the radar range, especially if the antenna 
is pointing at the cold sky. An analysis is also pre
sented of the diode up-converter, a new type of 
low-noise solid-state amplifier that converts up
ward in frequency and that is particularly suitable 
for use with electronic scanning antennae. The 
gain of the three-frequency up-converter is con
siderably greater than that of the two-frequency 
up-converter, while its noise figure is only slightly 
higher. When the three-frequency up-converter is 
connected in series with a down-converter in the 
usual fashion, the over-all noise figure of the com
bination can be lower than if a two-frequency 
up-converter were used. Investigation of Methods 
of Scanning the Beam of Large Antennae, E. M. T. 
Jones and J. S. Honda, Stanford Research Insti
tute, Menlo Park, Calif., Mar. 1959, 32 pp, Micro
film $3.00, Photocopy $6.30. Order PB 142468 
from Library of Congress, Washington 25, D. C.

Transistor Environmental Testing
This standardization study is concerned with 

evaluating the effects of the following combined 
environments on the physical and electrical prop
erties of four specified types of transistors: (1) high 
temperature vibration, (2) high temperature shock, 
(3) high temperature acceleration, (4) low tem
perature vibration, (5) low temperature shock, 
and (6) low temperature acceleration. In order to 
accomplish this objective, the study was divided 
into five phases of work. This report covers all 
phases of the study. During the task assignment, 
600 transistors were procured and subjected to 
evaluation tests in accordance with a test pro
cedure approved by USASESA. A summary of the 
results of each test is included and forms Appen
dix A of this report. As a result of this study 
program, recommendations have been prepared 
for including combined environmental testing in 
the applicable military specification. Effects of 
( ombined Environmental Exposures On Transis- 
t rs, Bernard T. Marren, Inland Testing Labora- 
t fries, Morton Grove, III., Jan. 1-Apr. 30, 1958, 
c9 pp, Microfilm $3.00, Photocopy $6.30. Order 
IB 142461 from Library of Congress, Washington 
i >, D. C.
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motors for commercial applications

HIGHEST TORQUE FOR SMALLEST SPACES
Missile designers are well acquainted with the extremely high torque available 
from a planetary geared precision miniature Globe motor. Units similar to 
the one pictured can produce up to 150 inch pounds of torque!

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

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

GLOBEGLOBE INDUSTRIES, INC.
PRECISION MINIATURE A.C. • O.C. MOTORS ACTUATORS. 
TIMERS. GYROS. STEPPERS. BLOWERS. MOTORIZEL 9EVICES
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available from

INCORPORATED

NEWTON MULTI-CHANNEL ELECTRONIC SWITCH

MANCHESTER, CONNECTICUT

166

Transistorized model 
10 times smaller 

than Model E S-141

ANOTHER ACHIEVEMENT IN 
OPERATIONAL DIGITAL BY NEWTON

A time-tested Ramcodesign; 
full-circle 360°r«*taining ring 
opens up unlimited possibil
ities for improved design and

Request catalog and prices. 
Ask about Precision's com
plete coil form service.

The answer to easy, light
weight, low cost assemblies 
and reduced manufacturing 
costs, Made in a variety of 
types, sizes for smaller shaft 
or housing diameters.

SQUARE AND RECTANGULAR TUBES— 
Choice of any dielectric material or combina
tions. Any length, shape or size. Especially 
recommended for Class A, B and H tempera
ture ranges.

RESINITE PHENOLIC IMPREGNATED— 
Feature the highest resistivity of any resinated 
product. Furnished in any shape or size—plain, 
embossed or internally threaded also in fly
back transformer forms.

RANCO MAKES 
BOTH TYPES 
OF MODERN 

RETAINING RINGS

ROUND TUBES—Any decimal size up to 8*. 
Fabricated from dielectric kraft, fish paper, 
acetate, DuPont Mylar, Johns-Manville Quin
terra, fibre glass, other materials or combi
nations.

BOBBIN ASSEMBLIES—Fabricated to specifi
cation in any dielectric material for Class A, B 
and H temperature ranges. Supplied with 
metal, asbestos, plastic or 
fibre flanges.

WATERBURY 20. CONNECTICUT
CIRCLE 311 ON READER-SERVICE CARD

DISPLAY 4 WAVE FORMS SIMULTANEOUSLY 
ON A SINGLE CHANNEL OSCILLOSCOPECommunications Systems Reliability

This report presents a new method of analysis 
of the reliability of a communications system. The 
method makes use of the matrix method of the 
theory of the linear graphs. The system under 
consideration consists of a number of communica
tion stations connected by links. Associated with 
each link is a probability of failure. The problem 
is to express the probability of failure of the 
overall system in terms of some of the topological 
properties of the graph which represents the sys
tem. In this way, a connection is established be
tween some quantitative measure on one hand 
and the structure of the graph on the other. To 
this end, a new matrix in the theory of linear 
graphs has to be introduced and its properties 
studied. These properties are derived and given 
in terms of a number of theorems. They include 
(1) a relation between the path matrix and the 
vertex matrix, (2) the rank of the path matrix, and 
(3) the correspondence of non-singular sub
matrices in the path matrix and the path cut sets. 
The probability of failure then is expressed in 
terms of the path matrix and is in fact given by 
the probability of the union of the “basic-cut-set 
products.” Reliability Study of Communication

Ramco Spirolox-Circolox Re
taining Rings can give you the 
one BEST answer! Whatever it 
takes . .. rings designed from 
standard or special materials... 
designs for quick, easy assembly

The NEWTON ELECTRONIC SWITCH (Model 
ES 141) accepts 4 independent signals and 
sequentially connects them to a single output in 
a lour way display on a tingle channel 
oscilloscope. Variations of the basic unit can be 
made to provide for simultaneous display of 
any number of positions — the number limited 
only by total sampling time available.
Compact, light-weight transistorized e- x 
model for air-borne applications * MGHHi 
FOR COMPLETE INFORMATION,
WRITE TODAY FOR DATA SHEET *WV3|

Transverse Field TWT’s
Efforts were directed toward improving the 

over-all performance of earlier transverse field 
TWTs by reducing their noise figure and increas
ing their gain to meet specifications. The rf match
ing of the input and output to the helices was im
proved by changing their electrostatic focusing 
field pattern. Instabilities, present because of wall 
charges, were eliminated. Mechanical instabilities, 
caused by heating effects, are still present. An at
tempt was made to decrease the width of a beam 
crossover, found to exist in the electron gun used 
in the earlier tubes, in order to reduce the noise 
contributed by the initial transverse velocities. 
When mechanically accurate helices were used, 
noise figures in the region of 5 to 6 db were 
measured. A search was made for a material on 
which longer helices could be wound to obtain 
additional gain. Alsimag 243 (Forsterite) was very 
satisfactory. Tubes were built with helices twice 
as long as the originals; their gains were in excess 
of 20 db and their noise figures were in the region 
of 7.5 db. An impedance matching device and a 
package amplifier were constructed. Transverse 
Field Traveling Wave Tube, Robert Adler and 
George W. Hrhek, Zenith Radio Corp., Chicago, 
III., Nov. 25,1957, 66 pp. Microfilm $3.90, Photo
copy $10.80. Order PB 142577 from Library of 
Congress, Washington 25, D. C.

or with special tolerances . . . 
you can depend on Ramco.Why 
not write today for the new 
fact-packed Ramco Spirolox- 
Circolox Retaining Ring Engi
neering Information Catalog!

CIRCLE 314 ON READER-SERVICE CARD
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• Standard Bushing or Panel Seal Version

• 3 TERMINAL DESIGNS:
Solder Hole • Turret • Double Turret

Assemblies can be furnished C*
in various combinations of V.
momentary and maintained 
positions ... and versatile
SPOT circuitry of the indi- ,
vidual switches provides a 
variety of wiring options to
meet your individual re ■ J
quirements. ’NQRHI

These new subminiature toggle-actuated switches are 
rated at 5 amps Resistive, 3 amps Inductive, at 30 
volts, D.C. and 115 volts, AC.

Send today for Bulletin 
—------------------------53T-1 giving complete

"7 data on the new HaydonI I Toggle Switches.
Retaining Rings by Thompson Produits RAMCO DIVISION

Box 513. Dept. St. Louis 66, Missouri
»rather product of Thompson Runo Wooldridge Inc. automotive group

CIRCLE 313 ON READER-SERVICE CARD

2055 WEST CHARLESTON STREET • CHICAGO 47, ILL 

CIRCLE 312 ON READER-SERVICE CARD

WHAT IS YOUR MAJOR 
FASTENER PROBLEM?

APPEARANCE? ASSEMBLED COST? PERFORMANCE’
If assembled cost is your major fastener problem...

2&3Position e 1 to8Poles UA V |||1N 
. Double-Throw imiUUIl

MODEL ES441

PRECISION PAPER TUBE CO

High Quality Coil Forms For 
All Electrical Applications
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BORG EQUIPMENT DIVISION

Micropot Potentiometers Turns-Counting Microdials Sub-Fractional Horsepower Motors Frequency and Time Standards
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ASK FOR DATA SHEETS
BED-A128, BED-Al29 AND BED-A130

S f stems, Omar Wing, Columbia University, 
S hool of Engineering, New York, Sept. 15, 1958, 
24 pp, Microfilm $2.70, Photocopy $4.80. Order 
PB 139409 from Library of Congress, Washing
ton 25, D. C.
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AANCE’ 
jlem...

Amphenol-Borg Electronics Corporation 
Janesville, Wisconsin

Broadband Recording Equipment
The Factual Data Section of this report is di 

vided into two parts, one treating the work done 
on the equipment to improve it mechanically, the 
other part covers the work done in the attempt 
to make the required tests. The mechanical 
changes that were made were necessary in order 
to improve the tape tracking, to reduce tape 
flutter, to reduce the excessive noise of the rotor, 
and to provide protection to the operator from 
the rapidly moving parts. New tape guides, pres
sure pads, and pressure roller assemblies, were 
constructed. The electronics of the motor speed 
control system which maintains the lateral posi
tion of the tape on playback in synchronism with 
its position on recording were studied and im
provements were made. A study was made of the 
effect of wear of the contact surface of the rotor 
signal heads, fests were also made on the oper
ation of the slip ring system which feeds the sig
nal from the rotating heads to the amplifiers. 
Broadband Recording Equipment, R. A. Bierwirth, 
C. M. Minor and T. P. Cooper, Shoup Engineer
ing Co., Chicago, III., Oct. 1, 1954-June 15, 1956, 
36 pp, Microfilm $3.00, Photocopy $6.30. Order 
PB142744 from Library of Congress, Washington 
25, D. C.

The technician in the photo above is inspecting a .001" wire which 
is wound around the mandrel he is holding. This hair-like wire 
will become the resistance element for a Borg 900 Series Micropot 
Potentiometer, because the resistance element is the most important 
single part of any potentiometer, every 900 Series Micropot 

element is carefully inspected 
during and after winding . . .

, one more reason for the Borg 900 Series
Micropot reputation for high reliability.

Jr Write for complete military and

commercial specifications.

inces . . . 
nco.Whv 
the new 
■»pirolox- 
ng Engi- 
atalog!

Sampled-Data Systems
The major purpose of this study has been to 

attempt to solve some of the problems which 
arise in the analysis of nonlinear sampled-data 
systems. In particular, attention was centered on 
relay systems and saturating systems because these 
two nonlinearities are often encountered in sam
pled-data systems and the methods which appear 
to be applicable to the analysis of these systems 
were studied. The method used to analyze the 
relay system was different from that developed to 
analyze saturating systems: the only feature com
mon to both was that the starting point in each 
case was the difference equation which described 
the system. Since this is the fundamental descrip
tion of the system, it is felt that this is the logical 
starting point in the analysis of nonlinear sam
pled-data systems. The Analysis and Compensa
tion of Nonlinear Sampled-Data Feedback Sys- 
t( ms, F. J. Mullin, Electronics Research Labora
tory, University of California, Berkeley, Calif. 
/ ug. 22,1959,132 pp, Microfilm $6.90, Photocopy 
$ '1.30. Order PB 142560 from Library of Con
g ess, Washington 25, D. C.

model 
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S-141
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Write for detailed information and illustrated brochure
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of measurement,

"RELI-ACON"
PAIRED

CONNECTORS

connections

"RIGHT ANGLE"

UNderhili 7-9600

CARD
RECEPTACLES

MIL-C-21O97

(Qethode 
“RELI-ACON” 

CONNECTORS
for

Immediate Delivery!

3/32" and 1/8

Locking Device
optional

for smooth mating
rack and panel and
cable to chassis

MALE CONNECTORS
with pin termination

threaded mounting grommets

Manufacturing Corporation
7447 W. Wilson Ave., Chicago 31, III.

Two New Measurement Techniques
Spotlight National Bureau of

Standards Expansion

In an effort to meet the urgent need for standards and calibration
services in the radio-electronics field, the National Bureau o£ Standards
is expanding the facilities of its Radio Standards Laboratory in
Boulder, Colo.

Concurrent with this expansion, comes the announcement of two
important new measurement techniques perfected by the Bureau. The
first technique provides an alternate basis for the determination of the
basic electrical standards, and the second describes an ultra-precise
calibration method for microwave attenuators.

1. New Basis For Electrical Standard

Fig. 1. Diagram showing the principle involved in
the National Bureau of Standards’ determination of
resistance in terms of capacitance. The two-voltage
sources are equal in magnitude but 90 degrees out of
phase, and the capacitance is adjusted so that no
current flows through the detector. At this balance
R = 1 /ouC, so that the resistance can be determined
directly in terms of the capacitance at the frequency

IN ATTEMPTING to improve the values as
signed to the electrical standards, the Bureau

has devised an alternate basis for absolute deter
minations. Based on a calculable capacitance
standards and a highly accurate capacitance
bridge, this alternate approach determines the
electrical quantités of resistance and voltage, and
provides a check on the ohm and the volt as cur
rently maintained by the Bureau.

There are many interactions between electrical
and mechanical phenomena which offer possible
methods for realizing electrical units by means of
mechanical measurements. However, until recently
only one relation could be exploited with the
required accuracy. This is the dependence of the
inductance of a circuit on its geometric size and
shape. The Bureau has therefore been using this
relation to realize the basic units of electrical
measurements: the ohm, the ampere, and, from

ELECTRONIC DESIGN January 20, 1960
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( hm’s law, the volt. The absolute ohm is based 
o i a computable self or mutual inductor and the 
a isolute ampere is based on the calculated force 
b tween two carefully constructed current-carry
ing coils.

The development of the computable cylindrical 
cross-section capacitor and the high-accuracy 
transformer-type capacitance bridge have changed 
this situation materially. The computable capacitor 
can now be used to provide an alternate and prob
ably a more accurate basis for the electrical 
standards.

The realization of the ohm in terms of the 
computable capacitor involves comparing a re
sistive impedance with a capacitive impedance. 
The capacitance is adjusted until the current 
tlirough it balances the current through the re
sistor when the two impedances are connected 
to voltage sources equal in magnitude but differ- 

| ing in phase by 90 degrees. This allows a value 
! to be assigned to the resistor in terms of the known 

capacitance and the frequency of measurement.
However, the resistors used in maintaining the 

ohm are not suitable for use with alternating cur- 
I rent. A critical part of the new determination is 

therefore the construction of a comparison resistor 
, which will have the same value at the comparison 
j frequency as when used with direct current. A 
| resistor which is expected to meet this require

ment has been designed and is now undergoing 
I final adjustment.

A realization of the absolute volt through ca- 
j pacitance measurements is also being considered. 
I This determination, like that of the ampere, will 
! be based on a force measurement. Here the force 

between plates of the capacitor is proportional 
[ to the square of the impressed voltage and to the

' g* 2. Calculable capacitance standard on which 
t e National Bureau of of Standards is basing a new 
r alization of the ohm and the volt. The capacitor, 
< imputable in terms of length, is being used in con- 
i nction with an accurate capacitance measuring 
1 idge to provide an alternate and probably a more 
( curate basis for the electrical Standards.

ÎLECTRONIC DESIGN • January 20, 1960

New Miniature Rate Gyro

When the chips are down and im
mediate action is a must, the new Honey
well Miniature Rate Gyros, Type M-100, 
are always ready. The typical damping 
of 0.6 at ~65°F is obtained without bene-

WARM-UP TIME
after motor run-up ... ZERO!

Honeywell Miniature Rate Gyro 
Type M-100 

shown actual size

• Full Scale Range: To 400 de- 
grees/sec.

• Linearity: Less than 0 1 % of full 
scale to Vi range, less than 2 % 
to full range

• Shock and Linear Acceleration: to 
150G

• Size: 1 diameter, 2'%/ long

• Threshold-Resolution: Less than 
0.01 degrees/sec.

* Damping: 0.4 to 0.6 from —65°F 
to 4-250°F

• Vibration: 20 G to 2000 cps

• Weight: Less than 6.0 ounces

— 65"i 4-70°F ♦ 250’1
Ambient Temperature

fit of heat from the spin motor, and is held
virtually constant up to a temperature of 

+ 250°F. The gyro spin motor, requiring only 15 seconds run-up time, 
will operate on one (split), two, or three phase power, and is isolated 
from ground.

Other features of the Type M-100 include: unique quadrilever 
spring construction to produce greater shock and vibration capabilities 
than a comparable torsion bar gyro; elimination of one gimbal bearing 
for lower threshold; maintenance of preload throughout severe environ
mental conditions through exclusive spin motor construction.

Type M-100 is specifically designed for autopilot damping, radar 
antenna stabilization, and fire control applications. Its small size, high 
performance, and ruggedness suit it particularly for advanced military 
aircraft and guided missile applications. Write for Bulletin M-100 to 
Minneapolis-Honeywell, Boston Division, 40 Life Street, Boston 35, Mass.

till

Bering the future

Honeywell
MIIHHU 81 N C E 1 8 • S Q 0 *
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HIGH FREQUENCY FERRITE CORES

.FERRAMK*

FERRAMC*

Ultra-Precise Microwave
Attenuation

Measurement

Q-3 Material

170

Q « Frequancy - 
p, «I Fraqutncy

rate of change of capacitance with displacemen . 
It is expected that measuring this force will pre
vide a realization of the volt with an accuracy at 
least as high as, and probably higher than, present 
absolute-ampere determinations.
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A New 16-page
FERRITE PARTS CATALOG

111 1QI5 Î J « J 10' IS I
Fuqutncy (MC/S)

FERRAMK-

Is available to en
gineers by request 
on compeny letter
head. It contains 
complete engi
neering date on 
stock parts and 
materials. When 
requesting your 
copy, please ad
dress Dept. ED.

A METHOD has been developed by the Na
tional Bureau of Standards for calibrating 

the lower ranges of a microwave variable attenu
ator to accuracies better than 0.0001 decibel (10 
microbels). This accuracy exceeds the precision to 
which available attenuators can be set and read, 
and is the most accurate measurement of micro
wave attenuation yet made at the Bureau’s Radio 
Standards Laboratory.

The work was done in connection with the 
Bureau s program to develop microwave standards 
and precision measurement methods at microwave 
frequencies. Calibrated microwave attenuators 
and directional couplers are used in such instru
ments as field strength meters and signal genera
tors, and in alignment of radar transmitters and 
receivers. The use of attenuators for power meas
urements reduces high power outputs by a known 
amount to a level that can be conveniently meas
ured with milliwatt instruments. Manufacturers 
of microwave equipment need their transfer stand
ards calibrated against a national standard to in
sure the accuracy of attenuators made for industry, 
the military and the government. This present de
velopment provides the required accuracy in the 
lower ranges.

The improved accuracy was made possible bv 
adapting a very stable power measurement sys
tem to attenuation measurements. The resulting 
calibration system (Fig. 1) consists of an ampli
tude-stabilized microwave signal source and a

General Ceramics Corporation
KEASBEY. NEW JERSEY (Near Perth Amboy) - Telephone: VAIley 6-5100

CIRCLE 318 ON READER-SERVICE CARD

This material produces excellent re
sults in TV receiver IF applications 
at 45 me ; and FM radio applications 
at 10.7 me.
Magnetic properties include: Initial 
permeability at 1 mc/sec.—40; Max
imum permeability —115; Satura
tion flux density—2400 gauss; re
sidual mag.— 750 gauss; coercive 
force—4.7 oersted; temperature co
efficient of initial permeability — 
0.10%/°C max; Curie point—450°C ; 
vol. resistivity — high loss factor at 
10.0 mc/sec.—0.000085; loss factor 
at 50.0 mc/sec.—0.000017.

The exceptionally high Q, excellent 
temperature stability and high per
meability of Q-3 ideally suits it for 
applications in the 88 mc-108mc FM 
band and television RF frequencies 
from 50 mc-216 me.
Preliminary specifications include: Ini
tial permeability 14; Maximum 
permeability — 42 ; Saturation 
flux density Bs — 2600 gauss ; Resid
ual magnetism Br — 1470 gauss; Co
ercive Force — 21 oersted ; Q at 100 
me—250; Q at 150 me—150; Q at 
200 me—70; Resistivity high; Curie 
point 330°C : Temperature coefficient 
of — .09%/°C max.

Ferramic® Q-l, Q-2 and Q-3 materials, 
developed and introduced by G-C, fea
ture exceptionally low losses, tempera
ture stability and high permeability. 
Whether your ferrite requirement is for 
the commercial entertainment industry, 
military, ground or air borne communi
cation equipment or industrial electronic 
applications, G-C will meet your needs 
with the broadest line of high frequency 
ferrite materials and in the shapes you 
require.

This curve demonstrates the exceptional 
qualities of G.C’s “Q” family of materials 

—high permeability and low loss.

Q-1 Material
Ideally suited for IF transformers 
at 455 kc and antenna cores from 
500 kc to 1700 kc.
Magnetic properties include: Initial 
permeability at 1 mc/sec.— 125; 
Maximum permeability—400; Satu
ration flux density—3300 gauss; re
sidual mag.—1800 gauss; coercive 
force—2.1 oersted; temperature co
efficient of initial permeability — 
.10%/°C max; Curie point —350°C; 
vol. resistivity—high; loss factor at 
1 mcs/sec. — .000020; loss factor at 
5 mcs/sec. — .000050.
Standard Ferramic parts in various 
sizes and shapes offer a dependable, 
quick solution to design problems. 
Custom parts can be produced to 
your specifications. Contact General 
Ceramics’ engineering advisory 
service. Our staff is ready to dis
cuss your problems and make rec
ommendations.

GENERAL CERAMICS
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Fig. 1. Block diagram of the calibration system de
veloped at the National Bureau of Standards for pre
cisely measuring very small attenuations.

New 
70 amp 

high-power 
silicon rectifier 

from 
Westinghouse

you can M SURE...if irk

Westinghouse
WestinghouM Electric Corp.. Semiconductor Department, Youngwood, P*

CIRCLE 319 ON READER-SERVICE CARD

This latest Westinghouse rectifier has been 
designed specifically for those high-current 
applications where space and weight are 
critical. Total weight is only 3 oz., maximum.
OUTSTANDING FEATURES INCLUDE...
• Low leakage current
• High fault current
• Lightweight
• Low forward drop

• Small package 
(just 1" across flats)

• High current for 
its size and weight

ELECTRICAL CHARACTERISTICS
Maximum allowable peak inverse voltage: Oper

ating or transient to 50 to 500 volts.
Maximum allowable de blocking voltage: 80% 

of PIV.
Maximum reverse current: 30 milliamperes peak 

at rated peak inverse voltage.
Maximum one cycle half-wave peak rating: 

1200 amps.
Operating temperature: Up to junction temper

ature of 190° C.
Cell forward current: See curves.
Operating frequency: For frequencies beyond 

1 kc, refer to Westinghouse.
Thermal drop: Junction to case, 0.4’C/watt.
Inquiries and sample orders are Invited. For 
complete technical data contact your local 
Westinghouse representative.

k> .o eo ao Kn
FORWARD CURRENT—AVG AMP PER CELL

DC

MAXIMUM POWE R DISSIPATED 

VERSUS
FORWARD CURRENT PER CEU.
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bolometer detector operated in a temperature- 
stabilized water bath. There are provisions for 
“tuning out ' the reflections of the system at the 
place where the test attenuator is inserted, and 
for accurately measuring the de power supplied 
to the bolometer detector. A second bolometer 
detector forms part of the amplitude stabilization 
loop.

The change in attenuation as the attenuator 
dial is moved from the zero position to some other 
position changes the microwave power input 
to the bolometer mount from Pi to P2. The 
measured attenuation is given by the expres
sion A = 10 logio P1/P2- The microwave power 
as measured by the bolometer technique is 
proportional to the amount of de power with
drawn in order to keep the bolometer resist
ance constant. The constant of proportionality 
is the effective efficiency” of the bolometer 
mount. This factor cancels out in the expression 
for attenuation, provided that it is independent of 
power level, which previous experiments have 
verified.

The bolometric measurements are made through 
use of a self-balancing de bridge, a constant cur
rent generator, and associated de measurement 
apparatus. This instrumentation provides a direct 
indication of changes in the microwave power 
input, which makes possible the determination of 
small attenuation values.

The attenuation of a rotary vane type of variable 
ttenuator was measured by this method. To ob

tain an indication of the repeatability of setting 
he attenuator, the results of three independent 
ettings were recorded. Although the main interest 
vas originally in the lower ranges, the full range 
if the attenuator was measured.

I wo sources of error were considered in esti- 
nating the limits of error in the resulting data, 
hese were the mismatch error and the error aris-
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Radio Standards Research and Calibration
Services Expanded

:panding its

Microwave Impedance
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Laboratory in Boulder, Colo,

ELECTRONIC DESIGN • January 20, 1960

Fig. 1. Top reference laboratories of both military 
and industry, which were served by the NBS Electronic 
Calibration Center during its first year of operation. 
Most of these in turn calibrate lower-level standards.

AS INDICATED by the recent Aerospace In
dustries Association Survey, the precision 

needs of the military services and industry are now 
outstripping the availability of standards and cali
bration services in the radio-electronics field. Al
though manufacturers have attempted to fill the 
gap by establishing procedures to calibrate their 
own working standards, these standards lose much 
of their value if they are not calibrated in terms 
of the national standards.

In an effort to meet these urgent needs, the 
National Bureau of Standard's Radio Standards

program of radio standards research and calibra
tion services. Within the limits of its facilities and 
staff, the Laboratory’ is seeking to provide the im
proved standards, measurement techniques, and 
associated instrumentation that are needed for 
all radio frequency and microwave quantities. At 
the present time, standards are being established 
or improved for frequency, power, attenuation, 
voltage, impedance, noise, field strength, inter
ference, conductivity, dielectrics, and magnetics. 
In addition, a new laboratory has recently been 
activated to use advanced techniques to study 
radio properties of materials.

measuring de power differences is estimated to bt 
less than 0.1 per cent -f-0.1 microwatt.

A statistical analysis of the data indicates that 
the accuracy of the measurements exceeds the 
precision with which the attenuator can be set 
and read. This finding suggests that variable micro
wave attenuators with expanded scales and precise 
gears are needed if full advantage is to be taken 
of this calibration accuracy.

ing from the uncertainty in measuring die de dif
ferences. Calculations of the limits of mismatch 
error are based upon system reflections corre
sponding to a VSWR less than 1.005 and on 
changes in the attenuator characteristics as deter
mined from separate measurements. The error in

Impedance measurements play an essential role 
in the design, production, and evaluation of elec
tronic equipment. However, impedance is one 
of the most difficult quantities to measure accu
rately. Recently the Radio Standards Laboratory 
significantly improved impedance standards and 
measurement techniques in the microwave range.

Three types of fixed impedance (or reflection) 
standards have been developed: an adjustable 
sliding termination for rectangular waveguide, 
which can be arranged to have practically no re
flection; very precise short-circuited sections hav
ing almost total reflection; and half-round ob
stacles whose reflections can be calculated from

delivery

problem
24 hour to ten day delivery on prototype relay

Telephone, Telegraph or TWXit collect

TWX COMPTON CAL 6092

Engineering staff at your disposal Relays design

and built to meet your specifications

Expanded production facilities for quantity

Not when you buy from globe

ays / printed circuits / molded terminals 

plastic fabrication terminal boards

orders When delivery counts . . . call globe
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Chemelec Insulators Chemelec Connectors
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Chemelec Sockets Plastic Shapes and Parts

1, New Jersey.
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A complete engineering staff keeps 
abreast of new developments in elec
tronics, reviewing latest techniques 
and materials thoroughly before intro
ducing them into component products. 
Find out more about what Garlock 
offers. Contact the Garlock Electronic 
Products representative near you. Call 
him, or write for Catalog AD-169, 
Garlock Electronic Products, The 
Garlock Packing Company, Camden

Garlock electronic components are your 
assurance of reliable performance in 
missile guidance, fire control, radar, 
television . . . electronic systems that 
operate only as well as the smallest 
component within them. Garlock offers 
one of the most complete lines of 
engineered electronic components and 
materials available from a single 
source:

icro- 
?cise 
aken ENGINEERED 

COMPONENTS 
for the Electronics 
Industry
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the dimensions and wavelengths.
The adjustable sliding termination has a voltage 

standing-wave ratio of less than 1.0002 or a return 
loss greater than 80 db. Extremely fine mechani
cal tolerances and controls provide a fine adjust
ment and minimum variation in reflection.

In the short-circuited sections of waveguide 
the input flange is a quarter wavelength from the 
short circuit. In a typical example, a short-circuited 
section of X-band electroformed silver waveguide 
has a calculated VSWR at 10 kmc of approxi
mately 5140, corresponding to a voltage reflec
tion coefficient of approximately 0.99961.

To test these short-circuited sections it was 
necessary to know* the effective conductivity of the 
metal. This conductivity’ w’as obtained by making 
attenuation measurements of the sections. In these 
measurements, an attenuator was calibrated by 
modifying a system used in microwave power 
research. The lower range of the microwave 
variable attenuator was calibrated at approxi
mately 9.4 kmc to accuracies exceeding 0.0001 
decibel. Such accuracy exceeds that to which fine 
attenuators can be read. This development illus
trates the interdependence of basic measurements. 
In this case, the need to evaluate impedance 
standards revealed a need for attenuation meas
urements that was met by a modification of a 
power measurement system.

From a theoretical analysis, inductive half
round obstacles have been built for use as im
pedance standards over a wide range of reflections. 
Measurements of these reflections have agreed 
with calculated values to better than 0.1 per cent 
in VSWR.

The calibration and use of these standards re
quired improvement in the measurement of micro
wave impedance. Accuracies of 0.1 per cent in 
VSWR to 2.0 were achieved by using magnified 
response and modified reflectometer techniques. 
The development of the latter technique included 
a rigorous analysis of the microwave reflectometer. 
This analysis describes the correct adjustment of 
auxiliary tuners, and provides quantitative values 
for errors resulting from incorrect adjustments. 
Work is in progress on the extension of these im
pedance measuring techniques to other sizes of 
rectangular waveguide and to coaxial systems.

The above description of recent research and 
development in microwave impedance illustrates 
advances in a specific area of standardization. 
Progress is also being achieved in other basic 
quantities throughout the radio frequency range.

Chemelec* Standoff A Feed-Thru Insula
tors are made of Teflont because of its 
exceptional dielectric properties, chem
ical inertness, resistance to extreme 
temperatures (-110°F to +500°F). 
The insulators resist severe shock and 
are designed for quick and easy in
stallation. They are available in all 
sizes, designs and colors.
Chemelec Connectors are Teflon-in
sulated for outstanding high frequency 
service with plug-in crystal diodes, 
plug-in coils and forms, test probes. 
Once installed, they require no further 
adjustment or hardware. Male and 
female in .040, .050, .064 pin size, 
female also in .080 size.
Chemelec Miniature Tube Sockets are 
specifically designed for use where 
high or low ambient temperatures or 
frequency stability are problems. Body 
insulating material of Teflon and 
Kel-F**; all metal parts are precision 
made and plated to JAN specifica
tions. Available in all sizes, types.
Plastic Stock Shapes and Intricate Parts, 
inserts, thin sections, threaded parts 
and precision tolerances are available. 
Excellent facilities and experience in 
compression and injection molding, 
extruding, machining of Nylon, Teflon, 
Delrin t, Kel-F.
Garlock facilities and personnel are also 
at your disposal for design and de
velopment of new electronic products.

Atomic Frequency Standards

The physical quantity most important to the 
electronic field is frequency. To make the na
tional standards of frequency and time intervals 
. eadily available, radio broadcasts are made con-



Unregulated 
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Semiconductor 
Rectifier

High 
Capacitance 
Filter

Regulated
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Inherently simple design of the Sola Constant Voltage DC Power Supply is shown by this 
general schematic diagram. Its basic simplicity of design and its reliable components make 
this regulated power supply rugged ana dependable, both electrically and mechanically.

I
STANDARDS AND SPECS

tinuously from WWV, in Beltsville, Md., and from 
WWVH in Maui, Hawaii. In addition, a 60-kc 
experimental station broadcasts from Boulder, 
Colo.

The Radio Standards Laboratory monitors 
WWV continuously. Its frequency is measured 
daily in terms of extremely accurate atomic stand
ards. With recent improvements in techniques, 
comparisons can now be made to a part in 100 
billion.

Experiments in the search for more accurate 
standards of time and frequency have shown that 
standards based on varying properties of atoms 
are more precise than astronomical or quartz crys
tal standards. Atomic standards are also simpler 
and more completely understood. They do not 
have secular variations inherent in astronomical 
time, nor do they suffer from the aging effects of 
quartz. In addition, they measure time and fre
quency very quickly, in contrast to delays of 
months or years necessary for evaluation of other 
systems.

Just three reliable components 
make Sola’s regulated de power supply 

simple and rugged
Sola Electric Co. (an outfit where complexity-for-its- 
own sake wins no promotions) has combined three 
simple, reliable components — a special type of Sola 
Constant Voltage Transformer, a semiconductor recti
fier, and a high-capacitance filter — to make a regulated 
de power supply that is rugged and dependable.

Electrical characteristics of the special CV trans
former maximize most of the advantages of the semi
conductor rectifier and the capacitive filter, while vir
tually eliminating their disadvantages. This particularly 
happy combination of components gives output in the 
ampere range, regulation within ±1% even under ±10% 
line voltage variation, and ripple less than 1% rms. It 
handles variable, pulse, or high-amperage loads without 
a second thought... it even puts up with dead shorts.

For complete data write

CONSTANT VOLTAÄ IWCTOHIflS SGOLATE! K P0WE1 SOMES MEIMV LAWTIANSFOMOS FWOKSCENTIAMF BALLASTS

A DIVISION OF BASIC PRODUCTS CORPORATION
SOLA ELECTRIC CO., 4633 W. 16th St., Chicago 50, III., Bishop 2-1414 • In Canada, Sola Electric (Canada) Ltd., 24 Canmotor Ave., Toronto 20, Ont.
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Size? Maintenance? Cost? Sola’s simplicity drive 
permits the units to occupy minimum space, to do with
out movable or expendable parts, and to sell at a 
reasonable price.

Simple construction, reliability and compactness are 
benefits common to the entire line of regulated de power 
supplies. Sola designs and produces hundreds of ratings 
to meet widely varying electrical and mechanical re
quirements of equipment manufacturers; and also pro
duces complete power supply systems to specification. 
It is set up to handle specific needs in production quan
tities. Your nearby sales engineer can supply all the facts.

In addition to custom service, Sola currently stocks 
six fixed-output models ranging from 24 volts at six amps 
to 250 volts at one amp. Six adjustable models are 
stocked, too.

for Bulletin 3IA-CV-235

Recent Improvements

Recent improvements in atomic frequency 
standards are opening up new possibilities in 
science and engineering. For example, atomic 
clocks provide high-resolution spectroscopic tech
niques that can be used to probe deeper into the 
molecule, atom, and nucleus. Also, more accurate 
time measurement will permit a closer study of 
the effect of land tides, sea tides, and the motion 
of air masses upon the rotation of the earth. It 
may even provide a means of detecting the effect 
of rarified gases and magnetic fields on the motion 
of planets or satellites. Another government 
agency is now planning to use atomic clocks in an 
experimental test of the special and general 
theories of relativity.

The atomic beam frequency standards under 
development in the Radio Standards Laboratory 
depend upon the transistions of cesium atoms 
from one energy state to another. These transitions 
can occur by the absorption or emission of an 
electromagnetic wave of a very definite frequency. 
This frequency is determined by the difference in 
energy of the two states involved in the transition. 
For an isolated atom the energy difference of 
these states—and consequently the emitted or ab
sorbed frequency—is invariant. Of course, the 
apparatus used to observe the transition disturbs 
the atoms, and they can then no longer be con
sidered isolated. However, the atomic beam 
technique creates the least such disturbance of all 
current methods. For this reason, it is thought to

ELECTRONIC DESIGN • January 20, 1960
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data sheet E-353. Order from your 
facturers Warehousing Distributor.

Ruggedness ixceeds MIL specification. Severe 
requirements for shock (1000 g, 1 ms), vibration (10 g, 
iOu iJ' j <p j ar,! a AkfatAn C'O.Oju g) are met by: 
electronic welding of formed lead wires, horizontal base 
tab, and welded JEDEC T0-9 case.

Flat, even junctions avoid “hotspots.” Precise control 
of time and temperature (±0.03%) of alloying process 
eliminates localized heating, gives long reliable life. 
Characteristics are more uniform.

CBS NPN switching transistors have proved 
themselves in flight in many of our important 
“birds.” They have been found to have the advan
tages of fast switching, high voltage, low cutoff 
current, and low saturation resistance. All 28 of 
these CBS transistors exceed the MIL-T-19500A 
specification.

This same proven reliability under the most 
adverse environmental conditions is yours for 
military or industrial core drivers, logic circuits or 
general switching functions. Write for complete
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Fig. 2. David Russell adjusts the "magic T' input to 
the detector of the new NBS high-frequency piston 
attenuator developed by the Radio Standards Labora
tory. The attenuator itself is in the Electronic Calibra
tion Center. On the right is the large trombone phase 
shifter used in this dual-channel system.

Electronic Calibration Center

For quantities other than frequency, the Radio 
Standards Laboratory disseminates its standards 
and measurement techniques to the Nation 
mainly through its Electronic Calibration Center, 
established in 1958. The primary mission of the

Contamination is eliminated. Baking, surface treatment, electrical 
testing and package welding are all conducted in dry-boxes at a 
dewpoint temperature below -90°F.

provide the most accurate frequency standard, 
although perhaps not the most precise.

During the past 18 months a cesium beam 
atomic standard has been almost completely re
modeled so that it now has a precision and accu
racy’ of about 7 parts in 100 billion. A new cesium 
beam standard, designed to have a somewhat 
higher precision, has just been completed. These 
two cesium standards, an Atomicron, and an ex
tremely stable crystal oscillator, are now being 
intercompared on a regular basis.

The new atomic beam is designed to use thall
ium as well as cesium (thallium has certain im
portant advantages over cesium). Initially, how
ever, cesium is being used and preliminary results 
(as of October 1, 1959) indicate that its precision 
and accuracy is 6 parts in 100 billion.

Two ammonia masers (microwave amplification 
through stimulated emission of radiation) are be
ing used to study the character of the radiation 
which excites the cesium transition. At the same 
time they provide separate standards for frequency 
comparison. Frequency comparisons with atomic 
standards in other parts of the world are also 
made on a regular basis.

El Ef*TDfWlf*Q „ j ■ Saha OJieea.-Lowell, Mass., 900 Chelmsford St. GLenview 4-0446 • Newark, N. J., 32 Green St.,
I rCUIMIU», Semiconductor Operations MArket 3-5832 • RMrese Fart, HI.. 1990 N. Mannheim Rd. EStebrook 9-2100

A Division of Columbia Broadcasting System, Inc. Les Angeles. Calif.. 2120 S. Garfield Ave., RAymond 3-9081
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MINIATURE SELF-LOCKING NUTS 
Sized for electronic applications

T 
L 
1

Actual Size

A

C

STANDARDS AND SPECS
i

PART 

1660 

Sizes 00 
Thru 4-48

RANGE OF SIZES
B

.065 .111-.107

.110 .190.183

c
.123 
.210

.045

.070

Now miniature ELASTIC STOP® nuts are available 
for use in many types of instruments, electronic equip
ment, missiles and related products where space limi
tations and need for precise adjustment require a very 
small, self-locking fastener. Nylon inserts make them 
vibration-proof and re-usable. Simpler and less expen
sive to install and adjust than double nuts. For design 
information write:

Elastic Stop Nut Corporation of America 
2330 Vauxhall Road, Union, N. J., Dept. N23-157
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416-Page

EPS© MASTER CATALOGED

Lists over 10,000
PRECISION INSTRUMENT PARTS 
and ASSOCIATED COMPONENTS 

Available From STOCK!

Completely illustrated, with detailed 
drawings, specifications and prices.

GEARS • SHAFTS* COLLARS* CLUTCHES • 
BEARINGS* COUPLINGS • DIFFERENTIALS 
• SPEED REDUCERS and many other Pre
cision Engineered Parts & Components.
Send for your copy of this now, 

enlarged catalog, today.

a® DESIGN CORP.

I Subsidiary of BENRUS WATCH COMPANY, Ind 
I I ________________ '_____ I

477 Atlantic Ave., East Rockaway, L.I., N.Y

Center is to calibrate inter-laboratory standards 
for such quantities as voltage, power, and imped
ance in terms of the national standards main- 
/tained by NBS. These interlaboratory standards, 
in turn, are used to assure the accuracy of refer
ence and working standards.

Although the Center was established primarily 
to meet critical needs within the Department of 
Defense, it is also designed to meet the needs of 
the electronics industry. Efforts are under way to 
increase the capacity of the Center to provide a 
larger number of individual calibrations each 
year.

Its calibration activities are divided into three 
units covering low, high, and microwave frequency 
measurements. Instrumentation is still incomplete 
but interim steps are used when necessary to help 
meet the calibration demand.

Low frequency (zero to 30 kc) instrumentation 
now provides for the calibration of resistors, 
bridges, potentiometers, capacitors, inductors, 
standard cells, electrical instruments, ratio devices, 
and instrument transformers. Within recent 
months the Center has received a transformer
type capacitance bridge, constructed by the Elec
tricity and Electronics Division, that will extend 
the capacitance calibration range, for low fre
quencies, downward to 1 micro-pico-farad. By 
modifying existing ratio sets and associated equip
ment, it is expected that the frequency range of 
current and potential transformer calibrations will 
be extended, within the year, from 60 to 400 cps.

To date, the saturated cells used by the low 
frequency unit to maintain the volt have been 
kept at a reasonably constant temperature in an 
air bath. A new oil bath that is now being com
pleted should increase certified accuracies five 
times over the current accuracy of 0.001 per cent.

The high frequency unit (30 kc to 300 me) is 
now equipped to calibrate standards of voltage 
(unbalanced), power, impedance, attenuation, and 
field strength. At the present time, these stand
ards are limited to cw measurements. Calibration 
services for most quantities are at the fixed fre
quencies of 30, 100, and 300 kc, and 1, 3, 10, 30, 
100, and 300 me. Continuous frequency coverage 
is being provided, however, as rapidly as stable 
and accurate equipment can be devised.

A new precision piston attenuator to operate 
at 30 me has just been completed by the Labora
tory. This attenuator will measure a change in 
attenuation of less than 0.001 db, and will allow 
calibration accuracies of 0.01 db. These same 
accuracies are expected to be offered within the 
next year at 100 and 300 me.

High frequency voltage is now being calibrated

HOLD 
.TIGHT!
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Even under severe conditions of shock and vibration, 
CAMBION “ Vibration-Proof Battery Holders hold tight. 
Unique “locking strap” keeps “D” size mercury battery 
securely in place. Suitable for use in all types of circuits, the 
holders are available in two models. No. 2570 is insulated at 
one end only. No. 2870 is insulated at both ends to permit 
“floating” of the voltage supply, and is ideal for transistorized 
circuits and other low-voltage applications. Both holders are 
designed so that leads can be easily brought up to terminals 
even though unit is flush-mounted. Write Cambridge Therm
ionic Corporation, 457 Concord Avenue, Cambridge 38, Mass., 
for full details on these and other products in the wide line of

The guaranteed electronic components
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CRIPPLED IcHlU^

can help
Rehabilitation of the crippled is not ac

complished in a day, a week or a month. It is 
a constant team process bringing together 
skills of medical science, abilities of thera
pists, understanding and guidance of other 
professional specialists and capable lay 
workers.

Moreover, it is a team that needs you. 
Since 1921 the Easter Seal program has 
been one of expansion in facilities and in 
numbers served because thousands of gener
ous Americans recognized that through this 
all-inclusive teamwork, the handicapped 
have found a fuller, richer life.

Become a team member by sending your check TODAY.

National Society 
for Crippled Children and Adults 

2023 W. Ogden Ave., Chicago 12, Ill.

t*tÌ??**ìtll?«*?l*
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CAREER BROCHURES

What did you have in mind, Mr. Engineer?

Convair-Pomona

CIRCLE 872 ON READER-SERVICE CARD

RCA

RAYTHEON

creates a climate for talent.
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MISSILE 
SYSTEMS 

DIVISION

brochure, “Engineering 
is to acquaint the appli-
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A comprehensive digest of RCA’s West Coast 
Missile and Surface Department is presented to 
scientists and engineers in this illustrated bro
chure. Highlights include systems engineering, 
p ojects engineering and projects management, 
d sign and development engineering, electronic 
c untenneasures and airborne equipment, data 
p ocessing and computers, displays and weapon 
c ntrol, missile automatic checkout and missile 
g )und support systems, and light radar.

Radio Corporation of America, Dept. ED, 
issile and Surface Radar Dept., Employment 

I v., Van Nuys, Calif.
CIRCLE 873 ON READER-SERVICE CARD

The purpose of this 
Opportunities For You,”

MM vou

cant with Convair-Pomona—its history’, its corpo
rate structure, and the opportunities available. 
Convair-Pomona, a division of General Dynamics 
Corp., is engaged in research, development, en
gineering, and production in the field of elec
tronics and complex weapons systems.

Brief descriptions of various job opportunities 
are listed and include mechanical design, electro
mechanical design, dynamics, aerodynamics, 
operations research, thermodynamics, electronic 
systems, hydraulic design, flight analysis, test en
gineering, microwave and antenna design and 
engineering writing.

Engineering Personnel, Convair-Pomona, Div. 
of General Dynamics Corp., Dept. ED, Pomona, 
Calif.

Problems you can really get your teeth into9 
A job environment where there’s room to think 
. . . and grow? A secure spot in a fast-growing 
organization where professional rewards come 
quickly? Excellent living conditions?

Raytheon Company’s Bedford Laboratory 
offers al) these. A key laboratory in the only 
electronics company with prime contracts for 
two major missile systems, the Bedford Labo
ratory is constantly expanding its programs 
... a growth shared by the men who staff it. 
What’s more, it’s located in the heart of New 
England, only minutes from Boston, where 
relaxed suburban living is only minutes from 
metropolitan attractions.

In short, Mr. Engineer, you’ll find what you 
had in mind ... at Bedford. Immediate open
ings for the following men. Can you qualify?

Send your postcard or letter to Mr. 
»Jerry Morris, Professional Employment, 
Raytheon Company, Missile Systems 
Division, Bedford, Massachusetts. If you 
prefer, call (collect) CRestview 4-8884 
and ask for Mr. Morris.

Data Handling Engineers with experience in 
high speed, analog-to-digital conversion tech
niques, logic design, converter and buffer de
sign. Should have thorough knowledge of tape 
recorder techniques and digital, servo and 
digital-computer design.

Circuit Design Engineers with experience in 
design of high speed switching circuits, pulse 
techniques, and computer logic. Experience in 
one of the following areas required: design of 
navigation, guidance, control circuits, CCM, 
FM, PCM, PDM, and fusing circuitry.

Packaging Engineers with a knowledge of 
packaging and production techniques in sheet 
metal and electronic equipment. Will design 
electronic portions of guided missiles, radars, 
computers, test equipment. Thorough knowl
edge of circuitry required.

Electromechanical Designers will design 
electromechanical equipment and electronic 
portions of guided missiles. Will work closely 
with Design Engineers in developing electronic 
packaging philosophies. Knowledge of elec
tronics, electronic components, and ability to 
read schematics required.



Electronic Engineers / Physicists CAREERYOUR
NEWS AND NOTES

Senior level positions Labor turnover is causing splitting headaches

available with the
Scientific Research Staff

and the

REPUBLIC AVIATION
The Scientific Research Staff

Applied Research & Development Division

Farmingdale, Long Island, New York

Countermeasures
Digital Computer Development
Telemetry-SSB Technique
Radome & Antenna Design 
Microwave Circuitry & Components 
Receiver & Transmitter Design 
Miniaturization-Transistorization

c ,/ISIC

2 '50 W

Navigation & Guidance Systems 
Radar Systems 
Information Theory 
Radio Astronomy
Solid State & Thermionic Devices
Radiation & Propagation 

(RF, IR, UV)

VENTURA, CALIFORNIA

SEND YOUR RESUME

Please send resume of your qualifi
cations at the earliest opportunity to 
Director, Engineering Personnel, 
Dept. ED-1 Electronic Systems 
Development Corporation, 1484 E. 
Main Street, Ventura, California.

Address your resume in confidence to: 
Mr. George R. Hickman

Engineering Employment Manager, Dept. 12A-4

CIRCLE 905 ON CAREER INQUIRY FORM
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Applied Research and 
Development Division of

Here, theoretical and experimental studies are performed in the various 
disciplines of the physical sciences. Research scientists and engineers 
with masters’ or doctors' degrees are invited to participate in current 
programs or to initiate new studies. Our interests include research in 
such areas as electromagnetic radiation, information theory, data trans
mission, quantum mechanical electronic devices, solid state physics, 
and infrared which will lead to a product technology applicable to 
space exploration and weapons utilization components and systems.

Here, conceptual thinking is translated into practical methods which 
will eventually result in prototypes of advanced ballistic missile systems, 
strategic orbital systems, space vehicle programming and tracking sys
tems, and lunar observatory reconnaissance stations.

Openings at all levels (including top level supervisory) in nearly every area 

of Electronics related to Advanced Flight & Weapons Technology:

Please write direct to advertiser mentioning ELECTRONIC DESIGN 
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in many engineering companies. If only there 
were some blueprint that all managements could 
follow to cut the rate. Unfortunately there isn’t, 
says Dr. Frederick J. Gaudet, director of the Lab 
of Psychological Studies at Stevens Institute of 
Technology, Hoboken. N.J. His study of the sub
ject has just been published by the American 
Management Assoc.

One company’s successful technique in check
ing labor turnover may be another’s failure, he has 
found. But some approaches to solutions have 
been successful so often that they warrant con
sideration, he says.

Among these, Dr. Gaudet lists employe screen
ing devices, such as the weighted application form 
and psychological testing; on-the-job methods, 
such as improved training and better communica
tion; and, finally, devices aimed at finding out 
why employes leave a company.

One company, for example, noted a high turn
over rate during the employes’ first three months 
on the job. Analysis showed that new employes 
had no way of know ing how well they were ad
vancing; they were told only that they were ex
pected to reach a standard after a certain num
ber of weeks. Setting weekly goals slashed the 
turnover more than 50 per cent, Dr. Gaudet re
ported.

Another concern traced a turnover problem to 
poor downw ard communication of company policy 
on merit raises. An investment of a few hundred 
dollars in a new pamphlet describing the policy 
solved the problem, Dr. Gaudet said.

One of the hardest undertakings, he says, is to 
find out why employes leave. Some company’s use 
the “exit interview," with only spotty success. It 
has two objectives: to reclaim some of those who 
intend to quit and to gather information for man
agement as a basis for corrective action.

Human nature being what it is, though. Dr. 
Gaudet notes that employes tend to give socially 
acceptable replies to the exit interviewer rather 
than risk “tattling or receiving a bad reference.

A relatively new technique, he reports, is the 
‘ post-terminal interview.” This sounds out the 
employes with a questionnaire after they have 
left. The findings are sometimes eye-openers. One 
company found that at the exit interview changes 
in jobs were attributed to such external factors as 
‘other employment," “leaving state,” “military 
service.” But the post-terminal questionnaire 
turned up such internal complaints as ’ poor pay,” 
“bad supervision,” “slow advancement.”

Top Openings 
for

ELECTRONIC 
ENGINEERS 

and

SENIOR 
ELECTRONIC 
ENGINEERS

Must have experience in the devel
opment and design of semiconductor 
circuitry, analogue or digital com
ponents and sub-systems and/or 
data handling, conversion and proc
essing equipment. Detailed know
ledge of many of the following 
transistorized modules is required: 
modulators, demodulators, choppers, 
inverters, converters, power supplies, 
DC and AC amplifiers, flip-flops, 
multivibrators, squarers, pulse 
amplifiers, pulse gates, etc. Degree 
or advanced degree in electronics is 
preferred.

THE COMPANY

Electronic Systems is a wholly 
owned subsidiary of Solar Aircraft 
Company, important in air and space 
developments since 1927. Electronic 
Systems has been closely associated 
with the instrumentation of the 
U. S. NAMTC at Point Mugu, and is 
expanding rapidly in the develop
ment and manufacture of electronic 
systems and components for com
mercial and military use. The right 
men joining now will gain top posi
tions in their fields of interest. Living 
conditions are ideal in Ventura, a 
noted California seaside resort com
munity. Act at once.

ELECTRONIC 
SYSTEMS 
DEVELOPMENT 
CORPORATION
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Opportunities
Investigate these immediate 
opportunities at Remington Rand 
Univac. In addition to attractive 
salaries, openings offer association 
with significant advances in 
solid-state development, ultra
reliable military computers and 
other challenging programs.

If you are interested in advancing 
beyond your present position, be 
sure to investigate these openings.

ENGINEER-IMPROVEMENT 
COURSES AND SEMINARS
Below are courses and seminars intended to provide 
the engineer with a better knowledge of various spe
cialties. Our grouping includes several different types 
of meetings: National Courses—those held on consec
utive days and intended to draw attendees from all 
geographical areas; One-Day Seminars—one-day in
tensive seminars which move from city to city; and 
Regional Lectures—regional symposia or lecture series 
which generally run one night a week for several weeks.

Regional Lecture Series

g 
1: 
s, 
S, 
S, 
>e 
;e 
is

ly 
it
ee 
ic

ic 
is
p- 
lic
n- 
ht 
si
ng 
, a 
n-

ORM

I960

TRANSISTOR CIRCUIT DESIGNERS 
Electrical Engineering degree with 
experience in transistorized pulse circuitry.

COMMUNICATIONS ENGINEERS
Electrical Engineering degree with 
experience in HF transmission, network 
theory and antenna design.

SERVOENGINEERS
Electrical Engineering degree with experi
ence in servo-amplifiers, servo
mechanisms and airborne electronics.

QUALITY CONTROL ENGINEERS
Electrical Engineering degree with experi
ence in reliability, statistical methods, and 
test procedures for electronic equipment.

RELIABILITY ENGINEERS
Engineering or Science degree with 
experience in design, quality control, and 
manufacturing processes relating to 
electronic equipment This is a relatively new 
field with exceptional growth possibilities.

PRODUCTION ENGINEERS
Engineering or Science degree with 
production engineering experience on 
electronic equipment or electro-mechanical 
business machines.

ENGINEER WRITERS
Engineering or Science degree with experi
ence in the preparation of maintenance and 
operational manuals for electronic equipment.

CONTRACT REPRESENTATIVES
Engineering or Science degree with 
experience in government electronic RAD 
contracts.

Send complete resume of education 
and experience to:

R. K. PATTERSON
Department C-1

c VISION OF SPERRY RAND CORPORATION W U
" ’50 West Seventh Street, St. Paul 16, Minn.

here are also immediate openings in all 
eas of digital computer development at 

< ur other laboratories. Inquiries should be
Idressed to:

e NAGLE
□ eoartment C-1
Remington Rand Univac 
900 West Allegheny

Philadelphia 29,
•’ennsylvanta

R F MARTIN
Department C-1 
Remington Rand Univac 
Wilson Avenue 
South Norwalk, 
Connecticut

Managing Engineering Services Workshop 
Seminar, IEI, January 25-27, New York

This seminar will be of interest to engineers 
who are dependent upon service functions for 
the successful execution of their assigned tasks. It 
will also be of interest to those who are respon
sible for the supervision of engineering services 
themselves. Beyond these two groups the seminar 
will be of value to those who are interested in 
studying ways in which the effectiveness of engi
neering services can be utilized within the organ
ization to increase the output from the engineering 
organization. Subjects to be covered will include 
basic concept of an engineering service, scope of 
responsibility, organizing the service function, 
staffing the service functions, establishment of 
working relationships with departments served 
and evaluating performance. For additional in
formation on this seminar and the following four 
write to: Industrial Education Institute, 25 Hunt
ington Ave., Boston 16, Mass.

PAPER DEADLINES
Convention Program Chairmen have issued the fol

lowing deadlines to authors wishing to have their 
papers considered for presentation.

February 1: Deadline for 3 copies of a 250-word 
unclassified abstract for the 4th National Conven
tion on Military Electronics (MIL-E-CON) to be 
held June 27-29 at the Sheraton-Park Hotel, 
Washington, D. C. Suggested topics include, but 
are not limited to the following: current problems 
of space technology, space electronics, ranging 
and tracking, electronic propulsion, data handling 
systems, guidance and control, inertial systems, 
reconnaissance systems, communication systems 
and operation analysis. Send abstracts to: Dr. 
Craig M. Crenshaw, Department of Army, Office 
of the Chief Signal Officer, R&D Div., SIGRD-2, 
Washington 25, D. C.
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STIMULATING!
Motorola engineers are the most stimulated and enthusiastic 
individuals you’ll find anywhere. And, for sound reasons.

First, the work. Electronics—challenging fields that plead for 
vision, creativeness and imagination.

Secondly, the company, An “engineers’ company”—developed 
by technical minds dedicated to engineering excellence. A reward
ing company—quick to recognize and advance skill. A secure, 
diversified company—not wholly dependent on one single market.

Thirdly, the place, Chicago—exciting and quiet. Cosmopolitan 
and suburban. Mid-America’s nucleus of culture, education and 
entertainment—where everyone can find the perfect environment.

• 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 A UHF receiver
• Transmitter design and development
• Power supply
• Systems engineering
• Antenna design
• Selective signaling

Transistor applications 
Crystal engineering 
Sales engineering

• Design of VHF A UHF FM communication* 
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.

I1©MOTOROLA
I Mr. L. B. Wrenn, Engineering Personnel Mgr., Dept. B 
■ 4501 Augusta Blvd., Chicago SI, Illinois

■ Without obligation, send copy of
"Selecting an Engineering Career with a Future”

NAME

ADDRESS.

CITY. ZONE .STATE



For accurate, reliable acceleration measurement...

PRECISION 
LINEAR 
ACCELEROMET
are rugged 
and right!
Pacific’s family of accelerometers are 
designed, developed and tested to meet 
almost any acceleration measurement 
requirement. Their custom design pro
vides excellent reliability and accuracy 
for many critical applications — com
bining features of lightness with high 
precision characteristics.
To save you time and money, many of 
Pacific’s accelerometers can be incorpo
rated into your own designs at an early 
stage.
Each of the basic models illustrated at 
the right is representative of a series of 
similar units which vary only in output 
characteristics. They are available and 
were developed to satisfy a special re
quirement but can now be considered as 
standard production items... completely 
tooled, qualified, proved in actual use 
... ready for immediate order.'
For complete information on a Pacific 
accelerometer designed to your own re
quirements ... or on a modification of 
these units, WRITE TODAY. The engi
neering skill and creative ability of 
Pacific Scientific are at your service.

Highly Accurate ... Series 4202
Unique torsion-bar suspension gives very 
low hysteresis with exceptionally 
rugged, long life. Single or dual pot 
and/or switch pick-off provides versatility. 
Automatic caging mechanism.

Light and little 
... Series 4201
This miniature 
accelerometer is a 
versatile, high production 
instrument with unusual 
flexibility of design 
and performance 
characteristics. Main
tains accurate signals 
thru long service life. 
Potentiometer pick-off.

For High Response Systems... Series 4204 
Linear accelerometer provides extreme 
sensitivity, large output AC signal. 
Maintains a high natural frequency and 
low cross talk. Temperature compensated 
fluid damping provides exceptional 
dynamic characteristics without heater.
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Creative 
Manufacturing 
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In Aircraft Safety

PACIFIC SCIENTIFIC COMPANY
P.O. Box 22019, Los Angeles 22, California

San Francisco • Seattle
Arlington, Texas • San Diego

Representatives: Eastern U.S.-Aero Eng. Co.
Canada-Garrett Mfg. Corp.
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New U.S. Savings Bonds
now in effect

and the Bonds you already own 
are better than ever, too!

Now U. S. Savings Bonds are a better buy 
than ever in three important ways:
• All Series E and H Bonds bought 

since June 1, 1959, now earn 3%% 
interest when held to maturity.

• Older Bonds will also pay more—an 
extra Vz%, from June 1 on, if you 
hold them to maturity.

• All Series E Bonds, old or new, now 
carry an automatic extension 
privilege; they’ll keep paying liberal 
interest for 10 years beyond maturity.

Three big new dollar benefits that make 
it smart to buy new Bonds —and hang on to 
the ones you have!

40 million Americans own Bonds

More people than ever own Bonds today. 
There’s simply no easier, safer, more A men- 
can way to save.

You can buy them through the Payroll 
Savings Plan at work; you can buy them 
where you bank. Either way, your U.S. 
Savings Bonds help build a more secure 
future for you, your family, and your coun
try. And now they're better than ever!

HELP STRENGTHEN 
AMERICA’S PEACE POWER

SAVE WITH
U.S. SAVINGS BONDS
The U. S. Government does not pay for this 
advertising. The Treasury Department thanks 
The Advertising Council and this magazine for 

their patriotic donation.
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offers a free hand
to creative engineers and scientists 
in IBM’s new
Advanced Systems Development Division

Engineers with the creative ingenuity needed to solve 
newly encountered problems will be given a free hand 
in this new IBM Division. Here, you’ll find all the ground
floor opportunities of a new company—plus the advan
tages of IBM's stability and security.

The purpose of the Advanced Systems Development 
Division is to apply IBM systems knowledge, engineer
ing, and production skills to specific data processing 
problems. The Division develops equipment related to, 
but outside of, IBM’s regular line of products. Because 
of the variety of projects studied, ultimate creativeness 
is required to develop nonstandard data processing 
equipment that will tie in efficiently and economically 
with existing systems.

OPPORTUNITIES NOW AVAILABLE INCLUDE ...
Advanced component design
Analog or digital computers 
Automation
Data conversion, transmission, processing or display 

systems
Design of intricate mechanisms
Electronic packaging
Industrial process control
Information retrieval
Instrumentation
Servo systems
Solid state devices and applications
Telemetering

QUALIFICATIONS:

B.S., or advanced degree in Electronics, Electrical or 
Mechanical Engineering, Physics, or Mathematics. In
dustrial experience desirable.
At Advanced Systems Development Division, you will 
find all the ground-floor opportunities of a new company.
You will work on small teams where individual perform
ance is quickly recognized. Assignments are varied and 
far from routine, and you will have IBM’s experienced 
specialists and technicians for support. In addition, you 
will enjoy all the advantages of IBM employment, includ
ing job stability, liberal company benefits, and excellent 
salaries.

You are invited to visit IBM while in New York City for the 
American Physical Society meeting.
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Generator features tank selector and load selector switches on 
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Transducerized Tank NT-5001
Capacity: 10 gallons
Dimensions: 20" L x HVi" W x 10" D

Ultrasonic Industries, Inc. . .
U.S. Stoneware ......................
United Shoe Machinery Corp.

1-5530; CHICAGO: Thomas P. Kavooras, 
Berry Conner, Jr., Fred T. Bruce, 664 N. 
Michigan Avenue, SUperior 7-8054; LOS 
ANGELES: Robert E. Ahrensdorf, John V. 
Quillman, Stanley I. Ehrenclou, 3275 W>’- 
shire Blvd., DUnkirk 2-7337; SOUTH
EASTERN: Lucian Neff, 15 Castle Harbor 
Isle, Fort Lauderdale, Florida, LOgan 
6-5656; LONDON EC4, Brad Nichols, 151 
Fleet Street.
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Here’s a new Narda SonBlaster ultrasonic cleaner with tremen
dous cavitation activity and generating capacity! Featuring full 
500 watts output, this SonBlaster is available with a fully trans
ducerized giant 10-gallon capacity tank. In addition, it will 
operate from six to ten model NT-605 high energy submersible 
transducers, at any one time, for use in any arrangement in any 
shape tank you need, up to 70 gallon volume.

Install this new Narda SonBlaster, and immediately you’ll 
start chalking up savings over costly solvent, vapor or alkaline 
degreasing methods! You’ll save on chemicals and solvents, cut 
maintenance and downtime, eliminate expensive installations, 
save on floor space, and release labor for other work. But 
perhaps most important, you’ll clean faster, cut rejects, and 
eliminate bottlenecks.

Whether you’re interested in mass-production cleaning or 
degreasing of mechanical, electronic, optical, or horological 
parts or assemblies... rapid, quantity cleaning of “hot-lab” 
apparatus, medical instruments, ceramic materials, electrical 
components or optical and technical glassware...or in speed

ing up metal finishing and chemical processing of all types— 
you’ll find this new SonBlaster will do your work faster, better 
and cheaper. Write for more details now, and we’ll include a 
free questionnaire to help determine the precise model you 
need. Address: Dept. ED-18 BW

Consult with Narda for all your ultrasonic requirements. 
The SonBlaster catalog line of ultrasonic cleaning equipment 
ranges from 35 watts to 2.5 KW. and includes transducerized 
tanks as well as immersible transducers which can be adapted 
to any size or shape tank you may now be using. If ultrasonics 
can be applied to help improve your process. Narda will recom
mend the finest, most dependable equipment available for 
immediate delivery from stock—and at the lowest price in the 
industry ($175 up)!
For custom-designed cleaning systems, write to our Industrial 
Process Division; for information on Chemical processing 
applications, write to our Chemical and Physical Process 
Division; both at the address below.
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Kean, Robert 
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W. Gascoigne, Richard 
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Wallson Associates ............................................
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Wayne-George Co.............................................
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Westinghouse Electric Corp., Semi
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Bryce Gray, Jr.; NEW YORK: Owen A-

Sonotone Corp....................................................... Ill
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Sperry Semiconductor Div................................. 86

ultrasonics corporation
625 MAIN STREET, WESTBURY.
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Recognizing the power of the printed 
word to influence, it is ELECTRONIC 
DESIGN’S policy:

To make all reasonable ef
forts to insure accuracy of 
editorial matter.

To publish promptly cor
rections brought to our at
tention .

To not knowingly publish 
misleading advertisements.

To reserve the right to re
fuse any advertisement.

Readers noting errors or misstatements of 
facts are encouraged to write the editor.

ELECTRONIC DESIGN is circulated only 
to qualified design engineers of U. S. 
manufacturing companies, industrial con
sultants and government agencies. If de
sign for manufacturing is your responsi
bility, you qualify for subscription with
out charge provided you send us the fol- 
1 >wing information on your company’s 
b tterhead: Your name and engineering 
t tie, your company’s main products, and 
description of your design duties. The let
ter must be signed by you personally.

ANY ADDRESS CHANGES FOR OLD 
SUBSCRIBERS NECESSITATE A RE
STATEMENT OF THESE QUALIFICA- 
" IONS. Subscription rate for non-quali- 
f ‘d subscribers—$25.00 per year U. S. A., 
$9.00 per year all other countries. Single 
c py $1.50.
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HUGHES CHOOSES RUTHERFORD
Mr. 0. E. Kienow, head of the 
Receiver Group, Electronic 
Section, Tucson Electronic 
Laboratory of Hughes Air
craft Company, one of the 
outstanding electronic labora
tories in the Southwest, has 
selected by critical evaluation 
the Rutherford Model B-7 
Pulse Generator.

A point for point comparison of pulse gener
ators of comparable rating shows that: 
■ The Rutherford Model B-7 Pulse Generator 
demonstrates less pulse jitter than any com
parable instrument measured.
■ Rise time characteristics compare favor
ably with instruments costing 50% more.
■ Pulse shape and rise time are readily 
adjustable by means of a front panel control. 
■ The small size, for the output capability of 
this unit, is a major advantage in the con
struction of complex test equipment.
■ The wide range of delays in this instru
ment makes it extremely versatile.

Engineers: If your 
field is pulse circuitry 
design, a brighter 
future awaits you at 
Rutherford Electronics 
Company. Contact 
Mr. G. M. Stout, 
Personnel Director.

Dulse generators • pulse systems • accurate time delay generators / 8944 Lindblade St., Culver City, California
CIRCLE 344 ON READER-SERVICE CARD
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This new-concept
500 MC

oscilloscope

now is the convenience of conventional pulsehere
measurement in the millimicrosecond region

HORIZONTAL

Figure 1

staircase

Next, input voltage samples, 
each taken from a differing point

steps, the beam is blanked so 
that the signal becomes a series 
of dots. In operation, many dots 
are present, and the pattern ap
pears continuous. (Figure 2.)

Dual pulse presentation on 185A. 
Top trace shows pulse from mercury 
pulser applied to 2N1385 mesa tran
sistor. Bottom trace shows respond
ing turn-on of transistor. Dip in bot
tom trace at start of turn-on results 
from capacitance. Scope sweep speed 
1 millimicrosecond/cm.

Now, between

are fed 
amplifier

The first step in building 185A’s 
cathode ray tube picture is to 
apply a staircase voltage to step 
the beam across the CRT face. 
(Figure 1.)

on the waveform, 
through the vertical 
to the scope face.

Sampling oscilloscope
185A is a sampling oscilloscope, whereas most pre

vious oscilloscopes have been broadband instruments 
The sampling technique avoids several inherent limi-

Analyze millimicrosecond pulses 
Measure transistor response time 
Make fractional millimicrosecond time comparisons 
Measure diode switching time 
Determine pulse jitter 
Make permanent X-Y plots 
Measure memory-unit switching 
Measure uhf voltage amplitude

can help you now... 
and here’s how!

Operation described
In the case of the $ 185A, the sampling approacl 
applied in the following manner.

tations of the broadband approach which arise in the 
millimicrosecond region. One of these is the intrinsic 
sensitivity-bandwidth-display-size limitation of cath
ode ray tubes; another is the characteristic gain
bandwidth limitation of associated amplifiers.
A third critical problem with the broadband approach 
in the 500 MC band pass area is that, frequently, fast 
pulses or occurrences happen at low repetition rates. 
This means that the writing rate is not sufficient to 
provide a bright trace on the cathode ray tube.

185A adroitly sidesteps all these roadblocks by im
mediately translating the input signal to a much 
lower frequency, through the sampling technique, 
then proceeding with more conventional signal proc
essing to provide standard oscilloscope operating ease 
and bright, clear, large-screen presentation.
“Sampling” in this application is analogous to strob
oscopic light methodology in that both techniques 
simulate slowing down the “motion” for better visual 
study—and both depend on repetition to build a faith
ful image.

The 185A 500 MC Oscilloscope is a completely new 
instrument that is virtually as simple, convenient and 
easy to read as conventional broadband oscilloscopes, 
yet provides a wealth of fast-circuit information 
never before available.
In such fields as computer and radar research and de
sign, and semiconductor research, the Model 185A is 
the first practical, available answer to the pressing 
need for measuring and viewing millimicrosecond 
phenomena.
It should be emphasized that the 185A is an 
existing instrument—ready for you now, with 
bright, clear 5* scope traces that are totally 
comparable in information, clarity and use
fulness with presentations you associate with 
much lower frequencies.

Figure 2
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