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Our Precision Computing

ACCURACY
Highest accuracy ir 
CPPC fundamental

resistive, feedback 
available for tran-

The first truly portable TV has been 
put on the market by Philco It is 
cordless, transistorized and cun be 
lifted with one finger Compactness 
is achieved through the use of an 
optical arrangement that magnifies 
a two-inch kinescope picture to 14 
inches.

CLIFTON HEIGHTS, PENNSYLVANIA

Our March 18 editorial invited 
comments on the need for diode 
standardization. Questionnaires were 
sent to hundreds of design engineers 
m a survey of the diode industry. The 
results are presented, together with 
comments and suggestions, in this 
staff report on Diodes.

The editors examine in detail the 
factors that contribute to confusion in 
selecting the proper diode.

ENGINEERS—For a career in rotary components and computers, write David D. Brown, Personnel Director, Dept. E-6

PRICE AND DELIVERY
We ask you to review what you are paying for 
precision computing resolvers. In the past CPPC 
has been able to lower traditional prices of 
rotary components.

We are already tooled for many types of these 
resolvers and can make quick delivery in 
quantity or short run. Whenever you need any 
rotary component, think of CPPC.

Call or write Sales Department, Hilltop 9-1200 
(Suburban Philadelphia) or our Representatives.

sistor circuitry Pin or screw terminals or lead 
wires. BuOrd type shafts and BuOrd MK 4 
Mod 0 brush block obtainable.

Want to Advance Your Career?
If you are interested in job ad

vancement within your own company 
or wiih another organization, you 
will want to study the announcements 
and advertising beginning on page 
76. Three new regular departments 
start in this issue, offering: articles cn 
Designing Your Future, listings of 
Career Opportunity Brochures and 
a new, rapid Career Inquiry Service 
form.

Ground rules for success in engi
neering are covered in this issue m 
the article, How to Get Ahead, rhe 
Do’s and Don'ts, by E. N Kau* 
man. Next issue will present a dis
cussion on the subject of transferring 
from engineering to managing.

able in anv or all

Resolvers are no exception. Without compen
sation, a recent production run of resolvers 
showed functional errors of .06% w less. Per
pendicularity of axes was ±3' in 360°. Due to 
extreme symmetry of rotor and stator, nulls 
are excellent in these resolvers. Low phase 
shifts are also a feature.

VERSATILITY
CPPC Precision Computing Resolvers can be 
had with any of the following features; corrosion 
resistant construction, stainless steel or alumi
num housing. Units to resist tenqieratures up to 
450° F. The following comfiensation is avail-

CLIFTON PRECISION PRODUCTS CO., INC
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Some Useful Plastics for Special Requirements
Outlines characteristics of a few plastics proving useful for special

Using Diodes as Power Supply Filter Elements
Diodes, used as filter elements, reduce cost and size of equip-

EDITORIAL

Let’s Not Wait Till Next Year
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systems translation

KELLOGG MATRIX

SPECIAL REPORT ON DIODES

Diodes—Choice Performance . . . But Difficult Choice 
This special staff report covers the basic problems in specifying di
odes, how to cope with confusion, and recommendations.

Semiconductor Diode Directory of Manufacturers
Manufacturers of eight categories of diodes are tabulated.

Diffused Silicon Diodes
Advantages of using silicon types diodes are explained .. F.R. Carlson

Secondary Effect of Diode Leakage in Selection Matrices
Fall time characteristics of switching circuits can be improved by

Thermal Considerations in the Use of Power Transistors
Practical approach to thermal dissipation problems........J. R. Baum

Computer Techniques Help Square Square Waves
Pulse amplifiers and flip flops produce square waves

Miniaturizing With Modules
Basic considerations in developing miniature modules for electronic

How To Get Ahead, The Do’s and Don’ts
What every engineer should know to succeed...........E. N. Kaufman

Thermoelectric Unit Heats, Cools, Generates Power
New semiconductor uses Peltier effect

Micro-Diode Designed for Computer Applications
Tiny diodes are ideal for computer

650 Micro-Module Diodes Fit In 1 Cubic Inch
New diode available in micro-module form

Three Diode Testers Have Modular Construction, 
Automatic Features
New testers designed with automaticity and flexibility in mind

All Transistorized Portable TV
First portable TV to reach the market
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easy-to-position • never needs adjustment
USES MINIATURE SELENIUM DISC RECTIFIERS 

— motinted without soldering or wiring.
SIMPLE CIRCUIT REARRANGEMENT 

— remove covers, reposition discs. 
MOUNTED ON PHENOLIC GRID

—with 2 sets of vertical and horizontal conductors. 
HIGH MATRIX CAPACITY

10 x 30 or 300 miniature rectifier discs.
Ideal for systems requiring translation or various diode 
matrices, such as:
1. Automatic warehouses—to seek out or sort order parts.
2. Chemical processing plants—all controls made from a 

central point.
Another fine product for the growing electronics indus
try backed by Kellogg and International Telephone and 
Telegraph Corporation.
Write for full details and complete catalog of Kellogg 
systems and components.

r-——

•Kellogg*
/ I CHICAGO. ILLINOIS
L .. ■

Kellogg Switchboard and Supply Company, 6880 South Cicero Avenue, 
Chicago 38, III. Communications Dlviaion of 

International Telephone end Telegreph Corporation.

Manufacturers of Relays, Hermetically Sealed Relays, 
Switches, Miscellaneous Telephone Type Components
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Raytheon Circuit-Paks are compact, encapsu
lated sub-assemblies of Diodes, Rectifiers, 
Transistors and other components for uses 
such as Phase Comparators, Bridges, Chaopers, 
Flip-Flops, etc. They save space, speed assern* 
bly and assure Raytheon reliability.
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Raytheon diffused junction Silicon Rectifiers for missile and other 
critical applications were the first to be put into mass production. 

They are outstanding for high forward conductance, exceptional 

reverse recovery. Many meet requirements of MIL-E-IO.

Raytheon Bonded Silicon Diodes feature low reverse current, high 
forward conductance and excellent stability in high temperature 

applications. All are subject to environmental quality control. 

Twenty seven types cover every need.

Raytheon Germanium Diodes meet the highest standards of quality, 
uniformity and performance. Both gold bonded and point contact 

constructions are available in a wide range of characteristics.

New Yark, PLaza 9-3900 • BmIm, Hillcrest 4-6700 
Chicafe. NAtional 5 4000 ■ Las Inplet NOrmandy 5-4221 

Baltifliere, SOuthfield 2-1237 * Clmtand. Winton 1-7716 
Kansas City, PLaza 3-5330

HEON
reliable silicon

silicon and germanium

your circuits

HPA

RECTIFIERS 
KODES



í LECTRONIC DESIGN NEWS

Amplitron Developments May Mean 
Power Sent by Microwaves

F oposed sky platform would be made possible by Amplitron improve- 
n mts. Helicopter-like vehicle in this artitst's conception hovers about 7 
n les above earth to do a variety of heretofore impractical jobs. The 
p atform would carry a circular array of receiving antennas and would 
b slightly less in diameter than the energy focal area.

E ECTRONIC DESIGN • June 10, 1959

TWO DEVELOPMENTS — 
newly designed Amplitron mi

crowave-generating tubes with effi
ciencies as high as 80 per cent and 
designs for cooling systems that re
move 10 times more heat from the 
tubes than previously possible—are 
expected to permit the manufac
ture of tubes with power levels up 
to 100 times that of present mod
els. These new tubes, in turn, could 
lead to a long-sought goal; the 
transmission of electrical power 
without wires.

Raytheon, makers of the Ampli
tron, has already proposed a sky

Satellites to the Rescue?

In the favorable climate of grow
ing support for an observation 
satellite program, a satellite
mounted search and rescue system 
is under study.

The new system would locate 
nose cones, space capsules, downed 
planes or ships in trouble. Pre
liminary work on the method is 
being conducted by Space Elec
tronics Corp, of Glendale, Calif.

The company suggests that per
haps six satellites, circling 1000

platform based on the capabilities 
of the new tube.

The improved Amplitron designs 
are a result of digital and analog
computer studies of optimum effi
ciency of the basic tube. The 80 
per cent efficiency represents four 
times the power output of a tube 
operating at 50 per cent efficiency, 
in which half of the power input 
is dissipated within the tube. Am
plitrons with the improved cooling 
system are not expected to be avail
able for a year.

Raytheon’s sky platform, which
(continued on page 4)

mi above the earth, would receive 
signals on distress frequencies 
from lost vehicles. The Doppler 
effect, involving frequency change 
of received signals, would be used 
to pinpoint the vehicles.

The satellites would record in
coming signals on a tape that also 
recorded time signals. The findings 
would be telemetered to interrog
ating stations on the ground.

In the Lockheed observation 
satellite program, called Big 
Brother or Midas, satellites would 
circle at about 300 to 400 mi above 
the earth in 90-min orbits.
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◄ CIRCLE 4 ON READER SERVICE CAP 1

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

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

other voltages on request.
Contact Load at 29 VDC . 2 Amp Res
Temperature . . 65°C Io + 85°C
Reset Time . . Instantaneous for SPDT and 2PDT 

reset time for 3POT depends upon delay period 

Hermetically sealed, potted leads optional

RELIABILITY 
UP HERE

CONTROLLED 
PRODUCTION

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

TYPE M101 and M 102. 2PDT 
Magnetic latch or Standard.
Crystal case size.
Voltage . 28 VDC Standard; 

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

For information write to
U.S. Relay Company, the Electronic 
Division of A • S • R Products Corp. 
717 N. Coney Avehue, Dept. ED 
Azusa, California

NEWS
the Air Force is now considei 
would be essentially an unman 
helicopter. It would rise and 
turn from its station, using a r 
tively conventional engine pov a
by a chemical fuel. Once in ] i- 
tion, the helicopter’s rotors wo Id 
be turned by microwave p< er 
generated from the ground. 1 his 
would be done as follows:

A battery of Amplitrons on ihe 
ground would feed a 400-ft square 
array of dish antennas, fix us
ing 3-cm waves on a 100-ft-diam 
circular array of horns protruding 
from the vehicle’s flat 
bottom.

Waveguides would 
energy to radar-type 

or concave

carry the 
lossy ele-

ments, designed to get hot enough 
to heat compressed gas or air. The 
compressed gas or air would drive 
heat turbines that would spin the 
station’s rotor blades. At the pro
posed operating altitude of about 
35,000 ft, air density would be about 
three per cent of normal.

Antenna size w ould determine op
erating altitude. Altitude in turn 
would determine whether air or gas 
would be used in the heat turbine. 
Above 10 mi, air losses about 99? 
of its ground-level density.

The station would be equipped 
with automatic, electronic drift
compensating controls that would 
sense drift out of the energy focal 
point. The company asserts that 50 
per cent of the microwave power 
generated on the ground could be 
focused on the receiving antenna 
and that 35 per cent of the ground 
power could be delivered to the 
heat exchangers.

Normally, heat generated in han
dling microwaves would be con
sidered a liability. The proposed 
system turns this liability into an 
advantage.

The platforms could be used 
for relaying radio and TV sig
nals, tracking missiles, observing 
weather, or as early-warning sta-
tions and lighthouses.

As proposed, the sky station 
would be unmanned except during

testing. ■ ■

ELEI
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For additional information about Hughes 
components or systems please write: Hughes 
Products, Marketing Dept., International Air
port Station, Los Angeles 45, California.
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$ov et Solid-State Journal Available

Ai important new Russian journal on solid- 
state physics is now available in English transla
tion ¡rom the American Institute of Physics.

Russian title is Fizika Tverdogo Tela; editor is
I Ioffe, world-famous physicist. The monthly 

periodical presents results of theoretical and ex
perimental investigations in the physics of semi
conductors, dielectrics, and associated applied 
physics.

The English-language edition, titled Soviet 
Physics-Solid State, is published by the American 
Institute of Physics, 335 E. 45th St., New York 17,
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New Target Material Boosts 
Orthicon Sensitivity

Extremely low-light-level operation is possible 
with a newly designed image orthicon that uses a 
high-gain, thin-film target made of a new material.

GE’s new tube, the Z-5294, can pick up usable 
images of stationary or moving objects with a light 
level of only 3 x 10~" foot-candles on its photo
cathode. At a scene brightness of 2 x IO-5 foot
candles, resolution of 200 lines can be obtained.

BCA’s 6846 low-light level tube provides 100 
tn 150 lines with a 1 x 10-7 foot candles of light 
on its photocathode. However, Farrand Optical 
Co., which makes a Nite-Owl low-level TV view
ing system applicable to any orthicon, is using the 
RCA tube to achieve extremely low-level, high- 
msohition operation.

Westinghouse guarantees for its WL-7198 
orthicon 275 lines of horizontal resolution at a 
photocathode light level of 3 x 10- *.

The new, non-glass, thin-film target in the GE 
tube is only 2 to 3 millionths of an in. thick, but 
has an inherent ability to inhibit sideways leakage 
of electrons. The target functions on the basis of 
electronic conductions rather than on the standard 
wdiuin-ion principle.

New orthicon is standard in 
bette results in a specially

configuration but gives 
adapted TV camera.

TRONIC DESIGN • June 10. 1959

Contamination Control: State of the art
Happily for you, Hughes frowns on poor house
keeping. In fact, our plants are famed for clean
liness...and all the other controls that insure 
highest product quality.

Our products prove it. Whatever you specify, 
you’re assured of unexcelled reliability...even 
when operating conditions get rough.

Hughes products are backed by the brainpower 
of over 5,000 engineers and scientists and the 
manufacturing know-how which has produced 
billions of dollars in reliable electronics equipment.

Check the following three right-hand pages for 
specific examples of reliable Hughes components... 
silicon transistors, memo-scope® recorders, and 
tonotron* storage tubes.

Creating a new world with ELECTRONICS . _ __ ____________
HUGHES PRODUCTS

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

CIRCLE 5 ON READER-SERVICE CARD

In addition to these, other Hughes Products de
vices which offer you this “built-in” reliability in
clude: special purpose oscilloscopes...memotron®, 
typotron® and tonotron* storage tubes... micro
wave tubes...vacuum tubes...thermal relays...a 
wide variety of semiconductors: diodes, transis
tors and rectifiers...and an industrial system 
which operates a complete and integrated line of 
machine tools.
♦Trademark of H.A.C.
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from PERKINNOW

VERSATILE WIDE VOLTAGE RANGE D.C. POWER SUPPLY

load

TRACKING ANTENNATRANSMITTER

SLAVE ANTENNASCANNER

SPECIAL FEATURE:
PROCESSOR RECORDERVIEWER

even
FILM MAGAZINE

PROCESSOR

Photo transmission system provides ground per-

MODEL MTR 636-15 
D. C. POWER SUPPLY

to a 
com|

UNAFFECTED BY LINE AND 
. INSTANTANEOUS CHANGES 

NOT CAUSE TRANSIENT 
THE D. C. OUTPUT.

Agincourt, Ontario, 
Canada

AXmlmtor 3-7011 
Albuquerque 
8-1724
Allanto
CEdar 7-7801
Chicago
JUnlper 8-0905

FOR ADDITIONAL DATA AND 
PRICE INFORMATION, WIRE COLLECT TO

Seattle
PAritwav 3-9000
Syracuse
Gibson 6-0920 
Tucson
FAst 6-3543
Washington
JUniper 5-7550

niques, this power supply provides full load output 
in the case of a transistor failure.

Cleveland 
REdwood 2-7444
Dallas 
FL 7-7080
Dayton
CHape I 4-5551
Derive!
SUnset 1-7375

TRANSIENT 
FREE"

WEIGHT 
DIMENSIONS:

ENGINEERING
345 Kansas St. 
ORegon 8-7215

CORPORATION 

El Segundo, Calif. 
EAstgate 2-1375

D.C. OUTPUT
A.C. INPUT:

STATIC REGULATION: 
DYNAMIC REGULATION:

RIPPLE:
DYNAMIC IMPEDANCE 

PROTECTION:

TRANSIENT FREE” D.C. POWER IN A

Faster Photomultiplier Designed
A new photomultiplier tube for scintil! ion 

counters and nuclear radiation spectrograph ias 
been designed with extremely high definitioi

A new electron optical system in the tu is 
said to reduce transit-time differences to 0.3 illi- 
mierosec, about 100 times better than that of on- 
ventional photomultipliers. Output pulse v idth 
and rise time are reported as little as 2 millin. cro- 
sec.

The 56 AVP tube, manufactured by Muihrd 
Ltd., of Great Britain, contains a curved photo
cathode that equalizes travel distance for all elec
trons leaving its surface. Accelerator and focusing 
electrodes make up for initial differences in elec
tron velocities.

Opaque silver-magnesium secondary cathodes 
help provide peak anode current of 1 amp, making 
an external amplifier unnecessary. Gain under 
typical conditions is 108 or higher, according to 
the company.

Detroit 
HO 8-2461 
Los Angeles 
HO 9-7294 
Minneapolis 
Midway 6-2621 
New York 
DI 4-2997

CIRCLE 6 ON READER-SERVICE

sonnel with aerial photos comparable in resolution to 
those of standard aerial camera.

ELECTRONIC DESIGN • June 10, 1759

AT LAST!! - A POWER SUPPLY WITH PRECISE

& FL to NL
5 MV RMS Maximum
50 Milliohms (0 CPS to 20 KC)
Short Circuit Proof — Automatic Current Limiting at 18 
Amperes (Short Circuits and Overloads can be sustained 
indefinitely without damage to the power supply.) 
Approximately 125 Lbs.
19" W x 15" D x 12% " H (Rack panel mount) 20%" W 
x 16%" D x 14" H (in cabinet)
Through the use of a special combination magnetic 
amplifier-transistor circuit and conservative design tech-

SPECIFICATIONS
6 36 Volts @ 15 Amperes 
105 125 Volts, 1 phase, 60 cps 
Line — ±25 MV; Load — ±50 MV
Line: ±50MV; Load: ±.75 V. No Load to full

Relay to Speed Air Photos
An air-to-ground photo transmission system is 

being developed for in-flight relaying of aerial 
photos.

The new Fairchild camera system is designed 
to give ground commanders and intelligence of
ficers in forward areas sharp photos within sec
onds after the airborne shutter is snapped.

The system works this way:
A photo is snapped by a modified aerial camera, 

and the exposed negative passes into a two-stage 
processor in the camera’s film magazine. There an 
extremely viscous developer solution is applied 
Next a plastic film carrying a fixing solution is 
layed over the negative. This sandwich permits 
handling of the film as if it were dry.

The photo is then scanned by an opto-mechani- 
cal scanner, originally developed for video re
corders, and is transmitted to recorders and direct
view monitors on the ground.

Signals are picked up by a narrow-beam, high- 
gain antenna slaved to tracking radar. This part of

REGULATION THAT IS 
LOAD TRANSIENTS . . 
LINE AND LOAD WILL 
VOLTAGE “SPIKES” IN

Orlando 
CH 1-2121 
Philadelphia 
WA 7-1820 
San Diego 
ATwater 3-2081 
San Francisc* 
EMenon 9-3354

CARD

VOLTS

AMPS

OTHER STANDARD CATALOG 
UNITS AVAILABLE WITH 
COMPARABLE SPECIFICATIONS

MODEL 
NO.

D.C OUTPUT
VOLTS AMPS

MTR060-1 0 60 1
MTR060-5 0-60 5
MTR615-5 6 15 5
MTR636-30 6-36 30
MTR28-2 24-32 2
MTR28-5 24-32 5
MTR28-10 24-32 10
MTR28-30 24-32 30
MTR28-100 24 32 100



Trace Retention with MEMO-SCOPE recorder. Application No. 2

which trace
has the

transient?

Many unique problems have been solved with the memo-scope 
recorder through trace retention. Refer your problems to us 
by writing: Hughes memo-scope recorder, Hughes Products, 
International Airport Station, Los Angeles 15, California.

Ultrasonic flaw testing 
Drift, measurements 
Ballistics, explosives research 
Switch, relay contact studies 
Welding

Transducer testing
XY plotters
Medical diagnosis problems
Physical testing 
plus many more

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

For example, the above display shows 8 traces—one showing 
a non-recurrent transient pulse. The memo-scope recorder 
freezes this transient information on the face of the tube until 
intentionally erased. Therefore, transients can be retained 
for study, regardless of the fact that they are intermittent in 
nature and last only a few microseconds. For more information 
concerning this application, write for Data Sheet msad-a2.

end of compact cooler can chill infrared de
crystals to 195 C.

Creating a new world with E LECTRONICS j* ^5
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A new memo-scope recorder accessory. . . the Multitracer 
... makes it possible for you to automatically program up to 20 
different traces on the tube face.

In addition to data reduction trouble shooting, the memo
scope recorder makes it possible for you to save time and 
money in problems associated with:

the telemetry link will be designed for quick as
sen >ly and disassembly by one man.

1 ie transmission bandwidth is limited by chan
nel allocation to 1.5 me, which provides only a 
rou ih picture for monitoring. One frame requires 
eight seconds for transmission. The direct-view 
monitors use storage-type cathode ray tubes.

1 ne high-resolution recorders use photographic 
film. They are also equipped with fast processors 
to make finished photos available for standard and 
stereo viewing.

The first picture of a sequence can be available 
for viewing within two minutes after the airborne 
shutter is snapped and succeeding pictures within 
10 seconds.

SPECIFICATIONS'
Sweep Speed for Storage 10 microseconds per division to 
10 seconds per division (0 33').
Frequency Response: DC to 250 KC down 3 db.
Sensitivity: 10 millivolts to 50 volts per division or with op
tional high sensitivity preamplifier 1 millivolt to 50 volts 
per division.

Tiny Cooler for Infrared Cells
A new infrared device has been developed that 

can chill an ir cell to 60 deg K (195 C) and raise 
its sensitivity substantially.

The 8-oz Min-IR-cooler. designed by Arthur D. 
hittie, Inc., is used in a closed-cycle detection sys
tem weighing 20 lb. It operates only one moving 
part—a tiny plastic piston—colder than room tem
perature. The chilling agent is helium gas, expand
ing from 300 psi in a 25-in.-diam cylinder.

Cooling an infrared cell makes it more sensitive 
to any given wave length, particularly to the 
longer ones. The extra sensitivity ranges from 
roughly double to a million-fold or more.

ADL is developing the detector system with 
the Hamilton Standard division of United Air
craft, w hich is exclusively licensed to manufacture 
the cooler for infrared applications only. The com- 
pans is also applying the same chilling principle 
to a maser-cooling device. A heavier unit is ex
pected to cool the heavier maser crystal down to 
about 1.5 K (roughly 5 C).

Replacement of Min-IR-cooler present off-the- 
shelf compressor is expected to reduce the weight 
to about 10 lb. For applications not requiring a 
compressor for an extended supply of compressed 
gas. the use of a tank could reduce weight much 
further.
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NEWS

ranging system
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Army field use
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New Rochelle, N.Y., de- 
rSC-16. It has a l()-kw 

*s for simultaneous trans-

Expansible-sided van contains terminal and receiv 
ing equipment of two-van, long-iange communications 
system.

Air Collision Warner to Be Tested
As part of a vigorous search for a standard, i 

tively inexpensive collision warning device for 
craft, the Federal Aviation Agency and the 
Force are sponsoring a flight test of Fairch 
PADAR system.

Originally a passive airborne detection

up to 3000 miles.
Developed to give field commanders the ca

pability of fixed-station equipment, the new sys
tem fits into two vans, exclusive of power supply 
It can be set up for interim operation within four 
hours. Full-capacity operation is possible two days

PADAR picks up signals from oncoming ain.aft 
via two paths—direct and by reflection from die 
earth. The time difference between the two sig
nals is measured and the altitude noted I liis pro
vides range and rate of closure.

In the test, to be run oft immediately a C-123B 
lab plane will range an F-86L and an F-10^, 
using their standard transmitting equipment

after landing.
The equipment can 

hours.
Adler Electronics of 

signed the system, AN 
transmitter with facilitie

Typical specification of a single filter in 10 K.C. spectrum 
Center frequency: 144.400 KC 
Lower 1/2 db. point: 144.330 KC 
Upper 1/2 db. point: 144.470 KC 
Lower 3 db. point: 144.300 KC , 
Upper 3 db. point: 144 500 KC 
40 db. bandwidth: less than 2 KC 
Insertion loss: less than 1 db.
Ripple in pass band: less than 1/2 db.
Frequency variation of pass band: less than 10 cps 

over temperature range of O"C. to +70°C.
Size: 2VWx2‘ Dx 1%" H 
Weight: less than 7 oz.

mission on both upper and lower sidebands, lb 
teletypewriter and two voice channels, and a 
rhombic transmission antenna. Diversity receiving 
antennas are used, with automatic signal selection

Transistorization, radical mechanical design 
and use of the smallest off-the-shelf equipment 
make it possible to fit tin* system into its two 
specially designed vans.

One van houses the transmitter; the other serves

give today’s radar microscopic eyes. Shaving the broad frequency range of returning signals into tiny segments, 
they help reconstruct signals faithfully for maximum information, for accurate measurement of Doppler effect 
... all at greatly reduced noise levels.
With characteristic Bulova precision, bandwidths and insertion losses are closely controlled, so that many 
filters may be paralleled to cover an almost unlimited frequency spectrum.
Now in production for virtually all leading manufacturers in the radar field are filter packages of 200 cps 
bandwidth with crossovers at the 1/2 db. point, and with insertion losses equal to within 0.3 db. from filter 
to filter.
For full information on Bulova standard and custom design filters, on crystal, ovens or packaged oscillators, 
write Sales Engineering Department, Bulova Watch Company, Electronics Division A-1254, Woodside 77, N.Y.

Field Radio Has Long Range
An air-portable communications system



GOLÌI) BOIVD1E1D
Receiver-comcenter is 
typewriter and facsimile 
48 men.

30 ft long, has voice, tele
facilities. Full crew numbers

as receiver-comcenter, with expansible sides for
easy servicing and high-storage capacity. Each 
van is air-conditioned and heated, has its own test 
equipment and carries more than 15,000 spare 
items.

The vans operate from different sites and are 
linked by microwave radio.

Calling CQ ... Calling CQ 
Stand By for Scientific Discussion"

Amateur radio operators, long noted for their 
public service in emergencies, are taking an in
creasing interest in a new role as disseminators of 
scientific information.

Through the volunteer Military Affiliate Radio 
System (MARS), the hams have been cooperating 
in the broadcast of talks by scientists and engi
neers in electronics, communications and other 
fields.

S. Edwin Pillar of Whitestone, L.I., N.Y., head 
of the First Army MARS technical net, reports the 
presentation of 53 such programs over his group's 
band in 16 months. To improve what is now an ex
perimental service, he advocates allocation by the 
Federal Communications Commission of a special 
band of frequencies for professional groups.

On the one hand we have this tremendous 
net d for inter-communication by the scientific 
gn ips,’’ he says. “On the other hand we have a 
gn it communication potential available in the 
hai ds of close to 200,000 radio amateurs in this 
coi ntry. All that is necessary to bring the two

Typical performance levels: @ 25° c. unie«» otherwise stated
Forward Current 

@ +1V 
(mA min.)

gr< ips together is the magic catalyst of an organiz-
int force and the ax affability of some clean chan-
ne
Bai

. on a part-time basis, adjacent to the amateur

1N27O
1N276

1N277

200
10

Inverse Current 
(ã, Specified 

Voltage 
(gA max.) 

100 @ — 50 V 
100 @ — 50V 
100^ -10V* 
250 @ —50V* 

75 (a, -10V*

HUGHES GERMANIUM DIODES 

first of all for reliability.

Maximum Inverte
Voltage 
(Volta)

100
60

125 

♦Measured 75° C.

For additional information write: Hughes Products, 
Marketing Dept.—Semiconductors, International 
Airport Station, Los Angeles 45, California.

Hughes gold bonded diodes exhibit fast recovery together with 
high forward conductance, low reverse leakage and high peak 
inverse voltage. They are fusion sealed in a subminiature one- 
piece glass envelope. This assures you complete isolation from 
damage or contamination.

Under varied and severe environmental and operating condi
tions, Hughes Gold Bonded diodes exhibit outstanding perform
ance. You can be assured of reliable performance, since Hughes 
diodes exhibit the following characteristics: shock resistance... 
vibration resistance... thermal stability... electrical stability.

(-----------------------------------------------------------------  

i
Creating a new tcorld uith fill 1 RO \ ll S _

nUGnE.o rnUDULId

© 1959. HUGHES AIRCRAFT COMPANY
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... for Complete Reliability Under 
Severe Environmental Conditions

NEWS Inventions Wanted
U. S. Bids Designers

Help Solve Military Problems

TYPE DCH HERMETICALLY SEALED RESISTORS
Deposited Carbon, Precision, Miniature, Ruggedized

TYPICAL DERATING CURVE
A true hermetically sealed deposited 
carbon film resistor with outstand
ing stability and rugged perform
ance characteristics. Excellent volt
age coefficient, low capacitive and 
low inductive characteristics for de
pendable operation under difficult 
high frequency applications.

; loo 
»
2 7»

Rated at ’/io# '/«, '/*, 'ó, I, 2, and 5 watts

Resistance range from 5 ohms to 600Meg- 
ohms

JUST ASK US

Tolerance: 2 1%

TEMPERATURE COEFFICIENT: 140 to 500 
parts per million per degree C., depending 
on type.

RUGGEDIZED: Completely sealed with 
high temperature alloy solder in newly de
veloped envelope of non-hygroscopic ce
ramic.

Ihe DALOHM line includes precision re
sistors (wire wound and deposited car
bon); trimmer potentiometers; resistor 
networks; collet fitting knobs and hys
teresis motors designed specifically for 
advanced electronic circuitry.
If none of the DALOHM standard line 
meets your needs, our engineering depart
ment is ready to help solve your problem 
in the realm of development, engineering, 
design and production.
Just outline your specific situation.

SMALLEST IN SIZE: .155 x 9 32" to 
.562 x 4-’/j ".

RESISTANCE ELEMENT: Pure crystalline 
carbon particles that contain no binder or 
filler.

MILITARY SPECIFICATIONS: Surpasses 
MIL-R 10509B.

DALE 
PRODUCTS 

INC.
1328 28th AVE. 

COLUMBUS, NEBRASKA
Write for Bulletin R-27

THE LATEST list of inventions 
needed by the armed forces includes 

more than twenty ideas that could come 
from the electronics industry.

Designers who hear the bell ring on 
any of the inventions listed here can get 
more details by writing to the National 
Inventors Council, U.S. Dept, of Com
merce, Washington, 25, D. C.

The glamor item of the current list 
is a personal, controllable lift device. 
This should permit the slow descent of 
a man from an air vehicle to the earth, 
or allow him to negotiate rough terrain. 
The operating temperature range should 
extend from — 65 F to 120 F.

Other opportunities for electronics 
designers:

■ Angle of Attack Meter—A mecha
nism to measure angle of attack at hyper
sonic speeds at high temperatures and 
in the fringe of the earth’s atmosphere.

■ Altimeters—Simple mechanisms for 
measuring pressure altitude to 500,000 
ft or higher.

■ Precision Wind Meter for Ascend
ing Rocket—To determine wind speed up 
to 100,000 ft, or at least 60,000 ft, with 
an accuracy of one to two mph during 
the ascent of a small rocket.

■ Automatic or Semi-Automatic 
Cloud-Droplet-Size Measuring Equip
ment-One method to determine the 
drop-size distribution in clouds is to col
lect the droplet on a slide, micro-photo
graph it and count the droplets of dif
ferent size-ranges. This is very time
consuming. An automatic or semi-auto
matic device to carry out this task is 
sought.

■ Wave Measurement Gage—A device 
to measure the height of water waves 
up to 75 ft as a function of time, with 
an accuracy, of one ft. The unit must be 
capable of measurements in water depths 
from 25 to 2000 ft.

■ Vibration Isolation Equipment—De
vices to protect sensitive airborne equip

ment from high “g” stress and se\ re 
vibration.

■ Self-Restored Submarine Cable 
Service—A system whereby when a 
break occurs in a submarine cable, he 
section between repeaters will discon
nect and the remaining repeater termi
nals will start producing sonic waves. 
A new cable section when put in the 
area with temporary sonic-seeking, tor
pedo-type carriers will connect the two 
end repeaters with the new cable sec
tion to restore electrical signal transfer.

■ Pressure Sensing Devices—A small 
pressure sensor not dependent on bel
lows, diaphragms or bourdon tubes, to 
provide an accurate indication of pres
sure in fluid lines and combustion areas.

■ Data Transmitting Devices—Devices 
accurate and repeatable to within 30 sec 
of arc. Means are required to transmit 
electrical signals accurately from sensors 
to equipment, indicators and subsystems 
utilized on weapons systems.

■ Preformed Semiconductor Crystals 
for Device Fabrication—Germanium and 
silicon single crystals grown in ribbons 
or rods, with uniform physical and elec
trical characteristics, to sizes suitable for 
direct fabrication into diodes, transistors, 
solar cells, etc. The semiconductor mate
rial sould have the properties equal to 
or superior to material presently used in 
germanium and silicon transistors. The 
new growing method should permit the 
direct utilization of the semiconductor 
for device fabrication, thus eliminating 
the conventional wasteful and expensive 
slicing, lapping and polishing operations. 
[See ED, May 13, p. 3.]

■ Low-Loss, High-Power Ferrites for 
Use as Microwave Phase Shifter.

* A Broadband Maser Amplifier for 
Use in Microwave Region.

■ A New Method of Electronically 
(Not With Frequency Change) Scan
ning an Antenna.

■ Reliable Long-Life Cathode-
CIRCLE 10 ON READER-SERVICE CARD
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the calm corridorall- weather radar finds

Creating a new world
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The Hughes tonotron tube 
Applications: Airborne weather radar. “B” scan radar, 
armament control radar, plan position indicator infor
mation and slow-scan television.
Available models: Electrostatic deflection, 3-inch, 
4-inch and 5-inch diameters. Magnetic deflection, 5-inch 
and 21-inch diameters.

MUST HAVE NEGATIVE 

personality

fficient, indirectly heated, unipotential 
lermionic cathode having 100,000-hr 
fe in negative-grid tube with current 
ensity of 500 mdc/cm2.

■ A Dry Battery Performance-Capa- 
•ility Indicator—A sheet or strip of ma

terial that in aging changes colors or 
textures, or colors and textures.

■ Carbon Black Evaluation—A test 
procedure or device to determine quickly 
suitability of a lot of carbon black for 
use in dry batteries.

■ Resistance Thermometer Filament— 
A material having a high-temperature 
coefficient of resistance, which can be 
drawn or formed into filament for a 
resistance thermometer.

■ Dry Battery Test Method. Two 
Problems—(a) Accelerated Dry Battery 
MnOo Evaluation Procedure: An accel
erated procedure for evaluating manga
nese dioxide for use in dry batteries; 
and (b) Accelerated Dry Battery Evalu
ation Procedure: An accelerated test 
method to indicate quality and shelf life 
of dry batteries.

■ Water Pressure-Time Gage—A sim
ple, inexpensive accurate mechanical 
gage for reliable recording of the pres
sure-time history of a water shock. The 
gage is intended for field use and should 
he self-contained. The pressure-sensing 
and recording mechanisms must be in
sensitive to shock, so that the pressure 
record will not be obscured. Operating 
depths extend to 200 ft, and shock pres
sures range from 200 to 15,000 psi. ■ ■

The new Bendin Airborne Weather Radar 
uses the Hughes TONOTRON tube lot a 
high-fidelity picture reproduction Witn 
this system the pilot can keep an area 

as great as 150 miles ahead and to the right and left, under con
stant observation-day or night.

Providing a clear picture of turbulence cells in storms ahead. 
Hughes tonotron* tube gives your airborne weather radar 
exceptional ability to find the “calm corridor.’’
Hughes tonotron tube gives you several features which make 
it ideal for weather radar readout and ground mapping:
Full Gray Scale —Seven different shades of gray.
High Picture Brightness—In excess of 1500-foot lamberts with 
full halftone range. Even in full sunlight no viewing hood is 
required —thereby providing maximum safety.
Controllable Persistence — Gives you flexibility in analyzing 
the complete weather problem.

Developed by the famed Hughes Research and Development 
Laboratories, the tonotron tube is just one of the nation’s 
largest family of storage tubes!

For further information about the tonotron tube, please 
write: Hughes Products, Electron Tube Sales, International 
Airport Station, Los Angeles 54, California.

ENGINEER WANTED to 
DEVELOP heavy POSITIVE 
MAGNETIC FIELD system
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ANNOUNCING...

NEWS
Underground Radio Studied

Air Force interest has led to promising hea< 
on the development of an underground comi 
cations system that would be almost invulnei 
to enemy attack.

The idea is to use a transmitter buried se 
hundred feet below earth. It would send oi 
alternating current over insulated electric cc.
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LLE ENY
ELECTRONIC CHEMICALS CO.

a new concept in SILICON supply !
Right off the bat you start doing things the way 

they should be done.
You pick men who know — a top-flight manager 

from the process field, and a well-versed gentleman 
from the semiconductor field. Then add experienced 
semiconductor men who understand the device 
manufacturer’s problems. That’s your management 
group.

Next provide a plant. Select a site where condi
tions are particularly favorable — as they are near 
the Allegheny National Forest.

Then, devote your efforts exclusively to the pro
duction of ultra-pure silicon in every form.

This... is Allegheny Electronic Chemicals Co. 
And this is for you — a new concept in silicon sup
ply, a new service for the semiconductor industry.

Your inquiries are invited. Write to Allegheny 
Electronic Chemicals Co., 207 Hooker-Fulton Bldg., 
Bradford, Pennsylvania, or 252 North Lemon St., 
Anaheim, California.

to a pair of buried electrodes. The electi des 
would act as an oscillating dipole antenna ano dis
seminate narrow-band, very low-frequency sig. ials.

The signals would move out over a wide area, 
angle through the earth and travel to the surface 
to take advantage of a channeling effect that 
would carry them long distances.

Eventually an underground receiver would pick 
up the signals looping in from just over and just 
under the earth’s surface.

The Space Electronics Corp, of Glendale, Calif., 
which is studying the system, says increased 
power—particularly high-peak power—is needed. 
And because of bad signal-to-noise ratios inherent 
in underground propagation, a narrow bandw idth 
must be used, with its resultant low-information 
rate.

Another problem is optimizing carrier fre
quency. Low frequencies suffer less attenuation, 
but higher frequencies benefit more from the chan
neling effect. The company reports it is using 
sophisticated techniques in calculating the vari
ables and is designing both a special antenna and 
receiver. Information sent over the system would 
be coded for data-compression.

The advantages of the system? Protection from 
most enemy attacks, negligible RFI, low vulner
ability to counter-measures and low over-all cost.

Its prime application would be the linking of 
underground missile sites.
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Silicon polycrystalline bulk, cast 
billets and rods, single crystals, slices, 

seeds and dope.

ALLEGHENY
j ELECTRONIC CHEMICALS CO.il
207 HOOKER-FULTON BLDG., BRADFORD, PA.

producers of semiconducting materials for the electronic industry
CIRCLE 12 ON READER-SERVICE CARD

Electronic Sales Peak Forecast

Record sales of $9 billion were forecast for the 
electronic industry this year at the 35th convention 
of the Electronic Industries Association.

And companies can look forward to increasing 
business for the next several years, Frank W. 
Mansfield, chairman of the association’s marketing 
data department, told the delegates in Chicago. In 
making his forecasts, he noted factory sales last 
year of $7.5 billion.

The military market for 1959 should reach $5 
billion, Mr. Mansfield asserted, and transistor sales 
$300 million.

Electronics, he noted, with 700,000 manufactur
ing employees, is already the nation’s fifth largest

ELECTRONIC DESIGN • June 10, 1959



What is the difference between AC and DC capacitors?

survn e.

Electronic Night Stick Calls Help

6v, rechargeable batteryPower supply SANGAMO ELECTRIC COMPANY, Springfield, Illinois

CIRCLE 13 ON READER-SERVICE CARD

indo ry. Neu sales should rank it even higher, he

UM6AI
***«

loaded” with a tiny
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British-built nightstick

herr tically sealed into the unit. Multitone Electric Co. 
of L ndon is the maker.

Q. R. Hull, president of EIA, predicted that 
chili n space-agency expenditures for electronics 
would total $4.8 billion through 1970, one-third 
of ah outlays for space equipment.

Ti insister figures made special news at the con
vention. D. W. Gunn, chairman of the EIA’s tube 
and st miconductor division, pointed out that from 
1954 to 1959 semiconductor sales grew 20 times— 
from $5.1 million te $112.7 million. He looked for
ward to semiconductor manufacturers sharing a 
1965 market of $1 billion.

But he went on te discuss “a problem affecting 
all divisions of EIA—importation of goods from 
abroad.”

“Due to the size and nature of the product, tran
sistors have been affected most severely by the im
portation of sets and devices,” he said, “and it is 
apparent that some action must be taken to con
trol these imports if the domestic industry is to

stor transmitter that can set off burglar alarms, 
vatchman presses a button in the butt of the 
e. The transmitter sends out a signal, picked up 
!oop of wire surrounding the area to be protected. 
:gnal sets off alarms and automatically calls the

The net result is a capacitor of exemplary performance in 
many AC applications. Such a capacitor will not necessarily 
deliver optimum results on a continuous duty DC application. 
Frequency Effects — AC capacitor electrical losses are propor
tional to frequency, dissipation factor remaining constant. 
If a unit is designed to operate at maximum temperature rise 
at a frequency of 60 c.p.s., its internally generated heat will be 
excessive at any higher frequency. A sizable increase in 
volume and surface area is necessary for satisfactory per
formance at increased frequencies. The penalty of ignoring 
the frequency factor may be a ruptured unit.
We have attempted to cover only the most pertinent factors 
having to do with the two types df components; to emphasize 
that AC and DC capacitors are not the same devices. To 
summarize, they may differ in these respects:

(a) inherent characteristics of the kraft tissue.
(b) electrical properties of the impregnating oil.
(c) internal arrangement of the capacitive elements.
(d) current carrying capabilities of the internal connec

tions.
(e) heat dissipating capabilities of the enclosure.

Sangamo Sales Engineers are well qualified to provide council 
and assistance on the difference encountered in DC and AC 
oil impregnated paper dielectric capacitors. The Sangamo 
line is complete and offers a wide selection to meet all applica
tions. In addition, specific Engineering Catalogs are available 
for your files which clearly define and detail rating factor 
requirements. Write for Engineering Catalog No. SC59-4.

free more conducting ions from the dielectric oil, thus acceler
ating the destructive action. The capacitor designer combats 
this condition in a DC capacitor by----

(a) minimizing the initial presence of free acid radicals in 
all dielectric materials.

(b) neutralization of trace ions through addition of selec
ted inhibitors.

Such inhibitors are not necessary or desirable in capacitors 
intended for AC use. The alternating electrical force field 
does not promote unidirectional migration of mobile ions. We 
do not infer, however, that the AC capacitor is not subject to 
chemical deterioration.
Temperature Rise and Chemical Deterioration — Both AC 
and DC capacitors are subject to chemical deterioration as a 
function of temperature and voltage stress. Chemical activity 
is roughly accelerated by a factor of 2 for each 10°C increase 
in temperature. The reactive current in an AC application 
will cause generation of internal heat as a result of:

(a) dielectric loss
(b) resistance losses in the electrodes
<c> contact resistance losses

The net result is unit temperature rise above the ambient 
temperature. The capacitor design engineer accomplishes 
minimum temperature rise by:

(1) Careful selection of the impregnating oil.
(2) Careful choice of paper density, purity, and lamina

tion.
(3) Proper disposition of the internal current carrying 

members.
(4) Efficient arrangement of internal capacitive elements.
(5) Providing maximum heat radiating area in the can 

surface.
(6) Providing an efficient heat radiating finish on the 

container.

A recurrent question confronting the capacitor engineer in
volves the comparative AC and DC application for chlorinated 
synthetic oil impregnated and filled paper dielectric capa
citors.
Our industry is highly specialized. To realize maximum effi
ciency and performance of prime equipment and systems, the 
components utilized must be specifically tailored for the appli
cation. Let’s see how this concept affects an engineer’s deci
sion of capacitor choice.
Although the operations and functions are dissimilar, AC 
and DC paper capacitors have many similarities. They are 
almost identical in physical appearance. Both may - - -

(a) utilize metal containers.
(b) be hermetically sealed.
(c) have approximately equivalent case sizes.
(d) have the same terminal structure.
(e) have the same container finish.
(f) be impregnated with chlorinated synthetic oil.

Both are fundamentally a device to store a quantity of elec
trical energy.
The electrical parameters of AC and DC paper capacitors may 
appear to be approximately the same. The particular char
acteristics that are important to their circuit performance 
are markedly different. Let’s now take a look at some of 
these considerations:
Insulation Resistance. This is a very important characteristic 
of a capacitor used in most DC applications. It is not com
paratively as important in the operation of a AC motor run
ning capacitor. In the motor, the capacitor is shunted across 
a rather low resistance coil.
Dissipation Factor — The AC motor running capacitor’s useful 
life may depend greatly on the value of dissipation factor at 
operating voltage, frequency, and ambient conditions of tem
perature. Internally generated heat in the capacitor body is 
proportional to the dissipation factor. Life expectancy is, in 
turn, inversely proportional to the internally generated heat 
The dissipation factor of a DC capacitor is only important as 
an indicator of general quality.
Applied Unidirectional Electrical Stress — This is probably the 
point of greatest consideration in the comparative rating of 
DC and AC paper capacitors. Continuous current flow occurs 
in the dielectric of a DC capacitor upon application of polar
ized voltage. The magnitude of this current is a function of 
the insulation resistance at the imposed condition of voltage 
and temperature. The accumulative effects of these condi
tions can be insidiously damaging. Eventual capacitor cata
strophic failure can occur as a result of progressively acceler
ated electro-chemical activity. Conductive ions may migrate 
to one electrode of the capacitor due to the influence of the 
electrical stress. These ions, primarily acid radicals, may 
chemically attack the electrode metal, forming metallic salts 
The metalic salts may be soluble and may act as a catalyst to

REFERENCE 
DATA FILE 
Folio 59-4



Experimental Electronic Larynx

Uses Pulse Generator

Artificial electronic larynx has a modified telephone receiver at end, whic 
pressed against throat for voice production. Push-fo-talk switch also modulates 
quency of vibration.

DIGISWITCH*relieves digitension

SAVE PANEL SPACE WITH THE DISISWITCH

to Simulate Voice

Human engineered switch design reduces switch 
reading and setting errors. 

Finger tip switch setting from visual decimal number 
to binary code (1, 2, 4, 81, to octal code (1, 2, 4, 7) 

or 10 contact positions (Single or double pole!.
Stack any. number of switch modules to satisfy design needs. 

Contacts rated for 200 volts; I ampere. Contact resistance 0.5 ohms. 
Write for complete specifications of Series 7300 Digiswitches.

j|C TRADE MARK ANO PATENT PENDING 

) THE DIGITRAN COMPANY 
45 WEST UNION STREET, PASADENA, CALIFORNIA 

PHONE: RYAN 1-9667

AN ELECTRONIC larynx is 
being developed for persons 

who have lost their voices through 
larynx removal or vocal-cord paral
ysis.

The miniaturized unit pulses vi
brations into the throat, where 
they are transformed by ordinary 
talking movements into recogniz
able speech. Designed by Bell Lab
oratories, the device contains a 
modified telephone receiver acting 
as a driver, a pulse generator and 
a mercury-cell power supply. It 
works this way:

The operator presses the vi
brator-end of the unit against his 
throat and switches on the tran
sistorized pulse generator. The vi
brating drive sends pulses into the 
throat cavity. There they are turned 
into speech sounds by normal use 
of the throat cavity, tongue, mouth, 
teeth and lips.

Speech volume is equal to the 
normal voice level, but the sound 
is a bit buzzy and mechanical. 
However, a pitch control permits 
some inflecting. Experienced users 
can achieve sentence intelligibility 
of 97 per cent or more.

Circuit parameters are adjusted 
for maximum acoustic output with 
minimum current drain. Two tran
sistors are used in a relaxation os
cillator, whose frequency is con
trolled by a variable resistance and 
whose pulse width is determined 
by a feedback network.

Output is a negative pulse that 
may be varied from about 100 to 
200 cps by a rheostat that the user 
operates by pressure on the push-to- 
talk switch, thus changing the pitch 
of his voice. For women, the fre-

2700

1500

2M69A

ON-OFF 
SWITCH

200

IOV

RECEIVE”

402NI74 X—y

Pulse generator uses INI37 diode to opf 
pulses to 2N174 transistor in single-end 
power output stage. Circuits yield maximi 
sound with minimum ma drain.

CIRCLE 14 ON READER-SERVICE CARD
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FORWARD CHARACTERISTICS 
- - - - - - DESIGN CURVES ~T~
From 7 to 74 volts at IQmA

Artificial larynx in action. Unit is 
held against throat while thumb oper
ates combination push-to-talk and pitch
control switch.

Vn alternative to mercury cells 
is । small ac power supply that can 
b< fed from a normal wall outlet 
al t home or office. When the arti- 
h( al larynx is plugged into the 
P1 ver supply, its batteries are dis- 
c< ected from the circuit.

rinted circuitry is expected to 
ct the size of the present unit. ■ ■

quency range is adjusted to 200 to 
400 cps.

A third transistor acts as a single
ended power output stage that am
plifies the pulses applied to it from 
the relaxation oscillator. A diode 
isolates the multivibrator from the 
power amplifier input impedance 
during the period between pulses 
and is necessary for stable operation.

Powered by Mercury Cells

Because a large pulse is required 
for sufficient acoustic power out
put at low frequencies, the relaxa
tion oscillator drive circuit has 
heavy current requirements.

I wo 5.2-volt mercury cells in 
series power the artificial larynx 
continuously for about 12 hours. 
These batteries have a 250 ma. 
hour rating with a maximum per
m ssible current drain of 25 ma. 
The push-to-talk operation, giving 
12 hours of continuous operation, 
should be equivalent to several 
d vs or even weeks of normal talk-



Cambion Insulated Terminals are available in stand-off and feed-through types; with internal or external thread 
mounts, press-fit mounts, or rivet mounts. And for special mounting requirements, unique types like the Teflon 
press-fit terminals fill the bill efficiently and economically.

Solid defense against trouble
You can count on rugged Cambion«’ 

Insulated Terminals for trouble-free 
performance under the toughest service 
conditions. All three types — ceramic, 
phenolic, Teflon b> — withstand con
stant shock, vibration, and in-service 
handling. For example, not even pro
longed and repeated soldering will 
loosen terminals on ceramic types. 
What’s more, they’re designed to func
tion flawlessly over a broad humidity 
range: ceramic insulators are silicone- 
impregnated; phenolic types are var
nish-impregnated. In every case, solder 
terminals are machined from top qual
ity brass and plated to extremely close 
tolerances; completed units are com
pletely tested for breakdown. And, like 
all Cambion components, they’re un
conditionally quality guaranteed in 
lots of 1 or 1,000,000.

For complete details, contact your 
local Cambion Distributor or write 
Cambridge Thermionic Corporation,

457 Concord Avenue, Cambridge 38, 
Mass. On the west coast: E. V. Roberts 
and Associates, Inc., 5068 West Wash
ington Blvd., Los Angeles, California. 
In Canada: Cambridge Thermionic of 
Canada, Limited, Montreal, P.Q.
For high temperature applications. Cambion 
Standard Ceramic Terminal Boards provide the 
ideal solution. Two basic types: 1. Double-row, 
8-terminal type in 3 sizes for mounting com
ponents with !i, 1 or 2 watt resistor body sizes. 
Ground straps to mounting studs provide positive 
RF grounding. 2. Single-row, 6-terminal type with 
end terminals at ground potential. All boards are 
silicone-impregnated for maximum protection 
against moisture.

CAMBRIDGE THERMIONIC CORPORATION

The guaranteed electronic components
CIRCLE 16 ON READER-SERVICE CARD

WASHINGTON 
REPORT

Ephraim Kahn

Light Shed on Three Types 
of Incentive Contracts

Incentives for defense contractors are starting 
to shape up, though they are still frankly experi
mental. Though they have been made a part of 
the Armed Services Procurement Regulation, 
they will not be applied across-the-board. In
deed, they can be used only after approval by 
a high-level military purchasing executive.

Basic type of incentive contracts, which may 
be written for electronics and other items, are 
(1) performance and (2) value engineering. 
Performance-incentive feature may be used in 
conjunction with fixed-price-incentive or cost
plus-incentive-fee contracts, since it may increase 
costs to the military. Value engineering provi
sions are considered suitable primarily where the 
items being bought are covered by firm govern
ment specifications.

Performance-incentive contracts will enable 
firms to earn bigger profits by providing for pay
ment of a bigger fee if stated targets are sur
passed. But a contractor can find his profit cut 
if he fails to produce an item that meets the 
government’s minimum requirements. To be 
weighed as a part of “performance” are—in ad
dition to the capabilities of the end-product- 
such things as timeliness of delivery, ease and 
simplicity of operation, maintenance economy, 
etc. Because higher over-all performance of the 
end-item is the primary objective of such con
tracts, incentive features will be drafted to re
flect a “balancing of the various characteristics 
which together account for over-all performance, 
so that no one characteristic will be exaggerated 
to the detriment of the end-item as a whole.”

The military approach the performance-in
centive type of contract with considerable cau
tion. They recognize that it is “perhaps most 
suitable for use in procurements of major weap
ons systems wherein there are either substantial 
development goals or potentialities for improved 
performance which are of great importance to 
the government.” But they acknowledge that 
“this type of contract poses complex problems 
in contract administration and should be used 
only after thorough evaluation of all the fat tors 
involved in each case by the contracting officer 
in conjunction with personnel fully qualified in
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VITREOUS
Quality Features

RESISTORS

ieri-
electronics firm

em-

sur-

mv.

Ohmite can supply all of your resistor needs
some of the many types available

ice.

Be Right with

Quali omponents

Writ* on company letterhead for Catalog 5B

CIRCLE 17 ON READER-SERVICE CARD

WELDED RESISTANCE 
WIRE JUNCTION

TINNED, ALLOY 
TERMINALS—

result from improvements. 
Under such a contract,

EVEN, UNIFORM 
WINDING

The almost endless variety of Ohmite resistors in many sizes 
and types—in a wide range of wattages and resistances — 
makes it possible to meet each individual need. Many of 
these can be supplied from the world’s largest factory 
stock. Whatever your resistor requirements may be, 
chances are you will find exactly the type you need in 
industry’s most complete line of high-quality resistors.

HIGH-STRENGTH 
WELDED TERMINAL LUG

Liv* Bracket Mounting 
Resistors

VITREOUS ENAMEL 
COATING

RESILIENT MOUNTING 
BRACKETS

STRONG CERAMIC 
CORE

In Ohmite resistors, spot welding replaces soldering, brazing, 
and mechanical fastening. Spot welding produces strong con* 
nections that are not affected by vibration or high tempera
tures. Ohmite welded construction also produces an almost 
flush connection between the resistance wire and terminal. This 
prevents thin spots or bulges in the vitreous enamel coating 
which might cause future trouble and failure. Many different 
types of terminals are available besides the lug illustrated.

Ohmite Manufacturing 
Company

3643 Howard Street 
Skokie, Illinois
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may 
are

co ract pricing.” At the outset, it appears as 
the gh electronics firms—which clearly work in 
a i ost appropriate field for performance incen- 
tiv. s—will not be swamped by offers from the 
mi! (ary to gamble their skills and inventiveness 
for a slightly larger payoff.

Value engineering contracts seem to be de
signed, in part, to furnish the government with 
better specifications. Their purpose is to ensure 
that “every element of cost (e.g., labor, material, 
supplies, styling, and sendees) contributes pro
portionately to the function of the item." Con
tractors will receive a percentage of savings that

Reliability Standards to be Tightened
Reliability criteria to be applied by the mili

tary m their purchases of electronic gear and 
other components of weapons systems are start
ing to get firmer. Soon they will be codified and 
mandatory reliability goals will be written into 
new weapons system contracts. Even now, the 
Air Force is studying a proposed specification 
for reliability, and it is expected to be made pub
lic at the end of June.

The Reliability Monitoring Program, origi
nally proposed for guided missiles, is being ap
plied to all weapons systems by the Air Force. 
It involves a thorough check on product reliabil
ity at specific stages of design, development, and 
production of a weapons system.

C mgress played an important role in nudging 
the military toward a more active reliability 
pro rain, though the military had been aware 
for i long time that there were shortcomings. 
The House Appropriations Committee, however, 
ma* clear in a staff report that it was less than 
sati led with the performance of U.S. missiles, 
am it urged that “appropriate reliability re
qui ments” be included when specifications 
wer written for missile systems and components.

(Continued on page 18)

fase 
ovi-

might be required (or encouraged) to maintain a 
staff to make value-engineering studies. These 
are intensive appraisals of all the elements of 
the design, manufacturers or construction, pro
curement, inspection, installation, and mainte
nance of an item and its components. Note, how
ever, that under these contracts the government 
commits itself only to making “reasonable efforts 
to expedite the analysis of each study submitted 
by the contractor.” If it is accepted, a change 
order will be issued, “together with a reduction 
in the contract price corresponding to the agreed 
percentage of the cost reduction.” But, “the gov
ernment does not have to adopt any study and 
failure to do so is not subject to the Disputes 
clause of the contract.”

Axial Lead

Brown Devil' Wire Lead

Fixed. Lug Type

Dividohm* Adjustable

Thin Type

Noninductive
Powr R»b*, High Current, 

Round or Ribbon Wire, 
Open Wound

Corrib*, High Current, 
Corrugated, Edgewound 
Ribbon

Resistors with Heal 
Conducting Studs

Ferrule Mounting Resistors RHEOSTATS RESISTORS 

TANTALUM CAPACITORS 

VARIABLE TRANSFORMERS

RELAYS

TAP SWITCHES

DIODES RF. CHOKES

Resistors to meet MIL
Specifications

High-Shock Resistors

Balanced Thermal Expansion 
prevents crazing 

and moisture entrance

Edison Screw Base Mounting 
Resistors

Riteohm' Wire-Wound 
Precision Resistors, 
Encapsulated; Vitreous 
Enameled; Molded 
Jacket; Hermetically 
Glass Sealed

Riteohm ’ Metal 
Film Resiston



RACE™,a modern support concept, originated with SPERRY

Rapid Automatic Checkout 
Equipment plays a key role 
in assuring operational effi
ciency of weapon systems.

WASHINGTON REPORT

Five Sperry Pluses
That Solve Ferrite Problems Fast
(other solid-state materials as well)

1. CREATIVE CLIMATE-
for the type of research and development brains eager to go 
ahead of ideas already established and in use —has attracted 
the top scientists oi the field to Sperry Microwave Electronics. 
This in turn has brought top engineers to the task of convert
ing developments into dependable, advanced products.

2. PRACTICAL EXPERIENCE —
Sperry Microwave Electronics has pioneered in extremely 
broadband frequency range components at high and average 
power levels (such as this ferrite isolator designed for coun
termeasures systems) — in S-band and below for high power 
components, and in many special devices.

3. LATEST EQUIPMENT—
laboratories — and laboratory equipment such as this — are 
common in Sperry’s modern 85,000 sq. ft. plant in Clear
water—and with it the latest production equipment.

4. CONTROLLED MATERIAL—
key to the reliability and repeatability of ferrite and other 
solid state devices — is produced by Sperry to assure con
sistent quality.

5. PROVED PRODUCTION— already in use is Sperry “hardware” such as (1) Duplexer; (2) Ferrite Equalizer;
(3) High Power Isolator, and (4) Low Power Isolator.

You are invited to use Sperry facilities to the fullest—and take advantage of the 
investment Sperry has already made in initial research and development. Write:

SPERRY MICROWAVE ELECTRONICS COMPANY, CLEARWATER. FLORIDA • DIVISION OF SPERRY RAND CORPORATION 
Address inquiries: Clearwater. Florida, or Sperry Gyroscope offices in Great Neck • Cleveland • Day ton • New Orleans • Los Angeles • San Francisco • Seattle 
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AF Contracts to Include Reliability Clause

Air Materiel Command and Air Research ; id 
Development Command have already been r- 
dered to see to it that existing contracts prov le 
sufficient reliability. They have also been told to 
incorporate a “meaningful reliability requirem nt 
in all future weapons system contracts,” in ad li- 
tion to tightening up on supporting systems. Top 
priority has been given to a report on perforn- 
ance reliability under current contracts. The re
port will be made to the Air Staff.

The Air Force Deputy Chief of Staff (Materiel), 
Gen. C. S. Irvine, laid his Service’s attitude on 
the line before the House Defense Appropriations 
Subcommittee. He said: “We feel so strongly 
about reliability, we intend to require all new 
weapons system contracts to include a meaning
ful reliability requirement. By the term ‘mean
ingful’ it is meant that contracts must state 
clearly and specifically what the contractor must 
achieve and, of equal importance, what specific 
tests he must use in order to demonstrate that he 
has achieved the reliability requirement.” When 
the first reliability specification (MIL-R-26674) 
is completed, it will be applied, but officials ex
pect that “better and tighter” reliability specifica
tions will be written as time goes on.

Moves in this direction already are being made 
by the ARDC and the AMC. Work toward 
greater reliability is being carried on in coopera
tion with employes of firms that hold contracts 
to which reliability requirements will apply. Pol
icy guidelines have already been laid down, and 
efforts are being made to apply them to existing 
situations. Objective is to develop a program of 
checks “in which the status of reliability can be 
reviewed at predetermined steps throughout a 
weapons system’s life cycle, thus improving the 
possibility of meeting specified reliability re
quirements on time.”

Flexibility is to be the hallmark of application 
of the reliability monitoring program. The fram
ers of the policy want it to be applicable to any 
modem weapons system—whether air weapons, 
ground electronics, or other types are involved. 
Recognizing that reliability monitoring will be 
costly at first, the military hope to make up this 
expense by being able to cut inventories of 
spares, maintenance costs, etc.

There are eight points at which it is now 
thought essential to apply an adequate test of 
reliability as an objective review. This would 
supplement, not replace, the normal surveillance 
by the contracting agency and customary reliabil
ity checks by the contractor. They are:

1. At the very beginning, when a proposal is
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'■lectronic Products NEWS

CIRCLE 712 ON READER SERVICE CARD

PYREX 774

GRADING GLASS

KOVAR ALLOY

CIRCLE 713 ON READER SERVICE CARD
CIRCLE 715 ON READER SERVICE CARD

CIRCLE 712, 713, 714 OR 715 ON READER-SERVICE CARD

BOROSILICATE 
HARD GLASS

For those who would like to exper
iment with possible applications, test 
kits are available at a very nominal 
charge. Bulletins GR-2 on varistors 
and GR-3 on thermistors give physi
cal and electrical characteristics, 
types and sizes available and other 
pertinent data. Just drop a line to 
Globar Plant, Refractories Division, 
Dept. EDR 59, The Carborundum 
Company, Niagara Falls, N. Y.

NEW DATA SHEET ON HIGH 
TEMPERATURE RESISTORS

The problem of sealing a heavy metal 
ferrule to a large ceramic cone was 
brought recently to Carborundum’s 
Latrobe Plant. Team effort involving 
research and long experience in pro
ducing high strength, high tempera
ture, vacuum tight ceramic to metal 
assemblies resulted in the final design 
shown above. The ferrule is bonded 
to a dense, 96% alumina cone. It will 
withstand assembly and operating 
temperatures far above the range of 
soft solders and is extremely rugged.

Carborundum has facilities for 
manufacturing ceramic-to-metal 
assemblies to meet a wide range of 
specialized requirements. Our engi
neers will welcome the opportunity 
of discussing your particular prob
lems. Write to Latrobe Plant, Re
fractories Division, Dept. EDC 59, 
Carborundum Company, Latrobe, Pa.

CIRCLE 714 ON READER-SERVICE CARD

Large Ceramic-to-Metal 
Assembly solves problem 
in new electronic devices

Interest in the temperature-sensitive 
and voltage-sensitive characteristics 
offered by GLOBAR® ceramic type 
non-linear resistors is now being 
demonstrated in many electronic ap
plications. In transistorized circuits, 
for example, GLOBAR thermistors 
help to stabilize Ic variations with 
temperature and to prevent thermal 
run-away. GLOBAR varistors pro
tect transistors against over-voltage.

CERAMIC PARTS AND METALLIZED ASSEMBLIES GLASS-TO-METAL SEALS KOVAR ALLOT CERAMIC RESISTORS VARISTORS THERMISTORS

One of the many examples of glass- 
to-metal sealing made possible by 
KOV AR alloy is the graded seal shown 
here. This is a tubular transition piece 
for hermetically joining metal tubing 
to laboratory Pyrex-type glassware. 
The metal end, which can be joined 
to other metals, is of KOVAR alloy. 
Its thermal expansion characteristics 
are almost identical with those of 
borosilicate hard glass, which is used 
for the first glass section, fused to the 
metal. Succeeding glass sections, 
graded in thermal expansion coeffi
cient, connect the borosilicate glass 
to the Pyrex-type glass, which can be 
fused to laboratory Pyrex systems.

Stock sizes are from Vs* to 1.9" 
diam. at the metal end and from 4%" 
to 14" overall length. For further 
information, write to Latrobe Plant, 
Refractories Division, Dept. EDS 59, 
The Carborundum Company, 
Latrobe, Pa.

New Technical 
Data available 
on high tem
perature resis
tors— type SP. 
All essential 
technical infor
mation, includ
ing watt rat
ings, sizes, 
resistance

ma e to the government. This should include a 
rel bility program that should provide a detailed 
des pi study, including reliability reports on 
we. pons systems and subsystems, preferably 
based on prediction techniques.

2. Before construction of a prototype, when de
sign engineering and development tests would 
be reviewed.

3. In the prototype stage.
4. Prior to large-scale production. At this point, 

reliability achieved will be one of the bases for 
dec iding whether to authorize full-scale output.

5 At the time it is claimed that the product is 
ready for use in normal service.

6. If the product involved passes its demon
stration of service-readiness, a special evaluation 
will be made to see if the item can be turned out 
in quantity without loss of performance or reli
ability.

7. Reliability monitoring would of course, be 
carried on throughout the production process to 
make sure that there is no loss of quality.

8. Re-checks would be made whenever there 
was any major product improvement.

Having transistor troubles ?
THERMISTOR AND VARISTOR TEST KITS 

available for development and experimental work
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CARBORUNDUM
Resitfeted Trade Mark

GRADED SEALS-KOVAR ALLOY 
to Pyrex-type Laboratory Glass

Small Business Committee Wants 
Competitive Bids

Crackdown on sole-source buying by the mili
tary is being vigorously pushed by Chairman 
Sparkman (D., Ala.) of the Senate Small Business 
Committee. Asserting that the Defense Depart
ment was throwing away taxpayers’ money as 
effectively as though the actual dollar bills were 
tossed on a bonfire,” Senator Sparkman noted 
that the Navy’s Ships Parts Control Center had 
effected a saving of 70 per cent by purchasing 
under competitive bids rather than from sole 
sources of supply.

Senator Sparkman frankly states that he is 
disturbed at the excessive, if not exorbitant 

costs incolved in doing government business on 
a non-competitive basis with sole-source sup
pliers when it is apparent that additional com
petitive producers are available.1’

The Secretary of Defense was virtually told 
by the Small Business Committee chairman that 
con petitive bidding should be encouraged on all 
fro> ts. He put it obliquely, this way: “Should you 
cor lude that the efforts of the Ships Parts 
Control Center to inject an element of competi- 
tiop into former sole source purchases are worthy 
of < nulation by other Army, Navy, and Air Force 
pui basing offices, you may wish to institute a 
pn ram designed to maximize competitive buy
ing in the area under discussion.” Needless to 
saJ the Senator asked that he be kept informed 
°f e progress that is being made in conducting 
d procurement functions of the Department on 

an onomical and business-like basis.”

ranges, termi
nations, temperatures, overload 
capability etc., are included. For 
Sour copy, write to Globar Plant, 

Refractories Division, Dept EDR 
59, Carborundum Company, 
Niagara Falls, N. Y.



WITH

LABORATORY « ACCESSORY 
MA-259

$125.00 
Less Batteries

PRECIOUS METALS FOR IND
Alloying and Fabricating

• Precious Metals
• Rare Metals
• Specialized Base Metal Alloys 

For the Electronics Industry 
The Wilkinson Company specializes 
in custom fabrication of precious 
metal components for industrial 
devices—doped gold discs 
for providing ohmic contact 
for silicon diodes, gold and 
platinum ribbon for diode 
whiskers, high purity aluminum wire 
segments and foil, and a variety of
precious metal, rare metal and metal alloy units. 
Write for illustrated brochure:
Write for illustrated brochure:

THE WILKINSON COMPANY 
1660 NINTH STREET . SANTA MONICA, CALIFORNIA 
METALLURGISTS —ALLOYING AND FABRICATING PRECIOUS METAL COMPONENTS FOR 40 YEARS
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PRODUCTION DIODE 
TESTING

SILICON 
DIODE 

TESTER

DIODE TESTER MILLIMICROAMMETER
MODEL DT-257 $29500

• Rapid and accurate measurement of static characteristics of ger
manium and low-power selenium diodes.

• Transfer control switches pre-set forward and reverse operating 
points for rapid checking.

• Reverse voltages to 150 volts.
Forward current to 500 ma.

• Meter accuracy 2%.
• 2/3 size module of TLI Modular Instrumentation

System. KUUk

As an accessory to the Model DT-257 | 
Diode Tester this instrument will measure ■ 
the low reverse currents of Silicon Diodes. * 
Minimum full scale range is extended | 
to 0.01 microamperes.

I 
I 
I 
I 
I 
I
I 
I

DT-257 Diode Tester, MA-259 |
Millimicroammeter in RA-81
Rack Mounting AdapterTELETRONICS LABORATORY, .«c

94 KINKEL STREIT, WESTBURY, LONG ISLAN». NSW YORK
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MEETING*
Calendar of Events

June
14-18 American Society of Mechanical Engin rs,

15-17

15-18

15-20

15-20

16-18
16-18

17-20

17-27

21-26

22-26

22-26

24-26

24-28

29-1

July
16-17

Semi-annual meeting, Chase-Park Plaza H el, 
St. Louis, Mo.
Annual meeting, American Nuclear Soc;.ty, 
Gatlinburg, Tenn.
Summer Meeting, Institute of Aeronautcal 
Sciences, Los Angeles, Calif
First International Conference on Informa ion 
Processing, Paris, France*
Symposium on Electromagnetic Theory, Lniv. 
of Toronto, PGAP, URSI, University of Toronto, 
Ont., Canada
American Metereological Society, Boston, Mass. 
International Symposium on Circuit and Infor
mation Theory (IRE), Los Angeles, Calif.* 
1959 Engineering Progress Exposition, National 
Society of Professional Engineers, Hotel Com
modore, New York City, N.Y.
International Plastics Exhibition, London, 
England
ASTM 62nd Meeting, Chalfonte-Haddon Hall, 
Atlantic City, N.J.
Summer and Pacific General Meeting AIEE, 
Olympia Hotel, Seattle, Wash.
ASEE-ASTM Symposium on Education in 
Materials, Atlantic City, N.J.
Second Nuclear Instrumentation Symposium, 
Idaho Falls, Idaho
International Conference on Medical Elec
tronics, UNESCO, Rockefeller Institute, IRE- 
PG ME, Paris, France 
National Convention on Military Electronics 
(IRE), Washington, D.C.*
Regional Conference, Society of Plastics Engi
neers, Sheraton-Cadillac Hotel, Detroit, Mich.

Radio Technical Commission for Aeronautics, 
RTCA, IRE, Room 1072, Bldg T-5, Washington 
25, D.C.

August
4-6

9-12

18-21

23-26

31-2

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

* Includes meetings described herewith.

1st International Conference on Information 
Processing, June 15-20

UNESCO House, Paris. The conference pro
gram has been expanded to six major topics: 1-
Method of Digital Computing; 2. Logical Design
of Digital Computers; 3. Common Symbolic 1 <an-
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DID YOU SAYon

Hall.

IEE.

turn,

IRE-

nies

tics,

iver-

Courses and Seminars>tan-
circuit problems—with single orNo matter how you approach printedlace.

e tro

las«.

—AMP-lok—economical multiple quick 
connect/disconnect of harness to board.

—AMPin split tip firmly holds pin in 
board during solder dipping, assures 
good capillary flow. AMPin attaches to 
your leads with high speed A-MP tooling

—AMP-edge fits edge slotted boards 
giving high conductivity without scoring 
paths. Low cost board edge connections

—A-MP Component Tips crimp to com
ponent leads for firm mounting during 
solder dip. Permit stacking of units, pro
tect semi-conductor leads from heat.

—A MP Molded Edge Connector affords 
a solderless, reliable multi-circuit con
nection on printed circuit board edges.

—A MP Printed Circuit Connector, for 
gruelling aircraft environments, is sealed 
against moisture and arcing, attaches 
with right angle pins to circuit board 
edge. Dual leads for each contact.

multiple connector units, with board-edge or face attachments, with or without 
solder dipping, with or without eyeletting-AMP has just the product you’ll 
need for low-cost top reliability.

Production and assembly speeds are miles ahead of most other techniques. 
Versatility is unbeatable, permitting A-MP products to be used on different 
applications and in combination with each other.

For complete information on electrical characteristics, application methods 
and other specifications, send for our new Printed Circuit Applications Catalog.
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ass. 
ifor-

gu; e for Digital Computers (includes Auto
ma c Programming); 4. Automatic Translation of 
La» guages; 5. Collection, Storage, and Retrieval 
of information; 6. Pattern Recognition and Ma
chine Learning. The formal technical program 
will be held in plenary sessions. Thus there will 
be t me to visit AUTOMATH 1959, a major tech
nic ! exhibit, which opens before these sessions 
and closes afterwards.

unal
.om-

A summer study course designed to meet the 
demands of widespread use of radar and the in
creased use of microwave heating, testing, and 
communication systems in industry will be offered 
from July 20-31 by Case Institute of Technology. 
Kael ground requirements for engineers wishing to 
take the course should include college level 
stud s in ac circuits and elementary electron tube 
circL ts, as well as mathematics through differen
tia) ¡nation. Additional information on the course 
may >e obtained from Dr. James R. Hooper, Jr., 
Dir f Special Programs, Case Institute of Tech
nic i, Cleveland 6, Ohio.

Third National Convention on Military Elec
tronics, June 29-July 1.

Sponsored by the IRE Professional Group on 
Military Electronics, Sheraton-Park Hotel, Wash
ington, D.C. The technical program includes 
more than 100 papers to be presented at 5 classi
fied and 18 unclassified sessions, covering these 
topics: missile guidance, radar techniques, op
erations research and tacts, data transmission 
and processing, space electronics, instrumenta
tion (two sessions), navigation, surveying and re
connaissance, communicatioins (two sessions), 
space propulsion, missile electronics, radar sys
tems and equipment, computers, components, 
space communications, detection and tracking, 
space guidance and tracking, simulation, naviga
tion and reconnaissance, guidance, reliability. 
Exhibits of the latest military components and 
equipment representing the products of more 
than 100 companies will be held concurrently 
with the program. Advance registration, includ
ing the Proceedings, are $2 for IRE members, $3 
for non-members, $1 for students. For more in
formation contact L. R. Everington, Radiation 
Inc., Orlando, Fla.

International Symposium on Circuit and Informa
tion Theory, June 16-18

University of California, Los Angeles, Calif. 
The purpose of the Symposium will be to con
sider recent advances in Information Theory and 
Circuit Theory, and in particular to explore areas 
of interest common to two disciplines. For in
formation contact: Dr. G. T. Turin, Hughes Re
search Laboratories, Culver City, Calif.

PRINTED 
CIRCUITS

GENERAL OFFICES: HARRISBURG, PENNSYLVANIA
A-MP products and engineering assistance are available through subsidiary companies in: Canada • England • France • Holland • Japan
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Courses and Seminars
An Introduction to the Use of Digital Compu rs, 
an intensive course for engineers, scientists, in
dustrial and business users of digital compu rs, 
is being offered by the University of N cth 
Carolina, August 17-28, 1959 on The Chapel fill 
campus. Direction will be under John W. Cai II, 
Director of the Research Computation Ce .ter, 
which is installing one of the largest digital c >m- 
puters being used for research and education, the 
Univac Scientific 1105 Computer and Data ’ro- 
cessor. Two advanced courses will be “interlac ed" 
in the hours of lectures, Frontier Research in Pro
gramming and Artificial Intelligence, and Frontier 
Research in Numerical Analysis for Computers. 
Both advanced courses will allow the practicing 
scientist, engineer, and professional computer pro
grammer to hear lectures by, and discuss recent 
developments with, leading computer mathema
ticians and programmers from all over the world. 
Applications for enrollment and requests for in
formation should be directed to James G. Steagall, 
University Extension Division, Box 1050, Chapel 
Hill, N. C. A fee of $150 covers instruction, course 
notes, and computer operation costs for the intro
ductory course. Apply by June 15.
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NEW FROM CORNING
C-42 low-power, low-cost film-type resistor
What this Country needs is a good five- 
cent resistor—and here it is.

At the heart of the C-42 you’ll find 
a glass core coated with a very thin film 
of metallic oxide. It’s this construction 
that gives you the exceptional perform
ance you've come to expect from metal
lic film-type resistors.

In even characteristic, this new C-

42 outperforms the requirements of 
MIL-R-11B.

Here’s a quick summary of some of 
the important data:
Humidity: 1% max. resistance change
Shelf life: 0.2% per year, maximum.
Noise output: .1 microvolt per volt

Nominal length of the C-42 is 11 ie"
± !&". Power rating is 2 W at 70°C.

You can get the new C-42 in resistances 
from 200 ohms to 1.5 megohms.

For all the facts, including detailed 
comparison of the C-42 with MIL-R- 
11B. write to Coming Glass Works, 
540 High Street, Bradford, Pa. Or con
tact our sales offices in New York, 
r hicago. or Los Angeles.

See us in Booths 506 to 508 at the
WESCON Show, August 18-21.

NING GLASS WORKS
Electronic Components Department

The 1959 Statistical Methods in Industry 
Course, which includes a basic course in quality 
control by statistical methods and an advanced 
course in industrial statistical methods, will be 
held August 3-14 at the University of California. 
Los Angeles. In addition, a special program on 
current developments and applications in in
dustrial reliability problems is scheduled July 27- 
August 14. The University Extension program, 
sponsored by the UCLA Department of Engi
neering and the Los Angeles section of the 
American Society for Quality Control, should 
be of special interest to engineers concerned 
with quality control, inspection, and reliability 
problems in research, design, development and 
production.

Enrollment limited. Obtain details from: Pro
fessor Edward Coleman, Department of Engi
neering, University of California, Los Angeles 
24, Calif.

Paper Deadlines

June 30, 1959: Deadline for papers for the Fifth 
National Communications Symposium to be 
held October 5-7, 1959 in Utica, N.Y. Abstracts
of 100-150 words, double spaced, in triplicate,
should include name, position title, company
affiliation, brief biographical sketch. Send to:
Director of Communications, Rome Air Deve -

ELECTRONIC DESIGN • June 10, 1959
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opi ent Center, ATTN: Mr. Ralph L. Marks, 
Tei inical Program Chairman, Fifth National 
Co, munications Symposium, Griffiss Air Force 
ßa , N.Y. If an unclassified abstract of the 
classified paper (for the one-day classified sym- 
po Aim sponsored by the Rome Air Develop
ment Center) cannot be prepared, a classified 
abstract will be acceptable.
June 30: Paper deadline for a Technical Paper 
Contest being sponsored by the Standards En
gineers Society to stimulate new ideas and to 
encourage a more widespread awareness of the 
value of standards. Rules are: (1) Papers may be 
confined to one aspect of standardization. (2) 
Length should be free from 1600 to 2400 words. 
(3) Contest open to anyone. (4) Entries must 
be typed double-spaced on one side of 8/2" x 
11" paper and submitted in quadruplicate to: 
Mr. Fred Oberländer, Materials Standards, RCA, 
Camden 2, N.J. An award of $50 for the win
ning paper will be presented at the SES Annual 
Meeting September 21, 1959. The paper will be 
published in Standards Engineering, the So
ciety’s magazine.

July 1: Deadline for papers to be presented at 
the 1959 Mid-America Electronics Conference, 
November 3-5, 1959. Send abstract to either: 
Dr. Sheldon L. Levy, Midwest Research Insti
tute, 425 Volker Blvd., Kansas City 10, Mo., or 
Dr. Charles A. Halijak, Electrical Engineering 
Department, Kansas State College, Manhattan, 
Kans. Areas to be covered are: medical elec
tronics, engineering management, engineering 
education (students, technical writing, research 
in education), airborne electronics and compo
nents, simulation, computers and nucleonics 
(analog, others), components, sensors and relia
bility, wave propagation (masers, parametric 
amplifiers), adaptive servos and other non-linear 
systems.

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

Au ust 15: Submit by this date four copies of a 
10< word abstract and a 1000 word summary 
of apers on any phase of computing for the 
195 Eastern Joint Computer Conference. The 
Co erence will be held December 1-3, 1959.

CONTINENTALS

BURN-IN 
PROCESS

FOR SILICON DIODES
All Continental general purpose diodes are “burned- 
in” for 200 hours at 200°C—before being tested for 
specification parameters.
This burning-in process is a high temperature aging 
which accelerates chemical reactions of any contam
inants within the diode envelope. Under normal 
operation, these reactions might extend well into the 
service life of the diode, resulting in gradual perform
ance degradation or even complete failure. An extreme
ly high percentage of silicon diodes that survive 
burn-in remain stable over an indefinite life.
Burn-in, together with theCFT of junction forma- 
tion, are but two of the important elements which f
*( cntrtUfd Fusion Ttchniqut

comprise Continental’s Reliability Assurance Program. 
This program represents a significant forward step 
by assuring built-in reliability during manufacture 
and providing the necessary checks to allow the diodes 
to be used with confidence of trouble-free operation. 
To insure the reliability of your important equipment, 
it will pay you to investigate the full Reliability 
Assurance Program pioneered by Continental. A 
description of this program is available upon request.

12911 CERISE AVE., HAWTHORNE, LOS ANGELES CO., CALIF.
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0.200 GRID...

HIGH TEMP

K

NEW PRINTED CIRCUIT RELAY... FEED-THRU CAPACITOR 
module relay 0.200 grid ■ maximum module height, 0.400 inches ■ 25 g vibration to 2000 cycles ■ integral part of printed 

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

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

COMPONENTS

SPECIFIED WITH

CONFIDENCE

ELECTRONIC COMPONENTS 

SUBSIDIARY OF TELECOMPUTING 

CORPORATION

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

I
SALES REPRESENTATIVES j 

ELECTRONIC COMPONENTS '

SUBSIDIARY OF

TELECOMPUTING

CORPORATION

EAST COAST
I

KENNETH E. HUGHES COMPANY
4808 Bergenline Avenue 
Union City, New Jersey 
Phone: Union 7-3204 
TWX: UN CY NJ 797

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

324 Brooklea Drive 
Fayetteville, New York 
Phone: Neptune 7-9531

MID-WEST

R. EDWARD STEMM COMPANY
5681 W. Lake Street
Chicago 44, Illinois 
Phone: Estebrook 9-2700
TWX: CG 3104

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

SOUTHWEST

WM. G. MAYS COMPANY
Lone Star Life Bldg.
22331 Gus Thomassqn Avenue 
Dallas, Texas
Phone: Davis 7-6803 
TWX: DL 703

WEST COAST

(Northern California)
LONG & ASSOCIATES
Brewster-Warren Sts. Bldg
Redwood City, California 
Phone: Emerson 9-3324 
TWX: Redwood City, Calif., 32

(All other West Coast 
Areas Contact)

ROLAND KING, SALES MGR.
Electronic Components 
Subs«diary Telecomputing Corp. 
12838 Saticoy Street 
North Hollywood, California
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rwo

Let's Not Wait Till Next Year

values are too often optimistic’

FWP

AERODYNAMIC BLADE ANTENNAS

Band widths of 25 percent or greater

No space required inside airframe

CIRCLE 26 ON READER-SERVICE CARD

All metal leading edge provides 
high erosion resistance
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Mr. Design Engineer you have a problem.
■ You spend too much time selecting a semiconductor diode 
type for a particular application—up to sly hours on a general
purpose type; as much as 30 to 40 hours on a more specific unit. 
■ You find manufacturers test-method description and derating 
curves incomplete. Furthermore you discover that published

■ You are ’ very much annoyed by similar diode types bearing 
different JEDEC numbers.
■ You are convinced that diode standardization would be help
ful and cut wasted time.

This is what you told us in response to our March 18th edi
torial on diode standardization. Several hundred engineers were 
quick to respond to our questionnaire seeking insight on the 
problems created by the rising diode listing—from 2500 types 
last year to 4000 today.

There is no question that non-conformity among manufac
turers in the specification and testing of diodes is causing serious 
difficulties. Lack of time or reluctance to follow through on a 
tedious search job is causing some of you to overlook cheaper 
or improved diodes.

Manufacturers were interviewed to obtain their viewpoint. 
Typical comments were:
■ Users are much too critical.
■ Tight specs are demanded in situations where they are not 
needed.
■ By insisting on special ty pes, where stock units would do the 
job, the user is responsible for the increase in number of diode 
types.

Thus the finger of blame alternates from user to manufacturer. 
One point is obvious. The confusion and lack of standardization 
are costing the military—and thus the public—millions of dollars.

All branches of the military’ are complaining of the manpower 
and expense needed to requisition, stock, inventory and evaluate 
the wide variety of diodes. Since the military’ bears the brunt 
of the confusion, one might expect it to quit yearning for im
provement some day’ and to ‘‘wield a big stick."

But we hope manufacturers will show mature responsibility 
irst and work out standards among themselves. Talk about “the 
emiconductor art in its infancy, about “growing pains and 
in the near future” is stale after years of use.

Engineering time is valuable. How much more will be wasted 
efore the ’’infant matures?



PERFORMANCE IS PROOfTEST
S. SEMCOR RELIABILITY70'J

VOLTAGE REGULATING DIODES

SEND
YOURDOUBLE ANODE ZENER DIODES

HIGH POWER ZENER DIODES

SAMPLESHIGH VOLTAGE RECTIFIERS

708

Diodes Rectifiers Solid Tantalum Capacitors

Solid Electrolyte tantalum capacitors

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

products made with reliable U. S. SEMCOR components. Write, phone, or wire today!
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Silicon Single 
Diffused Junction

Tiny Temperature 
Compensated

Silicon Diffused
Junction

3540 West Osborn Road, Phoenix, Arizona • Applegate 8 5591

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

ELECTRONIC DESIGN • June 10, IW

ALABAMA Birmingham Emory Design end Equipment Co CALIFORNIA 
Los Angeles Kittleson Company Palo Alto Kittleson Company CANADA 
Dundas E E Whittaki r Ottawa E E Whittaker COLORADO Lakewood 
Brown Technical and Associated Sales FLORIDA Bradenton Emory Design 
and Equipment Co. ILLINOIS Wheaton David R. Hausten IOWA Cedar 
Rapids Engineering Services Company JAPAN Tokyo Industrial Imports 
Limited KANSAS Wichita Engineering Services Company MASSACHUSETTS 
Lexington Palioca Company MINNESOTA Minnaapaiia Marvin H. Kirkeby 
MISSOURI Kansas City Engineering Services Company St Lovis Engi
neering Services Company NEW MEXICO Alamogordo Kittleson Company 
NEW YORK Mineola Comtronic Associates Syracuse I A Hotze Company 
OHIO Columbus McFadden Sales Company OkMoma Tulsa C. D 
Daniels PENNSYLVANIA PhiMolpMa Victor S. Malta WASHINGTON 
Seattle Seatronics, Inc.

Medium Power 
Silicon Junction

* CIRCLE NO.ON READER-SERVICE CARD

Fer a fall from our n»an * Field 
raeontatiue—or for complete tech 
today to Salee Engineering Depar

Medium Power
Diffused Silicon

miniature solid state devices, You’ll find they stand on their own merits . .. and you’ll take pride in your

Low Priced 
Silicon Junction 
COMMERCIAL RECTIFIERS

HEX MOUNT RECTIFIERS
1N253 through 1N256

Silicon Single 
Diffused Junction 
HIGH POWER RECTIFIERS

706 Silicon Single 
Diffused Junction 
MEDIUM POWER RECTIFIERS

Silicon Alloyed
Junction
LOW POWER ZENER DIODES

Silicon Alloyed 
Junction
LOW POWER RECTIFIERS

Silicon Single 
Diffused Junction 
MEDIUM POWER ZENER DIODES

CHECK U. S SEMCORS RELIABLE PERFORMANCE BEFORE YOU SPECIFY ANY SOLID STATE DEVICES



DIODJ

manu facturer
increasing 

explanationnumbers, 
methods 
analyzed

of coping with the situation an 
in this special ELECTRONK

Semiconductor diodes perform well. Their 
reliability has been lauded by the large 
ma jority of users. Even pricing has received 
only scanty criticism. Still, they pose a seri
ous problem to design engineers. Over 1500 
types have been added by industry to last 
year's 2500. Engineers simple cannot keep 
pace with the rising list.

To evaluate new types with care requires 
considerable time. To ignore new listings 
may result in bypassing a cost saving or an 
additional source of supply.



DIODES
Choice Perf ormance

But Difficult Choice

;quired parameter values. Whatmines

Confusion Mounts

ELECTRONIC DESIGN • June 10, 19i9

for a particular application. Let us assume he 
proceeds with current design practices and deter

sources of supply, he will be forced to consult all 
manufacturers’ listings.

Since cross-referenced interchangeability lists 
are not available for all types of diodes and since 
many companies do not publish such lists, he 
cannot cut corners on time.

After searching, the conscientious engineer 
may end up with seven different type numbers, 
each more or less suitable for his purpose. He 
faces a problem:

“Which is best? Since each is listed under a 
separate number, all must be different some
how.” After puzzling a while, he may select two 
or three types and use these as his final selection. 
Or he may request samples and prices for all 
seven.

To honestly justify his selection, he may sub
ject samples of the seven types to numerous tests. 
Days later he may conclude that the seven types 
are identical, so far as his use is concerned.

Well, then, why so many type numbers for 
similar units’* After all, a 6V6 tube made by ten 
tube manufacturers is still called a 6V6. If its 
physical properties are altered, it might be called 
a 6V6 GT, but it is still easy to find.

his next step?
If he is employed by a large, well-staffed 

company, he may turn his requirements over to 
a special standards group or purchasing division. 
His next step is to await samples of the ordered 
type for operating tests. Fortunately he is little 
involved in the actual selection of a diode.

However, if he is employed by a small or even 
medium-sized outfit, he must personally select 
the diode for his application.

Just how many types will he have to check?
The latest count comes to roughly 4000. Of 

these, 1800 are JEDEC (Joint Electronic Devices 
Engineering Council) types registered by the EIA 
(Electronic Industries Association). Approximately 
1800 are diodes bearing private, or “company 
house,' numbers. The remainder are being im
ported from foreign suppliers.

Does the design engineer have ta wade through 
4000 types to find the one diode he is interested 
in buying? Well, if he is short on time, he can 
consult a single manufacturer’s brochure and with 
luck come up with a type close to what he wants. 
However, if he is interested in locating several

DIODES are smaller than aspirins, but they 
produce the opposite effect on design engi

neers—they create headaches. Oddly enough, 
neither performance nor reliability is the cause; 
all but the most critical engineers are pleased 
with the improved service, more refined char
acteristics and miniaturization achieved in the 
last few years.

The headaches are created by an ever-growing 
diode listing.

Each week sees new publicity releases and 
advertisements extolling the latest types. The 
alert, conscientious engineer should be aware of 
these new components. When design calls for a 
particular diode type, it is his responsibility to 
choose the proper one. But the choice can be 
complicated.

Howard Bierman

Associate Editor

The Search Begins

Suppose a design engineer, working on new 
equipment, decides to use a semiconductor diode



Problem Due to Infancy of Semiconductor Art?
Unfortunately the semiconductor field is in a 

< ite of confusion on standardization, possibly 
1 cause of its infancy. As more and more diodes 
, e made, the listing mounts. In the last y ear 1500 

pes have been added. If the additions were 
t uly new and represented advances in the semi- 
c inductor art, there would be no cause for con
cern.

Production Method at Issue
But such is often not the case. Advances are but 

one reason for the growing diode list. Here is an
other:

Suppose a manufacturer receives an order for 
100,000 diodes to meet a particular spec. He may 
decide to make as many as 150,000 to obtain the 
yield to fill his order. At the completion of pro
duction, he will sort out the units according to 
parameter measurements.

If all has gone well, his highest output will fall 
in the center area of the yield curve, whose form 
somewhat resembles a low “Q” response shape. 
Units that fall to either side of the curve will not 
satisfy the customer’s spec. Should this large 
quantity be scrapped or kept?

From “Junk” to Spec
As mentioned in our diode report last year 

(ED, July 23, 1958, pg. 18),
“One man’s junk is another man’s spec.” Other 

users, with non-critical applications are willing to 
purchase those diodes that can fill their bill. The 
manufacturer therefore will sort his output into 
several groupings. The major bulk will be assigned 
to the original customer; the remainder will be 
put up for sale to the industry.

If the manufacturer is producing this diode 
type for the first time and plans to carry it as 
regular stock, he may reserve a JEDEC number 
by supplying advance information on character
istics to EIA. At the completion of production, 
exact figures will be sent for final type registra
tion.

Cooperation Put to Test
This is when cooperation between manufac

turers is put to trial. If EIA should advise the 
company that its type is similar to an existing one, 
the concern can perform a service to the industry 
bv accepting the older number designation. The 
d ode types created from units outside the speci- 
fi d yield area may also be sent to EIA for type 
r gistration. Failure to comply with the sug- 
p sted listing may easily result in a half-dozen 
i w numbers for the engineer to consult during 
< ide selection.

Why should a manufacturer deliberately aim 
registering new types? When questioned on 

t s, marketing and sales executives asserted that

E ECTRONIC DESIGN • June 10, 1959

A Sampling of Reader Reaction to ED’s March 18 Editorial on Diode Standardization follows:

■ In order of preference, which three components 
would I like to see standardized? Diodes, diodes, 
and diodes.

■ Situation is a pain in the neck—not to mention 
the drain on our economy due to confusion, multiple 
duplication of effort and wasted time.

■ All groups in industry, IRE, EIA, AIA and the De
partment of Defense must coopoerate to clear up 
the staggering problem.

■ Something must be done to reduce the fantastic 
number of “different” diodes. This is a job for the 
diode manufacturers . . . not the circuit-design en
gineer.

An ED Editorial of March 18, Advocating 
Diode Standardization, Evoked Mixed Com
ments from Manufacturers.

Sceptics advised:

■ Don't raise too much of a storm—the problem is 
ticklish enough right now.

■ Go ahead and try. We doubt that anything will 
come of it.

■ Situation will get worse before it gets any better.

■ Want to reduce the diode list to about 100 types? 
Easy. Just use our catalog sheet as a guide. How 
many types do we make? One hundredl

■ Tell EIA to be less lenient in type-number registra
tion.

Concerned spokesmen replied:

■ There are far too many almost identical types. I 
doubt if the circuit designer would be penalized 
if the number of types were cut in half.

■ Who are the manufacturers trying to kid with all 
these types?

Many users indicated they were losing patience 
with "improved” types that turned out to be identi
cal to older types. Many reported they were continu
ing to use the older types rather than bother to 
evaluate "newer“ versions. Others said they favored 
one or two companies as "pets" and would deal 
only with them until standardization took place.

Up to 200 v can be switched on or 
off with Shockley Transistor Corp, 
four-layer diode, type AD.

■ It’s about time we settled down to the issue. The 
confusion will catch up with us soon if we don t.

■ Advise engineers to work more closely with our 
application staff. In many cases cheap stock diodes 
can be used in place of new, tight-spec types.

■ Standardization will benefit the entire industry in 
the long run.

Most manufacturers agree that standardization is 
necessary. Many feel it will take years to achieve. 
A few admit they profit by the confusion. Others 
urge better cooperation between user and producer 
to limit new types.
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Something

nev
Leaders Unaware of Problem

Users Often Resist Too

mcr

G. E. offers 58 silicon rectifier types ror applies 
tions requiring up to I amp at 600 v piv.

ments were: “As many as that!

Piv ratings, from 50 v to 600 v, at Z 
ma forward current are available in t 
silicon types supplied by Fansteel Meh 
lurgical Corp.

types. Answers ranged from 250 to 600. When 
informed that 4000 types were presently avail
able, the leaders were surprised. Typical com-

Key personnel in leading diode companies ap
parently are unaware of confusion in the selection 
of their products. Interviews with top men in 
marketing and sales divisions resulted in long 
explanations to justify a request for a late JEDEC 
number registration. Those interviewed were not 
convinced that the practice was frustrating and 
time-consuming to the average design engineer.

At the conclusion of the interviews, each man 
was asked to estimate the number of available

Currents as high as 50 amp can be control k 
by as little as 15 ma with G. E. $ 2J-50 silicon 
controlled rectifer.

A spokesman for a large eastern manufacturer 
voiced this opinion:

“Several diode companies are aware of the 
problem and earnestly want to help in bringing 
about some solution. But in the past year, specs 
are getting tighter and tighter.”

should be done about it.” But they would not 
concede that any of their diode types were un
essential; other companies were surely the of
fenders and should reduce their types.

Not all the blame for the increased types lies 
with the manufacturer. Application engineers for 
top diode makers and standards engineers em
ployed by large users argue that quite a few 
design engineers don’t really know what they 
want. Rather than take a chance, they impose 
tight specs on diodes to achieve the utmost cir
cuit performance and reliability. Thereby they 
spawn new types.

late type numbers signified advances and better 
products. To list old types in a new brochure 
would be poor practice, they argued.

Others hinted that more types meant greater 
confusion and time investment by the user. This, 
in turn, often led to orders based on users’ 
specs. After all, why spend excessive time to find 
an existing type?—it may be cheaper in the long 
run to order a custom-made unit.

The “custom” type may not really be anything 
special. Additional tests on stock units will often 
ferret out the desired type—at a nominal mark-up 
for the manufacturer.



LT-51151
LT51I2

OUTPUTDRIVER

LTS1S3

DIRECT COUPLED COMPLEMENTARY CONTROL AMPLIFIERCOMPLEMENTARY CLASS B AMPLIFIER

FIRST COMPREHENSIVE LINE OF NPN POWER TRANSISTORS

MatMax,
Type

FOR RESISTIVE-LOAD CIRCUITS

FOR INDUCTIVE-LOAD CIRCUITS

CBS 2 semiconductors10 ma 300 ma! ma max
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LT-5165L 
LT 51631 
LT 51641

irsuti 
LT-S1S2L 
LT-51I3L

2M325 
LT-5191 
LT-5112 
LT 5183

50 o 
REUY

'ey Military Men Concerned with Diode 
Selection Were Unanimous in Favoring 
Standardization. Typical Comments Were:

2N326 
LT-5165
LT-5163 
IT 5164

Max 
Thermal 

Res.
"C/W

Similar 
PNP 

Types

CBS ELECTRONICS. Semiconductor Operations 

A Division of Columbia Broadcasting System, Inc

■ Standardization must be accelerated. It’s cost
ing the Government a fortune to stock, inventory 
and requisition all types used.

Max W 
Diss. 
(25°C 

Ambient*)
Mm. hiK 
(Ic=o.sa)

All seven types have Max collector current, 3 amps: storage temperature, 
-65to4-85°C avg cutoff frequency 150 kc. 'Adequate heat sink required

■ Am I annoyed by the increasing list of diode 
types? No, l‘m frightened. What will happen in 
an emergency to equipment service and mainte
nance without interchangeability?

■ Standardization is vital. We spend as much 
as one week to convert a new diode type to our 
spec form. Just count the new types coming each 
week!

. . . in complementary cascade circuits
CBS NPN power transistors are also intended for single-ended 
cascade output circuits, and three types are designed for use with 
inductive loads such as output transformers, motors and relays. 
The simplified direct-coupled circuits permit economies through 
elimination of components.

More reliable products
through Advanced-Engineering

■ Selectivity in standardization is the only effec
tive way to cost reduction in the military supply 
system.

But despite then strong feehngs, the critics felt 
obliged to remain anonymous for Job security 
reasons. Hit hard by the diode confusion, the 
military, instead of leading the battle to expedite 
standardization, appears slow-moving and dis
organized. Users blame the lack of military push 
for the diode mess.
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New design economies in complementary push-pull and cas
cade circuits are made possible by these CBS NPN power 
transistors. They feature high voltages ... up to 80 volts. 
Their proven reliability (they meet the MIL-19500A specifi
cation) is what you might expect from specialists in reliable 
NPN switching and PNP power transistors. Check the 
typical circuits and abbreviated data for this versatile and 
comprehensive line. Write for complete technical Bulletin 
E-332 . . . and, if you wish, for Bulletin E-348 on CBS PNP 
power transistors for complementary circuits.

Sales Office*: Lowell, Mass., 900 Chelmsford Street, GLenview 4 0446 • Newark, N I., 
32 Green St., MArket 3 5832 • Melrose Park. III.. 1990 N. Mannheim Rd., EStebrouk 9 2100 
Los Angeles, Calif., 2120 S. Garfield Ave., RAymond 3-9081

“Our application engineers advised many users 
to sample existing stock types; they felt, for cer
tain uses, the tight specs were not in order. Only 
one major company went along with us—and 
saved several thousand dollars in the process. 
Others became insulted and threatened to take 
their business elsewhere if we couldn’t supply 
orders to their specs.’’

More thorough analysis of circuit conditions by 
the design engineer could very well uncover pos
sibilities for less critical diode specs. More con- 
hdence in the advice of application engineers 
might, according to some manufacturers, keep 
new types, as well as prices, down.

. . . in complementary push-pull circuits
These new NPN transistors in the complementary push pull circuit 
eliminate input and output transformers with many resulting 
advantages:

1. Economy. 2. Miniaturization 3. improved frequency re
sponse. 4 Ease of applying negative feedback.

Military Viewpoint
Agencies of the armed services were quick to 

voic< their complaints on the diode issue. Since 
•ffici 1 interchangeability lists do not exist, there 

is no practical method for grouping similar types 
of di des used in military7 equipment.

Ke uisition, purchase, stock and inventory’ list
ings, is well as other details, mount with the 
mere ;ed diode listing. Manufacturers contend, 
right , that the price per diode is reduced when

ECONOMY 2N326

OF CIRCUIT LT-5163LT-5165

DESIGN LT-5164

LT 5I63LLT-51651

new NPN CBS
LT-5I64L

power transistors



DIODES

General Underscores Waste

EIA Position

Diode Popularity Poll

rem

Raytheon top hat silicon rectifiers (bottom) are rated at

Motorola diffused-(unction silicon rectifiers (top) are well 
suited te printed board assembly.

This line of I. T. T. silicon rectifiers (center) can handle up 
♦o 3 amp at 600 v under 150 C ambient conditions.
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maximum reverse currents of 100 pa at 500 v piv,

A comment on the military attitude was g en 
by Brig. Gen. Earle Cook. Chief of Research nd 
Development, U. S. Army Signal Corps.

In a speech at the Texas Instruments, I ic., 
plant dedication in Dallas on June 24, 1958. he 
said the following about semiconductor standard
ization:

“I hope that an effective program of standard
ization can be initiated to reduce the types re
quired in order to save in the cost of our supply 
maintenance and stocking system.

“The one thing I want to avoid at all costs is 
the situation in the electron tube area that we 
have been trying to extricate ourselves from, 
with some degree of success, for many years. Too 
many similar types of tubes were developed with 
only very slight differences in their characteristics 
and found their way into the military system.

“We don’t want this sort of situation to de
velop again. Selectivity in standardization is the 
only effective way to cost reduction in the mili
tary supply’ system.”

A number of manufacturers and users, when 
questioned on the causes of the growing diode

Readers were asked to submit lists of their 
' most popular” diode types for various applica
tions. Although no single diode could be con
sidered an outstanding winner in terms of unan
imous preference, the types which were repeat
edly mentioned are tabulated below.

Military sources furnished the types which are 
considered as “standard by the Department o* 
Defense.

pliers, this reply was encountered:
“Sorry, we don’t make that type anymore, 

we can deliver a fairly similar diode.”
This gives rise to further headaches; for ano 

type just can’t be substituted in military’ 1 

equipment. The new types must be sampled, < 
uated, put on life tests and approved. During 
time, the equipment may be gathering dust.

fallouts are not discarded but instead sold as 
another series. But would the* savings in paper 
work, multiple stocking and similar waste more 
than offset the initial component outlay?

Translating Specs
To insure that delivered components, such as 

tubes, semiconductor diodes and transistors, meet 
exact requirements, the military draws up and 
evaluates specification sheets. Converting manu
facturers’ data on a diode type into military spec 
form may take one man several days to a week. 
The time spent by each branch to keep up with 
the rapid rise in semiconductor types depletes 
not only money but technical manpower, of 
which the military is already short.

New, advanced-type diodes are resulting from 
concentrated research and development work. 
In the interests of better military equipment, they 
should be fully tested and incorporated when suc
cessful. To expend time and effort on all detail 
work involved in the advanced type is justified.

It’s another story’ to waste the same efforts on a 
“new” type which is actually identical to a pre
vious unit but is called by another “name” to 
satisfy a manufacturer's advertising department.

But while criticizing the confusion in diode 
listings, the military’ spokesmen were also almost 
universal in their acclaim of superior diode per
formance and reliability.

This, they noted, has led to another problem. 
Some equipment has performed so well for sev
eral years that spare-parts depletion has been 
slow’, and only recently has inventory replace
ment of diodes become necessary’. When orders 
for replacements were given to the original sup-

num

Application Reader Choice Military

Small-Signal IN34, IN34A, 
INI 00, INI 98, 
IN251, IN270, 
IN277, IN457, 
IN458, IN459, 
IN629, IN645, 
IN648

IN98, IN251, 
IN270, IN276, 
IN277, IN28I, 
IN457. IN458.
IN459

Microwave IN23, IN23C, 
IN78

IN21C, IN23C, 
IN23CR, IN25, 
IN26, IN31, 
IN32, IN53.
IN78

Power Supply IN91, IN92, 
IN93, IN253, 
IN255, IN256, 
IN540, IN589

IN538, IN540, 
IN547, IN253, 
IN254, IN255, 
IN256
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point-contact or gold-bonded

construction ... available uith

solder-in leads or clip-in studs.

SUBMINIATURE all-glass technique...

copper-heat-sink...

available on standardized tape

for automatic insertion.

AVAILABLE TYPES tended EL I .-r

to your oun specifications,
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230 Duffy Avenue, Hicksville, L. I., New York 
IN CANADA:
ROGERS ELECTRONIC TUBES & COMPONENTS 
11-19 Brentcliffe Road, Leaside, Toronto 17, Ont.

trd- 
re- 

>ply

the industry’s

reliable source oi

germanium and silicon diodes 

for computers,

radio... tv... hi-fi

and other professional or 

consumer applications

Western Electric diffused-junction 
diode 1N673 can be connected in series 
in high-voltage supplies without the use 
of paralleling resistors.
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list, quickly blamed Electronic In
dustries Association (EIA) for “be
ing too free in issuing new num
bers.” Some contended:

“EIA slaps a new number on an 
early type of diode just because its 
body diameter is 0.01 in. larger than 
a previous body size.”

When confronted by these accusa
tions, EIA spokesmen outlined step- 
by-step a practice not uncommon 
with some manufacturers:

Assume Manufacturer A submits 
data on five new types for EIA re
view and registration. After suitable 
search, EIA informs manufacturer 
A that three of the submitted types 
are sufficiently different from pre
vious types and will receive, for ex
ample*, JEDEC listing 1N4000, 
1N4('O1 and 1N4002. However, the 
remaining two types fall into the 
category of IN 1(X) and IN 150, regis- 
tere< by company B several years 
ago.

Tl s news does not please the 
marl ting people of company A.

miniature all-glass technique...
FOR 
QUALITY 
IN 
QUANTITY 
ASK 
AMPEREX

would it look to distribute bro- 
s of a “new” line of semicon- 
r diodes—three with late 
C numbers and two with old 
*rs? Manufacturer A then ad-
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vises EI A: “By the way, we neglected to mention 
that the two early-number types will be encapsu
lated in a slightly different package than company 
B’s units. Now how about resistering these two as 
1N4003 and 1N4004?”

EIA Can Only ‘Suggest'

At this point, EIA is obliged to allocate new 
numbers to what are, in effect, older types. When 
the design engineer tries to evaluate these new 
types with previous ones, he will be at a loss to 
detect any electrical differences.

How far can EIA go to force standardization? 
Any efforts on its part to compel companies to 
comply with its recommendations can be met 
with allegations of “trust activity.” Urgent pleas 
and strong recommendations are about the limit 
of EIA’s power.

While many manufacturers are cooperating to 
clear up the confusion, others persist in practices 
that deliberately foil the efforts of the EIA. For 
example, companies A, B, and C each decide to 
register a new series of diodes. Company A sends 
data sheets to EIA on its types with reverse cur
rent readings given at —2.5 v, —5 v and —25 v. 
Company B offers data at —3 v, —10 v and —50 v. 
Company C uses —5 v, —10 v and —30 v. Other 
data might also be submitted by each company.

Suppose the diodes of company A and C seem 
identical. Rather than draw graphs and inter
polate points, the obvious solution is to prepare 
standard forms with fixed points and to have each 
company fill in the appropriate data. Comparison 
between different types from different manufac
turers could be rapid and accurate. A simple, 
practical suggestion?

Test Uniformity Needed

Then why, after suitable EIA distribution, are 
so many new registration requests made on a com
pany format with points not in agreement with 
EIA data forms? To facilitate comparison and ex
pedite standardization, cooperation in data sub
mission is essential.

The failure of manufacturers to get together 
on test methods has further impeded standard
ization and interchangeability.

34

Miniature silicon high-‘‘Q” variable capacitor d iode manufactured by International Rectifier Corp.

A prominent case in point is the procedure to 
measure reverse recovery time. When bias con
ditions are suddenly changed from forward to 
reverse, a semiconductor diode will not reach its 
steady-state reverse resistance immediately. The 
reverse recovery time is the time required for the 
resistance to some predetermined value.

By noting the reverse transient current through 
a specific load resistance as the bias is switched 
from a particular forward to reverse voltage, re
verse recovery time can be measured. Since this 
parameter is a critical factor in such applications 
as high-speed computers, it is often carefully con
sidered during diode selection.

Individuality Creates Difficulties

Unfortunately all manufacturers do not agree 
on the same test setup. Although many favor and

use the IBM-Y or its modified version, several 
companies prefer their own methods.

I low does this give rise to problems? Suppose 
an engineer scans several manufacturers’ bro
chures and is searching for a diode type with 
certain characteristics, one being 1.0 psec reverse 
recovery time. He finally locates several types 
from three manufacturers and more or less hopes 
to gain by having three sources of supply plus 
possible interchangeability.

After careful scrutiny of the test procedures of 
each company, he may be disappointed to find 
that each used different values of load resistance 
in reverse recovery time measurement. If the en
gineer’s application is tight, he cannot assume 
that the three companies will supply diodes that 
are close enough to fill the bill. His only recourse 
is to decide what he wants, draw up a spec sheet, 
include specific test procedures and submit the
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MERCK HAS
ALL FOUR FORMS OF

test methods

IN PRODUCTION QUANTITIES

EIA Standard Offered

MERCK

standardization different light. Computer

ULTRA-PURE

BASE BORON CONTENT BELOW ONE ATOM OF BORON PER SIX BILLION SILICON ATOMS
CIRCLE 30 ON READER-SERVICE CARD

units. Even with differences in 
they’ll still get what they want.”

Not so, according to engineers

For additional information on specific applica
tions and processes, urite Merck & Co., Inc., 
Electronic Chemicals Division, Department 

ED-3, Rahway, New Jersey.

on the staff of
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top computer outfits. When 10 mpsec is defined 
as maximum recovery time, 20 or even 15 musec 
may cause problems. And engineers maintaining 
computers using 100,000 or more diodes can ill 
afford problems.

data o several companies. He will, of course, pay 
a pn nium price, because he is ordering some
.. «__ • i *

MERCK POLYCRYSTALLINE BILLETS-have not previously been melted in 
quartz, so that no contamination from this source is possible. Merck guar
antees that single crystals drawn from these billets will yield resistivities over 
50 ohm cm. for “n” type material and over 100 ohm cm. for “p” type ma
terial. Merck silicon billets give clean melts with no dross or oxides.

engineers, lor example, may be informed of a new 
■uper high-speed diode, just released by company 

haxing a 0.05 mpsec reverse recovery time, 
ts just what they ’ve been looking for. Samples 
ire ordered, price quotes are estimated and 
vheels are set in motion. When the diodes arrive, 
hey a e checked and evaluated—with what re- 
ults- hey may fall into the class of 0.1 or 0.2 
Wc units presently being supplied by com- 
>anies 1 and C.

hy r odifying its test methods, company 4 can 
’°ast f a new, fast diode, superior to present 
W. onversion to comparative test methods

Practically all manufacturers agree that tests 
should be standardized, but they prefer their 
method as the standard. EIA is hopeful that its 
standard Proposal 590 for reverse recovery time, 
prepared by JEDEC JS-2 Committee on Signal 
Diodes, will soon be accepted on an industry
ride basis.

Why do manufacturers disagree on test meth- 
ids Engineers at various companies pride them- 
elves on keeping up-to-date in techniques of 
irocessing, application and testing. New and im- 
»oved tests are required, they feel, as certain 
)arameter levels outdo earlier types.

I sers, on the other hand, view the lack of test

MERCK POLYCRYSTALLINE RODS— are ready for zone melting as received ... 
are ideal for users with float zone melting equipment. Merck polycrystalline 
rods are available in lengths of 8H to 10<^ inches and in diameters of 18 
to 20 mm. Smaller diameters can be furnished on special order. In float zone 
refining one can obtain from this material single crystals with a minimum 
resistivity of 1000 ohm cm. “p” type with minimum lifetime of 200 micro
seconds or the material can be doped by user to his specifications.

MERCK HIGH RESISTIVITY “P” TYPE SINGLE CRYSTAL SILICON-offers float 
zone single crystals of a quality unobtainable by other methods. Available 
with minimum resistivity of 1000 ohm cm. “p” type and a minimum lifetime 
of 200 microseconds, diameter 18 to 20 mm., random lengths 2 to 10 inches.

MERCK DOPED SINGLE CRYSTAL SILICON —offers doped float zone single 
crystals of high quality at low costs. Yields of usable material are reported to 
be especially high when device diffusion technics are used with these 
crystals. Float zone single crystals doped either “p” or “n” type with resis
tivities from 3 to 300 ohm cm. any range plus or minus 25% and a minimum 
lifetime of 100 microseconds are available in diameters of 18 to 20 mm., and 
random lengths of 2 to 10 inches.
NOTE: Doped single crystals in other diameters, resistivities, or lifetimes not listed above can be 

furnished as specials.

Charts Serve as Guide

Int i changeability charts are offered by some 
manu icturers as a guide for designers and main
tenance groups. They are often carefully pre
pared But, again, until test procedures are stand
ardized, comparative data listings and charts can 
only be trusted for general-purpose applications. 
Computers, high-reliability military equipment 
and the like must be supplied from carefully 
prepared specs, containing exact test setup pro
cedures.

A few manufacturers offered this typical com
ment on differences in reverse recovery time 
procedures: “Computer designers asking for a 10 
m^sec diode have designed the circuits to operate 
with enough leeway to use 60 or even 80 mpsec
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Punched cards form the core of the Data Search Pik-N Peek rapid-search system

would have numbers 1 to 500 printed on it, w ith 
the 2N transistor prefix omitted. Transistor types 
made of germanium would have holes punched 
above their numbers. Another card marked pnp 
would have holes punched for each pnp type. By 
superimposing both cards, all transistors up to

Dynamic characteristics of silicon rec
tifiers, (above) with average forward 
currents up to 500 amp, can be rapidly 
evaluated by the Wallson Silicon Recti
fier Dynamic Test Set.

A card marked “germanium
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date. Since diode catalogs, advertisements an 
data sheets arrive unscheduled from differei 
manufacturers, it is quite common to sidetrac 
them until a design calls for a diode.

At this time the file may be put in order and 
search begun. Unfortunately there is little or i 
interchangeability listing available, and tedioi 
line-by-line scanning of each brochure is r 
quired. If time limits the search, the penalty m 
be the overlooking of a cheaper type.

Large companies can overcome these problei 
by assigning technical assistants to the daily filij 
and cross-indexing of all incoming data. I 
smaller outfits this job, of necessity, might fall h 
an engineer, who might otherwise be engaged 
more useful output.

types can be evaluated on a strict comparative 
basis. The data may not agree with the diode 
manufacturer s figures, but by this method non
conformity among manufacturers’ tests does not 
enter the picture.

Here again, the smaller manufacturer of equip
ment may lose out. It may be too expensive to 
evaluate new types until the need for their appli
cation arises. At this time, the engineer will be 
forced to spend valuable time, money and effort 
to compare late and early types. If he chooses 
to ignore newer types, he may be forced to sacri
fice performance.

Engineering Services Available

Valuable time can be saved by’ subscription to 
an engineering service, such as that offered by 
Derivation and Tabulation Associates, Inc., 95 
Harrison Ave., West Orange, N.J.

Data on semiconductor diodes and rectifiers, 
totaling 4000, have been compiled from 63 com
panies, 50 American and 13 foreign manufactur
ers. Information on all parameters has been 
checked by' the manufacturers for accuracy and 
completeness. Characteristic symbols are consist
ent with IRE and AIEE recommendations.

Eor rapid selection, semiconductors have been 
separated into the following groups: general-pur
pose diodes; reference, or Zener, diodes; switch
ing diodes; microwave mixer diodes; microwave 
video detector diodes; voltage variable capacitor 
diodes and rectifiers. Other types are grouped 
under “miscellaneous.”

A cross-index for type numbers and manufac
turers' type list complete the publication. Revised 
editions are distributed in April and October. The 
cost is $23.25 a year.

I. T. T. silicon Zener voltage 
regulators cover a range of 
3.6 v to 30 v from 750 mw to 
10 w. Top hat packaging is 
used for the low-power devices 
and stud-mounted cases for 
3 5 w and 10 w sizes.

reveals that only slight, perhaps unimpressive, 
gains can be realized.

To avoid losing valuable time, large user out
fits assign several engineers, generally in the 
standards section, to keep aware of new types. 
Any significant developments are followed 
routinely and translated into data in accordance 
with company test policies. In this way, diode

Pik-N-Peek Card System
The latest data service plan for the design en

gineer is being offered by Data Search. Inc., of 
15510 Norword Pike, RFD-1, Silver Spring, Md. 
Although semiconductor diode classification is not 
yet available (initial output is slated for this 
summer), a recently7 released transistor service 
has been praised by many users.

Pik-N-Peek punched cards are the heart of the 
rapid transistor search method. Each card repre
sents a certain characteristic, such as type, power 
dissipation, collector voltage and so forth.

File Can Aid Engineers

To cope with diode-listing confusion, the de
sign engineer can resort to several aids.

An obvious plan is to set up a file with all 
manufacturers’ brochures and catalogs arranged 
alphabetically. The value of this system is con
tingent on the effort in keeping the charts up-to-
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Here’s how to pick
the best

BAKING TIME AND TEMPERATURE
bear a direct relationship to long-term stability. You get a measure 

of the quality of diodes by asking: “How long do you bake, and 
at what temperature?” (All GT diodes are baked at 140°C for 

at least 96 hours-the highest and longest in the industry!)

CIRCLE 31 ON READER-SERVICE CARD

37

FOR IMMEDIATE DELIVERY FROM STOCK. CONTACT YOUR NEAREST AUTHORIZED 
GENERAL TRANSISTOR DISTRIBUTOR OR GENERAL TRANSISTOR DISTRIBUTING 
CORF.. SI-27 138TH PLACE. JAMAICA 39. NEW YORK. FOR EXPORT: GENERAL 
TRANSISTOR INTERNATIONAL CORP SI-27 13STM PLACE. JAMAICA 39. NEW YORK. 
PRECISION MAGNETIC RECORDING HEADS AVAILABLE FROM 
GENERAL TRANSISTOR WESTERN CORP.. S11O VENICE BLVD LOS ANGELES. CALIF.

CORPORATION

for your money
Price is no clue when diodes sell for about the same, and just 
looking at them tells nothing. But if you ask the right ques
tions about the three key factors in the production of quality 
germanium gold bonded diodes, you have your clues to more 
long-term reliability for your money. Here they are:

International Rectifier Corp, high-voltage 
silicon rectifiers can handle up to 1500 v piv 
at 300 ma.

2N5OO, of germanium pnp construction, could be 
found by noting the numbers that allow holes to 
show through both cards. If a card marked “Col
lector Dissipation —1.01 to 3.0 w” is added to the 
other two, it is a simple matter to find the ger
manium pnp types that could handle this power 
range.

By cross-referencing the indicated types with 
a Table of Transistor Characteristics, arranged in 
order of 2N-number, summary data and the man
ufacturer’s name can be found to assist in final 
selection.

Indexing space is extremely compact, since 
there is not one card for each transistor type. For 
example, for a full cross-index of all transistors 
from 2N1 to 2N500, a total of 68 cards is required 
to reference 10 categories (type, alpha cut-off, 
beta, etc.) into sub-divisions (alpha cut-off —0 to 
300 kc, 301-1000 kc, 1.01-3 me, etc.). Four sets of 
68 cards are available to index 2000 transistor 
types.

Card Index Stays Compact

As new types are issued, new holes are 
punched, and the card index set does not expand. 
Previous card systems, using one or several cards 
for each type, with cross-references, are cumber
some and multiply too rapidly for comfort.

Di, de service would be similar in operation. 
Card might be labeled for type (germanium, 
silict • ), application (general purpose, high- 
spee rectifier), piv (0-250 v, 251-500 v, etc.), 
fonv d current and other important parameters. 
The ne spent in selection could be reduced to 
mini s for even tightly-specified requirements. 
The »st of the transistor service, which is up- 
datec monthly, is $60 per year—the charge for the 
3iod< ersion is expected to be the same.
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STRICT, STATISTICAL, HISTORY LOGGING 
traces the progress of every single wafer made 

from each ingot of germanium. At GT, if a few wafers fail to 
pass the stringent GT quality tests along the way, then 

all from the ingot are suspect and can be identified and 
pulled out. There are no “stowaways” in a 

shipment of GT quality diodes.

LEVEL OF TESTING STANDARDS
reveals the level of quality. Ask about “everyday” 

test standards. (In the GT Seal Test, diodes are 
submerged in a penetrant-dye solution for 24 hours 

under 75 psi. This test is so sensitive that 
it will reveal a leak so small it would take over 300 

years for 1 cc of gas to diffuse through the case.) 
All GT quality tests-100% electrical, 100% shock 

and vibration, and 100% temperature cycling 
—are at the highest industry level... 

and as a final mark of quality, the color bands 
X on GT Germanium Gold Bonded
'A Diodes are baked on to stay.

l GT is equipped to supply diodes tested to 
\ individual customer requirements,
\ such as JAN Qualification Inspection Tests 

A and many others.
To get the full measure of quality in 

/ Germanium Gold Bonded Diodes,
/ see your GT representative; or write directly to 

the company with know-how NOW.



POWER REGULATORS AND DOUBLE ANODE CLIPPERS

WM N

GENERAL PURPOSE SILICON DIODES

n £
«i

13500 N CENTRAL EXPRESSWAY

Suffix A (±5% Tolerance) Suffix C (Double Anode Clipper)

VOLTAGE REGULATOR DIODES

sure

< CIRCLE 32 ON READER-SERVICE CARD

for reliable performance

Max at Elevated Temps (150 C)

Type Ca
se

 Ty
pe

PIV *z

Min DC 
Fwd 1 

ft>25X 
ma at Iv

Max Llb 
ft25X

*»

P 
to 25X 

mw

Ambient 
Temp 

X
«-•bt 
»e

p 
mw

1N645 N 225 275 400 0 2 600 100 15
AF1N645 N 225 275 400 0 2 600 100 15
1N646 N 300 360 400 0 2 600 100 15
1N647 N 400 480 400 0 2 600 100 20
AF1N647 N 400 480 400 0 2 600 100 ZD
1N648 N 500 600 400 0 2 600 100 20
AF1N648 «i 500 600 400 0 2 600 100 20
1N649 N 600 720 400 0 2 600 100 25
AF1N649 N 600 720 400 0 2 600 too 25

600C M 27 30 3 1 to -lOv 150 100 20(o.-lOv 40
601C M 45 50 10 0 025(a>—lOv 150 150 40(a — lOv 40
604C 4 7 5 5 60 0 1 150 150 40 40
606C M 6 8 7 5 35 0 1 150 150 40 40
608C M 10 11 25 Cl 150 150 40 40
610C M 15 17 20 0 1 150 150 40 40
612C M 22 25 20 0 1 150 150 40 40
614C M 33 37 . 20 0 I 150 150 40 40
616C M 47 52 10 0 2 150 150 40 40
618C M 68 75 10 0 2 150 150 40 40
620C M 100 110 10 0 2 150 150 40 40
622C M 150 170 7 0 2 150 100 2Õ 40
624C M 22Õ 250 3 0 2 150 100 20 40

Available with either anode or cathode to stud

Type

X

8
Zener 

Voltage 
ft25X

'z 

ma

Power 
Dim

©mx
w

Reverse 
Current 

L'b 
25°C »a

max Zt 

ft25X

ohms

Typ 
Temp 
Coef 
K/Xft—5v ft-10v

1N1816 R 13 500 10 25 — 2 0 07
1N1817 R 15 500 10 15 — 2 0.07
1NI818 R 16 500 10 10 — 3 0 07
1N1819 R 18 500 10 10 — 3 0 07
IN 1820 R 20 250 10 — 10 3 0 08
1N1821 R 22 250 10 — 10 3 0 08
1N1822 R 24 250 10 — 10 3 0 08
1N1823 R 27 250 10 — lu 3 0 08
1N1824 R 30 250 10 — 10 4 0 08
1N1825 R 33 150 10 — 1J 4 0 08
1N1826 R 36 150 Iv — 10 5 0 09
1N1827 R 39 150 10 — 10 5 0 09
1N1828 R 43 150 10 — 10 6 0 09
1N1829 R 47 150 10 — 10 7 0 09
1N1830 R 51 150 10 —■ 10 8 0 10
1N1831 R 56 150 10 — 10 9 0 10
1N1832 R 62 50 10 —- 10 12 0 10
IN1833 R 68 50 10 — 10 14 0 10
1N1834 R 75 50 10 — 10 20 0 11
1N1835 R 82 50 10 — 10 22 0 11
1N1836 R 91 50 10 — JO 35 0 12

t At PIV except for types 600C and 601C

HIGH CONDUCTANCE SILICON DIODES

Type

Ca
se

 Ty
pe Min Saturation 

Volts ta lOOua Av Rect Fwd 
1 (a 25 C 

ma

Recurrent
Peak Fwd 1 

ft 25C 
ma

P

ft 25X 
mw

PIV 
V

«i 25X 
V

1N482 N 30 40 125 400 500
1N482A N 30 40 200 650 500
IN483 N 60 80 125 400 500
1N483A N 60 80 200 650 sm
1N484 N 125 150 125 400 500
1H484A N 125 150 200 650 500
1N485 N 175 200 125 400 500
1N485A N 175 200 200 650 500
IN 486 N 225 250 125 400 500
IN486A N 225 250 200 650 500
1N487 N 300 330 125 400 500
1N487A N 300 330 200 650 500
1N488 N 380 420 125 400 500

1N488A N 380 420 200 650 500

tSuffix A (±5% Tolerance)

Type Ca
se

 T
yp

e
Zener

Voltage 
«2SX• 25°C

Max Total 
Power 
mw 150°C

max 
ohm*

lN746t *t 3.3 400 100 28
lN747f N 3 6 400 100 24
lN748t N 3 9 400 100 23
lN749f N 4 3 400 100 22
lN750t N 4 7 400 100 19
lN751f N 5 1 400 100 17
!N752f N 5 6 400 100 11
lN753t N 6 2 400 100 7
lN754t N 6 8 400 100 5
lN755t N 7 5 400 100 6
lN756f N 8 2 400 100 8
lN757t N 9 1 400 100 10
¡N758t N 10 400 100 17
lN759t N 12 400 100 30
650C M 3.7—4 5 150 40
651C M 4 3-5 4 150 40
652C M 5 2-6 4 150 40
653C9 M 6 2-8 0 150 40
654C9 M 8.5—9 5 150 40
655C9 M 9.5—10 5 150 40

SILICON RECTIFIERS
&
i PIV

S v
Type J Mounting 25°C 150°C

ma
25X 150°C

Recurrent 
Peak Current 
65X to+15OX 

ma

Eb 

v@a

Lib 
• MV 

GWC

SILICON COMPUTER DIODES

Max Tp Max Ub 
ft-25’C «i 25X 

„sec m4

Io
ft 25 X 

ma

Typ Cap

X (a 25X Max llb
Min lb 1 - Ime ft PIV

S ft Iv VR - — 12v to 100X
Type 3 PIV V, ma

1N659 N 50 60 0 3 5 100 6 2 7 25
1N660 N 100 120 0 3 5 100 6 2 7 50
1N661 N 200 240 0 3 10 100 6 2 7 100

PHOTO DEVICE

Bias Dark Current Dark Current •Typ light ’Typ Sensitivity
lypa Voltage (a 25X (a 100X Current ft 25X to- lOv

V ±50v max ±50v max ft ±10v Mh/mw/cm’
max A* i«a

1N2175 50 0 5 100 200 22 3
light current measured m terms of radiation Rad'ation > 9 mw cm! in a frequency bandwidth of .7 

to 1 micron

Type Ca
se

 Ty
pe

 J

PIV

k 

ma

Recurrent 
Peak

Current ft 25X 
a

Dynamic 
Forward Voltage 
Drop ft 100 C 

v ft, ma

Dynamic Reverse 
Current ft 100*C 

ma ft v25X 100 C
1N2069 w 200 750 500 6 0.6 ta 500 0.2 ft 200
IN2O7O w 400 750 500 6 0.6 ft 500 0.2 ft 400
1N2071 w 600 750 500 6 0.6 ft 500 0.2 ft 600

Write on your company letterhead describing

1N588 O Axial 1500 1000 25 10 150 10ft 10m a 50
1N589 0 Axial 1500 1000 50 25 250 8ft 50m a 50
1N1130 P Cathode Stud 1500 1000 300 150 1 a 15ft 3 50
1N1131 P Anode Stud 1500 1000 300 150 1 a * 15@ 3 50
1N538 Q Axial 200 200 750 250 2 5afe25’C ift 5 10
1N539 Q Axial 300 300 750 250 2 5a@25°C 1ft 5 10
IN 540 0 Axial 400 400 750 250 2 5a(u.26X 1ft 5 10
IN1095 Axial 500 500 750 250 2 5a@25°C 1@ 5 10
IN 1096 Q Axial 600 600 750 250 . 2 5a©25°C 1ft 5 10
1N1124 R Cathode Stud 200 200 3 a 1 a 10a@50’C l.lftl 10
1N1125 R Cathode Stud 300 300 3 a 1 a lOafe 50’C 1 Iftl 10
1N1126 R Cathode Stud 400 400 3 e 1 a 10a@50°C I 1@1 10
11*1127 R Cathode Stud 500 500 3 a 1 a 10a«i5OX 1 1@1 10
1N1128 R Cathode Stud 600 600 3 a 1 a 10a@50°C 1 Iftl 10
1N1124R R Anode Stud 200 200 3 a 1 a 10a«>,50"C 1 Iftl 10
1NÏ125FF R Anöde Stud 300 300 3 a 1 a 10a^50°C 1 Iftl 10
1N1126R R Anode Stud 400 400 3 a 1 a 10a@50°C 1 Iftl 10
1N11Z7R R Anode Stud 500 500 3 a 1 a lOa^SO’C 1 Iftl 10
1N1128R R Anode Stud 600 600 3 a 1 a 40a@50’C 1 Iftl 10

SEMICONDUCTOR COMPONENTS

your application for specific details on Tl products

CBS indium-bonded germanium di
odes offer high forward-to-reverse cur
rent ratios.

RECOMMEXDAriOXS

But despite the aids available, 
needed at once are definitions of 
parameters and standardization ot 
test methods. From these, it is con
ceivable that all existing diode types 
could be re-evaluated by their manu
facturers on a comparative basis 
These, in turn, could give rise to an 
accurate and practical interchange 
ability for industry and the military

With everyone talking the same 
language, it should be possible to 
set up a new classification system in 
which the type number could signify 
key parameter data. This would be 
invaluable to the design engineer.

Critics are hopeful that industry 
can come up with a sensible solu
tion without Government pr^s-
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CATEGORY AND TYPES PRODUCED

ManufacturerHenry Tulchin, Editor

D A.T.A. s Semicon. Diode

and Rectifier Characteristics

Tabulation

total

dable, SWll
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Fifty U.S. and 13 foreign 
manufacturers are producing 
a total of 4000 different 
diodes and rectifiers, an in
crease of more than 1500 in 
the last year. This chart, pre
pared in conjunction with the 
April, 1959, edition of the 
semiannual Semiconductor 
Diode and Rectifier Charac
teristics Tabulation,* shows 
eight categories of the units, 
w ith the approximate number 
of types made by each man
ufacturer.

“Miscellaneous types” in
clude video detector, uhf 
mixer, harmonic generator, 
photo-diode, four-layer bi
stable diode, parametric di
ode, solar cell and controlled 
rectifier.

I he manufacturers for 
each category, except miscel-

Refer- Switch- Micro.
Recti- ence ing Mixer

Diodes fiers Diodes Diodes Diodes

Number of types as of April 1959

Allegemeine 
Elektricitats- 
Gessel Ischaft 39
Amperex Electronic Co» 53 2 1
Audio Devices Inc. 46
Bendix Aviation Corp. 15
Bogue Electric Mfg. Co. 
Bomac Labs, Inc.

43
36 2

Bradley Semiconductor Corp.
British Thomson-Houston Export

28
1 8 7 5 U.H.F. Mixer

Compagnie Generale de T.S.F. 8 5 3
CBS-Hytron 68 10 11
Clevite Transistor Prod.
Columbus Semiconductor Mfg. Div.

146
256

12

English Electric Valve Co. 
Erie Electronics Div. 16

8
4 1

Fansteel Metallurgical Corp.
21

84
Ferranti Ltd.
Gahagan, Inc.

30 10 2 4
61 6

General Electric Co., Ltd. 14 13 16 2 8 1 3
General Electric Co. 10 170 17 Controlled Rectifiers
General Instrument Corp. 136 230 22 35
General Transistor Corp. 11 1
Hoffman Electronics 40 25 178 5
Hughes Products 79 28 19 17 7
Institute for Halvledarforskning 4
International Rectifier 20 215 63 1 15 Solar Cells
International Resistance Co.
International Tel. and Tel. Corp.

8
326 88

Kemtron 90 14 30 4
Laboratoire Central de Telecommunications 
P, R, Mallory

2
15

Microwave Associates Inc.
Motorola Semiconductor Div. 15 76

29 9 26

Mullard Overseas, Ltd. 16 14 4 1
North American Electronics, Inc. 62 1
Ohmite Mfg. Co. 298 166
Pacific Semiconductors, Inc. 59 56 21 30 23 8
Philco Corp.
Qutronic Semiconductor Corp. - 35

3 2

Raytheon Semiconductor Div. 56 22 4
RCA Semiconductor Div, 4 2
Sarkes Tarzian, Inc. 195
Semicon, Inc. 55
Semi Elements, Inc.
Shockley Transistor Corp.

94
16 Four Layer Diode

Siemens and Halske 2 15 1
Silicon Transistor Corp. 30
Solid State Products Inc. 
Sony Corporation 4

5 PNPN controlled Switch

1 Avalanche SwitchSperry Gyroscope Co.
Standard Telephones and Cables Ltd.

19
20

9

Sylvania Electric Prod., Inc. 70 15 25 10 1
Tekade 11 1 5 1 3
Texas Instruments 36 22 178 3 2
Texas Research Assoc.
Thermosen, Inc. 30

4 Sol ion Diode

T rans-Sil 100
Transitron Electronic Corp. 32 33 20 3 9 2
Tung Sol Electric Co. 28
U.S. Semiconductor Products 25 77 182
U.S. Dynamics 31
Vickers Electric Products Div. 18
Western Electric Co. 3 32 4

4 Dynastor SwitchWestinghouse Electric Corp. 138
1 Transistor Switch



RECTIFIERREGULATOR

YOUR SOURCE FOR GREATER SELECTIVITY
IN SILICON SEMICONDUCTOR DEVICES

MIA

Design Parameter Data Available On All Above Hems Upon Request.

IF YOU NEED A JOB IN ELECTRONICS DONE QUICKER AND BETTER, CONTACI

CASE 
TYPE

ZENER 
REGION

FORWARD 
CONDUCTION 

/REGION

typical I E characteristic curve 
for Hoffman Silicon Diodes

ZENER 
"DOUBLE ANODE" 
LOW VOLTAGE 
DIODES
• 250mW
• Zener Voltage Range:

ZENER MICRO
MINIATURE GLASS 
LOW VOLTAGE 
DIODES
• 250mW
• Zener Voltage Range:

ZENER LOW 
VOLTAGE DIODES
• 200mW
• Zener Voltage Range:

ZENER
"SINGLE ANODE" 
MEDIUM VOLTAGE 
DIODES
• 150mW
• Zener Voltage Range: 

7.5V-145V

OO ZENER 
VOLTAGE 
REGULATORS
10 WATT
• Zener Voltage Range: 

5.6V to 200V ±10%
• Dynamic Impedance*.

1 ohm tn 140 ohms 
(over the entire line)

DIODE MANUFACTURERS
Allgemeine Elektricitäts-Gesellschaft 

Belecke (Mohme), Germany
Amperex Electronic Co. 

Hicksville, N. Y.
Audio Devices Inc- 

Santa Ana, Calif. 
Bendix Aviation Corp. 

Long Branch, N. J. 
Bogue Electric Mfg. Co. 

Paterson, N. J.
Bomac Labs. Inc.

Beverly, Mass.
Bradley Semiconductor Corp. 

New Haven, Conn.
British Thomson-Houston Export 

Lincoln, England
CBS-Hytron 

Lowell, Mass.
Clevite Transistor Products 

Waltham, Mass. .
Columbus Semiconductor Mfg. Div.

Yonkers, N. Y.
Compagnie Generale de T.S.F.

Paris, Franc«
English Electric Valve Co. 

Chelmsford, Essex, England 
Erie Electronics Div.

Erie, Pa.
Fansteel Metallurgical Corp. 

North Chicago, III.
Fei ranti, Ltd 

Oldham, Lancs., England 
Gahagan, Inc.

Esmond, R I.
General Electric Co.

Syracuse, N. Y
General Electric Co., Ltd. 

Stockport, Cheshire, England 
General Instrument Corp.

Newark, N. J.
General Transistor Corp.

Jamaica, N. Y.
Hoffman Electronics 

Evanston, III.
Hughes Products 

Los Angeles, Calif.
Institute for Halvledarforsknimi 

Stockholm, Va. Sweden
International Rectifier Corp. 

El Segundo, Calif.
International Resistance Co.

Boone, N. C.
Internationa! Tel. and Tel. Corp.

Clifton, N. J
Kemtron Electron Products 

Newburyport, Mass.
Laboratoire Central de Telecommunica 

tions
Paris, France

P. R. Mallory and Co., Inc.
Indianapolis, Ind.

Microwave Associates, Inc.
Burlington, Mass.

Motorola Semiconductor Div.
Ridgefield. N. J.

Mullard Overseas Ltd
London W. C i, England

North American Electronics, Inc.
Lynn, Mass.

Ohmite Mfg. Co.
Skokie, III.

Pacific Semiconductors, Inc.
Culver City, Calif.

Qutionic Semiconductor Corp. 
New York, N. Y.

Raytheon Semiconductor Div. 
Needham Heights, Mass.

RCA Semiconductor Div.
Harrison, N. J.

Sarkes Tarzian Inc.
Bloomington, Ind.

Semicon, Inc.
Lexington, Mass.

Semi Elements, Inc.
Saxonburg, Pa.

Shockley Transistor Corp.
Palo Alto. Calif.

Siemens and Halske 
Munich, Germany 

Silicon Transistor Corp. 
Carle Place, N. Y. 

Solid State Products, Inc.
Salem, Mass.

Sony Corp.
Shinagawa-ku. Tokyo, Japan 

Sperry Gyroscope Co. 
Great Neck, N. Y.

Standard Telephones and Cables Ltd.
Harlow, Essex, England

Sylvania Electric Products, Inc.
Woburn, Mass.

Tekade
Nurnberg, Germany

Texas Research Association 
Austin, Tex.

Texas Instruments Inc.
Dallas, Tex.

Thermosen, Inc.
Stamford, Conn.

Trans-Sil Corp.
Englewood, N. J.

Transitron Electronic Corn 
Wakefield. Mass.

Tung Sol Electric Co. 
Livingston, N. J.

U. S. Dynamics Corp.
Boston. Mass.

u- S. Semiconductor Products 
Phoenix, Ariz.

Vickers Electric Products Div.
St. Louis. Mo.

Western Electric Co.
New York, N. Y.

Westinghouse Ehctric Corp.
Youngwood, Pa.

QQ ZENER 
OO VOLTAGE

REGULATORS
1/4 WATT
• Zener Voltage Range:

5.6V to 200V ± 10%
• Dynamic Impedance:

3.5 ohms to 1400 ohms

OO ZENER 
VOLTAGE 
REGULATORS
1 WATT
• Zener Voltage Range:

5 6V t 200V ±10%
• Dynamic Impedance:

1.2 ohms to 1100 ohms 
(over the entire line)

CASE 
TYPE O ZENER "DOUBLE 

ANODE" MEDIUM 
VOLTAGE DIODES
• 150mW
• Zener Voltage Range: 

7.5V—45V

CASE 
TYPE

Ml

A ZENER REFERENCE 
° DIODES & ELEMENTS

• Operating Zener Voltage: 
1N429:6.2V ±5% 
1N430.1N430A, 1N430B, 
181530.1N1530A:

8.4V ±5%
• Dynamic Impedance; 

1N429:2O ohms 
Others: 15 Ohms

Ml 
M3 
Fl

A ZENER REFERENCE 
MICRO-MINIATURE 
DIODES
• Operating Zener Voltage: 

5.9V to 6.5V
• Dyn. Imp.: 15 ohms Gl

4K ZENER REFERENCE 
10 STRINGS

• Operating Zener Voltage:
6.2V thru 49.6V ±5%

• Dynamic Impedance:
20 ohms to 180 ohms 
(over the entire line)

EIA 
E2A 
E3A 
E4A



EIA

SIE E3A

MIA

E2A E4A

MIA

HA 1-6800100 N. Western Ave
Newark Electric Co.CHICAGO, ILL

Siate 2-2944223 W. Madison St.

Electronic Wholesalers

930 PITNER AVENUE EVANSTON, ILLINOIS WEST PALM BEACH, FLA

WASHINGTON, D. C 
2345 Sherman Ave., HU 3 5200

-Goddard Dist., Inc.
1309-11 N. Dixie, P.O. Box 829, TE 3-5701 
Branches

CAMDEN, N. J. 
600 Penn St., 
CHICAGO, ILL.

.—General Radio Supply Co. 
WO 4 8560
.—Allied Radio Corporation

Foremost manufacturer of the broadest 
line of Silicon Semiconductor Devices

CASE 
TYPE

Hoffman products are locally avail
able for immediate delivery from 

these stocking distributors:
AKRON, OHIO—Akron Electronics Supply 
107-117 S. Arlington St., PO 2 8818 

‘ALAMOGORDO, N. M.—Radio Specialties Co., Inc. 
209 Pennsylvania Ave., HE 7 0370, TWX 5671U

•ALBUQUERQUE, N. M.—Radio Specialties Co., Inc, 
6323 Acoma, S. E., AM 8-4571

•BALTIMORE, MO.-Electromc Wholesalers 
3000 Washington Blvd., Ml 4-7900 
BOSTON, MASS.—Cramer Electronics, Inc. 
811 Boylston St., CO 7-4700
BUFFALO, N. Y.—Standard Electronics, Inc. 
1497-1505 Mam St., GA 5000

UNiversity 9-9850
TWX: Evanston, 111. 398

CLEVELAND, OHIO—Main Line Cleveland, Inc. 
1260 E. 38th St., EX 1-1800
DALLAS, TEX.—Progress Electronics uf the S.W. 
1363 Crampton St., Rl 1-1463
DENVER, COLO.-Denver Electronic Supply Co.
1254 Arapahoe St., AM 6-1671
DETROIT, MICH.—S. Sterling Company
15310 W. McNichols Rd., BR 3-2900

•GAINESVILLE, FLA.—Goddard-Gainesville 
1031 S. Mam St., FR 2 3446

‘HUNTSVILLE, ALA.—Goddard Huntsville
95 N.W. 10th St., JE 6 5441
LOS ANGELES, CALIF.—KieruIff Electronics, Inc. 
820-30 W. Olympic Blvd., Rl 7-0271, ZE 7-0271 
LOS ANGELES, CAL—Radio Products Sales, Inc. 
1501 S. Hill St., Rl 9-7471
MEDFORD, MASS.—Durrell Distributors, Inc.
222 Mystic Ave , EX 5-6700
NEW YORK, N. Y.—Milgray Electronics, Inc.
136 Liberty St., RE 2 4400
OAKLAND, CAL.—Elmar Electronics
140 11th St., HI 4-7011

‘ORLANDO, FLA.—Goddard Orlando
631 W. Centra: Ave , GA 3 8582
PHOENIX, ARIZ.—Radio Spec. & Appliance Corp.
917 N. 7th, AL 8-6121
SAN DIEGO, CAL—Radio Parts Company
2060 India St., BE 9-9361

'TAMPA, FLA.—Goddard-Tampa
Swan Ave. at Dale Mabry, RE 6-5193 
'TUCSON, ARIZ.—Standard Radic Parts, Inc. 
218 N. 1st Ave., MA 3-2545

11 SILICON DIFFUSED 
JUNCTION 
MEDIUM POWER 
RECTIFIERS
• PIV Range:

50V to 1000V

PHOTO-VOLTAIC 
READOUT CELLS
• Number of readout 

positions: from 4 to 10 
♦ Spectral Response: Range; 

4000/11,500 angstroms; 
Peak: 8500 angstroms

SEMICONDUCTOR DIVISION 
930 Filner Ave., Evanston, III.

SILICON DIFFUSED 
JUNCTION 
MEDIUM POWER 
RECTIFIERS
• PIV Range: 

50V to 500V

SILICON SOUR CELLS
• Typical Power Output Range: 

.072mW to 34.0mW (at 10,000 
ft. candles— sunlight)

• Spectral Response: Range: 
4000/11,500 angstroms; 
Peak: 8500 angstroms

Western Regional Office
424 WhI Colle«« St., Lee An«oles 12, Cali! 
MAdison 4-8043, TWX: LA IB*

Northern California
Seattle, Washington 

B24 West Hillsdale Blvd. 
Son Meteo, California, Fireside 1-2112

Southwest
P.O. Bax 13024, Dalla», Texas, FL 2-7484

Middle West Regi. & Export Office 
930 Pitner Avenue, Evanston, Illinois 
UNiversity *-9850, TWX: Evanston, III. 398

Eastern Regional Office 
710 Mattison Avenue, Asbury Park, N. J.
PRospect 4-7400, TWX: APR 434

New England
Boston, Massachusetts, 
419 Baylston Street, KEmnora 4-3849

Upper New York State 
4444 Main Street,

Ì
 Buffalo 24, Now York, Circi« 2094

Post Office Box 52, Fayetteville, New York, 
NEptune 7-3851

Middle Atlantic States
Post Offic« Box 278, Upper Derby, Penna., 
Clearbrook 9-303)
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1 West Terrace Road, 
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4230 S.W. Fifteenth Street, 
Miami 44, Florida, Hl«hland 3-4045

Canada
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SILICON DIFFUSED 
JUNCTION 
MEDIUM POWER 
RECTIFIERS
• PIV Range:

95V to 570V

17 Solar

26 GENERAL PURPOSE 
SILICON DIODES
• 150mW
• PIV Range:

6.8V thru 470V

CASE 
TYPE

Ml

6 HB GENERAL 
PURPOSE 
SILICON DIODES
♦ 150mW
• PIV Range:

6.8V thru 270V Ml

8 GUSS GENERAL 
PURPOSE DIODES
• 200mW
• PIV Range:

25V to 175V GV

5 GUSS FAST 
RECOVERY 
SILICON DIODES
• 200mW
• PIV Range: 

25V to 175V GV
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characteristics.

Diffused
Silicon Diodes

Boast Closely-Controlled Characteristics
Franklin R. Carlson 

Project Engineer
U. S. Semiconductor Products, Inc.

Phoenix, Ariz.

During the past two years, Mr. Carlson 
has specialized in the application of dif
fusion techniques to silicon device de
velopment. He believes that diffused 
diodes will find wide use, in the near fu
ture, as voltage variable capacitors.

ISO

100

ï'°
Z 
æ
5 60

Fig. 1. (Above, left) Reverse Voltage 
vs. Reverse Current (Diffused 8.2 volt 
Zener diode)

Fig. 2 (Above, right) Zener voltage 
vs rate of voltage increase

Fig. 3. (Left) Zener impedance vs 
Zener voltage
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DIFFUSED silicon diodes combine, in a coi 
pact and rugged package, desirable chara 

teristics of high forward conduction, low rever 
saturation current, and high peak inverse voltag«
Advantages of the diffused junction include tl 
readiness with which it lends itself to tl 
production of large-area junctions and the consi 
erable accuracy with which the process con 1 
controlled. These features make possible tl 
fabrication of devices with highly reproducib

Out of the diffusion process has grown both 
line of rectifiers and Zener diodes. The only actu ( 
difference in the process is the resistivity of silicon 
which goes into the diffusion step. Zener diod< 
have very low dynamic impedance.

Reverse Characteristics

Boron-doped silicon cry stals of about 35 ohm 
centimeter resistivity are currently used to manu
facture rectifiers. A peak inverse voltage of 700 v 
is commonly obtained with ratings as high as 1300 
v possible from single junctions. The reverse sat
uration current of 700 v rectifiers, measured at 
500 v, is of the order of 0.05 pamp. This low sat
uration current is attributed to the perfection of 
the diffused junction and the extreme difference 
in doping concentrations on opposite sides of the 
junction. The p-type impurity concentration on 
one side of the junction is of the order of 1014 
atoms per cubic centimeter, while on the other 
side of the junction the phosphorus impurity 
concentration approaches 1023 atoms per cubic 
centimeter.

A typical reverse characteristic for an 8.2 v 
diffused Zener diode is shown in Fig. 1. As a 
reverse bias voltage is applied across the diode, 
only very low saturation current, in the order of 
1.0 pamp or less, flows. At 8.2 v, the avalanche 
or Zener voltage, the current begins to increase 
extremely rapidly with increasing voltage. The 
graph also shows that Zener voltage increases with 
junction temperature; this increase of Zener volt
age with temperature is constant over a wide 
range of temperature and shows little change with 
current. At 10 ma there is little heat generated in 
the junction so this voltage change becomes pri
marily a function of the external temperature. The 
slope of the curve in the avalanching or Zener 
region is termed the Zener Impedance, and is 
important when the diode is used for voltage 
regulation.

tro 
reg 
On 

gro

Linear Temperature Coefficient

In Fig. 2 is shown a plot of Zener voltage versus 
the rate of voltage increase with temperature, ex
pressed in millivolts per degree centigrade rise. 
Temperature coefficients of Zener diodes are 
usually expressed as percent voltage change per 
degree rise; however, for reasons of simplicity,
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MACHINES

taine<

ON READER-SERVICE CARDCIRCLE 34

curve 
v and 
with

by the normal diffusion process,

ature coefficient 
Zener voltage.

Dynamic Zener 
Zener voltage is

this article describes temperature coefficient as the 
change in millivolts per degree of temperature 
change. From the curve it is seen that the temper-
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THE BEST 
GLASS 

DIODES 
MADE

increases quite linearly with

shows a linear relationship up to about 150 
then a rapid increase in Zener impedance

Altering Zener Voltages

By using boron as the basic doping impurity 
in the silicon, crystals are obtained which have 
only slight variations in resistivity throughout the 
crystal Zener voltages obtained from these cry stals 
usually show less than 5 per cent variation 
throughout the length of the crystal.

Fig. 4 indicates the distribution of Zener voltage 
obtained by the diffusion process. Highly precise 
results become a problem when it is necessary to 
)roduce Zener diodes with one per cent tolerances 
at a xoltage slightly out of the range of a particu
lar crystal. However, the Zener voltage obtained 
from a given crystal can be altered by modifying 
fhe concentration gradient in the junction; this 
can ho done by changing either the diffusion 
time or temperature. In practice, the Zener volt
age obtained from a cry stal can be altered by' as 
much is 25 per cent above and below that ob-

KAHLE
KNOINKBRING COMPANY

General Offices :
3312 Hudton Avenue, Union City, New Jertey 
LEADING DESIGNERS AND 
BUILDERS OF MACHINERY FOR 
THE ELECTRONIC INDUSTRY

Forward Characteristics

ler outstanding property of diffused junc- 
•de is the low forward voltage drop which 
ned. This voltage drop, at currents above 
), is 25 per cent to 50 per cent lower than

Zener voltage. At higher currents, the dynamic 
Zener impedance is lower for any particular Zener 
voltage.

The Zener voltage of a diode is basically con
trolled by the boron impurity concentration in the 
region of the crystal used to make the junction. 
On tins basis, silicon crystals are doped and 
grown to produce a predetermined Zener voltage.

KAHLE BODY CASE MACHINES 
. . . which automatically make up to 
1500 glass body cases per hour ... are 
actually two machines in one. Because 
they firstproduce a beaded lead wire ... 
and then seal a glass body sleeve over it 
... these outstanding Kahle machines 
can be employed solely for the production, 
of beaded lead wires as well as for entire 
glass body cases. Both components give 
excellent performance in automated 
assembly equipment.
Designed to establish new standards of 
efficiency and economy in your operation, 
this versatile machine is just one example 
of the full line of fine Kahle equipment 
for the production of semiconductors. 
In addition, every Kahle machine is 
pre-tested . . . under actual operating 
conditions . . . prior to shipment.
For detailed information, write to:

Fig 4. Zener Voltage Spread for Diffusion Lots

Lot No.
Average Zener 
Voltage (Volts)

Standard
Deviation (Volts)

1 13.8 0.22
2 64.0 2.00
3 182 0.70
4 22.5 0.29
5 105.0 2.70
6 21.7 0.50
7 44.0 1.80
8 7.8 0.130
9 8.2 0.100
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that obtained 
same junction

Fig. 7. (Left) Zener voltage vs rate 
of voltage increase with temperature
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by alloyed-type junctions of the 
area.
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A plot of forward current versus forward volt
age drop for diffused junction diodes, at junction 
temperatures of 25 C and 100 C, is shown in Fig. 
5. The significance of the forward characteristic 
can be seen by considering the curve at 25 C. As a 
forward bias voltage is applied across the diode, 
there is essentially no current flow until the bias 
reaches about 0.5 v. At this point, the current 
begins to increase exponentially as the bias volt
age is increased, reaching 2.0 amp at about 0.9 v. 
However, this is an instantaneous reading so that 
the junction does not have time to warm up.

The forward voltage drop across a diode is the 
sum of a junction potential barrier plus ohmic 
drops caused by resistance in the silicon and con
tacts to the silicon. It is this ohmic resistance which 
has been most affected by the diffusion process. 
By decreasing the ohmic resistance in the diode, 
the forward characteristic becomes more nearly 
that of the potential barrier.

The typical dynamic impedance of a forward 
biased diffused diode is 0.3 ohm at 50 ma and de
creases to 0.15 ohm at one amp. This low dynamic 
impedance, combined with the Zener-like char
acteristic of the forward-biased junction, results 
in a device well adapted for special applications, 
such as voltage regulation in regions of low volt
age which cannot be reached by ordinary Zener 
diodes. A common use for forward biased diodes 
is overvoltage protection on meter movements.

The forward voltage drop across a diode oper
ating in an ambient temperature of 25 C will al
ways be less than that given by the 25 C curve in 
Fig. 5. As shown, the forward voltage drop de
creases with increasing junction temperature. 
When forward current is flowing through a diode, 
heat is generated in the junction. This increase 
of junction temperature will result in a decrease 
of the forward voltage drop. The overall result is 
that as more current is passed through the diode, 
increasing the voltage drop, there is additional 
heat generated which tends to counteract this 
effect by lowering the voltage drop. A plot then of 
forward current versus voltage drop under oper
ating conditions in a 25 C ambient temperature 
would resemble the 25 C curve in Fig. 5 at low 
currents, but rise more perpendicularly at higher 
currents. For example, the forward voltage drop 
for an axial lead diffused rectifier operating in a

25 C ambient is essentially constant at 0.8 v for 
all dc currents over 0.5 amp.

Rectifier Power Losses

The real importance of forward voltage drop 
of rectifiers lies in the power losses in the rectifier. 
If, for example, forward voltage drop can be de
creased by 33 per cent, only two-thirds as much 
heat will be generated in the junction while de
livering the same amount of current to the load. 
This means, for a given load current, it is neces
sary to provide for only two-thirds as much heat 
dissipation. A direct result of this is a decrease in 
package size. A plot of the load current versus 
power dissipation in an axial lead diffused diode 
is given in Fig. 6.

The forward voltage drop of diffused diodes 

POWER DISSIPATION (WATTS)

ZENER VOLTAGE (VOLTS)

Fig. 6. (Above, right) Power dissipa
tion vs dc forward current

at currents above 50 ma appears to be indepc 
ent of the resistivity of the p-type silicon usee 
produce the junction. Both 900 v PIV rectiE 
and 10 v Zener diodes have essentially the sl, 
forward characteristic above 500 ma. At lo' 
currents, the forward voltage drop is slightly lo\ 
for high voltage rectifiers. This is dissimilar 
alloyed-type junctions in that they usually h 
higher forward impedances when made fi t 
higher resistivity silicon.

Special Devices

Certain modifications and special properties t 
diffused-junction diodes and rectifiers have b< n 
utilized in producing special devices.

Very’ high peak inverse voltages for rectifiers 
can be attained by connecting several rectifiers
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PREVENT
THERMAL
RUNAWAY

Modifications for Nearly Every Currently Used Transistor
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Time - Minutes

3AL-672 type
For all TO-3 package power 
transistors. Economical, they 
provide more than 12 sq. inches 
of radiating surface. Aluminum 
alloy with black anodize finish.

3B-O4O type
In modifications to fit every 
JEDEC package stud-mounted 
transistor. Over three times the 
radiating surface.Black Ebanol 
finished copper.

3AL-63S type
In modifications to fit all TO-6, 
7 and 9 packages. Unique finned 
design provides ample radiating 
surface while conserving space. 
Anodized Aluminum alloy.

TRANSISTOR CLIPS
Birtcher Transistor Clips per
form dual functions of retention 
and heat transfer Made in sizes 
for all transistors, in silver al
loy and beryllium copper.

3NIC DESIGN • June 10, 1959

85°C is the figure most transistor manufacturers 
specify as maximum for operating junction temperatures. 
Degradation in performance due to “thermal runaway” may 
cause serious problems, and shortened life almost always 
follows operation at more than recommended temperatures. 
To prevent a destructive rise in operating junction tempera- 
tureThe Birtcher Corporation produces Radiators for nearly 
every popularly used power transistor. By actual test under 
operating conditions, each of these radiators has been proved 
to keep temperatures at safe levels, even when transistors 
have been operated at more than recommended power levels, 
and under unfavorable environmental conditions.

Birtcher cooling and retention devices are sold only by 
The Birtcher Corporation and through their authorized Sales 
Representatives. They arc not sold through distributors.

?mpei 
îes e

WRITE FOR 
NEW CATALOG 
3-TC
Copies of test 
results on power 
transistors plus 

a reprint of ar 
article "In
creased Cooling 
for Power Tran
sistors” will be 
included.

in se: es. This can be done in a single package 
using liffused junctions. As many as three dice 
conta- n'ng diffused junctions can be stacked one 
above the other in the medium power package 
with no modifications in the assembly line, yield
ing rectifiers with PIV' as high as 2000 v. This 
also places the three forward voltage drops in 
series, tripling the forward voltage drop as com
pared to a single junction rectifier.

Decreasing voltage drop with increasing tem
perature in a forward-biased silicon junction and 
increasing voltage drop with increasing tempera
ture in a reversed-biased Zener diode have been 
'utilized to produce a temperature-compensated 
voltage reference element. The high precision 
[with which the temperature coefficients of Zener 
diodes can be predetermined has resulted in the 
fabrication of reference elements with a total 
voltage change of only 12 mv over the tempera- 
kure range of —55 C to 185 C, at a voltage of 
¡about 9.4 v. This is equivalent to 0.0005 per cent 
Change per degree centigrade change. Tempera
ture compensated elements with this tolerance are 
(currently produced by no other process.
I Manufacturing these devices can be best ex
plained by the use of Fig. 7. This curve is the 
Bower region of the Zener voltage versus tempera
ture coefficient curve shown in Fig. 2. Also indi- 
Icated is the negative temperature coefficient of a 
[single and two-series forward-biased junctions, 
first, the negative temperature coefficient is de
termined for forward biased junctions produced 
from a given crystal; then Zener junctions are pro
duced which will compensate for the negative 
|emperature coefficient of two forward-biased 
|i motions. From the curve it is seen that an 8.2 v 
E ner junction will do this. The resultant voltage 
bi the compensated device is the voltage drop 
[cross the Zener junction plus the voltage drop of 
|wo forward-biased junctions.

For catalogs and special design assistance contact your Birtcher Sales 
Engineering Representative or write direct to Charles Booher, Sales 
Manager, Industrial Division:

Build Reliability and Extra 
Performance into Every 

Circuit with Birtcher 
Transistor Cooling Radiators

i biased in either direction. Twin Zeners 
I by the diffusion process exhibit the 
iracteristics as reverse biased single junc- 

• er diodes with the exception that the 
ore coefficient is lower. The Zener volt- 
bited by these devices when biased in 
irection are usually within one per

OPERATE POWER TRANSISTORS 
AT PEAK EFFICIENCY

Twin-Zeners

Double-anode type Zener diodes, or twin Zeners, 
an be produced by the diffusion technique even 
nore simply than can the normal Zener diodes, 
n the first stage of the diffusion process, junc- 
ions are formed on both sides of the silicon slice, 
he normal procedure is to remove the junction 

tom one side leaving only one junction in the 
ice. iiowever, if both of these junctions are 
flowed to remain in the slice, the resulting de
fee v ’ show a reverse biased Zener characteris-

THE BIRTCHER CORPORATION
4371 Valley Blvd., Los Angeles 32, California 

WUX - Los Angeles. Telephone CApitol 2-9101

TEST CONDITIONS
Test was conducted using commercially available power 
transistor with a power dissipation of 13.5 watts, mounted 
on phenolic and metal chassis (with mica washer), using 
the same transistor with and without a Birtcher Transistor 
Radiator. The ambient was maintained at a constant.

TEST RESULTS

A —Transistor on 6" x 6' phenolic chassis
B —Transistor on 6" x 6" phenolic chassis with Radiator 
c — Transistor on 6" x 6" metal chassis (with mica washer) 
D — Transistor on 6" x 6 " metal chassis (with mica washer) 

and Radiator
In both instances where a Radiator was not employed the 
temperature rose above the destructive level inside of 3 
minutes In both cases where a Radiator was used the 
temperatures remained well within safe limits
The above results are typical of tests which have been 
conducted on every type of Rirtcher Transistor Radiator.



| m Secondary Effect
I of Diode Leakage

in Selection Matrices
I. N. Saxe

Technical Assistant to the Manager 
Sage Project Office, IBM, Kingston, N. Y.

M. Collins 
Manager of Semiconductor Group, 

IBM, Kingston, N. Y.

A simple modification of multiple level 
switching circuits will guarantee consist
ent operation. The technique described 
can be used in both germanium and silicon 
matrices.

BY APPLYING diode isolation to multiple
level switching circuits, fall-time character

istics can be greatly improved by reduction and 
discharge of circuit capacitance.

In a multi-level diode selection matrix or cas-

I. N. Saxe (left) received his B.S.E.E. from V.M.I. 
in 1939. Between 1939 and 1955, he worked in indus
try as well as the Army Signal Corps. In 1955, he 
joined IBM and has been engaged in the design of 
power and computer systems, logic and circuitry for 
magnetic drum equipment.

M. Collins (right) was graduated from Cornell in 
1950 with a B.E.E. degree. He Joined IBM in 1953 
and has been active in computer design and compo
nent application.

46

caded “OR” circuit, the “fall time” is sometimes 
slower than calculations indicate it should be. In 
other cases, a matrix whose fall time is satisfactory 
by tests fails to operate satisfactorily in isolated 
instances. The widening use of silicon diodes will 
increase the occurrence of this type of difficulty.

Conventional Circuit

A typical “OR” circuit (Fig. 1) for a large num
ber of inputs poses the problem that any input 
must supply the reverse current of all the other 
input diodes, in addition to the current demands 
of Rl and any connected load. When the number 
of inputs is large, the load on the driver can be 
excessive, especially when the design has properly 
allowed for “end of life” diode leakage.

Reduction of this current is easily accomplished 
by adding an additional stage of diodes, as shown 
in Fig. 2. In this case, a 100 input “OR” circuit 
with 10 additional diodes has the leakage of 18 
diodes in parallel. This addition of 10 diodes re
sults in a reduction of approximately 92 per cent 
in leakage current loading.

r- I—H--------

------- H-------- r5------ -

INPUTS --H' —1_
_ —M T-t—r-

t M11
-150 -3OV

Fig. 1. OR" circuit with multiple inputs.

In the circuit of Fig. 1, the capacitance of all 
lines represented by A through N, as well as that 
in L, is driven by each and every input. Since a 
large number of diodes normally implies a great 
deal of wiring, the reduction in capacitance is of 
great importance when fast fall times are desired.

Stray Capacitance Minimized

An additional advantage of the circuit of Fig. 2 
is a reduction of the stray capacitance seen by the 
load during the fall or “OFF” transition. If input 1 
is falling, the capacitance C2, C3 . . . C10 is iso
lated from the load by the diodes in the M or sec
ond level. Thus the total capacitance seen is Ci

The combination of smaller groups of diodes, 
which is possible in Fig. 2, leads to additional 
gains in stray capacitance reduction through 
proper wiring techniques of the small groups.

Thus it may be seen that even when very low 
leakage diodes (silicon) are used, the circuit of 
Fig. 2 may be used to advantage.

Hidden Weak Point

However, there is a weak point in this design 
which is normally overlooked. The “slow fall time” 
condition will be described in its worst case to 
make it more understandable. Refer to Fig. 2 and 
assume that diodes CR (N2) through CR (N100) 
have no leakage and assume that the leakage of 
CR (M2) through CR (M10) is finite as indicated 
by the dotted resistors. After one selection has 
been made for a long time and “V ON” applied 
to CR (Nl), the stray capacitance shown b\ Cs 
through Clo will become charged to “V ON 
(0 volts).

ELECTRONIC DESIGN • June 10, 1959
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M LEVEL DIODES

CR(N2)

CR(NIO)

CR(NII)

CR(NI2)

CR(M2)
CR(N2O)

CR(N9l)
3OV

CR(N92)
OUTPUT

CR(Nl00)

150V

Fig. 2. ' OR circuit with isolation diodes

Photograph of typical word driver current from the high speed memory.

Ideal Fall Time

(Continued on page 48)

M LEVEL DIODES

CR(N2)

I CR(M I)
CR(NIO)

150V

CR(Nll)

CR(NI2)

CR(M2)
CR(N20)

39V

CR(N92)
■OUTPUT

CR(NIOO)

150V
TRANSISTOR CORPORATION150V

Twenty Type 4N50D Shockley 4-layer diodes m core 
driving circuit. Each diode drives 80 cores in one word.

4 * « 
ICR (Ml)

4-^-4 ■ 
' CR(MIO)

When the voltage applied to CR (Nl) goes from 
0 to —30 v, the fall time of the matrix’s output 
is governed by the stray capacitance in the entire 
network, instead of being governed entirely by the 
stray' capacitance in just one branch (shown as Cl). 
Therefore, under the conditions described

INPUTS 

(0N=O 
OFF* 30 v

This large, high speed memory uses the Shockley 4N50D 
4-layer diode. The 4N50D with switching voltage of 50 
± 4 volts and holding current of 15 ± 5 ma, is available 
at $3.75 each in quantities over 500. Write for price and 
delivery on types and ranges for other applications.

INPUTS 
(0N=O V 
0FF=3OV)

3. DR circuit with «solation diodes pl 
der resistors

This outstanding achievement has been made possi
ble by two recent developments—the impulse core 
switching technique and the Shockley 4-layer transis
tor diode. The impulse core switching technique was 
developed by R. E. McMahon and reported by him 
(“Impulse Switching of Ferrites”) at the Solid State 
Conference in Philadelphia, February, 1959.

Shockley diodes give the high rate of current 
build-up required for impulse core switching. In 
experimental circuits, build-up rates greater than

109 amperes/second have been obtained.
The designers of the new high-speed memory 

describe it as — “a sequential access, linear selection 
ferrite core memory consisting of 1040 words of 80 
bit length (83,200 bits of total storage)The access 
time between words is less than 1 /¿sec and the com
plete cycle time of the cores is of the order of 0.5 pisec. 
The technique used to obtain such high speed switch
ing with normal ferrite cores is known as impulse 
switching.

The Shockley 4 layer diode is a two terminal silicon 
switch, invented at Bell Telephone Laboratories, 
which is turned on by a voltage pulse across the 
device. By combining fast switching with higher 
power handling ability, the 4-layer diode is solving 
application problems in many fields — computers, 
telephone switching, sonar and magnetron pulsing, 
detonator firing circuits, ring counters, pulse gener
ators, oscillators and relay functions.

A typical magnetic core driving circuit is available 
on request. Ask for Application Data Sheet AD-5.
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• CR(M 10)

N LEVEL DIODES

CR(NI)

.N LEVEL DIODES

CR(NI)

Stanford Industrial Park, Palo Alto, Calif.
SUBSIDIARY OFHECKMAN INSTRUMENTS, INC 
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CLEVITE
SILICON 
UNCTION 
DIODES

ACTUAL SIZE

250 MW Package ...
Fast Switching and General Purpose Types 
Featuring...

TECHNICAL DATA

MECHANICAL RELIABILITY-- Rugged, hermetically sealed, 
subminiature packages. Designed to meet both military and 
commercial requirements.

ELECTRICAL SUPERIORITY -------- Excellent high temperature
operation . . . thermally stable . . . high forward conductance 
. . . efficient rectification.

PRODUCT UNIFORMITY — Tight manufacturing controls.

For details, write for Bulletin B217A-1 B217A-2

Cleveland Graphite Bronze • Brush Instruments 
Clevite Electronic Components • Clevite Harris Products 

Clevite Ltd. • Clevite Ordnance • Texas Division 
Clevite Research Center • Intermetall G.m.b.H.

Max. DC Forward Current Max. Inverse Current
Type Inver Oper @ Specified 

Voltage Voltage @ 25°C @ 150 c Test 
Volts

IN457 60 V 20 ma@1.0V 0.025 /ta 5.0 /ta 60 V

1N458 125 V 7 ma @ 1.0 V 0.025 /ta 5.0 /ta 125 V

1N459 175 V 3 ma @ 1.0 V 0.025 /ta 5.0 iiB 175 V

1N662 90 V 10 ma@1.0V 20/ta 100/xa (@ 100° C) 50 V

1N663 90 V 100 ma@1.0V 5.0 /ta 50/ta (@ 100° C) 75 V

1N778 100 V 10 ma @ 1.0 V 0.5 /ta 30/ta (@ 125° C) 100 V

1N779 175 V 10 ma @ 1.0 V 0.5 /ta 30/ta (@ 125° C) 175 V

CLEVITE
TRANSISTOR PRODUCTS

A DIVISION OF

CLEVITE

Silicon Junction Diodes Germanium Diodes Power Transistors Solder Lug Power Transistors

Degradation of fall time wil > 
cur when two conditions exist.

(1) The “ON” time is very loi
(2) One or more of the M 1 el 

diodes have high leakage comp d 
to any of its N level diodes.

Since the combination of t. se 
two conditions are not typical, he 
design may result in occasional cir
cuit failures which are difficu to 
detect.

Circuit Improvement

Fig. 3 indicates the remedy the 
addition of bleeder resistors to dis
charge the capacitance which exists 
between the two levels of diodes. 
The fail time of this circuit is in
dependent of the time the input 
remains in the “ON” condition.

The cost to the designer of add
ing this protection is, of course, the 
additional resistors and the addi
tional load current through these 
resistors which must be applied by 
the “ON” input circuit. This also 
adds additional load current for the 
“OFF” input circuits; since this oc
curs during the minimum load con
dition of those circuits, it is not im
portant.

The resistance value of these ad
ditional resistors may be determined 
as follows:

(“OFF" Voltage) — (Bleeder Voltage) 
R

= Mar Diode Leakage
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provement, although it

the time in the

con-

Reverse Recovery (256 JAN)

Level
Type voltsma

For complete data, write for bulletins PB-51 and TE-1350.
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by the change C 
charging depends o

1N809 
1N808
1N807 
1N806

electronic corporation • wakefield, massachusetts

» affected 
etc. This

:ig. 4. (below) Comparison of ' OR 
ircuits’ response time.

ON” condition as shown, as well as 
the leakage of each M level diode 
and its N level diodes.

Two levels of diodes are equally 
important when silicon diodes are 
jsed. In this case, the major benefit 
s isolation of capacitance. Since 
iilicon diodes show a large varia- 
ion of leakage, although very small, 
he unusual situation shown by 
ng. 2 will occur more frequently. 
Jse of bleeder resistors is almost 
nandatory if capacitance isolation 
s desired; also, the circuit can re
nain in the “ON” condition for ex
ended periods. ■ ■

Transitron’s advanced solid-state development 
program has now produced the industry’s most 
versatile selection of computer switching diodes.

High forward conductance and 0.3 micro
second inverse recovery are combined with low 
125°C leakage currents. The performance of logic 
circuits in the 10 ma region is improved with the 
low capacity (3 nnf) 1N806-1N807 diodes. Higher 
current circuitry can be reliably operated using 
1N808-1N809 diodes.

For less stringent temperature environments, 
Transitron also provides a selection of standard 
100°C fast switching diodes.

Production quantities of all types are immedi
ately available from stock. Small quantity re
quirements can be obtained from your authorized 
Transitron distributor.

Max 
Rec. 

Time 
Msec

¡u u ich case no charge buildup 
can cur. In the illustrated case, 
assun mg that a germanium diode 
fflay i ad 0.5 ma of back current, the 
resist >r required is determined as

- 0.5 X 10-3 amp; K = 240 K ohm.

Fig 4 shows the response times 
of each of these circuits. Circuit 1 
has the poorest fall time character
istic since no capacitance isolation 
is obtained. Circuit 2 shows an iin-

IMPROVED
SWITCHING

SILICON

FAST SWITCHING SILICON DIODES, SUBMINIATURE GLASS PACKAGE

Minimum 
Forward 
Current 
@ 1 V 
(ma)

Max. Rev. Current 
SpecifiedVoltage 

(m3 @ volts)

Minimum 
Saturation 

Voltage 
(ÿ 100 /«a. 

(25°C) 
(volts)25°C 125°C

100 1 0@ 200 50 @ 200 220
too 1.0 @ 100 50 @ 100 110

4* .5 @ 175 50 @ 175 200
4* .5 @ 100 50 & 100 110

• Maximum 1 mc capacity — 3 (—10 Volts)
t IBM Modified "Y" Circuit

Temperature Range — 55°C to 150°C

1N663 100 5 @ 75 50 @ 75 100 0.5f 200 5 40
1N658 100 05 50 25 @ 50 120 0.3 500 5 40
1N659 6 5 @ 50 25 @ 50 55 0.3 88 30 35
1N660 6 5 100 50 @ 100 no 0.3 88 30 35
1N661 6 10 @ ?00 100 @ 200 220 0.3 88 30 35
1N643 10 1 fe 100 15 & 100 200 0.3t 200 5 40
1N662 10 20 @ 50 100 @ 50 100 0.5t 400 5 40



Using Diodes as
Power Supply Filter Elements

David T. Geiser
General Electric Co. 

Utica, N. Y.

The problem of maintaining steady-state conditions under multiple transient loads 
can be solved by using diodes as power supply filter elements. In addition it reduces 
both the cost and size of the equipment.

VARIATION of supply voltage caused by 
multiple transient loads can be effectively 

eliminated by using diodes as power supply 
filter elements. The advantages of using diode 
isolation instead of electronic voltage regulators 
are:

■ Less power consumption and heat generation
■ Lower voltage drop
■ Lower total capacitance requirements
In the past, solutions to the problem of supply 

voltage variations usually involved the use of 
electronic voltage regulators or larger values of 
supply-output filter capacitance. These ap
proaches are quite effective with single loads, 
but multiple-load-use sometimes leaves much to 
be desired. Electronic regulators operating near 
maximum ratings under steady-state conditions 
tend to change from constant voltage to constant 
current operation under transient increased load. 
Large enough filter capacitors to handle long 
duration low impedance transient loads are often 
too bulky and costly.

Using Diodes As Filters
Basic isolation circuit consists of series diodes 

connecting the power supply to the loads. The 
loads are shunted with parallel capacitance as 
in Fig. 1. Should some load (such as #1) sud
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denly increase and cause the power supply volt
age to drop, diode D2 disconnects load #2 from 
the power supply. Capacitor C2 supplies power 
to load #2 until the power supply voltage again 
equals the load voltage.

The ripple seen by the second load is mainly 
dependent on the capacitance of C2, the resist
ance of load #2, the duration of the low voltage 
condition, and the charging impedance seen by 
C2 through diode D2 and the power supply. If 
the discharge voltage of C2 does not drop below 
the lower power supply voltage during constant
time transients, load #2 will see a nearly con
stant ripple voltage regardless of the depth of the 
power supply voltage drop. This effect is seen by 
comparison of Fig. 2 and Fig. 3. In Fig. 2, a light 
pulsing load (shown in Fig. 4) at 10 cps was ap
plied to a power supply to show the case of dis
charge almost reaching minimum voltage level. 
Fig. 3 shows the negligible output ripple change 
resulting from a 13-times increase in power sup
ply voltage change.

It should be noticed that in each of these cases 
the charging time is a small fraction of the dis
charge time. If higher harmonics present in this 
waveform are not permissible, they may be re
duced by more nearly equalizing charge and 
discharge times. This last technique penalizes

Fig. 2. Lower photo: power supply transient 10 cp$ 
squarewave. Upper photo: network output ripple to 
200K load, capacitor 30 uf (left)

t



IN9I

200K

IO CPS ru

cps 
to

F L 3. Same conditions of Fig. 2 except that power 
sv ply transient has been increased 10 times, (right)

DIODE ISOLATION

”D2

LOAD *1 LOAD *2

JC2

Fig. 1. Suggested arrangement of diode and capacitor 
networks to isolate loads of a common power supply.

Fig. 4. Circuit used to evaluate isolation effect.
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2.5*

6AS7

50 K 
+ioo v^——wv

675V —

Fig. 5. Conditions of Fig. 3 except that capacitance in
creased to 100 uf.

output voltage stability by seeking the average 
power supply voltage.

The effect of increasing capacity across the 
filtered load is shown in Fig. 5. Here the power 
supply is heavily pulsed as in Fig. 3, but the 
capacitance is increased from 30 to 100 pf.

Applications
Actual uses of diode isolation techniques in

clude independent operation of low voltage high 
current relays from rectifier power supplies as 
well as satisfying more conventional electronic 
isolation needs. Advantages found in use are 
(1) less power consumption and heat generation, 
(2) lower voltage drop, and (3) lower total ca
pacitance requirements. The major disadvantage 
is the constant ripple factor. This situation pre
supposes that the designer knows the tolerable 
disturbance. A psychological disadvantage also 
exists, for increased capacitance proportionally 
reduces ripple and an unsophisticated designer is 
tempted to use higher capacitance than needed.

Diode choice is limited by the difference be
tween maximum and minimum power supply 
voltage (the diode peak inverse voltage) and both 
the initial capacitor-charging surge current and 
lower recurrent surges caused by power supply 
transients.

Germanium point contact and hot cathode 
vacuum diodes can be used for electronic cir
cuitry, while both germanium junction diodes 
and selenium rectifiers have seen lower frequency 
use. While most experience is with electrolytic 
capacitors, paper and higher-quality types of ca
pacitors can be used for energy storage in this 
application with the added precaution of limit
ing surge current by adding series resistance to 
the isolation diodes. ■ ■
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Some Useful Plastics for
Special Requirements
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plastics, urea plastics show good heat resistance 
They are non-flammable. Their main limitations 
are poor dimensional stability, relatively poor 
mechanical strength and high mold after shrink
age. Despite these limitations, however, urea 
plastics are ideal materials for electrical applica
tions under relatively low voltage conditions in 
parts not requiring molded-in metallic inserts. 
Most household applications fall within this cate
gory. Typical uses are: low voltage circuit 
breaker cases, switch housings, small terminal 
blocks, household sockets and plugs, wall panels, 
instrument housings, and tube sockets.

ELECTRONICS designers must select their ma
terials with care to insure adequate perform

ance under severe operating conditions. Industry 
offers plastics which excel in certain specific re
quirements. Three of these groups are amino
plastics, methylstyrene and polyester plastics.

Fig. 1. Complex forms made of glass-filled melamine where mechanical 
strength and good arc resistance are desired.

Aminoplastics

Urea-Formaldehyde Plastics. Parts molded 
from urea-formaldehyde material have relatively 
good dielectric strength but relatively poor di
electric constant and dissipation factor. Arc re
sistance is excellent. In comparison with thermo-

Obviously, no single plastic can 
be suitable for all applications. 
While some materials are useless 
for certain applications, others ex
cel in those same areas. This article 
outlines characteristics of a few 
plastics which should prove useful 
for special applications.

.0014 r 
001« o 
ooio 5
OO00 -4 
.0004 ~ 
«004 • 
.0002 2

H. J. West 
American Cyanamid Co, 

New York, N.Y.

Fig. 3. (right) Dielectric constant and losses of methylstyrene molding com 
pounds.

Fig. 2. These armature windings are impregnated with a polyester resin compound 
to increase insulation resistance.



M amine-Formaldehyde Plastics. The out- 
stanc ag properties of melamine molding com- 
poun s are non-flammability, low water absorp
tion, »eat resistance, and excellent non-tracking 
propt ties. Special grades are available offering 
high icchanical and impact strength, good dimen
sional stability, and good insert retention. Four 
types are especially suited for electronics: 
■ Wood-flour filled.
■ Mineral (asbestos) filled.
a Glass fiber filled.
a Glass mat or cloth laminates.

Asbestos-filled melamine molding material is 
intended for industrial applications requiring arc 
resistance and dielectric strength with retention of 
these properties under continuous service at tem
peratures up to 300 F. The arc resistance of these 
materials by standard ASTM test method is excel
lent and it is one of the few thermosetting plastics 

I rated good under the Boeing Power-arc test.
Although not rated as an impact material, min

eral filled melamine has adequate strength for 
heavy duty molded parts. It has excellent dimen
sional stability, minimum tendency to crack 
around inserts and good insert retention. Readily 
moldable by injection methods it is suitable for 
intricate molded-in insert systems. Typical appli
cations are high-altitude ignition system compo
nents, industrial circuit breakers, terminal blocks, 
and switch gear.

Many similar industrial uses not requiring as 
high a degree of heat or arc resistance can be met 
with wood-flour filled melamine. Typical applica
tions include industrial connector plug inserts, 
watt-hour meter blocks and other small parts 
(Fig- 1).

Maximum mechanical strength with outstanding 
arc resistance and dielectric strength is obtained 
with the glass filled melamine molding com
pounds. Heavy-duty switch gear, terminal strips, 
sockets, and coil forms are applications where 
glass filled melamine can be used to advantage, 
when mechanical strength requirements are not 
met with the mineral filled types.

The ultimate in mechanical strength is pro
vided by the use of melamine glass cloth lami
nates. Electrical panel is a typical application.

Polyester Resins
Polx ster resins have basic properties of value 

n the electrical and electronics industries. Some 
the significant properties of the cast resins are: 

■ C od humidity resistance.
■ I ?ellent insulating properties including high 

Select ic strength.
1 B itivcly low dielectric constant and loss 

a(tor. nd good arc resistance.
' Ti nsparency to microwave radiation.
■ 11 icnsional stability.

from launch to completed mission

: : . ■ *

CONNECTOR RELIABILITY is the most important specification 
you can buy. CEC’s NEW Series 500-C Multi-Contact 

Rectangular Connectors have it in every detail! Consider 
the all-important contact insulator block, for example.

a glass-filled diallyl phthalate composition with 
k w high strength, lightweight, and excellent dialectric
m properties. Snap-in contacts stay put in the block

and individually resist a rear axial pull of 20 lbs.
— ... that’s a CEC guarantee!
|r A four-way crimp holds wires into contacts for
I positive, fail-proof electrical continuity. Standard
" CEC connectors come in 8-, 26-, 34-, 42-, 50-, 75-, and

100-contact types...in a wide variety of mounting 
configurations. Special connectors are designed and 

manufactured to your requirements. Call Connector 
Department, EMI Divi- ■■■■-------------------------  

sion, SYcamore 6-9381, MMMI
Pasadena, Calif., or write

for Bulletin CEC 4004-X17. MMM

CONSOLIDATED ELECTRODYNAMICS / 360 Sierra Madre Villa, Pasadena, Calif.

Electro Mechanical Instrument Division

(Continued on page 54)
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1/2-AMPERE
FAST

SWITCHING
DIODE

fever

SEMICONDUCTOR DIVISION Dielectric constant

enna
Dissipation factor 11.0028 

0.0084 
ood

60 cps 
10® cps

3 x 10” cps
60 cps
10® cps

3 x 109 cps

A HIGH-TEMPERATURE OPE RATI ON. Typically, 
leakage current is no greater than 30 /¿a at 

working inverse voltage and 150° C. Diodes are 
rated for both operation and storage at tempera
tures from —65° to +150° C.

ELECTRONIC DESIGN • June 10, I«’

A HIGH FORWARD CONDUCTANCE. The for
ward current specification is 400 ma at 25° C 

with 1.0 volt maximum drop under static (d-c) 
conditions. Conductivity increases with tempera
ture — diagram shows typical “x-y” plots at 25° 
and 150° C.

fast recovery. Maximum recovery time is 
IP 0.8 microseconds to return to 10 K ohms. 
Recovery test switches from a forward current 2 
microsecond pulse of 500 ma, to a reverse voltage 
of —50 volts with a loop impedance of 1 K ohm.

new from Sperry is this high-temperature IN690 
series silicon diode which gives you greater current
handling capability than germanium diodes — with 
no sacrifice in recovery time!

Check for yourself the performance characteris
tics of this new diode in the graphs at left. . . then 
compare them with our minimum specifications 
below.

ADDRESS ALL INQUIRIES Marketing Dt purtnit llt.
SllgBBtegtMagM v \ . ■ i ■' . . s ?•'* ' a- . ;
ISlIM ' ■' ■ s I . /• I ..H Orleans, Boston, Baltimore, Philadelphia.
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In addition, glass-fiber polyester resin lair tes 
and moldings show phenomenally high ir act 
strength sometimes exceeding twenty foot pc id$ 
per inch of notch, high flexural and tc ;ile 
strengths and heat distortion temperature t to 
300 C. Special resins are available from whi 
conjunction with antimony trioxide, a fair d gree 
of flame resistance is obtained.

The unfilled resins may be used for castii for 
these typical applications:

Encasing transformer windings. I
Casting terminal blocks.
Encasing capacitors. i
Encasing miniature printed radio circuits.
Embedding hearing-aid assemblies.
Encasing miniature amplifier units.
Impregnating paper capacitors.
The outstanding use of glass filled polyester 

resin laminates in the electronics field is the rabri-1 
cation of radomes. Here, phenomenal structural I 
strength plus micro-wave transparency, combined I 
with ease of fabrication in large structures, make I 
glass reinforced polyester the ideal material. Light I 
weight and rigidity can be achieved through I 
honey comb or foamed-in-place sandwich construe-1 
tion. I

Other structural and insulating applications ini 
electrical and electronic devices include coil bar-1 
riers, separators, and supports, coil core insulation, I 
insulating washers, lead separators, armature and I 
laminations (Fig. 2). I

For those who are willing to compound their I 
own materials from glass fiber, filler, and polyester | 
resin, polyester premix molding compounds can I 
be formulated for use in a wide range of electronic! 
applications. The properties can be varied accord ! 
ing to the amount and type of filler used and the! 
ratio of glass fiber to resin. Specific formulation I 
suggestions are provided by most manufacturers! 
of polyester resins.

Fire-resistant compounds can be formulated! 
from special types of polyester resins and usiml 
specified amounts of antimony trioxide with thtl 
filler. However, these compounds, although self ! 
extinguishing are not as good as the melamines in! 
non-flammability. !

Applications for polyester resin premix mold-1 
ing compounds are similar to those for the min i 
cral-glass filled melamines and include heavy duty® 
standoff insulators, coil forms, brush holder as-l 
semblies, circuit breaker parts, and contact ami 
insulation. Typical electrical properties of an chi-1 
trical grade polyester resin casting are: 1

Laminac 4111, 178 in. casting 1
SPERRY RAND CORPORATION 

South Norwalk, Connecticut

low leakage at high inverse voltage. Spec
™ ification at 25° C is maximum 0.25 /xa at 
rated voltages.

high inverse voltage. Saturation volt- 
w ages can be supplied in a range from 40 to 
150 volts for this high current series.

1000 ma

500 ma

1 VOLT

0.25 «a FORWARD VOLTAGE

100 «a

actual scope
PHOTO

RSE VOLTAGE

SWITCHED TO - 50 VOLTS



Dieh trie strength, 77 F. Short time V/MIL 430
212 F. Short time V/MIL 400
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Methylstyrene Molding Compounds
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p0: methylstyrene ranks with polystyrene 
among the best dielectric materials. The values for 
dielec trie constant and dissipation factor are ap
proximately the same for both materials over wide 
frequency ranges. Polymethylstyrenes also ex
hibit high dielectric strength.

Methylstyrene-acrylonitrile copolymer, although 
not as good as the homopolymer in electrical prop
erties, also rates as an excellent dielectric material. 
The methylstyrene compounds are useful in mold
ing a wide range of electronic components which 
are not subject to severe mechanical stresses or 
elevated temperatures. These molding compounds 
are thermoplastic, and cannot be used for applica
tions involving high heat. Methylstyrene molding 
compounds are, however, considerably more heat 
resistant than the polystyrenes and under no load 
withstand continuous service at 210 F. Typical ap
plications are miniature tube sockets, capacitors, 
and antennas insulation.

Because of the small loss tangent, these mate
rials are particularly useful for high frequency in
sulation.

Modified methylstyrene molding compounds are 
available which although similar in intrinsic elec
trical properties to polymethylstyrene are unique 
in their ability to tolerate wide environmental 
changes without impairment of these properties. 
As shown in Fig. 1 the dielectric constant and loss 
factor are remarkably uniform over a wide range 
of frequencies.

Moldings and extrusions from these materials
elation have been cycled from minus 65 F. to plus 160 F.
cturers

lulated 
using 

th the 
h self- 
ines in

mold- 
e min- 
y duty 
1er as- 
ct arm 
n elec-

under wide humidity ranges without adverse 
effect.

Ten thousand volts has been specified as a mini
num radio-frequency heating and breakdown re
quirement for antennae component when tested 
iccording to MIL-A-7965-ASG. The special 
nethylstyrene molding compound actually with- 
itood 18,000 volts at 3.44 inches mercury and 3 
negacycles per second. It also met the electrical 
nsulation-to-space and other electrical specifica- 
ions of Paragraph 4.4.1 of MIL-E-5272, Amend
ment No. 1, both before and after exposure to the 
evere environmental testing procedure.

Mol ings from this type of material have un- 
isualh high surface resistivity under the most ad- 
erse onditions. It can readily be molded or

' THREE

MASER
The Maser is a microwave amplifier utilizing energy stored 
in a molecular or atomic system. Emission of energy is stimu
lated by the input signal. Masers operate at liquid helium 
temperatures and have low noise levels, approaching zero db.

Recently, a university research laboratory^ used Linde 
single crystal synthetic ruby (A12O3 with Cr2O3 additive) in 
a three-level solid state Maser. The ruby crystal was placed 
in the Maser’s tuned cavity and a magnetic field of 4200 gauss 
was applied. To bring electrons from a ground state into a per
missible higher energy level, a pumping frequency of 24 kMc 
was used and the Maser amplified signals at 9.3 kMc.

Linde supplies other crystals, including rutile, spinel, and 
sapphire. (A12O3). Sapphire is used in infrared optical sys-

terns, windows for higher power microwave tubes, spacers
and supports in vacuum tubes, radiation pipes. It has strength 
at elevated temperatures, melts at 2040°C., is hard, inert, non- 
porous, and can be sealed to metals and glasses. Sapphire is 
available in the shape of domes, windows to 4% inches in 
diameter, rods and special configurations.

For more information, write Crystal Products Department, 
Linde Company, Division of Union Carbide Corporation, 30 
East 42nd Street, New York 17, N. Y.

2.91
2.82
2.73 
0.0028 
0.0084

-

enna 
ions f 
ias b( 
lemei

d and the parts have excellent moldability, 
d uses are external and submarine an- 

unponents, radar lenses and other applica- 
which polystyrene or polymethylstyrene 

i found useful but where exposure to the 
is also involved. ■ ■

Maser Action in Ruby, by G. Makhov, C. Kikuchi, J. Lambe, and 
R. W. Terhune. “Physical Review,” Vol. 109, No. 4, p. 1399, Feb. 
15, 1958.

UNION 
CARBIDE

’‘Linde” and “Union Carbide” are registered trade-mark« of Union Carbide Corporation.
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J. R. Baum
Staff Member, Mechanical Engineering Lab.

Motorola, Inc.
Military Electronics Div., Phoenix, Ariz.
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Thermal Considerations In 
The Use Of 

Power Transistors

Analysis of the Overall Coefficient, Ua

In order to consider methods of increasing the 
overall coefficient Ua, it must be broken down

where Q = the heat transferred in watts*

l a = the overall heat transfer coefficient 
between the junction and ambient in 
watts/C*

Tj = temperature of junction in C*

*Units: Traditionally, heat transfer units have been the 
BTU, the foot, and the F. When considering heat 
transfer in electronic equipment, the use of watts, 
inches, and C have become accepted. This paper 
will use w’atts, inches, and C throughout. For 
comparison purposes, the conversion factors be
tween systems are given below:

1 watt = 3.416 ; I C = 1.8 F;

ELECTRONIC DESIGN • June 10, 195?

Q = f. (T, - T„)

Watt 
C-in*

Temperature in C

273 HR-FT* — F

= [(Temperature in F)-32] 5 9

By properly analyzing power transistor mounting methods and 
heat transfer techniques, full power output capabilities can be 
efficiently attained. Design principles are outlined together with 
relative results for different schemes, to enable the design engi
neer to apply a practical approach to thermal dissipation prob
lems.

CLOSE examination of the thermal path from 
the power transistor collector junction to the 

ambient, along with a careful analysis of transis
tor mounting methods, supply the solution for 
maximum heat dissipation and full power output 
capabilities. To achieve minimum thermal re
sistance, a dissipator of high thermal conductivity 
and suitable cross sectional area is required. 
Various heat transfer methods, and relative results, 
will be analyzed and compared.

Typical Power Transistor Mounting
A cross-sectional view of a typical power tran

sistor mounted with an electrical insulator onto a 
dissipator is shown in Fig. 1. The object is to 
transfer heat to the ultimate sink.

The heat in a power transistor is generated at 
the collector junction. It must be transferred to the 
ultimate sink via the thermal path between the 
junction and the sink. The overall rate of heat 
transfer from the collector junction to the am
bient may be expressed in equation form as fol
lows:

Ta = temperature of ambient or of ultimate 
sink as applicable, in C*

Reference to Eq. (1) clearly indicates that the 
allowable dissipation from the transistor is di
rectly proportional to the overall heat-transfer 
coefficient, Ua, and the magnitude of the junction- 
to-ambient temperature difference, (Tj —Ta).

Tf cannot be allowed to exceed the maximum 
temperature given by the manufacturer for the 
particular transistor. This temperature usually 
ranges between 85 C and 90 C for germanium 
types, and between 150 C and 200 C for silicon 
types. As a general rule, a maximum of 85 C for 
germanium types will provide the most reliable 
operation.

With T} maximum fixed, the temperature dif
ference, (Tj — Ta), can be increased only by 
lowering Ta. However, the design ambient or sink 
temperature is usually fixed by specification or 
configuration and cannot be easily lowered. There
fore, the minimum temperature difference, 
(Tj — Ta), which must be used in design is us
ually fixed. Once the minimum temperature dif
ference is set for a given problem, the only means 
of increasing the allowable transistor dissipation 
is by increasing the overall heat-transfer coeffi
cient, Ua.

into the individual coefficients corresponding to 
the heat transfer between various points in the 
system. Reference to Fig. 1 indicates four consecu
tive portions of the heat flow path to be con
sidered: the first from the junction to the case, the 
second from the case to the dissipator, the third 
within the dissipator, and the last from the dis
sipator to the ambient. Eq. (2) is the relation be
tween the overall heat-transfer coefficient, Ua, 
and the individual conductances associated with 
each portion of the heat-transfer path between the 
junction and the ambient.



Table 1—Average Conductance of 
Various Insulators

Insulator

Conductance /KA _ * Watts 
i — 1 Af \xj c

Dry With D.C.4**
Average Average

B are (no insulator) 1.8 2.8

Anodized aluminum 
(.016')

2.4 3.0

Anodized aluminum 
(.125*)

0.8 2.5

Mica (.002*) one 
thickness

.8 2.2

Mica (.002*) two 
thickness

1.00 1.7

Mica (.002*) three 
thickness

.90 1.4

Mylar (.003*) one 
thickness

.57 1.02

Mylar (.003*) two 
thickness

.5 .6

Mylar (.003*) three 
thickness

.4 .45

Glass cloth, Teflon 
coated (.003*)

0.79 —

* (At = 1 in’)
D. C. 4 is Dow Corning 4 Compound, Silicone Lu
bricant.

Table 2—Conductivity of Common 
Dissipator Materials

Material
K - Thermal

Conductivity
Watts-in 

C-in’

Copper 9.75

/ 'uminum (pure) 5.75

i uminum (6061T4) 3.92

f uminum (2024T3) 3.08

l agnesium (A231B) 1.89

6 el 1.18

1 erglas, laminate 0.007
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where:

lit = internal thermal conductance of watts
transistor C

Kt = thermal conductance' between watts
Xt transistor base and dissipator C-in2
-11 — area of transistor base in2
Ka = thermal conductance between watts
Xd mounting point of transistor C-in2

and mid-point of dissipator area
Acd = cross-sectional area of dissipator in2 

in direction of heat transfer
h0 = coefficient of convective heat watts

transfer from dissipator to am- C-iu2
bient (ultimate heat sink)

Ad = area of dissipator in2
hr = radiation heat transfer coeffi- watts

cient C-in2
For Ua to be a maximum, each of the conductances, 

Rt, At ( — ), Acd ( and (ho + hr) Ad should 

be a maximum. Each one will be discussed sepa
rately to point out methods of improvement.

Junction-To-Base Thermal Conductance
Parameter Rt is a function of the internal con

struction of the transistor, and is usually reported 
by the manufacturer. Between transistors of the 
same design there may be a significant variation 
of this value; however, it is not feasible for the 
user to experimentally check each unit. Therefore, 
the manufacturer’s rating should be accepted, 
probably as conservative. A typical value is 
1 watt C. It may also be given as so many C/watt, 
in other words, as 1/R«.

Conductance Between Base and Dissipator
The conductance term (Kt/Xt) At governs heat 

transfer across the boundary between the transis
tor base and the dissipating element. If the tran
sistor is mounted without an electrical insulator, 
only the bare surface contact resistance is present. 
Addition of an electrical insulator, such as mica 
or Mylar, will further increase the resistance of 
heat transfer, by lowering Kt/Xt.

Prediction of an exact value for this term is dif
ficult, as very little pertinent data is available. A 
good general discussion of contact resistance can 
be found in Reference (1). Due to the number of 
variables involved, it is also difficult to obtain con
sistent experimental data. Table 1 indicates the 
average results of some experiments made at Mo
torola, Phoenix, and reported in References (2) 
and (3).

For the various insulators, it is obvious that the 
contact resistance is the governing factor rather 
than the insulator thickness. In general, the mating

Fig. 1. Typical power transistor mounting arrangement.

surfaces should be as smooth as possible with 
maximum contact pressure. Minimum insulator 
thickness should be used, consistent with electrical 
requirements. If possible, a conductive grease 
should be applied in the joint.

Internal Conductance of the Dissipator
The resistance to heat transfer within the dis

sipator can be considered by examining the term 
A<-d (Kd/Xd) which appears in Eq. (2). This term 
should be as large as possible for optimum dissi
pator performance. The use of a highly thermal- 
conductive material is the best method of assuring 
efficient dissipator performance. Consistent with 
weight and space requirements, a large enough 
cross-sectional area should be used to increase 
conductance. When weight limitations are in
volved, thermal conductivity and material density 
must be considered together. On this basis, it is 
found that, for the same weight, the conductivity 
of magnesium and aluminum are superior, in that 
order, to copper. This is true, in spite of the fact 
that magnesium and aluminum have a lower 
thermal conductivity than copper. Where space 
alone is a consideration, then thermal conductivity 
will govern. Table II lists basic conductivity data 
of common dissipator materials.

The distance, Xd, between the transistor base 
and the average temperature point, of the dissi
pator should be kept to a minimum consistent 
with the thermal conductivity and thickness. This 
particular point must be considered, together with 
the necessity for having sufficient dissipator sur
face area, as discussed in the following para
graphs on heat transfer to the ambient. For ex
ample, if an increase in horizontal dissipator area 
is required in a particular case, then the thick
ness or material conductivity must be increased 
proportionally. Failure to do this can increase the 
resistance to heat transfer in the dissipator at al
most the same rate that heat transfer from it is 
being increased—with no real gain. One approach 
to this problem is to provide a dissipator configu
ration (such as vertical finning) so that Xd may be 
kept short with no loss in area.

Dissipation to the Ultimate Sink
In some cases, the designer can choose the 

method of dissipating the heat to the ultimate 
sink. If this is the situation, the selection of dis-
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sipator and cooling methods go hand in hand. The 
more common situation is to have the cooling 
method previously specified so that the designer 
or engineer must utilize it in the best possible 
manner. In either case, however, it is necessary that 
he be familiar with the various methods available 
in terms of performance and limitations. It is as
sumed that the dissipator provides the conductive 
link to the final method of dissipation to a sink. 
So-called conduction cooling still requires final dis
sipation to the ambient air or to a coolant fluid 
at some point. In most electronic equipment it is 
necessary to consider final dissipation to some 
coolant, whether it be ambient air or a liquid. For 
any transistor mounting the designer must be sure 
that sufficient capacity exists to ultimately dissi
pate the heat. Some of the methods of dissipation 
are:

■ Cold Plate Mounting 
Air
I liquid 
Evaporative 

■ Direct forced air convection 
■ Free convection to ambient air 
■ Radiation heat transfer

Other methods, such as direct liquid cooling, 
could be used but the above are the most com
monly encountered.

Cold-Plate Mounting

Cold-Plate mounting will be examined briefly in 
relation to the other methods. It presents the few-

Table 3—Heat Transfer Rates

Cold-Plate Type
watts

Oq ---------------- « 

C-in

Forced air 0.1

Liquid 3.0

Evaporative 5.0

fi:

Table 4—Values of E for Various Positions

Orientation and Position E

Vertical rectangular plate 0.55

Horizontal rectangular plates 
facing upward 0.71

Horizontal rectangular plates 
facing downward 0.35

a function ofThe significant dimension L is also 
configuration, as shown in Table V.

est problems in transistor mounting, since, for 
most efficient use, it requires parts designed for 
conductive cooling, as are transistors. The con
ductance term for heat transfer from the dissi
pator to the ambient was given in Eq. (2) as 
(hn -j- hr) Aa. The cold plate provides a high con
vection coefficient, (h0), due to the use of high 
turbulent flow rates in the cold plate channels. It 
should be noted that the sink temperature, Ta, 
used in the cold plate analysis is not the ambient 
temperature, but rather the local cold-plate cool
ant temperature. The radiation coefficient is usu
ally negligible in relation to the convection term. 
In most cold-plate designs the channel walls are 
mounting surfaces for the components. Good cold
plate design dictates that the walls have high 
thermal conductivity, maximum cross-sectional 
area normal to the heat transfer path, and a mini
mum path length. These features will greatly 
eliminate dissipator conduction problems. Repre
sentative heat transfer rates associated with cold 
plates are presented in Table III.

Forced Air Convection

The term “forced air convection,” as used here, 
refers to the use of blowers or externally supplied 
cooling air for circulation within the electronic 
equipment.

In terms of transistor cooling, it means that a 
source of moving air is available for cooling, but 
without the refinements of cold-plate construction. 
In order to fully utilize the air supply for maxi
mum heat transfer, an attempt should be made to 
maximize h0 and to utilize as large a dissipator 
area as possible. The simplified equation for the 
heat transfer coefficient from a flat plate by forced 
convection is given below:

= B
po.75 

¿0.25
(3)

where B = a constant dependent on the air prop
erties and configuration

I = velocity of air over dissipator
L = length of surface in direction of flow

An increase of velocity and a decrease in the 
length of surface in the direction of flow will in
crease h0. The velocity over the dissipator can be 
increased by the use of baffles or ducting to direct 
and increase the local velocity of the available air 
over the desired area. A short dimension in the 
flow direction is desirable and this may dictate the 
baffle orientation. Typical values of about 0.03 
watts/C-in2 may be obtained in forced air cool
ing.

The radiation term in forced air convection, as 
in cold plates, is usually neglected for calculation 
purposes since it is considerably less than the con
vective transfer. However, advantage should be

6

Ô 6

6
X 2A=36lN^ A=36IN?

qc O.587W 
VERTICAL

qc 0.676W 
HORIZONTAL

3

3'
3

4
12'

/ *2 
o 

A:36IN
> 2A=36 IN

/ qc a, 0.708 W
/ Qc ~ 0.702W

Fig. 2. Relative values for free convection for various 
plate configurations

taken of any radiation transfer than can be ob
tained by making hr a maximum.

Where no central forced air circulation exists, 
it may still be necessary to provide for high rates 
of local heat dissipation by use of small blowers. 
A number of miniature blowers are available to 
meet variety of situations. The choice would be 
based on the required velocity, space, and other 
requirements.

Free Convection

Probably the most common method of getting 
rid of heat in electronic equipment is by free con
vection. Where transistors are mounted on metal 
chassis of large area, in room ambients, usually 
no serious problem exists. With higher ambients 
and denser packaging, the problem can become 
acute. The simplified general expression for the 
free convection heat transfer coefficient is:

h0 = DE
¿0.25

(4)

where I) = a constant dependent on the Huid 
properties

E = a dimensionless constant dependent 
on the configuration of the dissipator

L = a characteristic length dependent on 
the dissipator configuration and 
dimensions

(Td2— Ta) = the temperature difference between 
the ambient air and dissipator.

Some representative values of E are shown in 
Table IV.

Substituting Eq. (4) for h0 into the free con-
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n

le ò—values ot L to
Configurations

ection heat transfer equation yields the following 
elation:

Free convection , . .
heat transfer =

Ad(Td2-Tay^
= DE------------------------ (5)

T his equation can be used to compare various dis
sipator configurations.

One common decision to be made, in orientation 
of the dissipator, is whether it should be mounted 
horizontally or vertically. Four plates of the same 
material and thickness, with the same area and 
same ambient conditions but with different orien
tations and configurations, are shown in Fig. 2. 
Relative values for free convection heat transfer 
are given for each.

From Fig. 2, it can be seen that there could 
be as much as a 20 per cent increase in heat 
transfer from the same area by using a specific 
orientation. In general, vertical surfaces with the 
short dimension vertical are the most desirable. A 
series of short veritcal fins very close to the tran
sistor is effective. This configuration also mini
mizes the distance from the transistor to the dis
sipator and reduces the accompanying internal 
thermal resistance of the dissipator. Typical values 
of h0 range from 0.003 to 0.006 watts/C-in.2. The 
extremely low values of convection heat transfer 
show the need for providing maximum dissipating 
area and minimizing thermal resistance up to the 
dissipating area.

Radiation Heat Transfer
Radiation heat transfer is important with free 

convection, since it can be of the same order of 
magnitude as the convection term. The radiation 
heat transfer coefficient may be defined as:

where

a

F,

hr =
a FeFa (Td¿ - Ta*)

(Td - Ta)
(6)

= radiation constant

= emissivity factor
= shape factor

watts
in2 -

Dimensionless
Dimensionless

Td2 = absolute temperature of °K 
dissipator

Tlt = absolute temperature of °K 
ambient

In Eq. (6) it is assumed that the receiving sur- 
1 ces are at ambient temperatures. F, and Fa (the 
c lissivity and shape factors respectively) are the 
( ily terms capable of being increased. The shape 
f ctor is fixed by the overall orientation of the 
< ssipation with respect to its surroundings. This

(

a function of the particular configuration and 
mot be easily altered. The emissivity factor is a

Shape Position L

Plate (reef.) Horizontal area
length + width

Plate (rect.) Vertical area 
height

EffectTable 6—Surface Finish 
on Heat Transfer

Configuration Surfaces (V.)

Enclosed body; small in 
relation to enclosure Black paint 0.88

Enclosed body; small in 
relation to enclosure

Rough polish 
aluminum 0.2

Enclosed body; large in 
relation to enclosure Black paint 0.78

Enclosed body; large in 
relation to enclosure

Rough polish 
aluminum 0.111

Table 7—Typical Emissivity Values

Material 
Surface

for Various Surfaces

EmissivityCondition
Tempera

ture

Aluminum Sheet 100 c 0.09
Rough polish 
Heavy black

100C 0.10

anodize 20 C 0.40

Copper Commercial 
polish 20 C 0.03

Black paint 20 C 0.80-0.90

White paint 20 C 0.75-0.80

Heat Transfer RatesTable 8—Typical

Method of 
Heat Transfer

Heat Transfer !
f watts \
< I«2 /

T. = 25 C T. - 60 C

Cold plate — liquid 135.00 30.00

Cold plate — air 4.50 1.00

Forced air 1.10 0.24

Free convection and 
radiation 0.40 0.09

direct function of the finish or radiating “color,” 
of the dissipator and the receiving surfaces. A 
highly emissive finish such as flat black is desir
able. Surface finish is one factor often overlooked 
where the heat transfer can be increased with 
practically no effort. Typical values of FeFa are 
listed in Table VI.

To attain the best possible surface for radiation, 
a high emissivity surface should be provided on 
both the dissipator and receiving surfaces. In the 
temperature range normally encountered, hr 
might vary from 0.002 to 0.005 watt/C-in.2.

The previous discussion on methods of heat 
transfer from the dissipator applied to steady
state conditions. In certain applications in missiles, 
short-term usage makes it possible to absorb the 
heat in the mounting, allowing a temperature rise 
which would not exceed the allowable limit dur
ing the time of operation. Usually, however, a 
means of dissipating the heat is required for long
term ground checkout; this means that the same 
steady-state problems exist as discussed above.

Comparison of Heat Transfer Methods
The various heat transfer processes associated 

with power transistor mounting show the need for 
minimum thermal resistance in the transistor-to- 
dissipation joint. A dissipator of good thermal 
conductivity and suitable cross section is required 
in order to have maximum heat transfer within the 
dissipator. The relative values of the heat transfer 
rates associated with the various methods of heat 
transfer from the dissipator clearly show their 
limitations. Some of the typical heat transfer rates 
for a 70 C plate dissipating to 25 C and 60 C en
vironments are tabluated in Table VIII.

The advantages of utilizing cold-plate tech
niques are obvious; some increase can be obtained 
in the forced air figure by increasing local veloci
ties. The free convection-radiation transfer repre
sents average conditions. For example, to dissi
pate 5 watts into a 25 C environment, 12.5 square 
inches of area are required with free convection 
and radiation, but only about 4.5 square inches 
are required with forced air circulation. High 
ambients depending on free convection and radia
tion require an area prohibitive in size; otherwise 
a serious loss of capacity will occur in the tran
sistors. ■ ■
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vie.
MORGANVILLE. NEW JERSEY

Technical literature describing these units in detail Is available on 
request. Detailed technical data may also be supplied on a selection 
of Pulse Generators, WWV Receivers and Crystal Ovens and a diversi
fied line of quality test equipment for laboratory and plant.

LA 90 FREQUENCY STANDARD 
New design approach to crystal 
oven thermal regulation permits 
frequency stability of 1 part per 
10* per day at low cost, in small 
package. Oven temperature stabil
ity of 0.01%. Output frequency 
(basic LA-90 unit): 1 me, 5 me, 
100 kc, 10 kc, 1 kc.

LA-70A FREQUENCY METER
Frequency measurements from 20 
me to 3000 me with .0001% ac
curacy. Oven-controlled crystal 
oscillators, direct dial reading and 
light in weight for ease in port
ability. IdealTy qualified to accom
modate stringent FCC communica
tions requirements.

n *

>1 3t ,

Lavoie test instruments are known and relied upon right 
around the world. Superlative design, consistent reliability 
and the industry’s prime order of accuracy are the 
ingredients which continue to stamp all quality 
instruments bearing the Lavoie name.
Here are four representative units, each of which 
invites your trial and the beginning ... or continuation ... 
of a lifelong, rewarding association with the 
Lavoie standard of quality.

LA-302 ROBOTESTER
Provides the immediate profits of 
the automated approach to volume 
testing as well as for unique in
dividualized test programs. High
speed sampling, go/no-go indica
tion, with digital readout of fault 
isolation.

”........ * *

LA-20W SPECTRUM ANALYZER 
Features 1 to 44 Kmc range in 
one instrument, selection of square 
law, linear or log detection, 10-KC 
resolution at 3 db points, regulated 
filament and plate supplies. Unit 
illustrated is only one of a full 
line of spectrum analyzers.

Computer Techniques

Help Square

Square Waves

BY USING pulse amplifiers instead of 
wide band amplifiers, and by com

bining them with a flip-flop and two out
put current drivers, this instrument can 
generate unusually flat-topped pulses and 
square waves, with very rapid rise and 
fall times.

Conventional pulse and square wave 
generators form a pulse, shape it, amplify 
it, and obtain power and impedance 
match in an output stage. Compounding 
of amplifiers, peakers, clippers, and out
put stages usually makes them bulky and 
complex instruments, which require very 
critical adjustment for proper functioning.

Seeking a better solution, Chief Engi
neer Leroy Packer and Senior Engineer

Martin Raphael of General Applied Sci
ence Laboratories, Inc., 59 Hempstead 
Gardens Drive, Hempstead, N. Y., de
cided to make the output stage the heart 
of their pulse generator design.

Flip-Flop Times Power Output

They used a flip-flop and two current 
drivers for pulse timing and power out
put. To drive the output stage, all that is 
required is a pair of start-stop triggers. 
The variable frequency and pulse width 
of the output signal are obtained froml 
the repetition rate and spacing of the 
triggers.

The amplifiers ahead of the flip-flop 
do not have to be wide band; they need

TO +
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3-8CL6 STAGES/X\
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A flip-flop switches the output current driv
ers in this pulse generator.
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Model 961 Group Instruments

Model 741 Group Instruments

amperes

Compact pulse generator with the case removed

)stead

Excellent torque-to-weight ratios

Group includes A-C rectifier type Instruments

s sm$

WESTON

THESE WESTON 
RECTANGULARS 

LEAD THE FIELD

These instruments are particularly suitable for a wide variety of spe
cialty applications where other than cataloged accuracies are desirable.

urrent 
r out
hat is 
Sgers. 
width

AMPERES 
D.C. 

WESTON

VOITS A.C.
WESTON

Excellent natural illumination (self-contained 
lighting optional)

D-C and rectifier type Instruments have mag 
netic shunts for precise adjustment

VOLTS 
A.C.

Dielectric test — 5000 volts A-C
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WORLD LEADER IN MEASUREMENT AND CONTROL 
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O00O
O@ © O 
o©The well-balanced design, fine appear

ance and desirable features of these 
Weston instruments reflect a 70-year 
tradition of fine engineering and crafts
manship. If you’re not already well 
acquainted with these notable models, 
look over this check list — you'll not find 
better value anywhere.

For full information, contact your 
local Weston representative ... or w'rite 
to Weston Instruments, Division of 
Daystrom, Inc., Newark 12, N. J. 
In Canada: Daystrom Ltd., 840 Cale
donia Rd., Toronto 19, Ont. Export: 
Daystrom International, 100 Empire 
St., Newark J2, N. J.

or more information on this pulse 
square wave generator, turn to the 
ler-Service Card and circle 101.

High rated accuracies (Model 961 Group: 2% of 
full scale value . . . Model 741 Group: 1%)

High sensitivities . . . low response times

Long scales (Model 961 Group: 3.17* . « • Model 
741 Group: 3.24" A C and 3.52" D C)

Rate Generator Determines Frequency

A front-panel-controlled, free-running 
multivibrator, with a 1 cps to 1 me range, 
serves as the pulse rate generator. A 
Schmitt trigger locks this multi to any 
external sync waveform in the frequency 
range.

I he leading and trailing edges of the 
multi’s square wave are shaped and ap
plied as set and reset pulses to the output 
flii)-flop which switches the current 
di ivers.

fo generate variable width pulses, 
o> ly the leading edge trigger from the 
ra ? multi is used. It is applied simul- 
ta eously as a set pulse to the output 
Ri »-flop, and to a panel-controlled, 
m nostable multi, which resets the output 
Ri flop, and thus determines the pulse

only amplify pulses.
The flip-flop switches the output cur

rent driver tubes from cutoff to grid
clamp, so rise and fall time and output 
current are always the same. The com
bined transition time of the flip-flop and 
current drivers is less than 0.1 psec, so an 
output pulse width of 0.1 psec is easily 
obtained.

Because the output is from a constant 
current source, there is no droop or tilt 
in the output wave at any pulse width, 
and the output may be shorted without 
damage.

With the balanced output attenuators, 
ringing and overshoot are easily kept be
low two per cent.



Ground Rules for

Miniaturizing With Modules

neei

assei

Fig. 1. These modular units will be part of the same 
assembly and should have the same dimensions. This 
results in more assembly flexibility.
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David I. Buchman 
Nicholas Guletsky 
Ordnance Department 
General Electric Co. 

Pittsfield, Mass.

Design problems weigh most heavily on the 
electronic circuit designer; he must develop cir
cuits capable of performing specific functions 
consistently. In devising exact methods to attain 
an established level of performance it is impera
tive that the circuit designer keep these ground 
rules in mind:
1. Circuit design must not be so critical that 
function is affected by the proximity of other 
operating components.
2. Circuit function is unaffected by changes in 
dielectric when encapsulated.
3. Thermal characteristics must be carefully 
evaluated during the selection of components.
4. Proven, standard components which are readily 
available must be used to the maximum extent 
practicable.
5. Adequate operating margins must be used to 
prevent failures because of transients or probable 
overloads.
6. Circuitry must be fully evaluated functionally. 
When all these conditions have been satisfied, the 
circuit is ready for product design.

Although the product designer now undertakes 
the task of creating hardware, these ground rules 
are reviewed continuously in this phase also. But 
now these additional points are considered:
1. The end use of the product.
2. How can circuitry best be translated, keeping 
the end use in mind, into form, size, and weight?
3. Make provision for all predicted operating and 
storage environments.
4. The end product must be easy to manufacture 
and economical to maintain.
5. Can all necessary operating adjustments be

Packaging is far too complex for more than a cursory treatment. The 
purpose here is to suggest certain rules or procedures useful in decid
ing when and how modular concepts can he applied when packaging 
electronic components in suitably miniaturized forms.

MODUI .AR construction is a commonly abused 
tenu. Generally, any structure containing sub

units of identical dimension is labeled modular. 
Insofar as form and symmetry are concerned, the 
term is accurate and descriptive. However, mod
ular concepts, when extended to electronic equip
ment, are defined more subtly. For military elec
tronic equipment—rugged, light and reliable— 
the modular concept means a functionally inte
grated electronic circuit and mechanical package 
design. This is, in effect, a judicious compromise 
between physical size and electrical performance.

Nicholas Guletsky 
left, feels that there is 
a strong controversy in 
the philosophy of how 
to package electronics 
for the military. Co
author David Buchman 
agrees and adds that 
there seems to be a 
promiscuous use of en
capsulation without re
gard for use. The atti
tude seems to be, "This 
is the latest fad. Let’s 
use it so our design will 
look up to date.” This 
article is an expression 
of their strong feelings 
on the subject.

Ground Rules

Development effort on new military products 
is concentrated in two major problem areas: 
(1) problems of design and (2) problems of opera
tion.

Fig. 2. Mounting of four capacitors as one unit saves 
assembly time and eliminates several solder convections.



NEW BLOWER : SMALL PACKAGE/BIG COOLING
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If your “optimum” requirement is something more or less potent than 
the new Type FC, consider these facts: 1) Because Globe is the largest 
manufacturer of precision miniature motors, Globe engineers have the 
greatest possible access to standard as well as developmental motors to 
meet requirements exactly. 2) Globe's cooling specialists are expert in high- 
efficiency propeller design. 3) Globe’s extensive blower and fan line may 
already contain what you need. Orders for one, ten, or 10,000 blowers are 
welcomed. Request Catalog B-l for technical information about Type FC 
and other miniature cooling equipment. GLOBE INDUSTRIES, INC., 1784 
Stanley Avenue, Dayton 4, Ohio. Telephone BAIdwin 2-3741.

For cooling an electronic hot box in a missile or airplane Globe Industries’ 
new Type FC blower is the optimum combination of high performance and 
small size. Only 2%" in diameter it can handle 100 cfm. of air against a 
back pressure equivalent to 3.5" of water, or up to 169 cfm of free air. 
Weight is 14 ounces, and units are designed to meet MIL specs. The unit 
pictured is powered by a 115 or 200 v.a.c., 400 cycles, 3-phase Globe type 
FC motor. Three mounting options are available. A smaller version will be 
announced soon.

ina< speedily and with the necessary accuracy? 
It i in this area that problems of design and 
ope; ition merge, and it is here that the tech- 
niqu s of modular encapsulation can be properly 
exploited. Modular encapsulation is most useful 
when there are stringent requirements covering 
size, weight, form, and reliability.

Can Bury Mistakes

The product designer must beware of encapsu
lating indiscriminately merely because the tech
niques are popular, or novel, or where programs 
are rushed to meet unrealistic deadlines. Often
times, encapsulation, like the graveyard, is used 
to hide inadequate or careless engineering.

An illustration of where the modular concept 
may be applied with success is the airborne or 
portable, transistorized digital computer. Since 
the trend is to use computers with more and 
more accuracy, the electrical and mechanical con
figurations of such equipment are very complex. 
Under close analysis we see many repetitive func
tions such as logic networks, shift registers, and 
flip-flops in various combinations.

Each of these functions can be conveniently 
broken down into subminiaturized, encapsulated 
modules without compromising design require
ments. Ancillary units, on the other hand, must 
be treated with some discretion and judgment, 
inasmuch as other structural or packaging forms 
may be required to solve all requirements.

That the modular concept of encapsulation is 
not a brute-force technique cannot be over
stressed. It is a creative tool and a high order 
of creativity is needed, especially in the transi
tion from a prototype to a production model.

In prototype development, circuitry and struc
ture have crystallized, but a high level of re- 
hnement is lacking. Unexpected situations will 
be encountered frequently, and therefore, the 
product designer must anticipate intensive test
ing, evaluation, and redesign. For this reason, 
especially in complex equipments, it is advan
tageous to have an open type of modular con
struction. That is, the package configuration is 
such that essential circuitry is accessible for engi- 
neering tests. The package must be adopted to 
change—even radical change. 'Phis feature of 
npennrss minimizes time of assembling and dis- 
¡assemiding structures, a process which con- 
Wbut s nothing to the solution of engineering 
probit ns. This, if nothing else, is sufficient reason 
|to avo I bulk encapsulation of components under 
a ' cir nmstances.

Ha' ng this quality of openness, the product 
Fæsigi r may anticipate problems of manufacture 
land n intenance by the judicious use of form, 
Fnd st ietimes color without seriously disrupting 

pa age design.
। (Continued on following page)
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SUPRAMICA 555 
ceramoplastic

the world’s most nearly perfect 
precision-moldable electronic insulation

gives AVCO twice the channel capacity 
in far less space!

This amazingly compact AVCO oscillator circuit, built for a Signal Corps radio 
receiver . . . 32.5-57.5 me . . . was made possible by the insulating qualities of its 
SUPRAMICA ceramoplastic base.

Over a temperature range, in this application, from -67°F to -|-167OF and, in 
other uses, at operating temperatures as high as 700°F, SUPRAMICA 555 shows no 
change, no warpage. It has complete dimensional stability. The fragile silver ribbon 
circuit is molded precisely and permanently in place. Numerous tuning crystals— 
and their problems—are eliminated. Frequency drift is reduced to an absolute 
minimum. Channel capacity is doubled.

Other advantages of SUPRAMICA 555: the base can be reproduced exactly} 
electrical loss is negligible; moisture absorption is nil; dielectric strength is high.

Mycalex Corporation of America makes a complete line of precision-moldable 
and machinable glass-bonded mica and ceramoplastic insulation materials to solve 
electronic design problems at operating temperatures up to 155O°F. To learn how 
we can serve you, write today.

General Offices and Plant: 121-D Clifton Blvd., Clifton, N. J. 
Executive Offices: 30 Rockefeller Plaza, New York 20, N.Y.

WORLD'S LARGEST MANUFACTURER OF GLASS-BONDED MICA AND CERAMOPLASTIC PRODUCTS

Fig. 3. This amplifier was encapsulated for reasons of 
space allocations, but with no regard for the ultimate 
use of the circuit. Many problems were encountered 
due to proximity of components and dielectric changes 
caused by the encapsulent.

Keep Same Shape

To achieve this flexibility it is best to syn
thesize a structure which accommodates an as
sortment of small modules. The geometrical form 
of the modules should be square or rectangular 
and with flat planes. Modules can then be 
grouped in convenient clusters or layers. Small 
arrangements utilize space more efficiently and 
simplify wire connections. At the same time the 
simple geometry of the module facilitates manu
facture. Figs. 1, 2 and 3 are examples of this type 
of construction.

Oftentimes, the apparently minute breakdown 
of modular units raises questions of cost. If a 
circuit fits into a one-inch cube, why can’t two 
or even more circuits be put into a larger cube? 
This could increase a tool’s efficiency three-fold 
with little or no additional cost over original cost. 
Such reasoning is fallacious because only one 
point of improvement is under consideration. 
Costs of additional tooling facilities to maintain 
a proper lease of component encapsulation are 
quickly justified after the effect of scrap losses 
when more complex units are rejected. More 
complicated test procedures may also be re
quired to locate trouble areas in a multiple cir
cuit unit as opposed to a single circuit item.

As pointed out before, encapsulation is a very 
effective method of packaging military products, 
but by no means can it be considered a universal 
solution for the product designer’s problem of 
making electronic equipment smaller, lighter, and 
above all, more reliable. Disadvantages or limita
tions, however, arise because of other reasons.
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more "Building Blocks” for digital data systems
DYMEC MULTI-PURPOSE AND

SPECIAL-PURPOSE

Readily adaptable to remote operation, automatic programming.

and manufacturing advanced counters and counter systems.

m as-

Small

cdown

i’t two

••••
Data subject to change without notice. Prices f.o.b. factory.

Write for engineering data sheets on the above.

jlem of
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DY-2507 DUAL PRESET COUNTER
Precise control and monitoring of machine processes, 
automatic limit control and warning, sorting, 
packaging, automatic coil winding, equipment 
programming, go/no-go testing—these are typical 
production and research assignments which the 
DY-2507 performs dependably and accurately.
The DY-2507 provides an output when either of two 
preset values is reached, or exceeded. Output is 
continuous or pulsed; reset is manual or automatic. 
Presetting is on front panel, or remote. Available with 
3 to 6 decades. Price: $700 to $895 (rack mount only).

Need Better Component Shapes

Ek ctronic components are marketed in a great 
varie y of sizes and shapes. Collectively, these 
items cover a significant functional and environ
ment il performance range. Indeed, many com
ponents represent remarkable engineering ad
vances. Yet, despite these achievements, one 
noteworthy feature shackles product refinement: 
components still have conventional jackets which 
are incompatible with the encapsulating process. 
Therefore, even before any design involving the 
encapsulation technique is undertaken, the prod
uct designer is penalized with a lower volu
metric efficiency because of the form in which 
his building materials are marketed.

As an example, resistors are manufactured with 
plastic or ceramic housings to meet such various 
electrical and environmental conditions as di
electric strength, insulation resistance, load life, 
moisture resistance and temperature cycling. If 
this same resistor is then encapsulated, the origi
nal housing, or jacket, loses its identity and pur
ipose for existence. More often than not, this 
housing becomes a liability because of incom
patible coefficients of thermal expansion between 
the housing and the encapsulating material. Such 
undesirable characteristics are found with varying 
degree in all other components.

In the present state of the art, designers em
ploying techniques of encapsulation have been 
satisfied to work with components of conven
tional form. The urge is to “get on w ith the job,” 
and perhaps for this reason component manu- 
nacturers have never been asked to justify why 
la special product line “for encapsulation only” 
Ihas failed to appear. Designers should not be 
Content to accept penalties of products designed 
Ifor other applications; components should be 
hade available which are designed and suitable 
for encapsulation.

Selection of a suitable encapsulating material 
F dis for a meticulous review of physical proper
lies. For a given material, the coefficient of elas
ticity must be examined with regard to the trans
hissability of vibration and shock, the thermal 
resistance for adequate heat transfer, and, the 
Inefficient of thermal expansion for compatibility 
rith component materials. Curing temperatures 
pust be such that circuit components are un- 
kiecte , Fig. 4.

I The configuration of the module must be in 
larmo) y with its supporting structure, yet must 
r eas to manufacture. Every effort must be 
I™ j use component leads as module ter
minals their arrangement must be such that they 
[a’ be wired easily, and without resorting to

>ns of 
¡mate 
itered 

anges

DYMEC, INC.
Dept. >8, 395 Page Mill Road • Palo Alto. Calif., U.SA, 
DAvenport 6-1755

Field representatives in all principal areas
CIRCLE 45 ON READER-SERVICE CARD

Many accessories and couplers are available, as well as multiple 
input and output arrangements. Dymec specializes in designing

DY-2500 COMPUTING DIGITAL INDICATOR

DY-25O3A/B FM/FM
TELEMETERING COUNTERS
Simplify telemetering operations! An original Dymec 
contribution. Normalized indications of FM FM sub
carrier signal period. Six-place indication displays ratio 
between input signal period and channel mid-band 
period. 18 rhannels selected by pushbuttons; equal 
resolution on all channels, 1 part in 100,000 or 1 part 
m 10,000 with 1.0 or D.l second sampling time (front 
panel control! Digital recorder output. Model DY-2503B 
is similar to the DY-2503A but includes a function 
selector and multiplier controls Price: Df-2503A 
(cabinet mount).$1650. (rack mount) $1630. DY-2503B 
(rack mount only) $1800.

RPM, flow, pressure, speed, frequency- 
all may be read easily in direct numeric for with 
the DY-2500 and appropriate transducers.
Features of the extremely versatile DY-2500 include: 
5-digit readout, 4 or 5 preset decades, gate time adjustable 
from 0.0001 to 9.9999 seconds in 0.1 msec steps 
(other ranges available), frequency range 1 cps to 120 kc 
(220 kc optional), crystal accuracy, input sensitivity 
0.2 v rms (5 mv optional), recorder and b-c-d output, 
built-in self-check. Price: $1330 to $1425. Also DY-2500N 
with "nixie" in-line readout. Price $1525 to $1600.
(Both models available in cabinet or rack mount )
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Constant Current

Battery Charger

SERIES 10,000

UHU
DIGITAL DISPLAY

WITH

rem

OUTSTANDING FEATURES

R. A. Mammano, U. S. Naval Ordnance Tesi
Station, China Lake, Calif.

R3.2K

36K 2N662

10 W

2N49450K
9IK

2NI6740 pf ♦ 70pf ♦ lOOpf

I5OV (OOV 50V
IN482E-

500K
500K

BATT 300a.

Constant current battery charger turns itself off when battery voltage reaches predetermined leve*
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30V
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QUANTITY PRICES 
ON REQUEST
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starts the circuit charging when the battery volt
age is zero. The charging current can be adjusted 
by varying R2.

The voltage sensing circuit uses GE’s unijunc
tion transistor to dump the charges on Cl when 
the emitter voltage reaches a certain percentage 
at the B2 voltage. As the battery charges, so does! 
the 100 pfd capacitor CL The voltage at tl I 
emitter rises with the battery voltage until it I 
reaches a certain value, determined by the adjust-1 
ment of R3.

At this time the transistor dumps the charge on 
Cl through SI relay coil, energizing it. SI stays 
closed until the charge on the power supply filter 
capacitors is dissipated. When SI closes, it closes 
the S2 relay which opens the circuit, extinguish
ing the “Charging” lamp, and lighting the 
“Charged” lamp, informing the operator that the 
battery has reached its full charge. The circuit 
stays in this condition until the power switch is 
opened.

SI is a 28 vdc relay with a coil resistance ol 
about 300 ohms and S2 is a standard 115 vac unit 
The. entire circuit is packaged In a small 4 x 5 in 
sloping front cabinet.

WRITE TODAY FOR COMPLETE DETAILED SPECIFICATIONS
Representatives in principal cities

mounting.
Dimensions: 1 9/16" wide, 
2 %" high, 5 %" long.

WE HAD a problem of charging small silver 
cell batteries at a constant current to a speci

fied end voltage. The particular application 
called for charging a battery pack of 12 Yardney 
Silvercels, Model HRO1. The specifications for 
this battery pack require charging at a constant 
current of 10 ma until the voltage across the 
charging battery reaches 24 v. It was desired to 
have this process automatic so that the batteries 
could be left on charge at night.

My' solution was a combination of three parts: 
a de power source, a current regulator, and a volt
age sensing element, as shown in the accompany
ing circuit diagram.

The de power source is a standard one taken 
directly from the General Electric “Transistor 
Handbook.” It would have been better to use a 
step-down transformer to supply the power but as 
none was available and the power consumption 
was low, it was convenient to use dropping re
sistors.

The current regulator is designed around the 
constant current properties of transistors. A Mo
torola 2N662 is used as it is inexpensive and 
available. The current flowing through this tran
sistor is regulated by the GE 2N167 which turns 
on as the voltage across the battery rises. Rl

Reliable, dependable, no moving parts.
All digits displayed on front surface viewing 
screen... quickly seen from any angle of viewing 
All digits uniform in size and intensity, 
easier and faster to read.
High-contrast viewing screen insures 
utmost visual sharpness.
Digit style of your choice to com pie- HUgEL
ment manufacturer’s original
equipment. ■MMB
Colored digits of your choice for KXgiii
special environmental lighting. HI M ]
Individual units may be assembled 
in groups for convenient panel

NEW! LARGE IN LINE DISPLAY
Series 80,000

, e f Offers same outstand
ing features as Series 

^■11 U) oon In Linp Display 
but approx, four times 

|VA ■ larger. Easily viewed 
II Bl ever 100 feet away!Imp »33«o

Quantity prices available

ONE-PLANE PRESENTATION

PRICE 
PER UNIT

Industrial Electronic Engineers, ine.
Engineers and Manufacturers of 

Fully Automatic Systems and Machines

3973 Lankershim Blvd , North Hollywood, Calif.
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Inexpensive, Stable
Ljw Frequency Pulse Generator

Co. ventional low frequency oscillators are con- 
siden I inherently unstable. For this reason, stable 
low 1- petition rate timing or “clock’’ pulses are 
generally derived from a stable high frequency 
sourc<. such as a crystal oscillator or tuning fork, 
bv means of a dividing down process. I found it 
possible to eliminate these complex and costly 
techniques by the use of a standard battery oper
ated clock.

These devices normally contain a jewel mounted 
hairspring balance wheel which drives an elec
trical contacting device. The balance wheel is 

I essentially a magnetic armature mounted between 
the pole pieces of an electromagnet. The contact
ing arrangement provides the appropriate elec
trical pulses to the electromagnet to make sus
tained oscillation possible.

Power is supplied by a mercury battery which 
is an essentially constant voltage supply. As a 
result, the pulsed energy supplied to the highly 

[stable electro-mechanical resonant circuit tends 
Ito maintain this high degree of stability.

The circuit shown was used to obtain an elec- 
Itrical pulse output. Connections were made by 
[removing the case cover and soldering directly to 
the coil leads. It was also found that an output 

Icould be obtained without opening the case by 
¡placing a 100 ohm resistor in series with the bat- 
Itery. A high gain amplifier was used to step up 
Ithe voltage appearing across the resistor to a 
luseful value.
I In tests performed over a period of six months, 
L Benrus Model EZ 101 clock ($7.95—Benrus 
JVatch Co., N. Y.) maintained a frequency stabil
ity of one part in 10® at room temperatures. The 
lominal pulse repetition rate of this unit is five 
lydes per second. A frequency calibration ad- 
lustment on the balance wheel hairspring permits 
| deviation of approximately 10 per cent from 
Inis value. Power consumption is approximately 
IO microwatts.
I Saul Walker, Senior Engineer, Republic Avia- 
ton Corp., Missile Systems Div., Mineola, N.Y.

I-6V

BALANCE 
WHEEL 

CON"ACTS < OUTPUT
2N4I4

MAGNET
COIL 

I 34V

Hg BATTERY

lTTER' CLOCK movement1 AMPLIFIER

isive clock movement provides very stable, 
” Ire uency pulse generator.

destination known

DESTINATION 
KNOWN

When a mighty “Thor" blasts off from Vandenberg 
Air Force Base it is checked out, launched and 
tracked by Packard Bell’s ground support equipment 
and Missile Impact Prediction System.

weapon for retaliation or 
space exploration...

ENGINEERING BEYOND THE EXPECTED

The Missile Impact Predictor is one-eighth the size and 
was built at one-tenth the cost of previous systems.
Ground support equipment matches the reliability built 
into the “Thor.” All combine to guarantee an effective»

PACKARD BELL ELECTRONICS
Technical Products Division
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IDEAS FOR DESIGNDIFILM DIELECTRIC
gives new BLACK BEAUTY series of small, low-cost capacitors 

outstanding performance characteristics
• withstand 105C operation with no voltage derating

• moderate capacitance change with temperature
• excellent retrace under temperature cycling

• superior long-term capacitance stability
• very high insulation resistance

Better Balanced Drives 
From Unbalanced

When the drive on a double-ended stage 
be balanced with a single-ended driver, an 
tional capacitance C (in the figure) shou 
placed in series with the transformer prima

s to 
cidi-1 

I be 
. Its

capacitance should equal the output capaci mce, 
Co, of the driver tube.

Each grid of the push-pull stage will then seei 
the same capacity to ground.

Arthur M. Goldschmidt, Moorestown, N.J

RFC

NEWS... DIFILM Type 160P 
fully-molded case and Type 
161P pre-molded case capac
itors in 5/16* to 1* diameters 
for general commercial and 
entertainment electronics.

NEW! ... DIFILM Type 162P 
slotted-base multi-purpose 
molded case capacitors for 
auto radios and other severe 
vibration applications. Slot 
prevents collection of moisture 
around leads when capacitor 
is end-mounted against chassis.

1 
Fo¡ 
pre 
wo: 
IMC

• New DIFILM Black Beauty Capacitors represent 
a basic advance in paper tubular capacitor design. 
DIFILM Capacitors combine the proven long life of 
paper capacitors with the effective moisture protection 
of plastic capacitors ... by using a dual dielectric of 
both cellulose and polyester film that's superior to all 
others for small, yet low cost, capacitors.
• Just check the characteristics listed above. This 
overall performance is fully protected by HCX®, an 

exclusive Sprague hydrocarbon material which im
pregnates the windings, filling all voids and pinholes 
before it polymerizes. The result is a solid rock-hard 
capacitor section, further protected by an outer mold
ing of humidity-resistant phenolic. These capacitors are 
designed for operating temperatures ranging up to 105° C 
(22l°F) . . . at high humidity levels. .. without voltage 
derating!

Series capacitor C helps provide more balanced' 
drive for push-pull stage. |

Curve Tracer Modification
For Forward and Inverse Displays I

It is frequently desirable to display both the for
ward and inverse collector characteristics of a tran
sistor on an oscilloscope at the same time. For 
example, this is useful in the evaluation of sym-l 
metrical transistors.

The Tektronix Type 575 transistor curve tracer! 
can be easily modified to display the forward anel 
inverse collector characteristics. The dpdt “pol 
larity” switch (SW708) is replaced by a 3pdi 
switch (non shorting type) and the circuit is inodil 
fied as shown by the dotted lines on the diagram!

With the switch set at the center position a ful 
wave ac voltage is applied between emitter and

T7O2
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± + 
PNP SYM NPI| 
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SW708

For complete specifications on DIFILM Black Beauty Capacitors, 
write for Bulletin 2025 to Technical Literature Section, Sprague 
Electric Company, 347 Marshall Street, North Adams, Massachusetts. SPROGUE-

THE MARK OF RELIABILITY
SPRAGUE COMPONENTS:

CAPACITORS « RESISTORS MAGNETIC COMPONENTS TRANSISTORS INTERFERENCE FILTERS PULSE NETWORKS of f°(

HIGH TEMPERATURE MAGNET WIRE CERAMIC-BASE PRINTED NETWORKS

CIRCLE 48 ON READER-SERVICE CARD

PACKAGED COMPONENT ASSEMBLIES
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Modification for Tektronix 575 allows display
ward and reverse collector characteristics.
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Snow-Like Breadboard Chassis

lancee

WITH HEINEMANN CIRCUIT BREAKERS

YOU WRITE THE PEFORMANCE SPECS

EXACTLY AS YOU WANT THEM
s modi

Rudolf Polak, Electronics Dept. Supervisor.n a
ter an( ^erry Semiconductor Div., South Norwalk, Conn

HTY
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T. P. Sylvan, Application Engineer, General 
Electric Co., Syracuse, N.Y.
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he for- 
a tran-

V (apparent) — P/ (actual)

Connecticut Circuit Labs., P.O. Box 52, Nor- 
valk, CJonn.; Industrial Safety Supply Co., West 
iartford, Conn.; and Commercial Plastics Co.,

•onipc ents are pressed into this snow-like bread 
°ard c issis.

The components are held rigidly in place and 
! tracei Jo not fall out under normal usage. The material 
rd anc s available from:

Electrical and electronic equipment is best pro
tected against overcurrent when the protection is 
closely matched to the equipment operating char
acteristics. It’s something like the difference in fit 
between a ready-made suit off the rack and a 
custom-tailored one made to measure.

Heinemann gives you the custom-tailored fit — 
when you need it. *

Take current ratings, for example. With Heine
mann breakers you can get the precise rating re
quired—even if it’s a fractional value such as 3.4 
amperes. No second-best compromises necessary.

There’s a choice of time-delay characteristics, so 
that you can obtain just the right correlation be-

twecn tolerable overload and tripping response. This 
eliminates a lot of guess-work and uncertainty.

If you need exceptional ruggedness, there are 
breaker models specially designed for difficult en
vironmental conditions. And if small size is essen
tial, Heinemann can offer you a sub-miniature 
breaker no bigger than a matchbox

With this kind of special service routinely avail
able, it’s small wonder that Heinemann circuit 
breakers are so widely used. Perhaps you can use 
them too. For a clear, concise view of the Heine
mann product line, send for Bulletin 301. It’s a 
handy shopping guide for your reference shelf.

A comparatively new product known as Styro- 
Foam, a polystyrene snow-like substance, has 
proven to be an excellent chassis for experimental 
work. The material is inexpensive, light, and offers 
good electrical properties.

No tools are required to punch holes, make 
slots, or mount parts. A pencil, pushed into the 
foam, u ill form a neat hole without effort. Various 
components can be mounted easily by impressing 
their contour into the foam.

Slots or channels can be made by pressing a 
straightedge into the material. These slots can be 
used to fix connecting wires to the chassis. Minor 
changes are easily made on the breadboard and, 
should a larger chassis be required, one can lift 
the circuit, intact, out of the foam, into a larger

colle or of the transistor so that both the forward 
and j iverse collector characteristics of the transis
tor a- * displayed on the scope.

Tlh re are two limitations to this circuit which 
shou I be pointed out. (1) The base current gen
erates is limited to a maximum output voltage of 
about 12 v. For this reason, the inverse charac
teristics cannot be displayed at collector voltages 
above 10 v. (2) The base current Hows through the 
emitter circuit so that the apparent inverse cur
rent gain is increased by unity.
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tip CAPACITORS
THAN .1OO DIAMETER

1/mC2. R3 should be

.005 .005

disc disc

TIP CAPACITORS compared in size with discs of equal capacity

dim

Rl REPRESENTATIVE NEAREST YOU FOR COMPLETE DESCRIPTIVE FOLDERPHONE OR WRITE THE

Analog Computer Reference Supply

666 Garland PlaceRADIO INDUSTRIES, INC
Des Plaines, Illinois

Positiv
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19 W Pennsylvania Ave. 
Towson, Baltimore 4, Md. 
Phone: VAlley 5 3431

2815 Monroe Avenue 
Rochester 10. New York 
Phone Hillside 5 0450

Reed-Tollefson Corp.
UPPER NEW YORK STATE

467 Hillside Avenue 
Westfield, New Jersey 
Phone ADams 3-4615

Just A Little Bit 
Of Phase Shift

404 Love Field
Air Terminal Bldg.
Dallas 35, Texas
Phone FLeetwood 7-5713

2024 Glen Drive 
Jackson, Michigan 
Phone. STute 2-0694

10 Tanner St. 
Haddonfield, New Jersey 
Phone: HAzel 8-4403

Packard Associates 
TEXAS OKLAHOMA ARKANSAS 
NEW MEXICO

sating types. Can be mounted vertically or 
(when specified) horizontally. Leads can 
be furnished straight, short or crimped.

disc actual size

.002 .002

tion, Rl = 1/wCl

EXPORT REPRESENTATIVES Doge Corporation
219 East 44th St., New York 17, N Y. 

Phone: MUrrayhill 2-6755
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IN CANADA Automatic Coil Manufacturing Co. Ltd.
50 Wingold Ave., Toronto 19, Ontario 

Phone- RUssell 1-6174

Mr. Elmer Jordan
MICHIGAN, INDIANA, OHIO

Mr. Thomas F. Muckcnfuss 
Mr. E. J. Edmunds
CAMDEN, N. J., PHILADELPHIA AREA

We needed a circuit to provide a lii ted 
amount of phase shift on both sides of zer de
grees for fixed frequency sine wave signals fhe 
RC circuit shown in the figure provided the r. ces- 
sary phase shift with minimum amplitude cl nge,

In the circuit, Cl-Rl provides a -f-45 deg shift 
while C2-R2 provides a —45 deg shift. R3 s iects 
a point between these extremes. For proper < )era-

Maximum diameter .100. Available in 
Stable, By Pass and Temperature Compen-

The accompanying diagram illustrates the de 
sign of simple but remarkably accurate referena 
power supplies for electronic analog computers 
A \ R tube or Zener reference voltage is amplifo I 
by a pair of commercially available comput e 
type de amplifiers to yield positive and negative

H. G. Richter Co.
ALL NEW ENGLAND, METROPOLITAN 
NEW YORK NEW JERSEY

greater than about five times Rl. If it is not, KI 
will have to be increased to produce the proper 
time constant with CL

The wiper of R3 should be loaded as lightly as 
possible if amplitude variations are to be mini
mized.

Fred Close, Engineer, Magnavox Co., Ft. 
Wayne, Ind.

R. B. Barnhill and Associates
MARYLAND, WASHINGTON, D.C., 
DELAWARE, VA., N. C., FLORIDA

Small phase shifts around zero degrees are pro
vided by this simple circuit with little amplitude 
change.

/V£W
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For ALNICO MAGNETS—Stock or Special
Specify "ARNOLD

re pro-

SPECIALISTS In MAGNETIC MATERIALS

ADDRESS DEPT. ED-96

Cast Alnico Magnets are most com
monly made in Alnico V, VI or 
III. Sintered Alnico Magnets us
ually are made in Alnico II, V or 
VI. Special permanent magnet ma
terials supplied by Arnold include 
Vicalloy, Arnox III and V, and 
Cunife.

ONIC DESIGN • June 10, 1959

Simple, reference power supply. All resistors not 
marked otherwise are 1/2 w, 5 per cent types.

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

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

• Let us handle your permanent magnet 
requirements, or any tape core, powder 
core or other magnetic material specifica
tion you may have. Get in touch with 
The Arnold Engineering Company, 
Main Office and Plant, Marengo, III.

heads scratched on scope graticule provide 
picture orientation.

I he de 
Ferend 
iputers

Your best bet for a source of Alnico 
permanent magnets and assemblies is 

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

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

reference voltages at output impedances of less 
that 0.1 ohm.

Regulation is within 0.1 v from no load to full 
load for the supply shown from no load to a 15 
ma full load.

To permit the use of low cost plug-in dc ampli
fiers (Philbrick K2-W), each amplifier is provided 
with an external cathode follower. Additional 
cathode follower sections can be paralleled for 
larger loads.

One can easily adjust the output voltages by 
changing the feedback resistors. To reduce long 
term drift to below 0.2 v, the dc amplifiers may 
be chopper-stabilized, but this is rarely necessary.

If a battery reference is to be1 substituted for 
the \ R tube, a '‘bootstrap’ resistor from the posi
tive output terminal must be connected to the 
positive reference terminal to supply just enough 
current for zero battery drain.

C. E. Foiles, J. P. Hartmann, and H. Koerner, 
University of Arizona, Tucson, Ariz.

'Data
Write for your copy of Bulletin 

GC-106C, a general catalog of all 
Arnold products. It contains useful 
dat ’ on the physical and magnetic 
properties of Alnico magnets. Lists 
stock items and standard toler
ances for cast and sintered mag
nets—also stock sizes and pertinent 
data on tape cores, powder cores, 
C & E cut cores, etc.

BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES 
Find them FAST in tha YELLOW PAGES
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Arrow
Positiv

Which Way Is Up?

Here’s a simple way to identify the orientation 
of an oscilloscope picture regardless of camera 
type or camera orientation. Just scratch, or etch 
arrow heads on the graticule. These will be il
luminated with the graticule divisions to provide 
positive orientation of the trace.

Glenn L. Roark, Development Engineer, Aero- 
fet-Gc neral Corp., Azusa, Calif.



IDEAS FOR DESIGN

GERMANIUM TRANSISTOR GERMANIUM POWER TRANSISTOR

II LEAD WIRE MATERIAL

In packaging the bearings, an operator in a dust-

III WHISKER WIRE MATERIAL

Stripes) manufactured by
IV BASE MATERIAL Packaging Industries Ltd. of Montclair, N.J

reas
V ENCLOSURE MATERIAL

Sine to Square Wave Converter

•Patented processes of Metals & Controls Corporation.

1. 95% Platinum-5% Ruthenium
2. 99% Gold-1% Gallium
3. 99.5% Gold 5% Antimony
4. 90% Platinum-10% Iridium

Copper Cored Rndar (Soft Glass Seals)
Copper Cored 52 Alloy (Compression Seals)
Copper Cored 446 Stainless Steel
Nickel Clad Copper Wire 
Copper Clad Nickel Wire

1. Tin Clad Cipper
2. Glass Clad Nickel Silver
3. Tantalum Clad Nickel Silver

If you are seeking metals with useful characteristics that 
can’t be found in a single metal or alloy, investigate clad 
metals. General Plate Clad Metals do what other metals can’t. 
Made by metallurgically bonding single metals or alloys to 
other metals in the solid state by exclusive processes*, the 
composite metals give you the combined advantages of the se
lected metals and can yield new advantages such as lower cost, 
better fabricating qualities, improved parts performance, etc.

The General Plate Clad Metals for semiconductor applica
tions described here comprise only a partial listing. To find out 
more about these or other combinations to meet your specific 
requirements, write directly to Industrial Metals Product. 
Manager, or request our special catalog on clad and solid 
metals for electronics applications. ,

Packed in individual blisters, these bearings run for 
less risk of air contamination.

ELECTRONIC DESIGN • June 10, 1959

1 Aluminum Killed Low Carbon Steel Clad Copper
2 Stainless Steel Clad Copper
3. Nickel Clad Steel (Nifer>®
4. Nickel Clad Copper
5. Nickel Clad Tantalum
6. Silver Clad Tantalum
7. Aluminum & Nickel Double Clad Tantalum

I BASE TAB MATERIAL
A For Germanium (Single Clad Only)

1. Tin Clad Nickel
2. Tin Clad Alloy 30 (42% Nickel-58% Iron)
3. 63.2% Lead-35% Tin-1 3% Antimony Clad Nickel
4 63.2^ Lead-35% Tin 1.8% Antimony Clad Alloy 30

5. 63.2% Lead-35% Tin-1.8% Indium Clad Nickel
6. 63.2% Lead 35% Tin-1.8% Indium Clad Alloy 30
7. 99% Tin-1% Gallium Clad Nickel
8. 98% Tm-2% Antimony Clad Nickel
9. 95% Tin 5% Antimony Clad Nickel

10. Tin Clad Steel
11. Tin Stripe on Nickel
12. Tin Clad Titanium

' ‘NOTE: These solders may be single or double 
clad on any of the base metals listed above. 
Solders in group B may be purchased unclad.

res a bearing with preserva-

The circuit shown is for a sine to square wavei 
converter which may be plugged into the output 
of a sine wave signal generator. Power for tl 
converter is derived from the generator output 
so no other supply is required.

As a result, the frequency and the amplitude

B For Silicon (Single or Double Clad & 
♦♦Solder

I Gold
2 99.5% Gold-.5% Antimony
3. 99% Gold-1% Gallium
4 95% Gold-5% Indium
5. 99.9% Gold 1% boron
6. 99% Gold 1% Aluminum
7. 99% Gold-1% Arsenic
8. Fine Silver
9. 99.5% Silver-.5% Antimony

10. 95% Silver 5% Indium
11. Aluminum
12, High Purity Aluminum

SILICON TRANSISTOR

Blister Package 
Seals In Bearing Performance

Bearing contamination, always a serious th .at 
to optimum performance of equipment, cai be 
largely eliminated, thanks to a new packa ng 
technique.

The new package, developed by the Eel se- 
Pioneer division of Bendix Aviation Corp, ith 
assistance from Celanese Corp, of America, als 
individual bearings with a preservative in a ti ans- 
parent acetate blister. This allows a single bearing 
to be visually inspected and removed from the 
package when it is needed.

Formerly, 10 bearings were sealed in a single 
unit: they ran the risk of air contamination when 
the package was opened to remove a single bear-

BASE METAL
1. Nickel
2 Alloy 20 (40% Nickel 60% Iron)
3 Alloy 30 (42% Nickel-58% Iron)
4. Kovar
5 Titanium
6. Tantalum
7. Molybdenum
8. Silver
9. Platinum

tive fluid in each of the individual blisters of a 
preformed acetate strip, as shown in the photo. An 
acetate cover strip and a strip of lint-free paper 
board are heat sealed to the blister strip in one 
operation.

The paper board makes the assembly rigid and 
provides an area for identification. The cards are 
perforated so indiv idual blisters can be torn off.

706 FOREST STREET ATTLEBORO. MASS.. USA

A DIVISION OF TEXAS INSTRUMENTS INCORPORATED 
GENERAL PLATE PRODUCTS: Clad Metals • Electrical Contacts • Truflex® Thermostat Metal • Platinum Metals • Reactor Metals • Radio Tube A Transistor Metals 
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In Semiconductor Applications

General Elate Clad Metals

IMPROVE PERFORMANCE
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'ontro s of the generator function as usual, but
jje ol )ut is now a square wave.
The circuit uses a half wave doubler which 

onvei-s the output of the generator to de, and a 
5chmiu trigger pulse shaper which chops the de 
nto square waves at a rate controlled by the 
renerator frequency. The square wave’s amplitude 
s a function of the output amplitude of the gen- 
jrator.

Roy P- Eoerster, Engineer, The Martin Co., 
laltinwre, Md.
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"Approach to Ground“ Warning

It is occasionally necessary to sense the ap- 
>roach of a potentiometer arm to ground. This 
nay be done readily by means of the simple tran- 
istor circuit shown.
As long as the arm of the potentiometer under 

est holds the transistor base sufficiently positive, 
he collector-emitter circuit of the transistor will 
onduct, keeping the voltage at point A too low 
3r sensitive relay KI to operate.

As the arm approaches the ground end of the 
otentiometer, the base will become less positive 
nd the collector emitter conductance will de- 
rease, raising the voltage at A until KI pulls in. 
The relay firing point with respect to poten- 

ometer arm position may be present by varying 
12 and using a precision potentiometer to cali- 
rate the circuit.
This circuit was used to measure the step func- 

on response of a device with a potentiometer 
utput.
Paul H. Weisz, Sr., Electrical Engineer, Hoff- 

^an Electronics Corp., Los Angeles 7, Calif.

run for POTENTIOMETER 
UNDER TEST

I+28V

e wave 
output 
for the

plitude

’is trc 
der to

sistor circuit senses the approach of the pot 
'ound.
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Diode manufacturers can realize substan
tial savings with an automatic painting 
machine developed by Wright Machinery 
Company Division ot Sperry Rand Cor
poration.

The unit automatically applies an 
opaque covering coat of non-conductive 
paint to pre-taped diodes. Its operating 
speed is 3600 diodes per hour.

Only one attendant is required to set up 
and to monitor the operation. In addition 
to saving labor costs, the reduced manual 
handling of the diodes helps maintain 
uniform quality and minimizes damage.

Precision painting is assured through 
use of calibrated air brushes and paper 
tape masks. Standard adding machine 
tape is used for masking.

DIVISION OF SPERRY RAND CORPORATION • DURHAM, N. C.

Gentlemen: Please send me data on the Diode Painting Machine.

Name & Title--------------------- - - --------------------

Company & Address------ ----- ----------------------------- ---------

announcing. .

Wright Diode Painting Machine
Automatically And Precisely Paints 
Pre-Taped Diodes At Speed Of 3600 Per Hour

lAfElTMVMAcmNHtY 
n KI Vil I COMPANY
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355 ALUMINUMAZ81A MAGNESIUMKIA MAGNESIUM
MIL-R-93B, Fixed Wirewound (Accurate) 
sistors, 2 February 1959

The square or rectangular alternate const 
tion has been deleted from the detail specs.

NEW ALLOY DAMPS 
VIBRATIONS IN 
U.S. ARMY 
NIKE HERCULES
Dow plants cast a new lightweight magnesium alloy with 
superior damping capacity for electronic bases, housings.

NEW BROCHURE on damping 
characteristics of magnesium 
discusses KIA, other Mg alloys. 
Contact the Dow sales office 
or THE DOW CHEMICAL COMPANY, 
Midland, Mich., Magnesium 
Products Sales Dept. 1313BC6-10.

STANDAR >s|
AND
SPECS

Sherman H. Hubebanl

Magnetic Materials

MIL-P-55034, Stability of Powdered Nk- nehc 
Materials (Molded) for Cores (for Ise ri 
Electrical and Electronic Parts), 19 Si ptem 
ber 1958

This spec covers the evaluation of the unifonJ 
ity and the stability under environmental condil 
tions of molded, powdered magnetic materials fol 
use as cores in such electrical and electronic parti 
as coils, transformers, etc. The cores covered in thj 
spec are intended for use in applications where! 
uniformity and stability of electrical and magnetici 
characteristics under adverse environmental cool 
ditions is a prime requisite. Minimum require! 
ments for mechanical and electrical strength ar| 
established. Specific performance of cores, howl 
ever, is not covered. I

Resistors

MIL-R-11C, General Specifications for Fixe 
Composition (Insulated) Resistors, A mendmen) 
1, 27 January 1959

The requirement paragraphs for acceleration 
shock, and high-frequency vibration have heel 
clarified. I

I 
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MAGNESIUM PRODUCTS

MIL-R-11S04C Fixed Film Resistors, Amen 
ment 1, 16 February 1959

Test equipment and inspection facilities h-<| 
been revised to incorporate the latest paragrapi 
on responsibility for inspection. Single and c I 
bined type sumbission for qualification inspects 
has been clarified. I

OSCILLOSCOPE PATTERNS, taken under identical test conditions, demon- aluminum alloys. The superiority of KIA is evidenced by rapid absorption 
strate high damping capacity of KIA compared to other magnesium and of energy as shown by the sudden reduction in amplitude of the vibration.

THE DOW CHEMICAL COMPANY • MIDLAND, MICHIGAN
CIRCLE 54 ON READER-SERVICE CARD 
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KIA CASTINGS used on the Nike Hercules. Elec
tronic guidance components are mounted on the 
die casting and housed within the sand casting. 
Dow is the production source for both castings.

Damping capacity—the ability oi a 
material to reduce vibration by absorb
ing energy—is a highly important factor 
in electronic equipment used in missiles 
and aircraft. The performance of sensi
tive instruments can be severely affected 
by high energy vibrations generated 
in missiles in take-off and flight.
A big step forward in solving this in
creasingly critical problem is the de
velopment of KIA, a new magnesium 
alloy. Used in electronic bases and 
housings, this lightweight alloy elimi
nates complex mounting and suspension 
systems that often take up precious 
weight and space in missiles.
This new magnesium alloy has vibra
tion damping characteristics much bet
ter than cast iron, aluminum or other 
magnesium alloys. Its heat conductivity 
and diffusivity are approximately twice 
that of standard magnesium alloys, thus 
making possible substantially reduced 
environmental temperatures for elec
tronic instruments. Welding and ma
chining have no adverse effect on the 
damping properties of KIA.
Bell Telephone Laboratories has done 
extensive work in determining properties 
and characteristics for the alloy, and in 
establishing its suitability for Western 
Electric’s work on the guidance control 
system of the Nike Hercules. KIA is 
now available in the form of sand and 
die castings.

MIL-R-19A, Variable Wirewound Resistoi 
(Low-Operating Temperature), Amendment ;
6 January 1959

Acceleration, shock and high-frequency vibr 
tion test requirements have been clarified. Ta 
inspection and test equipment requirements hai 
been revised. The latest packaging informatid 
has been added.

iiiiiM i iiiliiinirifi mm I) im.iiiiiiii 
iiiuiiiii ti liiiniiiiiiiii! 
miiuiimm llllllll Illi Illi
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RS-217, Wound Cut Cores, February 1959 
ip lis ings for the simple, shell, and core type

NIC DESIGN • June 10, 1959

urrent Limiting Reactors
kA C57.16—1958, Requirements, Terminology, 
k Test Code for Current Limiting Reactors 
This standard applies to current limiting re- 
Hors connected in series with the phase conduc
ís for limiting the current that can flow in a 
Luit under short-circuit conditions. The present 
L ision brings the standard up-to-date and into 
Cement with ASA C57.12-1956 and C57.12d- 

157 and with NEMA TRI—1954. Copies of this 
kndard are available from ASA, 70 East 45th 
Leet, New York 17, N.Y. at $2.00 each.

ions were combined with each core 
recommended usage. There is no stip- 

»wever, that a shell-type core cannot be 
simple-type construction. There is also 
sting recommended cores for use in 
V cases. Copies of this spec are avail- 
the Electronic Industries Association, 

2nd Street, New York 36, N.Y. for 60

Lpli‘ 9 Procedures

IL-S1D-414, Mathematical and Statistical 
LlNClPi es

This t clinical report provides the mathematical 
d statistical principles underlying the sampling 
ocedures contained in MIL-STD-414. Copies of 

¡is report are available from the Government 
Hnting Office for 25 cents. Order Catalog No. 
r.2:M42.

infed Wiring
[ \ RS-216, Standard Method of Test for Ad- 
kion of Printed Wiring, February 1959 
Standards are established to determine resist
ke to pull-off of lands before and after soldering 
component leads; resistance to peel or stripping 
conductors at standard room temperatures he

re and after solder dipping, and at elevated 
mperatures; and resistance of large conductor 
p to blistering as a result of solder dipping. 
(I strength has been defined as the load per 

lit width required to sustain separation of the 
(ductor from the base at an angle of 90 deg. It 
Expressed in pounds per inch of width. Pull-off 
pngth is the load, normal to the printed test 
item, required to separate the land from the 
|se. Blistering is defined as visual evidence of 

itiou or delamination within the base mate
Copies are available from the Electronic

Bustries Association, 11 West 42nd Street, New 
k 36. N.Y. for 50 cents each.

Shown above is a voltage regulator circuit using 
Honeywell’s H200E Power Tetrode. This circuit is 
designed to supply 22 volts output with 1% regula
tion. with inputs of 24 to 32 volts and load currents 
of zero to 3 amperes. The system has short circuit 
protection.

Circuit values can easily be adjusted to maintain 
regulation at other voltages and through other current 
ranges. The base 2 circuitry can be modified to give 
varying degrees of leakage current stability.

The Tetrode makes possible an improved series

voltage regulator for systems where current require
ments are apt to vary widely It offers overload pro
tection, improved high temperature operation, and 
controlled regulation characteristics. Its second base 
connection provides control of the total system leakage.

For complete voltage regulator circuit description 
along with component values, write Honeywell, Dept. 

ED-6-58, Minneapolis 8, Minnesota. Regional rep
resentatives may be reached in Union, New Jersey, 
(MUrdock 8-9000), Boston (ALgonquin 4-8730), Chi
cago (IRving 8-9266), and Los Angeles (RAymond 
3-6611 or PArkview 8-7311).



DESIGNING YOUR FUTURE

ENGI NEERS... PHYSICISTS

NEW opportunities at 
Motorola in Chicago

give yourself and your family 
all the big city advantages at a 
relaxed midwest pace, while you

ADVANCE YOUR CAREER

Outstanding career opportunities are 
waiting at the many Motorola research 
and development laboratories in the 
Chicago area. This is your opportunity 
to advance your career with a swiftly 
expanding company, working in the most 
modern and well instrumented labora
tories . . . with liberal employee benefits, 
including an attractive profit sharing 
plan and association with men of the 
highest technical competence.

You’ll like living in one of the beautiful 
suburbs of the playground of the mid
west, where there are endless social, 
cultural, and educational activities to 
choose from the year-round. Exciting life 
or quiet life—Chicago offers either.

A new regular feature starting this issue.
See also listings of Career Opportunity Brochures
and new rapid Career Inquiry Service form on following page.

How To Get Ahead
the “do’s and “dont’s

HIS ATTITUDES, the way he deals 
with people, what he says or doesn’t 

say—these and other personal characteris
tics have a strong bearing on the young 
design engineer’s chances of success. Get
ting ahead depends on understanding 
these factors as well as having technical 
proficiency—and sometimes more so. In 
this article are 15 “do’s’’ and “don’t’s” that 
have served as useful guides for other 
engineers.

/. Give It Your Best. No matter hoi 
menial and trivial your early assignment 
may appear, give them your best effort 
Success depends largely on the intelligen
prosecution of any job. Your ultimati
chances are much better if you do a goot 
job on some minor detail than if you i 
a mediocre job as section head.
2. Get Things Done. There’s always i 
premium on getting things done. For thJ 
you need: (a) Energy to start things ana

MILITARY
POSITIONS OPEN

• Radar transmitters and receivers
• Radar circuit design
• Antenna design
• Electronic countermeasure systems
• Military communications equipment 

design
• Pulse circuit design
• IF strip design
• Device using kylstron, traveling wave 

tube and backward wave oscillator
• Display and storage devices

CIVILIAN
POSITIONS OPEN

2-WAY RADIO COMMUNICATIONS
• VHF & UHF Receiver • Transmitter 
design & development • Power supply 
• Systems Engineering • Selective 
Signaling • Transistor Applications • 
Crystal Engineering • Sales Engineers

PORTABLE COMMUNICATIONS
• Design of VHF & UHF FM Commu
nications in portable or subminiature 
development.

MICROWAVE FIELD ENGINEERS WMIUAWI

UM?
• c * - zb: (v

. 605 G + c
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Write to:
Mr. L. B. Wrenn Dept. B 
MOTOROLA, INC.
4501 Augusta Blvd., Chicago 51, III.

ALSO . . . there are excellent opportunities in
PHOENIX, ARIZONA • RIVERSIDE, CALIFORNIA

MOTOROLA

I4*' ip-- kl. “ • IV’v *
* 'toA «/Sin A-b

7^

LOOK U

"Hell, tee don't agree with you! ITe say its your night to erase 
the blackboard!"

ELECTRONIC DESIGN • June 10,
CIRCLE 900 ON CAREER INQUIRY FORM
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Opportunities to work on

FIRE CONTROL AND GUIDANCE

derstanding. Save your copy: this has

High Priority Project Presents Unique Challenges to Computer Engineers

ngs ani

icuth

LIGHT MILITARY ELECTRONICS DEPARTMENT

ELECTRICcost

FRENCH ROAD, UTICA, NEW YORK

CIRCLE 901 ON CAREER INQUIRY FORM

dogmatisms; but remember that 
decisions will be held against

is and 
ersed

rgres ¡veness to keep them moving 
iskly (b) Resourcefulness in finding 
avs to accomplish the desired results; 
id (c Persistence to continue despite 
fliculties, discouragement, or indiffer*

5 talked.’ Don’t give an opinion or pro- 
)te an undertaking until you’ve had a 
isonable opportunity to study the facts, 
iviously you should avoid bullheaded-

Expt dite. In carrying out a project 
pn’t wait for foremen, vendors and 
hers to deliver the goods. Go after and 
Lp after them. Most jobs move in direct 
^portion to the amount of expediting 
hne. This means planning, investigating, 
[omoting and facilitating every step in 
Ie process. But don’t be over-zealous and 
Itagonize everyone by offensive brow
bating tactics. This can damage a man’s 
Irsonal interests more than could ever 
Knit from the miscarriage of the tech- 
Lai point involved.
Get It In Writing. Confirm your in- 

luctions and the other fellow’s commit- 
Lnts in writing. The use of ANVOs (Ac- 8. Be Concise And Clear. This goes for 

oral and written reports. The trick is to 
convey the most significant information 
in the least time. If there is one bane of an 
executive’s existence, it’s the man who 
takes a half an hour to say what could 
be told in a 20 word sentence. It is so 
difficult to get a direct answer out of some 
men that their usefulness is greatly dimin
ished. The tendency sometimes is to ex
plain the answer before answering the 
question. This should be done only when 
it is important to add the pertinent back
ground to illuminate a simple statement. 
.9. Dont Guess. Be accurate in your state
ment. Many men lose the confidence of 
their superiors and associates by habitual 
guessing when they don’t know the 
answer to a direct question. It’s important 
to answer questions concerning your re
sponsibilities, but a wrong answer is 
worse than no answer.
10. Work For Your Boss. Sure you’re 
working for society, the company, the 
department, your family and yourself. 
But primarily, you’re working for and 
through your immediate superior. Some 
men never get it.

E. N. Kaufman, a senior engi
neer, lists 15 principles in this ar
ticle that spell out what those 
“Think” and “Plan Ahead” signs 
imply.

^nment I pt no verbal order) and interdepart
efforts Lntal letters and memos can save thou-

Design and development men at the Light Military Elec
tronics Department of General Electric are now working 
on one of the most stimulating problems ever faced by com
puter engineers.

It is one of the functions of the fire control computer 
electronics to keep the Polaris missile —now under develop
ment—always battle-ready, with a freshly calculated trajec
tory toward its pre-programmed target. The computer 
electronics operate continuously, constantly plotting the sub
marine’s changing position, taking into account all para
meters of speed, direction, angular disturbance, compass 
references,etc., and cranking new trajectory equations into the 
memory' circuits of Polaris’ guidance computer electronics.

The Guidance Computer furnishes the commands which 
guide the missile to its pre-programmed target on the basis 
of inputs from the fire control computer, and its own iner
tial reference sensor.

Current assignments on Polaris Computer Design 
& Development are representative of the professionally 
advanced work always in progress at Light Military. Engi
neers chosen for these positions will find their own advance
ment can be rapid. Promotion is fully based on individual 
contributions, backed by performance appraisals.

For prompt consideration, write in confidence to Mr.
W. Gilmore, Dept. 7 ASM F

telligenBids of dollars caused from verbal mis

Don't Re Mousy
Speak Up. Don't be timid—express your- 
E and promote your ideas. Tlier’ll be 
es when it is wise and prudent to 
p your mouth shut. But, as a rule, it 

ks to speak up whenever you can con
fute something. The quiet mousy in- 
idual who says nothing is usually 
pited with nothing to say.

Out Your Plan. Before asking 
lappr >val of any major action, have a 
[nite flan and program worked out.

s very generally (and properly) 
e to approve any proposal in 
ictical details of execution are 
ht out. Often a man will propose 

without having weighed the 
antages against the difficulties 
This is the difference between 

onsidered” and a “half-baked”

Help Your Boss Help You

11. Inform Your Boss. One of the first 
things you owe your boss is to keep him 
informed of all significant developments. 
He is constantly asked to account for, de
fend, and explain your activities to the 
“higher-ups.” as well as coordinate your 
activities into a larger plan.

(Continued on p. 78)

a gow zed many reputations and “skins.”
you d( Don't Vacillate. ()ne of the gravest in- 

itments (especially of a supervisor) is to 
Iwaysi r. “His opinion at any time depends 
lor hi rely upon the last man with whom he
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IBM
INTERNATIONAL BUSINESS MACHINES CORPORATION

AND RELATED AREAS
Nuclear Physics
Optics
Phosphors
Physical Chemistry
Physics
Radar Circuits
Reliability
Semiconductors 
Systems Engineering 
Transistors

For details, write, outlining background and interests, to
Mr. R. E. Rodgers. Dept.555F2
IBM Corporation
590 Madison Avenue. New York 22. N. Y.

CAREERS AVAILABLE IN THESE 
Circuit Design 

Component Engineering 
Computer Design 

Cryogenics 
Inertial Guidance 

Logic 
Magnetics 

Mathematics 
Metallurgy 

Microwaves

Explore new areas 
at IBM in

Solid state studies are now yielding important discoveries at IBM. Ranging from basic research to product 
development, solid state projects include a study of the behavior of molecules adhering to a surface in an 
ordered array. Another project involves the development of high-speed semiconductor switching devices. 
In magnetics, engineers and scientists are developing a ferrite core which will function normally at 500°C., 
and a one-million bit memory drum weighing only five pounds. Advanced work such as this requires 
creative engineers and scientists with inquiring minds and an enthusiasm for investigating the unknown. 

At IBM you will enjoy unusual professional freedom and the support of a wealth of systems know-how. 
Comprehensive education programs are available plus the assistance of specialists of many disciplines. 
Working independently or with a small team, your individual contributions are quickly recognized and 
rewarded.This is a unique opportunity for a career with a company that has an outstanding growth record.

dividual most directly responsible for th 
function involved. Complaints made to I 
man’s superiors engender strong resen 
ments. Go over a person’s head only whd 
direct appeal fails. In many cases sue 
complaints are made without giving "j 
man a fair chance to correct the grid 
ance, or even before he knows ol a 
dissatisfaction. ■ ■ I

ELECTRONIC DESIGN • June 1C W

Qualifications: B.S , MS. or Ph.D. in Elec
trical or Mechanical Engineering, Physics, 
Mathematics or Physical Chemistry — and 
proven ability to assume a high degree of 
technical responsibility in your sphere of 
interest.

1'2. Think For Yourself. Don’t b< to< I 
anxious to follow the boss’s lead. T s i.l 
where a manufacturing organizatio’ dif-H 
fers from an army. The progran laid I 
down by the department head, in gen. I 
eral, is tentative rather than sacre< It’sl 
intended to serve only until a bette pro. I 
gram is proposed and approved. S tel] I 
your boss what you’ve done at reaso able® 
intervals, and ask his approval of an' well« 
considered deviations or new projects.
13. Consider Other People. In all trans ■ 
actions be* careful to “deal-in” everyone! 
who has a right to be in. In a large cor-1 
poration it’s easy to overlook the interest I 
of some division or individual who isrl 
represented, or in mind, when a big step is« 
taken. Very often the result is the ste 1 
has to be retracted or considerable dam 
age is done. The effect on morale may be»11# 
serious. Even when it does no apparent«ew 
harm, most people don’t like to be left 
when they have* a stake in the matter.!0^ 
Before you do another man’s job to getf011 
your own work done give him a fair! T( 
chance to deliver, or have him agree to! 
your taking over If you must offend inmer! 
this respect, realize that you are being«00’ 
offensive. «mc

Promises, Promises, Promises Bih a 

14. Stick To Schedules. Promises, schrc■"l', 
ules and estimates arc necessary and inwiat' 
portant in an ordered business. Many 
to realize this, or habitually try to dodge! 111 
the irksome responsibility for rnakinB01™ 
commitments. Make promises based oiB10^0 
your own estimates for your part of tbBsuni 
job, together with estimates obtain- Sl 
from others for their parts. No matter how^ 
rushed the job, give a conservative e'W sir 
mate. A good manager will set schedule«1 Pf 
which he c an meet by energetic efforts aBmPa 
a pace commensurate with the signifi 1 

cance of the job. I ’
15. Go Through Channels. When you w1’ ’ 
dissatisfied with the services of anotl w 5 
section, make your complaint to the B’ dl



of

i you’ 
anoth
the 
for

ide to 
resen

ly wh 
¡es su 
/ing tl

TelephoneName

StateZoneCityHome Address

CitizenshipDate of Birth

Major HonorsDates

TitleCompany

Published Articles

902

Read
ny 1
gular eader Service card.

900 901

Degree

Use section below instead of Reader Service Card. Do not write personal data below this line.

uch service offered in the elec-
onics field.

umbers at the bottom of the form

Electronic Design s Reader

esign will detach the circle num-

mes 1 im applicants who proved 
eligib

ELECTRONIC DESIGN USE BEFORE JULY 8, 1959

Dates

907 913906 90« 909 912 MH903 904 905 910 911

945 946 ‘H9943 94, 94 M'♦42 944O3H 939 *♦40 941925 927 931 932 936 937926 92« 929 930 933 934 935

924922HIM 919 920 921 923'♦1791) '<!♦.

CAREER INQUIRY SERVICE

too 
S is 
dif. 
laid 
gen-

It’s 
pro- 

) tell 
¡able 
well 

ts. 
trans- 
ryone 
3 cor
erests 
> isn’t 
;tep is 
■ step 
dam- 

say be 
parent 
‘ft out 
latter, 
to get 
a fair 
ree to 
?nd in 
being

5

sched- 
nd im 
ny fai 
dodg 

nakin 
sed o
of th 

btaine 
ter ho 
ve es 
hedul 
ïorts a 

signii

After completing, mail career form to ELECTRONIC DESIGN. Our Reader
Service Department will forward copies to the companies you select below.

Advancement

Your Goal?

New Form

Speeds Action

We introduce with this issue a
areer Inquiry Service form to help
ngineers advertise themselves. This
ew service will speed applicants to
he jobs they seek. It is the first

To present your qualifications im-
nediately to the personnel man-
gers of companies that interest
ou, simply fill in the attached
tandardized short resume.
Study the employment opportu-

itv ads in this section, and circle the

at correspond to the numbers of
e ads that interest you.

ervice Department will make
hotocopies of your standardized
sume and send it to all companies

ou select . . . the same day the
sume is received. (Electronic

t portion of the form, so that no
mpany will know how many
mbers you circled.)
The standardized resume will
nnit personnel managers to in-
ct your qualifications rapidly. If

ey ar interested, they will get in
uch v th you directly. In the past 
uch t ne has been lost through
rsoni 1-manager requests for re-

s who desire only com-
Jchures should use the

(Please print with pencil or type.)

Place of Birth

Educational History
College

Recent Special Training

Employment History
City and State Engineering Specialty

Outstanding Engineering and Administrative Experience

Professional Societies

Minimum Salary Requirements (Optional)

Circle Career Inquiry numbers of companies that interest you



A FINER CLIMA! :TRANSMITTERS
RCA MOORESTOWN

Motorola Inc

TO LIVE IN

RADIO CORPORATION OF AMERICA
Missile and Surface Radar Division

CIRCLE 903 ON CAREER INQUIRY FORM

We asked this question of the first four engineers we

saw

DID YOU EVER THINK OF BECOMING AN EDITOR?

Answer. NO.

¡unit’

com

>W tu

'nem

CIRCLE 905 ON CAREER INQUIRY FORMCIRCLE 904 ON CAREER INQUIRY FORM

IRCLE '

Bendix Aviation 
York Division

830 Third Avenue
New York 22. N.Y

panced 
kr Sys

litioiT

If you have a BEE degree, a year or two of design 
engineering experience, a little disillusionment with the 
slow pace of engineering, but a flair for writing, why 
don’t you inquire? Send resume to:

lb, (hill, 
pf

CAREER 
OPPORTUNITIES 
BROCHURES

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

SYLVANIA ELECTRONIC SYSTEMS 
* »'»isiw of stlvania ai croie wouers ik.

Janies A. Lippke

Managing Editor 
ELECTRONIC DESIGN

Invites Inquiries From Transmitter Engineers Who Wish To 
Contribute To Advanced Missile Detection Programs.

Project BMEWS (Ballistic Missile Early Warning System) and 
other advanced missile deteaion systems have created unlimited 
projea management or technical opportunities for engineers and 
managers to participate in the development and design of trans
mitters ranging from very low power to super-power radar trans
mitters delivering peak power in the multi-megawatt range.

The scope of original design effort ranges from the design of low 
power pulse and RF circuits to the design of super power hard-tube 
pulsers and RF cavity type amplifiers.

Experience in the development of design of communications, TV, 
radio and radar transmitters or their components is required. A 
knowledge of high power tube design and the application of 
klystron, magnetron, or grid-controlled tubes would be beneficial.

Salary to $17,000.

Please address all inquiries to:

Mr. W. J. Henry, Box V-16F 
RCA, Moorestown, New Jersey 
(8 miles from Philadelphia) r At Sylvania's 

Mountain View Operations 
in California

(SAN FRANCISCO BAY AREA)

you'll discover 
more than just one 

kind of climate.

P.O. Box 188
Mountain View, California

“The Challenge of the Space Age” illustrates 
and briefly summarizes the product line, labora
tory facilities, personnel, and supplementary serv
ices of the Engineering Dept, within the York 
Division. Activated in 1952 to develop and pro
duce a VT proximity fuze, the company has now 
•xpanded its capabilities to embrace a broad field 

of activities, each discussed separately. Emphasis 
is on the personnel holding the executive posi
tions of this department and the products of the 
company.

Bendix Aviation Corp., York Div., Dept. ED, 
York, Pa.

CIRCLE 871 ON READER-SERVICE CARD

PROFESSIONAL CLIMATE-Advanced 
programs will challenge your techni
cal creativity. You’ll make major con
tributions in the fields of electronic 
defense, radar, communications and 
data processing systems. Because 
Sylvania is one of the nation's fast
est growing electronics organiza
tions, there are an unusual number 
of growth opportunities.

LIVING CLIMATE—You and your family 
will enjoy the healthful atmosphere 
and sunny climate of the San Fran
cisco Peninsula. You’ll find plentiful 
housing, excellent shops, fine schools 
and year round recreation.

Openings in;
System Studies / Circuit Design / Computer« 
A Data Handling / Electronic Packagi« / 
Oevelooment Engineering / Concept & “ 
ning / Advanced ECM Circuitry / Equipment 
Uevrlopment / Product Engineering / Tin 
Engineering / Tube Application Engineer m 
/ Mechanical Engineering / Tube Production 
Engineerinn / Theoretical Physics / Expert
mental Physic* / Mathematics / Mlcrewve 
Engineering / Engineering Writing / Tabe Re
search Engineering

You may communicate in confidence 
to Wayne L. Pearson

MOUNTAIN VIEW OPERATIONS

ELECTRONIC DESIGN • June 1C l^l

Seven ways of “Selecting An Engineering Ca
reer with a Future” key the introduction to Mo
torola’s 32-page, illustrated brochure. Diversifica
tion of electronic products is emphasized and the 
need for every type of electronic engineeiing skill. 
The general work activity in three plants—Chicago, 
Phoenix, and Riverside, Calif.—is described, with 
an itemized list of current work areas in each di
vision.

Photographs and drawings supplement each 
section and present a comprehensive and pictorial 
view of life in each area of the country. Educa
tional opportunities available to employees are 
presented including in-plant training and full 
tuition reimbursement for those completing uni
versity courses successfully. General employee 
benefits are listed. Featured in the back of the 
book is a ready-to-mail resume for engineers.

L. B. Wrenn, Motorola Inc., Dept. ED, 4501 
Augusta Blvd., Chicago 51, Ill.

CIRCLE 870 ON READER-SERVICE CARD

TO WORK IN...

■ Tae« »ft •
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Engineers 
nd scientists

. where there’s time and op- 
rtunity to enjoy yourself 
ule climbing to the top in the 
Id you like best.

; fish are biting in Minnesota. One 
our fellows in the infra-red lab 
ght a 8%-pound walleye opening 
—on the Lake of the Woods. He 
d a minnow and June bug spinner, 
i little boy pulled in 10 crappies, 
ne of our fellows take their families 
iping nearly every weekend—up 
ng the north shore ot Lake Superior, 
at country, this Minnesota. You 
uld be here—with your wife and 
dren—and you can be . . .

; Research and Engineering Labo- 
vries at the Mechanical Division of 
icral Mills—in Minneapolis—need 
ior level staff members for creative 
ign. research and development work 
he following fields:

• Advanced Digital Com
puter Circuit Develop
ment

• Advanced Pulse and 
Video Circuit Develop
ment

• Advanced Inertial 
Navigational System 
Development

* Applied Mechanics

• Optical and Infra-Red 
Equipment Engineering

• Research Physics

itions available are for purely tech- 
il and technical-supervisory work— 
titles and salary provide equal op- 
lunity for advancement in both, 
people enjoy their associates, lib- 
company benefits and non-routine 

jects, a- evidenced by our extreme- 
turnover rate.

ou have from three to five years 
erience in any of the above fields 
‘ like t tell you more about oppor- 
ties at General Mills. Send today 
all the facts. We’ll keep your in- 
y in st ict confidence.

CTRC 4IC DESIGN • June 10

Link Aviation Inc.

“This is Link” is a 28-page, photographically 
illustrated booklet presenting top management, 
training equipment, systems, and plant facilities 
of Binghamton, New York and Palo Alto, Cali
fornia. Nature of the work of each department is 
given including fabrication, assembly, specialized, 
and administrative. Capabilities of the Company 
are listed and a summary of diverse facilities in
dicated. Statistics on personnel, finance, manufac
turing plant facilities, quality control and engi
neering research and development are presented 
in chart form.

Link Aviation, Inc., Dept. ED, Binghamton, 
N.Y.

CIRCLE 872 ON READER-SERVICE CARD

Metals & Controls 
Corporation

A brief historical sketch of the corporation 
since 1916 introduces the reader to the scope of 
engineering, administrative, sales and supervisory 
positions available at Metals & Controls. Informal, 
on-the-job photos show the new engineer how he 
would fit into each of the three divisions: General 
Plate, manufacturing clad metals, Spencer, manu
facturing Klixon® controls and protective devices, 
and Nuclear Inc., producer of nuclear products. 
Positions are described in each case. Engineering 
and production facilities are fully illustrated and 
described.

Expansion of the company in sales volume, em
ployees and plant facilities is indicated graphi
cally. Opportunities for personal development in
clude a full engineering library, educational 
courses within the company and from nearby uni
versities. Employee benefits are listed and a photo 
story of life in Attleboro completes “Your Oppor
tunities At Metals & Controls Corporation.”

Employment Director, Metals & Controls Corp., 
Dept. ED, Attleboro, Mass.

CIRCLE 873 ON READER-SERVICE CARD

1959

Dear Virginia

Ever since time began 
children like you have 
asked the question: 
"Is there really a man on 
the moon?"

So far we haven’t contacted 
anyone from there, but we are 
working on some ideas in 
COMMUNICATIONS, MISSILES and
RADAR that 
man to the

experienced electronic engineers 
with your curiosity and 
imagination, Virginia, who can 
introduce important con
tributions in these fields.
With them on our team, 
it won’t be very long before 
we can truthfully say:

Yes, Virginia, 
there is a man 
on the moon!

P.S. If your dad is 
who wants to help us

an engineer 
prove our

point, have him write to:
R. D. EARY, Technical Staffing 

4 Director, The Magnavox Company
2131 Bueter Road, Fort Wayne, Ind

*

. Magnavox
CIRCLE 907 ON CAREER INQUIRY FORM
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CAREER OPPORTUNITIES

Genius

what

Burroughs

Leonardo da Vinci

Opportunities are now available at Melpar in the following areas

INTERVIEWS ARRANGED IN YOUR LOCALE

■
York 47-1951York. Penna.

we expect., 
necessarily

B 1■ 
I

Detection & Identification Systems 
Antenna & Radiation Systems 
Chemistry Laboratory
Applied Physics Laboratory 
Production Engineering
Quality Control

For Details
Wire Collect or Write to:

Professional
Employment Supervisor

Fairchild
Astrionics 

Division

ELECTRONIC f
ENGINEERS f

MECHANICAL L
engineers!

Reci naissance Systems Engineering
Airborne Equipment
Ground Data Handling Equipment
Ground Support Equipment 

Simulation & Training Systems 
Communication & Navigation Systems

/ oezpo^r 
AVIATION CORPORATION 

f York Division

But we do have significant opportunities for the man with 
the mature, blessedly curious engineering mind. At Melpar 
—where advancing the state of the electronic art is our mis
sion—there are engrossing projects which enable you to gain 
the highest possible levels of accomplishment. The capacity 
to reach deeply into provocative lines of inquiry is par
ticularly valued, and the finest facilities, colleagues, and 
incentives constitute our design for working. Your own in
tellectual dimensions govern remuneration and assignments.

Here is your chance to prove your B 
ability doing important work on mis- B' 
site fuzing, beacons, guidance, pack- Bese 
aging and related test equipment. We Bm 
have key openings that offer you the ■ , 
opportunity to move ahead rapidly in f ü 
your profession. At Bendix York, Bs ’ 
you benefit from the advantages of a B 
small company atmosphere in 
growing division of one of the Biol 
nation’s largest engineering ar I 
manufacturing corporations. Also, ■ 
you’ll enjoy the “good life” in our Bibe 
beautiful suburban community. Bes 
Good salaries, all employee tenais. B

CIRCLE 909 ON CAREER INQUI^ FORMS

ELECTRONIC DESIGN • June 10, IWO

Opportunity, a press kit offered by Burroughs 
Corporation, contains three pamphlets covering 
structure of the organization, employee benefits, 
and work of the Paoli Research Center, Pa.

T he present status and principal business of 
Burroughs is concisely presented in a brief his
torical sketch, followed by an illustrated discus
sion of each division and company within the 
Corporation. Number of employees, the product 
line, location, and financial data are included with 
each item.

Employee benefits are thoroughly treated in a 
second brochure, compiling all company-wide em
ployee policies: insurance, retirement income 
plan, holidays, citizenship, educational aid, relo
cation arrangements.

Paoli Research Center is the focus of attention 
in the last pamphlet, which describes the nature 
of the work, types of projects, products, and tech
nical training opportunities.

Burroughs Corp., Dept. ED, 6071 Second Ave., 
Detroit 32, Mich.

CIRCLE 875 ON READER-SERVICE CARD

Drop us a card, briefly stating 
your education & expert- 
ence. We’ll act Im
mediately to get to- J 
gather with you ADDRESS: 
and talk It over. # PROFESSIONAL 

y PLACEMENT I 
DEPT. D /

A Subsidiary of Westinghouse Air Brake Company 
3307 Arlington Boulevard, Falls Church, Virginia 

JO miles from Washington, D C.

CIRCLE 908 ON CAREER INQUIRY FORM

Y( Rl| 
offers the opportunity 
and the challenge of r 
key assignments in... I,

GUIDED MISSILE!
neELECTRONICS I

All phases of work in which engineers at Fair
child Astrionics engage is stressed: systems man
agement, guidance and control, surveillance and 
data links, radar, training devices and simulators, 
ground support and checkout equipment, research 
and development. This 24-page, illustrated book
let also covers the engineering team, the reliabil
ity’ program, applications of human engineering 
and modern facilities of the plant.

Personnel Director, Fairchild ¿Astrionics Div., 
Dept. ED, Straight Path Rd., Wyandanch, L.I., 
N.Y.

CIRCLE 874 ON READER-SERVICE CARD



EN LITERATURE
\ ®diooctivity Measuring Instruments 56

| than 125 products for detecting, count-
I aK an( recording radioactivity are described in 
[ mt 76 lage, two-color catalog. Sections in the 
S lHa]0U |lc devoted to nuclear training devices, 
I jatemeters. gamma-ray spectrometer sys-

Geiger and scintillation detectors, portable 
• “ beta, gamma, and neutron survey meters, 

lioactive sources and chemicals, and nuclear

M^ssorics. The new catalog describes more than 
new products and groups of products. Nuclear-
licago Corp., 229 W. Erie St., Chicago 10, Ill.

»iterator Data Sheet

This data sheet lists and gives full technical 
tails on the complete line of generators. In- 
ided are ac and dc tachometers, rate tachometer 
th squirrel cage rotor, damping and dc motor 
aerators. John Oster Mfg. Co., Avionic Div., 
flam St.. Racine, Wis.
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This 11-page paper describes the advantages 
using Sheffer Stroke or Nor gates in computer 
sign. All logic and static memory for a digital 
item can be built from gates of either type, 
)lacing the networks of And gates, Or gates, 
)-flops, etc. found in most computers. The paper 
o describes Sheffer Stroke and Nor logic and 
esents a simple means of transforming equations 
im And-Or form to Stroke form. Typical designs 
; discussed. Abacus, Inc., 3040 Overland Ave., 
s Angeles 34, Calif.

ipulse Counting Devices

This condensed catalog, illustrates and de- 
ibes all types of Sodeco impulse counting de
es. Included are short type and standard size 
inual and electric reset counters, mono-decade 
nnters. hours, minutes and seconds indicators, 
edetermining counters including heavy duty 
>es, ac counters and impulse transmitters and 
apters Landis & Gyr., Inc., 45 West 45th St., 
w York 36, N. Y.

sulating Tapes, Fabrics

Five i w bulletins describe CDF woven-glass- 
* insi ating tapes and fabrics. The two-page, 
o-colo I 

ns of 

‘ cut y 
ited. 
triplet« 
al r 

•rp., N

bulletins cover properties and applica- 
lass tapes, fabric sheets, wrappers and 
ces, both silicone-varnished and rubber- 
ich bulletin includes, in tabular form, 
information on both physical and elec- 
>perties. Continental-Diamond Fibre 
vark, Del.

FO«*
0, 1«

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

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

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

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

lor Solid State?
CMC is now in production on transistorized DCU’s. 
These compact units incorporate decade readout and 
coded output matrix. No separate cards and plugs 
required. Available with vertical number panel or 
Nixie readout.

Concise Ciifalot/ Aoailtdle
Our new DCU catalog gives 
you prices and key specs at a 
glance. If you don’t have it, 
write, wire or call and we will 
mail it to you free. Please ad
dress Dept. 1°*
CMC can supply you with bet
ter DC J’s at lower prices, plus 
off the shelf delivery. It will 
pay you to check with us first.

Computer 
Measurements 
Company Pacific Industries, Inc.

5528 Vineland Avenue, North Hollywood, Calif.
Phone STanley 7-0401 • TWX: N HOL 8290

CIRCLE 61 ON READER-SERVICE CARD
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COPPER 
CLAD

Teflon*
Unequaled for printed 
circuits, cable strips

NEW LITERATURE
Resistance Bridge Potentiometer 63

This one-page data sheet describes a 
portable battery-powered instrument to 
calibrate and measure the de ouput of re
sistance bridge transducers or strain 
gages. Complete technical data is cov
ered. Datran Electronics, 1836 Rosecrans 
Ave., Manhattan Beach, Calif.

Plating 64
Information on chromium plating of 

small parts is provided in this series of 
information bulletins. An illustrated bulle
tin on the firm’s services and facilities is 
included. Whyco Chromium Co., Inc., 
U.S. Route 8, Thomaston, Conn.

Power Supplies 6
Bulletin PS-2009 describes a serit of 2 

all solid-state regulated de pow< sup 
plies primarily intended for built n ap 
plications. Nine fully variable ret date 
solid state de power supplies are c veie 
in Bulletin PS-2010. Deltron Inc.,: 05 J 
Leithgow St., Philadelphia 33, Pa.

Voltage Divider 6;
Bulletin C-25, 4 pages, provides con 

plete data in graph and chart form on th 
performance of a transformer voltag 
divider. Called the Dekatran, Modi 
DT-72, the unit is a seven decade, rad 
mount, transformer-type ac voltage divi 
der with an accuracy of better than 
ppm. Electro-Measurements, Inc., 752 
S.W. Macadam, Portland 19, Ore.

You can’t go wrong with Chemelec Copper Clad Teflon for 
printed circuits and cable strips. Here’s why: Teflon’s dielectric 
constant is exceptionally low and uniform, water absorption is 
zero, no delamination is possible. Unlike glass, ceramic, and 
other plastics, Teflon will not break under severe shock and 
vibration, thus assuring leak-proof operation. Teflon is chemi
cally inert and unaffected by 500° F solder. Its bond strength is 
greater than 7 Ibr/in. ( opD°r Clad Teflon Sheet (upper right) is 
available 18" wide, 36" long, and in Teflon thickness to 
with 1 oi 2 oz. copper on both sides. Copper Clad Tape (upper 
left) comes 12" wide, 3 “ or 150" long, up to .060" thick, with 
1, 2, or 3 oz. copper on one or both sides. Heavier copper is 
available on request.

Instruments and Components 65
This 4-page, 2-color catalog presents 

the firm’s line of conical helix antennas, 
crystal video detector mounts, optimum 
linear microwave horns, pulse generators, 
transistor curve tracers, video amplifiers 
and electronic batteries. American Elec
tronic Laboratories, Inc., 121 N. 7th St., 
Philadelphia 6, Pa.

Power Components 6!
This catalog on de power supplies, a 

line voltage regulators, airborne rada 
power supplies and static inverters am 
converters is 12 pages. Labeled No 
E 59A, the catalog contains pictorial ma 
terial and provides complete technica 
data on the units. Perkin Engineering 
Corp., 345 Kansas St., El Segundo, (’ ■

*Registered Trademark 
fDuPont Trademark

Teflon Spaghetti Tubing 
now comes in three grades
Realize tremendous cost savings with 
TEFLON Spaghetti. Eliminate purchase 
of excess weight tubing by specifying 
exactly what you want from n choice 
of three grades and ten colors. In all 
sizes, Chemelec Spaghetti Tubing 
retains the superb feat uresof TEFLON; 
in addition, it is flexible and free from 
leaks due to cracks or perforations. 
Available grades include thin wall 
(wire gauge from 30 to 0, wall thick
ness from .009 to .015), standard 
wall (wire gauge from 24 toO, wall thick
ness from .012 to .020), heavy wall 
(wire gauge from 22 to 5, wall thick
ness from .016 to .032). Standard 
RM A colors.

For further information, write for Catalog EC-358. 
FLUOROCARBON PRODUCTS, INC., 

division of United States Gasket Co., Camden 1, New Jersey.

CIRCLE 62 ON READER-SERVICE CARD 
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“They're sure compact, K.C.’ “You bet, M.C., only 1 '/x by ó’A inches!

NEW REEVES-HOFFMAN TRANSISTOR OSCILLATORS

WRITE FOR 
BULLETIN RH OS.

New Reeves-Hoffman oscillators are transistorized for com
pactness and crystal controlled for unerring accuracy. Each 
oscillator is produced and tested with exacting care by skilled 
craftsmen using the most modern equipment and facilities 
available. Reeves-Hoffman will manufacture these units in 
volume to your specifications.
DIVISION OF DYNAMICS CORPORATION OF AMERICA

CARLISLE, PENNSYLVANIA
CIRCLE 69 ON READER-SERVICE CARD

CIRCLE 77 ON READER-SERVICE CAI
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Anaconda EPOXY Magnet Wire for 
outstanding compatibility at high temperature
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Epoxy's unique combination of dependable characteristics makes it 
suited to use in such equipment as totally enclosed motors, above; 
hermetically sealed relays, encapsulated dry-type transformers, below.

do, Cal

Anaconda Epoxy Magnet Wire is particularly well suited to use in oil- 
filled transformers. Epoxy's excellent behavior in transformer oils is 
but one of its many outstanding chemical characteristics.

The compatibility, chemical stability, and thermal stability, 
of Anaconda Epoxy have been proved by some three years of 
actual field experience, plus seven years of research and develop
ment, in both military and civilian applications.

Anaconda Epoxy (I3O°C AIEE Class B) magnet wire is com
patible with most well known insulations. It offers excellent 
resistance to moisture, transformer oils, acids, and alkalies. Tests 
of Anaconda Epoxy magnet wire with all impregnating varnishes 
tried to date have resulted in chemically compatible systems— 
with no thermal deterioration of the Epoxy film.

Epoxy's unique combination of dependable characteristics 
makes it suited to a wide variety of difficult applications. Its 
outstanding dielectric strength, its heat-shock, adherence, and 
flexibility properties make it an “all around” magnet wire for use 
up to 130°C in either open or closed systems.
round, square and rectangular. Anaconda Epoxy magnet 
wire is available in the full range of round, square and rectangular 
sizes, li can also be furnished in combination with glass servings.

If you have a difficult Class B application or a troublesome job 
at lower temperature that might benefit from some other char
acteristic of Epoxy, see the Man from Anaconda. Or write: 
Anaconda Wire & Ca ble Company, 25 Broadway, New Y ork 4, N. Y.

68366

ASK THE MAN FROM ANACONDA* about EPOXY MAGNET WIRE
For more details on Anaconda Epoxy's unique combination of useful characteristics, please turn the page—

VITROTEX 130°C (AIEE Class B) 
glass-insulated, high heat resistance

/ICE C

FORMVAR 105°C (AIEE Class Al 
proven dependability

A ATHERM 155°C (AIEE Class F) 
nigh temperature resistance

NYFORM 105°C (AIEE Class A) 
superior windability

ANALAC IO5°C (AIEE Class A) 
solderable magnet wire



MAGNET WIRE
DATA SHEET

IMPORTANT FACTS FOR YOUR WORK

Thermal stability. Epoxy round magnet wire

(Wires are stretched or not stretched, then wound on mandrels
an oven

Prestretch %

ANACONDA WIRE & CAULE COMPANY

Please send me a copy of your Epoxy Magnet Wire Booklet,

NAME * TITLE

SEE THE MAN FROMCOMPANY

ADDRESS

CITY
FOR MAGNET WIRE Weil 77 on

Diss, pat ion 
Factor %

Frequency 
Cycles per Second

Epoxy is outstanding in its 
will also withstand the action

Epoxy magnet wire can be used when sealed in electrical appa
ratus where water is contained in other materials. Small coils in

Epoxy offers outstanding adherence and flexibility. It meets the 
exacting demands of abrasion resistance called for in high-speed 
winding machines.

ZONE........ STATE

perature. In fact, such oils sealed in glass tubes with Epoxy 
wire and heated to 150°C do not damage the insulation, even 
when the oils have been contaminated by long use.

l.(MM) 
10,000 

100,000

having X times the diameter of the wire and placed 
at 155°C for one hour):

Pass 
Pass 
Pass 
Pass 
Pass

Pass 
Pass 
Pass 
Pass 
Fail

Pass 
Pass 
Pass 
Pass 
Pass

0 17 
0.48 
0.96 
1.95

Epoxy magnet wires exhibit high dielectric strength—a minimum 
of 2000 volts per mil under dry test conditions. The following 
are dielectric constant and dissipation factor measurements at 
25°C and 50% RH:

Anaconda Epoxy film-coated magnet wire is suitable for use in 
130°C (C lass B) hottest spot operation It meets MIL-W-19583 
requirements. Epoxy is compatible with other insulations and 
performs excellently in oils. Il offers unusual resistance to mois
ture and has a higher resistance to heat shock than other Class B 
wires. This unique combination of properties makes it applicable 
to a wide variety of difficult applications.

behavior in transformer oils. It 
of lubricating oils at high tem-

Oil filled transformers . Air conditioning systems where moisture 
is a problem • Refrigeration machines for operation with 
fluorinated hydrocarbon refrigerants • Totally enclosed motors, 
transformers, alternators • Encapsulated windings of virtually 
any type.

Dielectric 
Constant 

4.63 
4.60 
4.55 
4 45

Pass 
Fail 
Fail 
Fail
Fail

Fpoxy offers outstanding chemical characteristics. The Epoxy 
resins are characterized by their resistance to attack by com
pounds they may come into contact with when used in electrical 
apparatus. Epoxy shows exceptional resistance to 5% potassium 
hydroxide, 5% sulphuric acid. VM&P naphtha, ethyl alcohol, 
xylol, toluol. Epoxy wire has given excellent results in test pro
grams designed to determine the effects of fluorinated hydro
carbon refrigerants. Scrape abrasion resistance is high under 
Ereon. Ereon 22 does not blister and attack the coating. Epoxy 
does not hydrolize in closed systems.

Electron ii
This 12 

tains Ix)th 
cations of: 
plifier kly 
strons; refli 
tiplier kly: 
Great Nec

I Capacitoi
Type 14 

ized paper 
in ±10% c 
scribed in 
Type 114P 
available ir 
±5? and ; 
2221A, 2 
North Adai

water at room temperature for 18.000 hours (2.1 years) main
tained a very high insulation resistance between the copper and 
water. Fpoxy wires sealed in glass tubes with a small amount oi 
water can be heated for a month at 150°C without destruction 
of the enamel coating.
All-Epoxy insulation systems. Materials are now available to 
make possible complete Epoxy systems that offer superior thermal 
and chemical stability and maximum environmental protection 
Detailed information available on request.

minimum requirement of 
Specification MIL-W-19583 for 
130°C systems.
RETENTION OF FLEXIBILITY. Epoxy 
magnet wire can be heated 
for 168 hours at 125°C and 
then wound on its own diameter 
without cracking.
heat SHOCK. Epoxy magnet 
wire offers outstanding heat 
shock characteristics, as indi
cated by the following table

Epoxy is a 130°C (Class B) magnet wire This rating is based on 
AIEE test procedures. The wire is also intended for use at lower 
temperatures where the choice k»» i i_ । i——j—:—*—r- L -
may be made to take advantage 
of some other characteristic.
It also can be used at higher 1<’om __  _ ■//•____
temperatures for shorter life or i । i //
in some special applications. '°»“ • ; • ; ; ; // -
Please refer to the thermal : • 5 : : ; :// :
stability chart. . - • : j

J 3.000 - ।- , । ~r r ।
THERMOPLASTIC FLOW. Epoxy ------ —L_1—±77--- —------
magnet wire meets the 200°C § . \ \t/

Strandec

Chart 2 
mining til 
tions for 1 
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smaller gi 
the cross-: 
Alpha Wi 
York 14, ?



Here are two73Stranded Wire 70 Servo Motor

Electronic Tubes Machinable Ceramic 7471 critical

Rotary Components 75
NE-tl

2.
DIRECT CURRENT CHARACTERISTICS

3.

Better

Leakage Resistance (at high humidity) . . 100 megohms

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

ELECTRICGENERAL
85

Tel. PL 4-5502

xy 
en

on 
/er

; to 
mal 
ion

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

□ 
0
it 
< 
UJ

Qi 
0 
IL

I0X
Pass 
Pass 
Pass 
Pass 
Pass

LU 
J
LL

Qi 
□ 
0

than 0.5 second.
Total Harmonic Distortion: 
than 2% at full load. 
Noise and Hum Level:

nal 120 VAC. Variable from 90 
to 130 volts.
Regulation: less than 1 % change 
— no load to full load la better

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

NE-76
72 ± 4-volts d-c
57 + 4-volts d-c

This outstanding CML Narrow Band 
Generator, Model 1422-E, will meet 
the following specifications:

1. Regulated Voltage Output: Nomi-

NE-76 Life To stay within above specifications for at least 1,000 hours when operated at 0.4 m.a. 
NE-81 Life Change in Starting and Operating Voltage

Nl-B 1 
72 ± 8-volts d-c 
50 to 60-volts d-c

G-E GLOW LAMPS 
AS MULTIPLE 

VOLTAGE INDICATORS

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

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

COMMUNICATION MEASUREMENTS LABORATORY, INC
350 CELANO AVENUE, ELAINFIELD. NEW JEKSEV

CIRCLE 76 ON READER-SERVICE CARD
* CIRCLE 77 ON READER-SERVICE CARD

OUTPUT—250 VA

SIZE—Uh x 22 'w
x 1 7 d

SHIP. WT.—150 lbs.

PRICE—Cabinet Model
$900.00

Rack Mounted Models: 
Standard 19" panels
with WE notching.

Chart ZK-4, one page, facilitates deter
mining the available stranding combina
tions for various sizes of conductor wire. 
The chart also shows the number oi 
smaller gage wire necessary to make up 
the cross-sectional area of a conductor. 
Alpha Wire Corp., 200 Varick St., New 
York 14, N.Y.

Model RBC-2407 servo motor is de
scribed in bulletin MO 3.13. The two- 
phase motor is available as a basic servo 
unit, or in four different gear types to 
meet various application requirements. 
National Pneumatic Co., Inc., Holtzer- 
Cabot Motor Div., 125 Amory St., Boston, 
Mass.

G-E Glow Lamps 
that have

Tbis 12-page condensed catalog con
tains lx)th pictures and technical specifi
cations of: traveling wave tubes; cw am
plifier klystrons; pulsed amplifier kly
strons; reflex oscillator klystrons; and mul
tiplier klystrons. Sperry Gyroscope Co., 
Great Neck, N.Y.

Bulletin 118, one-page, describes grade 
HT-2-M, readily machinable, high-tem
perature, heat-shock resistant ceramic. 
The material can be used up to 2200 F. 
Duramic Products, Inc., 262-72 Mott St., 
New York 12, N.Y.

Capacitors
Type 143P drawn 

ized paper capacitors 
in ±10% capacitance

72
metal case metal- 
are now available 
tolerance and de-

wire

•els 
ven

scribed in Bulletin No. 2220A, 2 pages. 
Type 114P metallized capacitors are now 
available in tolerances of both ±10% and 
*5? and are described in Bulletin No. 
2221A, 2 pages. Sprague Electric Co., 
North Adams, Mass.

Standard types of servo motors, motor 
generators, synchros and resolvers are de
scribed in this 16-page brochure. Detailed 
electrical parameters are tabulated for 
190 different rotary components and brief 
descriptions of the types available, their 
operation, and their application are given. 
Photographs and outline drawings are also 
included. Kearfott Co., Inc., 1500 Main 
Ave., Clifton, N.J.

From 350 to 450 CPS 
Frequency Range — 

SPECIFY CML NARROW BAND
GENERATORS

WHERE 
DEPENDABILITY 
IS OF PRIME 
CONCERN

>pa- 
s in 
airl
and 
t of 
tion

than 45 db below max. output. 
Standard Frequency Ranges: Var
iable: 350-450 CPS. Fixed: 300 
to 2000 CPS. Other ranges upon 
request.

6. Frequency Stability: 0.25% after 
30 minute warmup. Fixed fre
quency models to .001%.

Writs for Complete Catalog With All Detail: and Specifications

l«« MODEL 1422-E

starting 
voltages L NE76

TWICE 
ACTUAL 

SIZE

Two components of predetermined and stable 
characteristics for your circuit designs

G-E NE-76—Pre-aged, stabilized glow 
lamp has closest starting voltage toler
ances of any General Electric Glow Lamp 
(±4-volts d-c). Same tolerance is held 
on operating voltage. G-E NE-76 will 
perform well in: Switching circuits, logic 
matrices, gating circuits and similar ap
plications. The leads are plated for easy 
soldering and the lamps are treated by 
the G-E Dri-film process for high leak
age resistance in humid areas. A red dot 
near the anode lead indicates polarity.

G-E NE-81—Similar to the G-E NE-76 
— has slightly wider starting voltage 
tolerances (±8-volts d-c). Has plated 
leads to permit easy soldering and the 
G-E Dri-film process insures maximum 
leakage resistance under high humidity 
conditions. The same mild radioactive 
additive used in the NE-76 is used here 
to reduce dark effect. A white dot near 
the anode lead indicates this glow lamp’s 
polarity.

For further information write for free booklet entitled “Glow Lamps as Circuit 
Control Components”. General Electric Co., Miniature Lamp Dept. M-901, 
Nela Park, Cleveland 12, Ohio.

Tigress Is Our Most important Product
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WALLSON MODEL 138A

CIRCLE 78 ON READER-SERVICE CARD

TRANSFORMER CORPORATION 

CHICAGO 18, ILLINOIS

Stocked for immediate delivery 
from your electronic parts distributor

Write for Technical 
k Bui letin 1 04 

today I

Other WALLSON Products------------------------- “

-Automated High Vacuum Exhaust Equipment

TWT Power Supplies

Dynamic and Life Test Equipment for Semiconductor 
Rectifiers with ratings up to 500 amp. and 2,500 volts

completely self-contained Dynamic Rectifier Test 
Set with Forward Current adjustable from 0 to 5 

amperes independently of Reverse Voltage, which 
k is adjustable between 0 and 1,000 volts.

Standoff Insulators
JAN ceramic standoff insulators are

specifications and prices on 14 basic styles. 
Over 75 different standoffs with the JAN 
type designation art* contained in Form 
42-18IR3. Centralab. A Div. of Globe
Union Inc., 900 E. Keefe Ave., Milwaukee 
I. Wis.

precision turntables
instrument controls and data process con
trol. Pictures, mechanical data and elec- 
tiical data are included. Beau Electronics 
Inc., 1060 Wolcott Rd., Waterbury, Conn.

^Dynamic tests 

performed under simulated 

60 cycle operating conditions

Encapsulated — designed and built 
accordance with MIL-T-27A

CIRCLE 83 ON READER-SERVICE CARD

ELECTRONIC DESIGN • June 10, 1951

Transistor Comparison Chart
This transistor characteristic comparison 

chart simplifies the selection procedure 
lor equipment applications. The dynamic 

collector resistance and common emitter 

current gain are used as common de

nominators. The chart also indicates th 
type (pnp or npn), relative power han 

dling capacity, material (silicon or ge. 
manium), and the recommended applica

tion. Copies of the 17 x 22 in. chart wq 
be had by sending $1.00 to American Mu I 
chine & Foundry Co., Alexandria DhI 
Dept. ED, 1025 North Royal St., AMaI 

andria, Va.

Here are 27 hermetically sealed units designed 
especially for use in transistor circuits. Remarkably efficient for 
their size, these transformers have excellent frequency response 
with low harmonic distortion.

Leads are embedded in plastic to withstand a 12 pound pull 
and are individually spaced for printed circuit board insertion. 
The Chicago UME Series transformers measure .312" x .400" 
x .420" and weigh approximately 1/10 ounce. Detailed specifica
tions and performance curves are given in Chicago Bulletin CT-46. 
Write for your free copy.

This analyzer measures Forward Volf 
age Drop and Reverse Current of 

any type of semiconductor recti 
fier in accordance with the 

^^^k proposed JEDEC specifica 
tions.

CHICAGO STANDARD 
3518 WEST ADDISON STREET

braid in communications wire, som 
ductive electrical tape shielding on i

Plastics
This literature describes an electri 

conductive polyvinyl chloride comp< 
Described as a ‘semi-conductor, th< 
terial has an electrical volume resis 
of 11 ohms per cubic centimeter. 1 
nated Abbey 1(M). the material has

Klystron Power Supply 79
This two-page bulletin describes the 

ty pt 812 universal klystron power supply, 
giving complete performance specifica
tions, including electrical, modulation and 
mechanical. Polytechnic Research & De-

Hysteresis Synchronous Motors
Catalog 101, Series A. I pages, 

scribes hysteresis synchronous motors

Dynamic 
Semiconductor 
Rectifier Analyzer

WALLSON ASSOCIATES, I
35 East Runyon Street — Newark 8, N. J. — TAIbot 4 2600

Since 1955, Chicago Standard Transformer Corpora
tion has been operating continuously under R1QAP, 
the U.S Army Signal Corps’ Reduced Inspection 
Quality Assurance Plan When you specify ( hicago 
Standard transformers, delivery time is reduced and 
incoming inspection is at a minimum You arc assured 
of the highest quality units for military application.

CHICAGO 
Part No.

Application Pri. impedance 
In Ohms

Sec. Impedance 
in Ohms

UME-12 output 500/600 50/60
UME-13 output 1000/1200 50/60
UME-14 output bOO 3.2
UME-15 output 1200 3.2
UME-16 output 10,000 3.2
UME-18 choke 3 hy @ 2 Made —
UME-19 output or driver 10,000 CT/12,500 CT 500 CT /600 CT
UME-20 driver 10,000/12,500 1200 CT/1500CT
UME-21 driver 10,000/12,500 2000 CT/2500 CT
UME-22 single or PP output 150 CT/200 CT 12/16
UME-23 single or PP output 300 CT /400 CT 12/16
UME-24 single or PP output 600 CT/800 CT 12/16
UME-25 single or PP output 800 CT/1070 CT 12/16
UM E-26 single or PP output 1000 CT/1330 CT 12/16
UME-27 single or PP output 1500 CT/2000 CT 12/16
UME-28 single or PP output 7500 CT/10,000 CT 12/16
UME-29 output 300 C7 600
UME-30 output 500 CT 600
UME-31 output 900 CT 600
UME-32 output 1500 CT 600
UME-33 interstage 20,000 CT/30.000 CT 800 CT/1200 CT
UME-34 input 200,000 CT 1000CF
UME-35 interstage 10,000 CT/12,000 CT 1500 CT/1800 CT
UME-36 choke 6 hy @ 2 Made MB
UME-37 choke 1 hy @ 2 Made —
UME-38 choke 12 hy é 0 de —
UME-39 choke 20 hy (« 0 de —



mnson

MANUFACTURERS
MESA
TRANSISTORS
NEED PRECISION
EVAPORATION MASKS

CIRCLE 91 ON READER-SERVICE CARDI, 195’

rt matj 
an Md
i Dit..

znamic 
mutter 
)n de-

provided.
P.O. Box

READER-SERVICE CARD 

1959

Reliability Data 89
This 2-page bulletin provides data on 

the Variables Sampler which offers a 
method of fulfilling the requirements of 
the acceptance sampling procedures speci
fied in MIL-STD-414. The inspection 
tool reduces inspection time by up to 
60%. American Research and Manufac
turing Corp., 920 Halpine Ave., Rock
ville, Md.

Displacement Gyro 88

Design characteristics and installation 
drawings of a ruggedized displacement 
gyro are described in this four-page bro
chure. The 1080 series provides pictures 
of the unit's parts and summarizes its 
erection system and vibration endurance. 
Lear Inc., Grand Rapids Div., 110 Ionia 
Ave., N.W., Grand Rapids 2, Mich.

Cables 87

Flat cables and other special types of 
cables are described in this 12-page bro
chure. Pictures and other technical speci
fications on the products are 
Spectra-Strip & Cable Corp., 
415, Garden Grove, Calif.

Ins''uments 84

( italog C-59, 16 pages, covers vaw 
met rs, tour types of power supplies, pre- 
cisi< i dc potentiometer:c voltmeters, and 
a p ecision dc-ac differential voltmeter. 
Pict rial material, electrical specifications 
and descriptive material is included. John 
Fluke Mfg. Co., Inc., 1111 W. Nickerson 
St., Seattle 99, Wash.

Capacitors 85

This 46-page general capacitor catalog 
covers the firm’s entire line of tubular, 
ceramic disc and subminiature electro
nic capacitors. Technical data and other 
specifications are included, along with 
pictures. Good-AIL 112 West 1st St., 
Ogallala, Neb.

For complete information call or write .

BUCKBEE’MEARS CO
Toni Building • St Paul 1, Minn. 

CA 7-6371

*T* Buckbee Mears Company also manufac- 
Iuras etched forms and electroforms of un
usual accuracy—items used in electronic tubes, 
shaver heads, numerical indicator tubes, color 
television masks. Perhaps a component for 
your product could be made better and more 
economically by this process. Wo will gladly 
quote from your specifications.

CIRCLE 90 ON 

lKT ONIC DESIGN • June 10,

Instruments Catalog 86
This revised catalog describes digital 

voltmeters, digital ohmmeters, digital ra
tiometers, input and output modules, X-Y 
recorders and DG amplifiers now avail
able. The 16-page, M190, catalog gives 
complete specifications and covers fea
tures and advantages. Electro Instru
ments, Inc., 3540 Aero Court San Diego 
11, Calif.

MAGNETIC TAPE & DRUM HEADS

quality control from prototype to production

The Magnetic Head Division of General

Transistor Western Corporation designs and produces premium guality

control checks insure an extremely narrow channel to channel and head

and mounting surfaces account for their excellent reputation in the com

puter and missile field. Write or call now for complete design portfolio

Subsidiary of

General Transistor Corporation

General Transistor Western Corporation

to head uniformity; all metal construction plus precision lapped gaps

6110 Venice Boulevard, Los Angelos, California • WEbster 1-5867

magnetic heads to your specifications ... at lowest cost. Special quality
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OTHER FEATURES OF ULTRONIX ULTRAMINIATURES

9 
.470 t

5.0 Volts
180 Amps

Ultronix Ultraminiatures have a temperature coefficient within 15 
parts per million per degree Centigrade. In actual tests conducted 
by Donner Scientific Company, a random selection of Ultronix 
miniature resistors averaged out at 9 ppm. the only resistors tested 
to fall within the often advertised 20 ppm.

Ultronix makes a complete line of precision wirewound resistors 
For complete technical information including the new ultramini
atures and the name of your nearest Ultronix engineering repre
sentative, please address Dept. B6.

Ultronix resistors are encapsulated by compression molding in an 
alkyd resin whose coefficient of linear thermal expansion matches 
that of the resistance wire without sacrifice of other qualities. 
Strain coefficient is completely eliminated insuring maximum sta
bility. The TC of each Ultronix resistor is the same as that of the 
wire used. Ultronix resistors are available with solder lugs and 
axial, radial, printed circuit, or special leads Ultronix resistors 
exceed the requirements of MIL-R-93B and MIL-R-9444

2000 Volts
4 Amps

24 kW

Grid No. 2 Input ....
Plate Dissipation .........
Grid No. 1 Dissipation

D-C Grid No. 2 Voltagi 
D-C Plate Current ... 
Plate Input ...................

Maximum Ratings, Absolute Values:
D-C Plate Voltage .................................6500 Volts

400 Watts 
. 10 kW
300 Watts

Impulse Counters 95
Panel-mounted predetermined electric 

impulse counters are illustrated and de
scribed in this four-page bulletin. In
cluded are: a description of the operating 
principle, construction details, a descrip
tion of the presetting mechanism and its 
operation, illustrations of the use of the 
predetermining contact, as well as com
plete dimensional and electrical data. 
Landis & Gyr, Inc., 45 W. 45th St., New 
York 36, N.Y.

Typical lesistance vs. temperature curve of Ultronix miniature precision re
sistors. Tests conducted by Donner Scientific Company, Concord, California

111 E 20th Avenue, San Mateo, Calif. Telephone Fireside 5-7921 
CIRCLE 92 ON READER-SERVICE CARD

Electrical Characteristics
Filament Voltage .........

Filament Curren» . ...

Digital Recording Systems 6

Bulletin 311, 4 pages, describes db i
lar elements designed to be used to b d 
up complete operating digital system of 
varying complexity. Included are pict es 
and block diagrams. The building b >ck 
elements covered include encoders, a ro- 
grammer, and a translator. Datex G p., 
1307 S. Myrtle Ave., Monrovia, Calif.

PROBLEM:
Miniature precision 
wirewound resistort .. 
with maximum stability 

and minimum 
temperature coefficient

Inertial Guidance 97
A 3-axis drive servo test table, a pendu

lum unit, an integrating gyro and m cro- 
syn units are described in this 4-page 
brochure. Electrical and mechanical in
formation is given. Sterling Precision 
Corp., Instrument Div., 17 Matinecock 
Ave., Port Washington, N.Y.

CI0S« Tolerance and Wide Range 

Wide Temperature Range

Power Supplies 94
In 15 pages this catalog, B591, describes 

a complete line of voltage and current 
regulated power supplies, including tran
sistorized, magnetic and vacuum tube 
types. Pictorial material is included and 
some of the data is given in tabular form. 
Kepco Labs, Inc., 131-38 Sanford Ave., 
Flushing 55, N.Y.

CIRCLE 99 ON READER-SERVICE CARD
ELECTRONIC DESIGN • June 10, 195»

Microwave Components 98
¿4 newly developed varactor and some 

of its many uses are covered in this 14- 
page brochure. The data is of primary in
terest to design engineers working in the 
30 me region and higher in frequency. 
Pictures, graphs, explanatory information, 
and technical specifications are included. 
Microwave Associates, Inc., Burlington, 
Mass.

1 ohm to 2 megohms within ±.05%
—65" C to 4-125* C, derate 5% for each degree 
increase in ambient temperature above this 
point.
Unlimited
Ultronix type 102 measures only
Standard time constant .2 ¿«see

For full technical data on this or any other Machlett tubes, write:

Machlett Laboratories, Inc., 1063 Hope St., Springdale, Conn

999 n

1000 A

Altitude 
Small Size

Frequency Characteristics i

NEW LITERATURE
Drawing Reproductions 93

Techniques for getting sharp, clean and 
fast reproductions of engineering draw
ings are described in Bulletin 103. Hamp
ton Processes, Inc., Newton, N.J.

Transmitting Tube
A New, Rugged, Ceramic Tetrode 

for VHF Television

Machlett Laboratories, Inc. has made available 
to the designer a new ceramic envelope tetrode 

b lor high power VHF television transmission, the
t I ML-7007, which is a direct replacement for the 
ML v type 6166 tube. Designed to provide dependable 
Ai ' service under all operating conditions, the ML- 

• - 7007 incorporates design features aimed at the
elimination of any tendencies toward envelope 

I^^Mk puncture and inter-electrode shorts. The ML-7007 
tube, capable of 10-15 kw power output, finds 
application in existing and new television equip 
ments transmitting on Channels 2 13 and SSB 

1 transmitteis operating at frequencies up through 
■ 220 MCS.

ULTRONIX

Ultraminiatures

2O’C

k»9 PPM/°C



Che e Data Sheet

BOXES

Power Supplies
Microwave Catalogsome

iry in-

DECADE

DIVIDERS

Write for more complete technical in formation

Shallcross regularly supplies a variety of precisely-calibrated secondary 
resistance standards for critical research measurements. Overall sta
bilities better than 0.001% and maximum temperature coefficients of 
3 ppm per degree C are achieved in several types.

SECONDARY STANDARDS

:t es 
b ck

Shallcross Decade Voltage Dividers are available in Kelvin-Varley or 
conventional potentiometer circuits. Kelvin-Varley Circuit Models: 
resolution to any ratio between 0.0000 and 1.0000 in steps of 0.0001 
ohm; input resistances (accuracy ± 0.05%) from 10,000 to 100,000 
ohms. Potentiometer Circuit Models: ohm steps from 0.1 to 10; total 
resistances from 1,000 to 100,000 ohms at ± 0.1% accuracy.

Coatings And Imprégnants
Bulletin 581 describes electrically

ucncy. 
lation, 
luded. 
ngton,

A line of compact, high voltage power 
supplies designed for such applications as 
cathode ray oscilloscopes, radar displays, 
image intensifiers, dielectric insulation 
testers, electron optical devices, storage 
tubes and nuclear applications is de
scribed in this bulletin. Del Electronics 
Corp., 521 Homestead Ave., Mount Ver
non. N.Y.

ENGINEERED FOR RUGGED 
DEPENDABILITY AND LONG LIFE

Magnetic Servo Amplifiers 113

This eight page color brochure entitled 
High Power Transistor Magnetic Servo 

Amplifiers’’ is illustrated with photo
graphs, diagrams and charts. The booklet, 
designated No. S-961, describes the manu
facturer’s amplifiers built for industrial 
and military use. Magnetic Amplifiers, 
Inc., 632 Tinton Ave., New York 55, N.Y.
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ductive compounds for electronic and 
electrical manufactured products. Uses of 
colloidal graphite dispersed in resins, sol
vents, oils, or water are also covered. Ap
plications include: printed circuits, re
sistors, tubes, and cable. Graphite Prod
ucts Corp., Brookfield, Ohio.

In this short form catalog waveguide 
components, coaxial components, instru
mentation and high-power pulse modu
lators are described and listed separately. 
Sufficient technical data and illustrations 
are included for the microwave engineer’s 
basic information. FXR, Inc., 26-12 Bor
ough Pl., Woodside 77, N.Y.

Available in 21 different types, Shallcross Decade Boxes provide re
sistances in 0.01 to 10,000 ohm steps up to 11,111,100 ohms. The boxes 
are made with precision wirewound resistors mounted on steatite- 
insulated switches . . . giving better than ± 0.1% accuracy above 
10 ohms. Unmounted decades also available.

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 
4*85 C. Warm-up time is 15 minutes. Vibration: Up to 20 
G'g to 2000 cycles depending bn frequency. Glass-metal sealed 
header. Size: 1.375" by 2.7" tall, or 2" x 2.25" x 3.5" tall.

Haro o problem? Write, wire or call us, TODAY! 
Send for NEW, defailed literature!

MONITOR PRODUCTS COMPANY 
815 Fremont Ave. • South Pasadena, Calif.

RYan 1-1174
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SHALLCROSS MANUFACTURING COMPANY, 4 Preston St., Selma, N.C.
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Tl s data sheet on rf chokes, with sub
mini. iure characteristics, contains a de- 
taile< description of the electrical pa
rameters for the complete line of Wee
Duct* rs. They are available in a range of 
inductances from 0.10 to 1000 ph. The 
sheet lists parameters for 50 units. Essex 
Electronics, 550 Springfield Ave., Berkeley 
Heights, N.J.

Transistorized Chopper 111
Data on the model 60 solid state elec

tronic chopper is included in this 4-page 
I bulletin. Mechanical, technical and oper
ation information is included, along with 
applications and block diagrams. Solid 
State Electronics Co., 8158 Orion Ave., 
Van Nuys, Calif.

114
con-

QUALITY-PROVEN 
LOW FREQUENCY 

TRANSISTOR
OSCILLATORS



;

in

90

(io 

st
VO

ch

so 

ci 

°]

( n 
ific

212 Broad Street. Lynn, Massachusetts

RUSSIAN TRANSLATE N

Nonlinear an

Parametri

Phenomen

Part 20 
A. A. Kharkevich

(Translated by J. George Adashko)

Chapter 4

Parametric PhenomenaHIGH VOLTAGE SILICON RECTIFIERS

hok 
Inverse 
Voltage

Maximum Average 
Rectified Current(ma)

Maximum 
Surge Current 

Amp»

Forward Voltage at 
Specified Current at 

25° C

Inverse Current 
at Rated Voltage

50° C 150° C 25° Q^a) 125° CUa)

1N560 800 500 250 5 1.3v at 250ma 10 300

IN 561 1000 500 250 5 1.3v at 250ma 10 300

1N588 1500 25 10 lOv at lOma 5 100

1N589 1500 50 25 5v at 50ma 5 100

NORTH AMERICAN ELECTRONICS, INC

In this chapter we consider certain phenom 
and processes that occur in systems with vari; 
(time dependent) parameters so that they 
mathematically describable by linear equati 
with variable coefficients. The theory of such eq 
tions is relatively complicated and not fully 
veloped, with the exception of the Hill equa

a" T 1« 4 qj I I J* = 9
where /(/) is a periodic function. The spt < 
of the Hill equation

CIRCLE 1J0 ON READER-SERVICE CARD
ELECTRONIC DESIGN • June 10, 1 CT



EXCLUSIVE CATHODIC ENVELOPE DESIGN
New "EVEREADY" Energizers Give More Energy 

Per Unit Volume Thon Any Other Corbon-Zinc Battery

n Radio

Engineering
IA Typical Example — One new “Eveready” 

Energizer #2762 does the work of 24 flash
light batteries in % the space. User gets a 
year’s service on normal listening schedules 
(about 4 hours a day) . . . 4 the number of 
battery changes.

2 Unique Cathodic Envelope Construction gives 
energy-to-volume efficiency unknown to any 
other carbon-zinc cells — tailored especially 
for transistorized circuits. Longer life, great
er economy...and no side penalties for this 
peak performance.

kailed the Mathieu equation. Some of the theory 
Mathieu's equations will be given in Section 40. 

pt however, we shall consider only parametric 
ienomena describable by algebraic equations.

ith variai 
t they 
r equatl 
I such II 
ot hilly] 

ill equal

38. Synchronous Detection
lie begin the investigation of synchronous de- 
pon w ith synchronous rectification as the sim- 
st example. Consider a circuit consisting of an 
voltage* source E, a load resistance R, and a 
khronous switch K (Fig. 135). The switch is 
hated independently, but in synchronism with 
sourc frequency. The switch alternately closes 
eircu for a time equal to half the ac cycle, 

Popeu the circuit for an equal length of time, 
pus. t e admittance of the circuit is either z *ro 
r R- c pending on whether the switch is open

‘Wil«

Nosed 
in tli<

Inder these circumstances current flow
circuit is rectified, as illustrated in Fig.

3 No More Corrosion Damage I All “Eveready” 
Energizers are leakproof ... and guaranteed ! 
Their polarized sockets prevent incorrect in
stallations by user. And, there’s no need for 
costly clips and cell-holders.

4 For Cordless Radios, portable radios and elec
tronic equipment — “Eveready” Energizers 
are the greatest advance in dry battery design 
in 2 decades. Permit more efficient design of 
all battery-operated transistorized devices.

t
fificati

UNION 
CARBIDE“Eveready” and “Union Carbide" are registered trade-marks of Union Carbide Corporation

NATIONAL CARBON COMPANY • Division of Union Carbide Corporation • 30 East 42nd Street, New York 17, N. Y.
SALES OFFICES: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco • IN CANADA: Union Carbide Canada Limited, Toronto
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he emphasized immediately that this
। differs in principle from the conven-
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105C

1O5C

1O5C

Let us apply this voltage to a circuit containing an 

alternating resistance (Fig. 138) that varies per

'Belden Trademark 
Reg U. S. Pat. Off.

Engineered Wire for Engineered Products 
Supported by Complete Factory Stocks

Fig. 136. With the circuit of Fig. 135, the current« 
rectified when the admittance is 1 /R and if the switch 
closes in synchronism with alternate half cycles

One Wire Source for
Everything Electrical and Electronic

BELDTHERM* <
Magnet Wire 
13OC-155C (Class B-F), Polyester

High thermal stability, AIEE #57—155C rating. 

High “cut-through" values reduce shorted turns. 

Uniformly soft copper for windability and handling, 

Resists impregnating varnish solvents—for better 
end products.

Excellent electrical properties for best performance.

Other Magnet Wires—For Every Requirement

ELECTRONIC DESIGN • June 10, 1«’

180C-130C-105C (Classes H, B, and A)—SQUARES and RECTANGULARS 

105C (Class A), Vinyl Acetal-Nylon—NYLCLAD*

Magnet Wire • Lead Wire • Power Supply Cords, 
Cord Sets and Portable Cord • Aircraft Wires 
Electrical Household Cords • Electronic Wires 
Welding Cable • Automotive Wire and Cable

lass A), solderable Polyurethane—hELDSOL* 

lass A), solderable Cellulose acetate—CELENAMEL 

lass A), oleoresinrus, P E.—BELDENAMEL*

tional type. In the usual rectification the ac iit- 
fame of thr circuit is also a variable quantity out 
it depends on the rectifier voltage. ’I bus, the di- 
nary rectifier circuit is nonlinear.

In the synchronous rectifier considered hen the 
alternating admittance depends on the time ind 
consequently we deal with a circuit with var ible 
parameters which can be described by a 1 lear 
equation with variable coefficients.

The features of synchronous rectification can be 
recognized readily by noting that while the switch 
operation is independent (although synchronous), 
the phase of the switching is arbitrary. It is easy 
to see that a 180 deg change in the phase of the 
switching reverses the polarity of the rectified 
voltage across the resistance R.

If the phase is shifted by 90 or 270 deg, no recti
fication is obtained at all. This is illustrated in Fig 
137. We see that a phase shift of 90 deg, that is, a 

time shift of T/4, results in a current without a dc 

component. This dependence of the rectifying 
action on the phase is a characteristic of synchro
nous rectification and of synchronous detection. 
The consequences of this property will be dis
cussed later.

We now turn to synchronous detection of an am I 
signal. The purpose of detection is to re-establish I 
the low-frequency modulating signal. Consider a I 
modulated voltage of the type I

Belden I 
WIREMAKER FOR INDUSTRY .

SINCE 1902 Ai
CHICAGO

Fig. 135. If the switch closes in 
synchronism with alternate hal(| 
cycles, this circuit becomes a sim
ple, synchronous rectifier.



F = Yo (1 + n sin wJ),

odicady at the same frequency u)0. The admittance
of the circuit can then he written

HONEYWELL

ITCH

IC -lit
out 
di-

£4 DIA.

1932

■< the
3, and 
i d)le
1 aear

¡e., we assume that the admittance varies syn
chronously and in phase with the carrier fre
quency. Multiplying (1) by (2) we obtain for the 
current in the circuit

1.992

12MA1 Actuatör 12MA5 Actuator

xui be 
switch 
nous), 
s easy 
of the 
ctified

) recti- 
in Fig. 
it is, a 
it a de 
tifying 
nchro- 
ection. 
)e dis-

I = EY = EOYO [1 + mf(l)] sin wj —

|l + m fW\ cos 2 UJ + .y U + in .

The first term represents the initial modulated 
signal with a high frequency spectrum that is sym
metrical about the frequency w0. The second term 
has an analogous spectrum (but n/2 times smaller 
in density) about the frequency 2 u)«. Finally, the 
third term is the modulating low-frequency signal.

The high-frequency components are readily 
separated by suitable filters, which must be pro
vided in any detector circuit. It is just as easy to 
eliminate the de component. After such filtering, 
we obtain the current component

Pushbutton actuators are 
versatile, low cost

These actuators accept three families of 
basic pin plunger switches permitting 
their use in a wide range of applications. 
Two button sizes—3$ * and 1’—and choice 
of red, green or black buttons give panel 
distinctiveness. Switch and actuator 
mounting hole arrangement permits use 
in panels from .060* to ,312' thick, and 
simplifies button travel adjustment. Data 
Sheet 155.

350

i ACTUAL SIZE

an am 
tablish 
rider a

1 n m EoYof(t), 
2

which is indeed the desired result of detection.
Let us see now what happens when the phases 

are unequal. Unlike the foregoing,

ling an 
s peri-

F = Ya [1 + n sin (wot 4- </>)].

Multiplying (1) by (4), we get

loses in
ite 
s a

hall
sim-

fig. 1 7. If the switch closure in Fig. 135 is 90 or 270 
deg oi of phase with the applied voltage, rectification 
does n t take place.

jrrent is 
e switch

Fig. 138. A modulated voltage 
applied to a resistance which 
varies at the rate of the carrier 
frequency.
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New 
subminiature 
"TM” toggle 
switch uses 
minimum 
panel space

I 105

The 2TM1-T offers consid
erable reductions in space 
and weight in manual con
trol of compact equipment. 
Weight—43$ grams. Only 
3$ * square at the base. De
pendable operation from 
-65° to 4-200°F. Low circuit 
resistance. Rating: 7 amps, 
resistive, 28 vdc. DPDT. 
Data Sheet 158.

Sub-subminiature series switches
These remarkable switches combine smallest avail
able size with "regular size” electrical capacity, oper
ate dependably in temperature^from —65° to 4-250°F. 
Weight—1/28 oz. Qualifies as Military Standard Part 
Number MS24547-1. Rating: 5 amps., 230 vac; 
7 amps, resistive, 28 vdc. Data Sheet 148.

I Is *
LEAF. 

ACTUATOR

Auxiliary actuators add 
to the versatility of ap
plication. Two are 
shown. Others are piv
oted lever and pivoted 
roller lever. All are 
stainless steel.

ROLLER LEAF 
ACTUATOR

1.182

—----- I.IOO------------•

New subminiature 
safety door interlock
The 17AC1-T cuts off power in 
equipment cabinets when a 
service door is opened. Manu
ally pulling the rod actuator to 
maintained contact position 
closes circuit for checking. 
When door is next closed, 
switch returns to normal... re
sets itself to safety position. 
Dependable in temperatures 
from -65° to 4-250’ F. SPDT. 
Data Sheet 159.

“One-Shot" switches simplify 
circuit development

Time-consuming custom de
velopment of circuits is made 
unnecessary by **1PB6OO” 
Serie» "One-Shot” pushbut
ton switches. These switches 
produce one square wave 23'|O 
pulse per operation. Pulse 
widths from 0.1 to 10.0 micro
seconds. Applications include 
computer and radar consoles, 
electronic test equipment, 
setting and resetting flip
flops, and reflected pulse 
systems. Data Sheet 150.

Selections from a line large enough 
to solve almost any switching problem

micro switch makes many hundreds of switches 
and switch devices especially useful to the elec
tronic designer. Here are a few of them, in a 
considerable range of sizes, electrical capacities, 
and functions, micro switch development en
gineers are constantly widening the choice with 
new switches and devices to meet new require
ments. The designer can go ahead with a switch
ing arrangement he has in mind with con
fidence that micro switch can supply his need.

Engineering assistance in switch applications is avail
able without obligation from micro switch branch 
offices. Consult the Yellow Pages.

MICRO SWITCH . . . FREEPORT, ILLINOIS
A division of Honeywell

In Canada- Honeywell Controls Limited, Toronto 17, Ontario

Honeywell
MICRO SWITCH Precision SwitchesHOMEYWHL
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n m EoYof(t) cos 0

TEFLOli

Put

TEA

Let us determine U

We thus have at the output of the RC network
ro, ani

CIRCLE 134 ON READER-SERVICE CARD

Fig. 139. A basic synchronous detector with : simpe 
RC filter.
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plosW'd

Uontc cu 
tacwrers.

corrosive 
cOndifi°nS

' ®si8s! ■

where (o is an arbitrary frequency. For a certain 
frequency Q, we get for the complex output volt j

s^ss® ■n»'

reliability

I — E) = A’o) o [1 4-////(i)] 11+//sin (o)„/-|-0)| s

After completing the multiplication and di ard- 
ing the high-frequency and the de componen wp 
find that the current component of interest > us, 
containing the signal F(t), is

= E„ sin wj, 

Yo (1 + n sin w/)

We see that the detection is most effect ve il 
= 0 (or n), when (5) goes into (3). If, on the 

other hand, 4> = ±n/2, there is no detection at all
Finally, we must explain what happens if there I 

is no synchronism. We find in this case that the 
synchronous detector has selectivity. To invest! 
gate this property let us consider a specific circuit 
with a very simple RC filter (Fig. 139).

It is assumed that the resistance r, from which 
the voltage Ui is picked off, is sufficiently small 
and that the addition of the RC element does not 
change the operating conditions in the principal 
synchronous-rectifier circuit. We have

FOR FREE CATALOG P2
Plant: Hamburg, N. J. 

expcvote CH 42 61 24th Street, Long Island City 1, N.Y



SMALL

DELCO POWER TRANSISTOR

2RC

vanishes.

MAXIMUM RATINGS

BRANCH OFFICES

Thermal Resistance

CARD

□etworl

(D, ani

certain 
ut volt-

/ smalli 
oes not

Newark, New Jersey 
1180 Raymond Boulevard 
Tel: Mitchell 2-6165

-J.

Santa Monica, California 
726 Santa Monica Boulevard 
Tel: Exbrook 8-1465

This PNP germanium transistor is 
housed in a modified version of the 
JEDEC 30 package with a diamond 
shaped base for improved thermal 
conduction. It dissipates up to 2 watts 
at a mounting base temperature of 70 
degrees centigrade. Available now in 
volume production—write today 
for complete engineering data.

It’s a mighty mite with more punch 
in a smaller package. The 2N1172, 
excellent for output use or as a driver 
for a very high power transistor, has 
already proved especially effective in 
DC amplifiers, voltage regulators, and as 
a driver for a high power stage in servo 
or other amplifiers.

The 2N1172 is a medium power 
transistor offering dependable operation 
in a new range of applications where 
space and weight have been a problem.

Division of General Motors 

Kokomo, Indiana

:tive if 
on the 
l at all. 
f there 
lat the 
investi- 
circuit

C/Watt J 
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ential frequency a)0 — to 1 
chronous mode.

It is impossible to use

Designed 
for use 

where space 
and weight 

are 
restricting 

factors

(1) m and with respective complex amplitudes 
, /(n/2) E,y„r, and —j(n/2) Ey.r Inserting 

thes quantities into eq (9), we obtain the follow
ing values for the complex amplitudes of the out
put voltage U2, for the three foregoing compo
nents:

for reception of arbitrary modulated signals. In 
fact, assume that instead of the sinusoidal voltage 
(7) we have amplitude-modulated voltage

E = E„ [1 + m /(f)] sin

Setting up the product

G = EYr = A’o1>[14-m/(/)1 (1 + nsin wf) sinw,/

But this is exactly the expression for the ordi
nary resonance curve. The distinguishing feature 
of this case is that the measure of attenuation is 
the quantity 1/fiC. Consequently, the greater the 
time constant RC, the sharper “the resonance 
curve” of the synchronous detector. However, 
maximum sensitivity is obtained when the differ-

l-|- /w„/iC 1 + j'U-EC 1 4“ j (wo+w) R<

If the detuning is slight, i.e., if o) = co», and the 
time constant is large, i.e., when

RC » 1,

we can neglect the first and third quantities com
pared with the second one, so that, approximately

we see that the spectrum of the voltage Ui dupli
cates the spectrum of E about the frequencies w0, 
«0- o, and o)o + (o as carriers, as shown in Fig. 
140a We see that under the conditions of Fig. 
140a ve obtain not detection but frequency con- 
versit i. At small frequency deviations, when 
-(o less than the width of the spectrum of the 
modi ating function, distortion occurs. Only when 

= >o, i.e., in the synchronous mode, is correct 
detev on obtained (Fig. 140b).

1 note, in conclusion, that if the input voltage 
b is Tiodic, it is possible, by changing the fre-

Collector Diode Voltage

Emitter Diode Voltage
20 

volt«

Collector Current
1.5 

Ampere«

Junction Temperature 95°C

TYPICAL CHARACTERISTICS (25°C)

Typ. Collector Diode Current lM cn
Vcb—40 volts 50p

Current Gain 70(V«= -2 volts, lc =100 Ma)

Current Gain
(V«tt-2 volts, lc=’AA)

30

Saturation Resistance
0.3

ohm«

Cutoff Frequency (Common Emitter)
17
kc
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39. Phase Detection and Phase Separation

the TESTS:
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atlee clips 
GAIN IN HOLDING POWER

TESTS PROVE IT . . . tests conducted independently by some of the nation's 
most critical users of component holders.*

the RESULTS:

the REASONS:

• vibration at 500 cps 90 G peak, and at 2,000 cps 65 G peak, 
for one minute

• 1,750 impact shocks at 200 G, perpendicular to and also 
along the axis of the holder

• 100 complete cycles of component insertion and withdrawal
• above tests repeated after 15 minutes exposure to tempera

ture of 500' F.
• no visible shifting of the component in the holder
• no resonant frequencies developing under vibration
• temperature had no effect on dynamic holding power
• insertion-withdrawals had no effect on dynamic holding 

power
• force required to dislodge component increased during tests
• severe vibration and shock cause the material of the holder 

to flex slightly, producing a closer "set" of the holder sur
faces to the contours of the held component.

atlee component holders start out with a tighter-than-usual grip 
.. . because of proper contours, construction and materials. As environ
mental stresses increase, this holding power automatically increases to 
meet the greater demand .. . because the holders actually mold them
selves to the components. Here is an equipment designer’s dream come 
true: the greater the stress, the greater the security.

DESIGN FOR RELIABILITY WITH atlee — a complete line of 
superior heat-dissipating holders and shields of all types, plus the expe
rience and skill to help you solve unusual problems of holding and

* Names on request.

ATLAS E-E
96

CORPORATION
47 PROSPECT STREET • WOBURN, MASS.

RUSSIAN TRANSLATIONS

quency co, to separate and measure alternately the 
harmonic components o£ E. In this case the syn
chronous detector operates essentially as a har
monic analyzer.

The resolving power of such an analyzer, i.e., 
the ability to distinguish and measure harmonic 
components that are close to each other on the 
frequency scale, depends on the time constant RC 
and can be made very large.

The sensitivity of the synchronous detector to 
the phase of the detected voltage, noted in the 
preceding section, can be applied in practice.

Let us examine first the reception of phase- 
modulated radio-telegraph signals. We deal with 
a signal in which the phase of the carrier fre
quency changes abruptly, as shown in Fig. 141, 
every time the telegraph key is closed or opened.

The first line shows the variation of the phase 
when the letter “A” is transmitted in Morse code. 
The second line shows the modulated voltage. The 
third line shows a plot of the admittance, assum
ing that the simple synchronous-switch circuit of 
Fig. 135 is used. The fourth line shows the re
sultant current.

After averaging, i.e., after filtering, we repro
duce, with some approximation, the transmitted 
telegraph signal. It must be explained immedi
ately that the diagram shows only one cycle of the 
carrier corresponding to each telegraph dot, some
thing that does not occur in practice (this ratio is 
chosen only to make the diagram clear). Actually 
the carrier frequency may be, say, ten thousand 
times greater than the manipulation frequency, i.e., 
each dot may correspond to some 10,000 cycles of 
the carrier.

If the modulation is effected by changing the

(a)

(b)

“at last...
a dependable 
source for

PRECIS ON 
RESISTORS!

Save valuable production time—cut costs 
—on precision wire-wound resistors. 
Designed for use in critical applications, 
Precise-Ohm resistors are immediately 
available in a wide variety of standard 
designs and ratings. For specialized 
applications, resistance values and toler
ances may be varied to meet your speci
fications. Coordination is close—delivery 
cycles are fast—and PI offers complete 
flexibility to help you meet your pro
duction schedules!

Types available in open or encapsulated 
styles, radial or axial leads, tolerances up 
to 1/50%. Next time your product design 
calls for a precision resistor . . . specify 
Precise-Ohm !
Precision, Inc. also manufactures a complete 
line of Vitreous Enamel Resistors. Types in
clude fixed, adjustable, multi-section, and 
pigtail units.

Fig. 140. When there are frequency deviations (cr) fre
quency conversion results instead of detection. Proper 
detection (b) obtains only in the synchronous mode.

Custom Manufacturing * •, 
Facilities for Miniature
Wire- Wound Components . . .

High Temperature Magnetic Coils 
Miniature Stators and Rotors 
Toroidal Reactors and 
Transformers / i
Specialized Solenoids / I

WRITE TODAY . . .
—for catalog, data 
sheets, and complete 
facilities brochure

Minneapolis. Minn
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ooling electronic components.
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LOOKING FOR CAPACITORS?

JStS

jiffirs

REGOHM

HEC RIC REGULATOR CORPORATION
NOR\ ALK CONNECTICUT
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Insulation 
Resistance

Q Value:

ilete
i in-

Fig. 141. A phase modulated Morse Code A , the 
resulting modulated voltage, the admittance (using the 
synchronous switch of Fig. 135), and the current.

50,000 megohms minimum 
(500 VDC test)

100 minimum

Well I

proud *

JEFFERS ELECTRONICS DIVISION
Speer Carbon Company 
Du Bois, Pennsylvania

peacock 
of our JM 

capacitors!

REGOHM 
voltage regulation 

down to ±0.05% 

EXTENDS 
TUBE LIFE

— hoi sin (uJ 4- ^).

we then obtain at the receiving end the composite 
modulated voltage

Ei = Eqi sin uj, 

and let us choose, for the second signal, the car
rier

Choose from 49 EIA values. All have 
these characteristics:

Working voltage: 500 VDC

Ordinary band filters are then used at the re
ceiving end to separate the signals. In phase sepa
ration, the carriers have the same frequency, but 
are shifted in phase. Let us analyze the feasibility 
of phase separation.

Let the signal of one channel be ffi) and that 
of the other f2(t).

Let us use one signal to modulate a carrier of 
the form

CIRC 138 ON READER-SERVICE CARD
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The sensitive yet rugged REGOHM controls 
input voltage to eliminate the power-source 
variations which cause premature tube fail
ure Automatic and precise, this plug-in 
unit assures constant voltage input.
More and more designers are including 
Regohm in circuits, because of its:
• STEPLESS CONTINUOUS CONTROL 
• WIDE FREQUENCY RANGE
• PERMANENT ADJUSTMENT
• FREEDOM FROM MAINTENANCE
• RI GGED DESIGN
• LIGHT WEIGHT
• LONG LIFE • LOW COST
Desi?, data, performance specs and case 
histor s of those applications you wish to 
expIo will be sent on request.

Jeffers Fixed Composition JM Capacitors 
are ideal for a broad range of circuit ap
plications. They offer operating stability, 
moderate Q—and those other two indis
pensable characteristics, dependability 
and economy! Use them as coupling 
capacitors between RF amplifiers, AVC 
circuits, oscillators, IF stages—and in 
many other circuits where low capaci
tance is a requirement.

The insulated JM body consists of a 
molded thermosetting resin with a 
ceramic dielectric material dispersed 
throughout. The firmly embedded lead 
wires serve as electrodes.

For all the facts about the Jeffete line of 
—w JM Capacitors, write today!

phase not by jt/2 but by Jt, the result is as shown 
in Fig. 142, which needs no explanation. Thus, a 
circuit with a periodically varying admittance can 
be used as a phase detector.

Let us now turn to phase separation. The prob
lem of signal separation arises in multichannel 
communication, when several different signals are 
transmitted simultaneously on a single line.

At the receiving end of a multichannel system, 
it is necessary to unscramble the incoming mixture 
of signals and to isolate the signal belonging to 
each given channel. In the frequency-sharing sys
tem of multichannel communication, signals be
longing to different channels are transmitted on 
separate carriers (or sub-carriers), one for each 
channel. In this case it is possible to place the sig
nal spectra of each channel in such a location on 
the frequency scale, that the signals do not over-

Under 10.0 mmf

20X Non« 
10X Silver 
5X Gold

10 Ommf ond Over

20X Black
10X White
5X Green

Body Dimensions:
0.1 to lO.Ommf .160± .005dia.x.400max.L 

10.0 to 18.0 mmf. 187 ^ 005 dia. x.230 max. L

Leads:
No. 20 AWG Copper, heavily tinned to in
sure good solderability. I % ± '/s long 

Tolerance Color Cad«:

Cnicitimi la mh 
Studied Vitaes ta Color Bands

A*«x. 
Body

20% 10% 5% 1st 2nd 3rd
.10 .10 Brown Black Gray 400

.12 Brown Red Gray 400
.15 ,15 Brown Groen Gray .350

.18 Brown Gray Gray 281
20 Red Black Gray .281

.22 22 22 Red Red Gray .281
.24 Red Yellow Gray .281

27 27 Red Violet Gray 281
.30 Orange Black Gray 281

33 33 .33 Orange Orange Gray 281
.36 Orange Blue Gray .281

39 39 Orange White Gray .281
43 Yellow Orange Gray .281

47 47 47 Yellow Violet Gray .281
.51 Groen Brown Gray .281

56 56 Green Blue Gray .281
.62 Blue Red Gray .281

.68 68 .68 Blue Gray Gray .281
.75 Violet Green Gray .281

.82 .82 Gray Rod Gray 281
.91 White Brown Gray .281

1 0 1 0 1 0 Brown Black. White .281
1 1 Brown Brown Whito .281

1 2 1 2 Brown Rod White .281
1.3 Brown Orange Whito .281

CSMCItMCI (■ mM 
SUiùrl Helms Is Color Bands

1*0»
Body

20% 10% 5% 1st 2nd 3rd
1 5 1.5 1.5 Brown Green White .281

1 6 Brown Blue White .281
1 8 1 8 Brown Gray White .281

2.0 Red Black White 281
2 2 2.2 2.2 Rod Rod White 230

2.4 Red Yellow Whit« 230
2.7 2.7 Red Violât Whit« 230

3.0 Orang« Black White .230
3.3 3.3 3.3 Orang« Orange White .230

3.6 Orange Nue Whit« .230
3.0 3.9 Orang« White Whit« .230

4 3 Yellow Orange White .230
47 47 4.7 Yellow Violot Whit« .230

5 1 Green Brown White .230
5.6 5.6 Green Blue White 230

62 Blue Rod White 230
68 6.8 6.8 Blu« Gray White .230

7.5 Violet Groen White 230
8.2 8.2 Gray Rod Whito .230

9.1 White Brown Whito .230
10. 10. ID Brown Black Black 230

12. Brown Red Black 230
15 15. Brown Green Black .230

18. Brown Gray Block 230
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b(t) cos 0

b(l) sin 4 sin 2

and 2 cur

Simple, sensitive and accurate the A.P.I. meter-relay

two

Write for Descriptive Literature
ontr
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components, grouped about to 
ix nt contains components that

ADDITIONAL 
THRUST FROM 
LOCKING COIL 
PROVIDES 
POSITIVE 
CONTACT

ELECTRONICS CORPORATION
P.O. Box 126, Rochester 10, N Y.

Let this voltage be applied to a circuit with 
admittance

are proportional to

sine and cosine, respectively.
¡ynchronous detectors, whose admittances

We see that in addition to the high-frequency

Axial Lead Units per MIL-R-26C 
(Insulated) . . . Chassis-Mounted 
Units per MIL-R-18546B (Ships)
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Under these conditions we obtain at the filter out
puts the separated signals a(t) and b(t\ as shown 
in the block diagram of Fig. 143.

also a rugged-performance instrument that will monitor and con
trol any electrically measurable variable. It will do so with 
great reliability.

Consider this: the A.P.I. meter-relay is capable of operating 
for more than 10.000,000 make-break cycles, with perfect con
tact every time. Because reliability is “locked-in.”

How so? A unique locking coil does the trick. It supplements 
the torque developed by the sensitive D'Arsonval meter move
ment, drives the indicator and set-point contacts together, creating 
a firm, sure electrical circuit. And because this action auto
matically spring loads the contact on the set-point arm, break
contact is clean and decisive, with no teasing or sticking.

Another significant fact about the A.P.I. meter-relay: you can 
use it with very tiny current or voltage inputs. Full scale sensi
tivity can be as small as 5 microamperes or 5 millivolts. No 
signal amplification necessary. Use it with thermocouples, photo
electric cells . . . any sensing element you wish — all you need 
is some electricity.

Why not explore the design possibilities inherent in the low
cost meter-relay? Catalog 4E gives full data.

Thus, to separate two channels by synchronous 
detection, we must choose the carrier, to be of the 
follow ing form

Fig. 142. A phase modulated Morse Code A", when 
t ie phase is changed by x, not by jt/2.

E\ = sin mJ, A-j = 

is iKwssaiy to install, on

When You Order 
Power Resistors

a[t) and b(t). But we must separate a(t) from b(f) 
at the receiving end. The above formula shows 
that this can be done if = n/2. Then, after fil
tering the high-frequency components we get

ASSEMBLY PRODUCTS, INC 
Chesterland 17, Ohio

) = ) „ (I 4- n sin mJ) (2

To obtain the current we multiply (1) by (2)

I = E) = E, (1 + w sin mJ) [<r (/) sin mJ 
+ b(t) sin (mJ +

Repeated temperature 
cycling during the Sage coating 

process relieves winding 
strains and stresses. Resistors 

thus achieve virtual operating 
stability even at the peaks 

of full rated load

The Sage manufacturing 
process avoids tentperatures 

damaging to the resistance wire. 
Thus temperature coefficients 

of Sage Resistors are 
uniformly held within the 

nominal limits of ±20p.p.m./*C.

Q Heat damage to metal 
structures and connections is 

both avoided in process and 
precluded in operation by the 

275*C. “hot spot’’ limit of
Characteristic “G.” Thus the 

essential “built-in” qualities of 
Sage Resistors are safeguarded 

throughout life—, a major 
contribution to reliability.

Characteristic

Offer

RELIABILITY

CHARACTERISTIC G

SAGE “SILICOHMS

Advantages

POWER-



The NEW Series BH100
variation is used in conjunction

QQQD

THE INSTRUMENT
with the

TAPE-SUDEWIRE
Highly accurate digital display of

VOLTAGE-CURRENTtlie solutions of the Mathieu equation. It

FREQUENCY POWER
RESISTANCE-R.P.M

caw

10, 1959

DIGITAL 
READOUT

seen
one

i.O. Boetime, Inc. 
onirof tn, Designers. Manufacturers 
/Free, ion Electrical, Electro- 

ydian al and Electronic 

kuipn nt since 1917 1

is readily 
al to zerothat if p is a real number not equ.

These are the constants in the 
Boehme equation for precision 
products: bold, original design, 
meticulous, resourceful engineer
ing, and precision manufacturing 
processes, which combine to form 
the precision electrical, electro-me
chanical and electronic products 
we furnish for the needs of this 
modern age of instrumentation 

land automation. Solve your preci- 
lon problems at Boehme.

some other

ACCURACY 
0.1%

This gear train (300-1 in 6 
steps) is typical of Boehme crafts
manship in the production of 
custom-made fine pitch precision 
>ears. We have set precision stand- 
irds in gear design and manufac
ture since 1917- Whatever your 
needs in custom-made precision 
jears-from to O.D., 180 to 
h D.P., up to A.G.M.A. Precision 
p-Let Boehme craftsmanship 
»nd experience work for you.

Estimates, based on your blue
prints or sketches are submitted 
withoi t obligation. We welcome 
our ii quiries.

It follows that the method described can yield 
dy a two-channel transmission system. If phase

LINEAR, PARABOLIC, LOGARITHMIC 
FUNCTIONS DISPLAYED IN DIRECT DIG
ITAL RELATION...COMPOUND RANGES, 
PLUS & MINUS SCALES FROM ZERO, 

SUPPRESSED RANGES

of the terms of solution (2) increases without

40. Brief Information nn the 
Mathieu Equation*

Every discrete scale unit is a calibrated 
point.

100 calibrated points per foot of 
slidewire length.

Slidewire up to 12 feet long.The equation of a lossless tank circuit with ; 
periodically varying parameter, say the capaci
tance, reduces to eq (1). But the equation of a 
real tank circuit has initially the form

y” 4- 2x y' + (b + 2q cos 2r) y = 0 (31

and the problem consists of reducing this equa
tion, too, to the standard form (1). For this pur
pose we take

AU INCLUSIVE— With Zener 
reference, power supply, am
plifier, servo motor, 144" tope
slidewire.

The general solution of the Mathieu equation 

x" 4- (a + 2q cos 2r) x = 0 (1)
con Jsts of two independent solutions and can be 
written as

PRINTED READOUT-Calibra
tion printed on tape available 
to measure steady-state condi
tions or where input deviates 
more than 13%.

Gare dway | ^11
Tor 10, H. Y.
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DESIGN X , - 
engineering ,, 
MANUFACTURING

separation method (for example, frequency or time 
separation), the number of channels can be 
doubled.

It must be noted in conclusion that the prac
tical realization of synchronous detection and 
separation involves many specific technical difficul
ties which will not be discussed here.

SMALL SIZE — This compact, 
transistorized, servo-driven in
strument measures only 3 it 5 
x

limit with increasing r, meaning that the solution 
is unstable. The» exponent n depends on the co
efficients a and q. It can be shown that the bound
aries of the stability regions are determined by the 
condition p = 0. Fig. 144 shows graphically the 
stability regions plotted in the (a, q) plane. The in
stability regions (shaded in the diagram) are 
bounded by curves that converge on the a axis at 
the points a = 1, 4, 9, 16, etc. The picture is sym
metrical about the a axis.

TAFE-SLIDEWIRE - Mounted 
on side-by side spools, slide 
wire is embedded in edge of 
tape, punched for sprocket

This section is purely informative. We cit< here in read) 
form (without derivation) only data that will be used sub
sequently.

# t ull information is available for the asking}

: B & H INSTRUMENT
- j CO.. INC.

J 3479 West Vicksry Blvd. • Fort Worth 7, Toxa»

Sales-Engineering Offices: COMPTON, CAL., VALLEY STREAM, L. I., N. Y„ DAYTON, OHIO, 
TORONTO, ONT. (George Kelk Ltd.), MITCHAM, SURREY, ENGLAND (Bryans Aercquipment Ltd.)
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J = Xi + Xs = A <MT «bdr) 4” B *r $s(r) (2)
Here A and B are arbitrary constant, <I>i and 

aie periodic functions of time with a period Ji or 
2a. These periodic functions can be expressed in 
terms of a corresponding trigonometric series, but 
this aspect of the problem does not interest us.

From the point of view of our problems, the 
most important is the question of the stability of
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BLACK BOX I

TRIM-TITE Jr.
SMALLER THAN A 
POSTAGE STAMP

is available in resistance ranges as high 
as 50K. Resistance values up to 150K can 
be supplied on special order.

Standard units in a wide range of resist
ance values are available for off-the-shelf 
delivery.

For complete specifications and detailed appli
cation information regarding your particular 
requirements, write to Dept. 32 ED

Pjik Avenue Hicksville LINY • 6111 ( Wishington Blvd Los Angeles Cai

RUSSIAN TRANSLATIONS

PREC SION TRIMMING POT
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M = x

(6)
0,

The smallest, lightest,
This substitution yields eq ( 1), in which we must

a = b - x’

Comparing (2) and (4), we see that the solution of
eq (3) is of the form

U = A t(-X+M)r $1 (T) -I-

The solution becomes unstable not when p
but when

i.e., when

FAIRCHILD

FAIRCHILD TYPE 926-3/8" DIAMETER TRIMMER
Smallest?.. .You can’t get one any smaller, 
not when diameter and length measure only 
;,8 of an inch.

Lightest? . . . Although it weighs only 3 
grams, this precision micro-miniature trim
mer incorporates u machined aluminum 
case, stainless steel shaft and precious 
metal wiper and contacts designed for high 
reliability. It is protected against dust and 
moisture by an “0” ring shaft seal.

All this and reliability too . . . The Trim- 
tite, Jr. meets MIL SPEC 202A for missile 
and aircraft applications, assuring con
stant setting over n wide range of severe 
environmental conditions.

Standard and high-temperature units are 
available in resistance ranges as high as 
25K with linearity values as low as 3%. 
Power ratings at various ambients are 
shown below.

A "GIANT-SIZE" VERSION The Fairchild 
Trim-tite type 927 — measuring inch in 
diameter and length, and weighing 9 grams AMBIfNT TtMR - DfGmt C
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precision film
Consequently, the instability region for eq (3) is
bounded not by the curve p = 0, but by the curves

These curves no longer reach the a axis; the dis
tances between the lower cusps and the a axis in
creases with increasing p. The dotted lines of Fig. 
144 show the instability regions for eq (3) with 
x = 0, 1, i.e., when the equation of the boundary 
lines is of the form

M = X = 0, 1

The system becomes unstable most readily at 
the lowest value of q, i.e., under conditions cor
responding to the minima of the boundary curves. 
We must therefore find the coordinates of the 
minima. An exact solution of this problem is very 
cumbersome. But if we assume that in eq (1) a » q 
(which indeed corresponds to the case which we 
will encounter subsequently), we can make cer
tain approximations. We expand the relationships 
of interest to us in powers of q and discard the 
higher order terms.

We assume that the minimum lies in the mid
point of the horizontal segment that joins two 
curves of p = 0 in the instability region. We then 
obtain the data shown in Table 2 (m denotes the 
number of the instability region, and am and qm 
are the coordinates of the minimum of the bound
ary curve).

and hermetically 
sealed for 
long-term stability

To obtain maximum stability in these 
resistors, KEY uses new, automatic 
flux-free soldering techniques. These 
permit oil filling - an exclusive feature. 
Resistors are 100% X-ray inspected 
and seal tested. With this construction, 
KEY resistors give longer life under 
load ... more stability under heat and 
high voltage.

Fig. 143. Block diagram of a phase separator using 
two synchronous detectors.

Cool Running - Key units have up to 
52% more resistor area than conven 
tional types.
Meet all Mil. Specs. - including MIL 
R-10509C, Characteristic B. Available 
in all military sizes, plus 1/8 watt and 
1/10 watt... resistance values from 5 
ohms to 20 megohms. Deliveries: 2 
weeks most styles. Write for complete 
data in Bulletin 557.
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Fig. 144. A graphic representation of the solutions of 
the Mathieu equation. The instability regions are 
shaded.
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Clean precision 
parts more safely

New Freon* solvents 
by Du Pont minimize 

cleaning hazards

• low toxicity—“Freon” solvents are odorless 
and much less toxic than ordinary solvents 
—vapors won’t cause nausea or headaches.

• Won’t burn or explode—Underwriters’ Lab
oratories report “Freon” solvents non-explo
sive, non-combust ible and non-flammable.

• Non-corrosive — “Freon” solvents remain 
neutral through repeated degreasing use 
without the need of inhibitors.

• Negligible effect* on plastic*, elastomer*, in
sulation and color codes — “Freon” solvents 
remove oil and grease with minimum swell
ing of plastics or rubber and without craz
ing ot softening paint, wire coatings or in
sulation.

• Leaves no residue—“Freon” solvents evapo
rate completely, leave no deposit.

New “Freon” solvents by Du Pont de
grease sensitive mechanical and elec
tronic assemblies without damage to 
delicate parts. Since no inhibitors are 
ne< ded, no residue is left on the parts, 
and “Freon” solvents can be recovered 
and reused without reinhibiting. Write 
fo> free “Freon” solvents booklet. E. I. 
du Pont de Nemours & Co. (Inc.), 
“1 reon” Products Division 546, Wil- 
m igton 98, Delaware.

on in Du Pont's registered trademark for its 
flu inated hydrocarbon solvents.

The points with the coordinates indicated in 
Table 2 are shown in Fig. 144 for p = 0.1. They 
lie on a curve that passes through the origin and 
deviates little from a straight line.
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This means that, for a given value of x, the 
greater the value of a, the greater variation in the 
parameter is needed to disturb the stability. This 
information is enough to help us analyze para
metric excitation.

41. Parametric Excitation
In this section we consider the mechanism of 

oscillations that can take place in a tank circuit if 
any one of its parameters, say the capacitance of 
the inductance) varies periodically. Let us empha
size at the outset that we deal here with a unique 
phenomenon.

Usually oscillations occur in a tank circuit under 
the influence of some electromotive force. In this 
case however there are no electromotive forces 
at all. The diagram of the experiment is shown in 
Fig. 145.

This immediatley raises the question of where 
the energy required for excitation and mainte
nance of the oscillation comes from. Here, too, 
general energy consideration will enable us to ex
plain the mechanism of the phenomenon.

The point is that in order to change the capaci
tance (we shall confine ourselves henceforth to 
this particular case only) it is necessary, generally

versatile new

900A Sweep Generator 
Covers the Range of 

Three Regular Instruments!
It’s the most versatile Sweep Generator in the electronics industry ... this one 
instrument covers all your needs from '/2 MC to 1200 MCS, for IF’«, radar, 
video, telemetering and communication» !

Specifications: In two ranges—0.5 MC to 400 MC and 275 MC to 1200 MC— 
the instrument supplies sweep signal with center at any frequency from 500 
KC to 1000 MC and with sweep widths as broad as 400 MC and as narrow 
as 100 KC. The RF output carefully monitored by matched, crystal diodes 
feeding a two-stage, push-pull AGC amplifier — is flat within ±0.5 db at full 
sweep width up to 800 MCS and ±1.5 db from 800 MCS to 1200 MCS. 
When using sweep widths as narrow as 20 MCS flatness at CIOQnnn 
any center frequency is approximately ±0.15 db. IZuUu
MODEL 900A IS NOW IN QUANTITY PRODUCTION!
UIOU Ai.-rn.ir> .25 volt RMS on VHF— nlbn OUTPUT! .5 voit rms on uhfi 400 m<

WIDE f ,00KC
SWEEP WIDTHS! ™oomCS1,'p

Write for on the spot demonstration of this versatile instrument I

JERROLD ELECTRONICS CORPORATION
Industrial Products Division Dept. TED 39 The Jerrold Building,. Philadelphia 32, Pa.

Jerrold Electronic* Corp., Ltd., Toronto, Canada 
Export Representative: Rocke International, New York 16, N.Y.

CIRCLE 147 ON READER-SERVICE CARD



Fig. 145. Oscillations can take 
place in this tank circuit with a 
periodically varying capacitor— 
without emfs.

Z C=C(t)\

8 = 
2C

w here* Q„ = I (' is the initial charge, which remains 
unchanged eluring this experiment (since* the 
capacitor is insulated). T he capacitance* is

where* e is the dielectric constant anel S’ the area

CHRISTIE

LOOK TO TOBE FOR PROGRESS

TOBE DEUTSCHMANN • CONDENSER PIONEER8 SINGE 1922
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Tobe condensers 
create 15,000,000 amps 
for thermonuclear 
study at NRL

I

RUSSIAN TRANSLATIONS

speaking, to do work against the attraction forces 
between the capacitor plates. Let us assume that 
the oscillations have already been established in 
the tank circuit and that an alternating voltage 
exists across the capacitor.

We move the capacitor plates apart at the in
stant when the voltage is maximum, and bring 
them together when the voltage is zero. During 
each cycle, we thus perform a definite amount of 
work, i.e., we put into the system a certain amount 
of energy in mechanical form. The mechanical 
energy is transformed in the system into electrical 
energy, and this is how the system is supplied 
from the outside.

To explain the mechanism by which mechanical 
energy is transformed into electrical energy we 
recall certain laws of electrostatics. Let an insu
lated capacitor C be charged to voltage U. The 
energy stored in the electric field of the capacitor 
is

8 =
2

The mechanical force with which the plates are 
attracted to each other is

2d

where* d is the distance between plates. If the 
plates an* moved a distance Ad apart, the mechan 
ical work done* is

â 4 = F±d = 1 èSl1 
2 d

SILIÇON 
POWER 

SUPPLIES
available in 30 standard
ized and militarized models 
from 30 to 1500 amps... 
6 to 135 volts. CHRISTIE’S 
QUALITY CONTROL is 
approved by the A.E.C., 
leading aircraft and missile 
manufacturers.

Write For Bulletin AC-58-A

CHRISTIE 
ELECTRIC CORP.

3410 W 67th Street
Los Angeles 43. Calif.

Precisely Regulated for
Missile Testing and

General Use

This Tobe condenser bank has a 
short-circuit current of 15 million 
amperes and a rise time of 2.8 micro
seconds. It is adding momentum to 
experiments by A. C. Kolb on high- 
velocity shock waves in thermo
nuclear devices at the U. S. Naval 
Research Laboratories.
The 99 Tobe condensers shown—to
taling 1,430 uf—store 285,000 joules 
at 20, kv, and create discharge cur
rents of 7-10 million amperes into an 
external inductance of about 0.01 uh.

Tobe’s work for the NRL is another 
page in the rapidly expanding cata
log of thermonuclear devices for 
which Tobe has supplied condensers. 
The same creative engineering in 
action is yours to command whether 
for energy-storage condensers, 
pulse-forming networks, or any 
high-power condenser application.
For technical information or engi
neering aid, write today to Tobe 
Deutschmann Corporation, Nor
wood, Massachusetts.

The potential energy of the electric field should 
increase* by the* same* amount. We* rewrite* the 
energy eejuation as



of the plates. Using this relation we get

WILLIAM L. PEREIRA & ASSOCIATES

LOCKHEEDS
New Multi-Million Dollar

RESEARCH CENTER

y

that all the above relationmust not forget
LOCKHEED

CALIFORNIA DIVISION
► URBANK. CALIFORNIA

THREE BASIC DESIGNS FOR 
LOAD ISOLATOR APPLICATIONS

QJ A d 
2C d

with 
to r.

CASE IN POINT:
A leading microwave component 
manufacturer. Problem: Produce 
a special load isolator magnet to 
fit smaller space contour in a new 
radar unit. Also, deliver the new 
magnet to the customer in 12 days.

Solution: Indiana engineers 
turned to their previous design 
files, selected an existing magnet 
and modified it to meet the new 
size specifications. Gauss tests 
showed that the new design met 
the customer’s specified magnetic 
field range. The magnet was de
livered within the time specified.

h ow Indiana Steel's 
engineers help you 
solve microwave 
magnetic problems

from a linearized equation and represent a first approxi
mation, which holds when

THE INDIANA 
STEEL PRODUCTS COMPANY 

VALPARAISO, INDIANA

SALES OFFICES IN: Boston, Chicago, Cleveland, 
lo- Angeles, New York, Philadelphia, Rochester

which equals, as we see, the work performed, Ji .1 
The increased capacitor energy manifests itself in 
an increase in voltage
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is the square of the resonant frequency oi a tank 
circuit with constant parameters L, R and 
Let now’

O This project—destined to rank with the world's largest and most 
advanced Research Centers —represents not only substantial faith but a 
substantial investment in the future of space flight.
© The new Center, now under construction near Los Angeles, will 
provide facilities for: Exploration of complex technological space require
ments; scientific latitude and freedom; ideal environment for research; 
and the most modern laboratory tools available. Qualified scientists and 
engineers will find here ground-floor opportunities for extending man’s 
knowledge beyond the present state of the art.
O On completion, most of Lockheed's California Division's research 
facilities will be located in this single area. The Center will provide ad
vanced research facilities in all fields related to atmospheric and space 
flight including: Propulsion, physiology, aerodynamics and space dynam
ics; advanced electronics in microwave propagation and infrared; acous
tics; mechanical and chemical engineering and plasma/magnetohydro- 
dynamics; thermal electricity; optics; data communications; test and 
servomechanisms.
O Top-level scientists and engineers are invited to investigate outstand
ing career opportunities for your future in the new Lockheed Research 
Center. There are openings now for qualified personnel in: Electronics 
aero and thermo dynamics; propulsion; servomechanisms; materials 
and processes; structures and stress; operations research; research 
in optics, infrared, acoustics, magnetohydrodynamics, instrumentation, 
mechanics and hydraulics; mathematics; and in all phases of design.

0 Please direct your inquiry to: Mr. E. W. Des Lauriers, Manager Profes
sional Placement Staff, Dept. 1306, 2400 N. Hollywood Way, Burbank, Calif

If the capacitance varies about its average 
('„ so that

World’s largest manufacturer of 

permanent magnets.

:ANADA: Th« Indiana Steel Product* Com- 
Pt of Canada Limited, Kitchener, Ontario

f (t) = COS mt

Denoting mt = 2r and replacing the derivative 
respect to t by the derivative with respect 
we get

The relative change in voltage thus equals the 
relative change in distance lietwcen plates.*

Having made these general physical observa
tions, we turn to the circuit of Fig. 145. I’he 
following voltage equation can be written

WIDE EXPERIENCE IN
MICROWAVE APPLICATIONS
Magnet specialists at Indiana have 
designed and produced permanent 
magnets for a wide range of micro
wave applications including pm- 
focus traveling wave tubes, load iso
lators, radar magnetrons, backward 
wave oscillators. Our engineers will 
give prompt attention to your micro
wave problems or any other perma
nent magnet applications. Call your 
Indiana man or write us direct. Ask 
tor Catalog No. 20M6. “Alnico V 
Load Isolator Magnets.”

U MAGNET 
C MAGNET

Permanent magnet spe- 
^r^Mp cialists at Indiana Steel 

utilize three basic magnet 
designs for load isolators: 

^Hh|Pp two variations of the C 
^P magnet, and the LT mag

net. All three of these 
Fi AT C designs can be varied to 
rLA I L- meet specific customer 

MAGNET requirements.

The quantities A U/t’ and A&/& are of the sann- onici
>f smallness.

INDIANA 
PERMANENT 
MAGNETS



victoreen Announces
RUSSIAN TRANSLATIONS

which is indeed the Mathieu equation. The 
problem of finding the conditions under which 
oscillations can be excited in the tank circuit now 
reduces to the mathematical problem of determin
ing when the Mathieu equation has unstable 
solutions. We know the solution to the latter 
problem (see Section 40): an unstable solution is 
obtained when

2 a
X = W M

We have the following values of the coefficients

2 w?a = n
or

o = 4

or, if the attenuation is small and can be neglected

How Long
Does It 
Take

NEW COLD 
"CATHODE GAS 
TRIGGER DIODE

This reliable, rugged, micro-miniature tube has an extremely 
high input resistance before a critical voltage is reached, at which 
time the tube breaks down and becomes a very low resistance.

MODEL TAA-113

Nominal Firing Voltage 113 V
Leakage Resistance (95V) 5 x 10’° ohms
Acceleration 20,000 G
Vibration 10-55 cycles at .06 D.A.
Operating Temperature -65’ to I6O°F
Energy Transfer 3000 ergs

Victoreen’s new cold cathode 
gas trigger diode is ideal for use 
where weight, space and high G 
considerations are involved. It 
can be used for isolation pur
poses, electronic switching, RC 
timing circuits, or relaxation

Export

oscillators.
Victoreen micro-miniature 

diodes are available now and 
can be supplied with a variety 
of different characteristics. 
Full details are available on
request.

Department

AA-70M

135 Liberty Street, New York 6, N. Y. 
Cable: TRILRUSH, New York

The Victoreen Instrument Company
Components Division

5104 Hough Avonuo • Cleveland 3, Ohio
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Thus, the coefficient q expresses the relative 
change in the parameter, and the coefficient a the 
ratio of the tank-circuit frequency to the modula
tion frequency. Excitation occurs most readily at 
the points where the boundary curves have their 
minima. For the first instability region we have 
(see Section 40)

ti = 1 — /x2, q =

Since p « 1, we can put

a = 1
hence

1 = w
2

i.e., the oscillations are most readily excited at a 
frequency equal to half the modulation frequency. 
Inserting

1
2 ’

to find the electronic 
test instrument

you need?
... how can you be sure it's 

the best available for your needs?
Did you know that there are 4,500 

different electronic test instruments 
manufactured by some 400 different 
companies?

Think of how many catalogs, spec 
sheets, and how much bombastic adver
tising you have to go through to find the 
instrument best suited to your needs!

Imagine the volume of correspond
ence and follow-up, the size of your 
filing system, the many telephone calls 
and interviews ... the hours, days, 
weeks of valuable time involved!

And when you’re all through, you 
still can’t be sure you haven’t missed 
something important —haven’t compro
mised your needs somewhere along the 
way—or purchased something unneces
sarily more elaborate and costly.

A SERVICE THAT PAYS FOR ITSELF 
MONTH AFTER MONTH, YEAR AFTER YEAR

All the headaches, uncertainty, and 
costly investment of time can be elimi
nated in one stroke through technical 
information service. The FREE bro
chure describes in detail how TIS 
works to make electronic test instru
ment selection swift, easy, and wise! 
If you don’t have the problem, someone 
in your company does. Get a copy of 
the brochure for that man. He will be 
delighted to receive it. Use this con-

into the excitation condition (4), we get
2a 1 w?

< q = nw 2 w2
Transforming this inequality, we obtain

2a j wo2= a < n
O) Oi

but since in our case w„/w=l 2, the excitation 
condition is finally written

( 'onsequently, parametric oscillations can be 
excited in a tank-circuit with given damping if

venient coupon. Do it NOW! . 
FREE and there’s no obligation.

it’s

11 Union Square, New York 3, N.Y 
W Atkins 1-2111

GENTLEMEN: Code? 602
Send me the free TIS brochure, at no obligation.

NAME

DEPT.

ADDRESS.

CITY.

.TITLI

COMPANY

ZONE____STATE-
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IS YOUR

We have derived the excitation condition for the

first instability region at Excitation is

New Taylor Fireban 321 Laminated Plastic
eces- is self-extinguishing in only 3 seconds
YEAR

third instability region oordinatei

1.84

formula

^Weifet»ion 552

1959

1,500 
tents 
¡rent

limi- 
fICAL

the capacitance is varied periodically, provided 
the relative change in the capacitance is suffi
ciently large. The smaller the damping, the 
smaller the needed relative variation

issed 
ipro-

TIS 
stru- 
¿vise ! 
leone

spec 
Iver- 
dthe 
seda! 
iond- 
your 
calls 
lays,

ill be 
con-

of the minimum arc

is can't be Fireban

Electrical faults in appliances, TV sets, radios, motors and other 
electrical devices frequently lead to fires—and these fires lead to 
complete destruction of the equipment, sometimes extensive dam
age to the facilities surrounding it. Taylor Fireban 321 is designed 
to retard fire. Self-extinguishing in only 3 seconds—it is an effective 
barrier against the spread of flame. In addition, this flame-retardant 
laminated plastic has excellent moisture resistance, excellent elec
trical resistance after exposure to high humidity, and good mechan
ical properties; also offers low dielectric losses. These properties 
help prevent the electrical faults that lead to fires. Write TAYLOR 
FIBRE CO., Norristown 48, Pa., for complete details.

possible also for other frequency ratios, i.e., for 
other instability regions. However, at other fre
quency ratios it is more difficult to excite the 
oscillations, i.e., it is necessary to have a greater 
depth of modulation. For the second instability 
region, the coordinates of the minimum of the 
boundary curves are

HERE'S WHY:
9 Specialized high production 
techniques afford lowest possible 
unit cost.

(5) need not be derived from the theory of the 
Mathieu equation for it also follows from energy 
considerations, for which we already have laid the 
groundwork. We now derive the excitation con
dition on an energy basis, since such a derivation 
will help explain the physical nature of the phe
nomena that occurs in parametric excitation.

The total energy in the tank circuit is the sum LAM/NATED PIAST/CS 0 VULCANIZED FIBRE 
CIRCLE 152 ON READER-SERVICE CARD

• Precision tooling, rigid quality 
control assure tolerances to critical 
specifications.

• Ample stocks of over 1000 differ
ent parts permit prompt delivery.

• Malco specializes in a complete 
line of small stampings for Radio
TV, electrical/electronic and auto
motive industries.

• Our line includes terminals and 
printed circuit hardware in loose 
or in chain form for automatic 
insertion.
Let Malco show you how you can save 
on production time and costs. Contact 

w today.

mutsr
BVUETIN

BEST SOURCE 
FOR

SOLDERING LUGS 
TERMINALS 

PRINTED CIRCUIT 
HARDWARE

Manufacturing company

4027 W. LAKE ST. • CHICAGO 24, ILL.
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q = 4 (Gm) 
hence



Check these exclusive PANORAMIC 
features, that give you unexcelled 
accuracy and ease-of-operation:

Both offer built-in flexible 
operation to enable analysis 
of such widely divergent 
phenomena as:
* Pulse Spectra
* Noise
* Line Spectra
* Other complex ultrasonic 

and low RF waveforms

/dependable'

CERTIFIED V 
SPECIFICATIONS 
t for accurate < 
* data I

Here arc two proven performers: 
the economical SPA-3 (200 cps 
to 15mc) and ... at small 
additional cost ... the SPA-3/25, 
with a frequency range "bonus" 
of 10 extra megacycles . . . 
all the way to 25mc!

Roth give you "close-up" displays 
ond fine measurement of these 
phenomena:

RUSSIAN TRANSLATIONS

200cps
RESOLUTION 
CAPABILITY

UP TO 20 uv. SENSITIVITY 
for full scale deflection

CHOICE OF 2
FREQUENCY RANGES:
200cps to 15mc
200cps to 25mc

the only 
spectrum analyzers 
that give you all these 
advantages in a single 
low-cost package:

’ . ■ ?..

EXCEPTIONAL 
DYNAMIC 
RANGE

th« pioneer

524 South Fulton Ave., Mount Vernon, N.Y.
Phone: OWens 9-4600 Cables: Panoramic, Mount Vernon, N.Y. State 
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We assume that the oscillations arc sinusoidal.

Inserting this value into (7) we end
108 Springfield Rood, Union, N J. 

MUrdock 8-7150
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of the energies stored in the magnetic field of the 
coil and in the electric field of the capacitor. In 
the absence of losses and in the absence of an 
external signal, the energy remains constant and 
is merely transferred periodically from the coil 
to the capacitor and vice versa, which essentially 
causes the free oscillations.

is the amplitude of the current, which can also be 
expressed in terms of the maximum amplitude's 
of the charge (Qm) and of the capacitor voltage 
(rm). Thus

Let us bud the energy increment due only to the 
(•hange in capacitance

7 © Ö8 IS 1

de & — d( 
dC

Since the energy in the inductor is independent 
of C, we have

so that

Dividing both sides by dl we get

YOU’D 
BE 

SURPRISED..P- = 2 R

In the presence of losses, i.e., if the active resist
ance R is taken into account, the energy dimin
ishes. From the energy loss, taken as a function of 
lime and averaged over one period, we obtain 
the power loss

where the superior bar indicates averaging over 
the period, and

I m Wu D» I m

where (I is the damping of the tank circuit. Oscilla
tions can be maintained if the power loss is 
replenished from the outside. rl his is accomplished 
by varying the capacitance periodically. We have

& = + Be

dc S = * CMC

de S 
dt

VARISTORS

w„2 C2Rl m- = w„2 RC^ — wud^ (6)

1

2 di

at th« amount of 
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out by sending 

° ,h*. FREE

CATALOGED IN EEM SEC. 4700
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VECO THERMISTOR-VARISTOR
LITERATURE CATALOG

This handy reference catalog de
scribes the VECO Technical Literature 
available for a variety of different 
applications of VECO Thermistors, 
Varistors and other VECO products.

PANORAMIC’s SPA-3/25 200cps to 25mc

AND PANORAMIC’s SPA-3 200cps to 15mc

• Continuously variable scanning width, 
sweep rate and resolution controls to in
sure maximum application utility

• 3mc wide sweepwidth adjustable down 
to 0

• Variable center franquency control cali
brated from: O-13.5mc (SPA-3) 0-23.5 me 
(SPA-3/25)

• Variable sweep rate leps to 60cps
• Linear, 40db log and power amplitude 

scales
• Calibrated lOOdb attenuator
• built-in crystal controlled frequency mark

ers
• Low impedance input (High impedance 

probe available)

PANORAMIC
RADIO PHODUCTS. IMC.

For reliable, low-cost 
spectrum analysis, get the 
complete story on the SPA-3 
and SPA-3/25.
WRITE, WIRE OR PHONE 
for detailed specification 
bulletin; and ask to be put 
on our regular mailing list 
for the PANORAMIC 
ANALYZER featuring 
application data.



that the average value deb dt isWe now note

ACTUAL SIZE

sm

cos

Actually, inserting (9) into (8) we get

flexibility for laboratory
OPENCLOSED

vailable

Model HCP

itation condition for
no reset possible while button is

open and reset 5 lbs.
• Minimum and maximum limits of ultimate trip ( 115% minimum,

CARD
1071959

ture 
rent 
ors,

Compare these features . . .
• Weight 0.9 oz.
• Extremely simple trip-free design

vides great 
studies.

150% maximum.
• Overload calibration
• Operating altitude

depressed.
• Maximum operating force

— 200% trip limits 15 seconds maximum 
80,000 ft.

Micro-Miniature Circuit Breaker for 
Aircraft, Radio and Electronic Equipment

FLOATING ZONE UNIT FOR METAL 
REFINING ANO CRYSTAL GROWING 
A new floating zone fixture for the 
production of ultra-high purity metals 
and semi-conductor materials. Purifica
tion or crystal growing is achieved by 
traversing a narrow molten zone along 
the length of the process bar while it is 
being supported vertically in vacumm or 
inert gas. Designed primarily for pro
duction purposes, Model HCP also pro*

These Micro-Miniature Klixon D7274-1 Circuit Breakers set new standards 
in size, weight and performance. Their fast tripping response provides protection 
for low thermal mass components used in aircraft, radio and electronic gear.

Configurations are available for installation in existing panels that accommo
date the NAF-1357 panel-mounted fuses or larger neck-mounted miniature cir
cuit breakers. To give remote indications (light or buzzer), a normally open 
auxiliary circuit can be provided.
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Western Manufacturers — refer inquiries directly to Metals & Controls Corporation, 
Southern California Office ... 232 North Lake Ave., Pasadena, Calif., Tel: Ryan 1-4288.
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none other than the power-»- delivered to the tank 
circuit. In order for this pewor not to vanish it is 
necessary to rewrite the formula

(The translation of Kharkerich's book will b( 
concluded in the next issue of Electronic Design. 
Shortly thereafter, the entire translation will be 
available in a handsome book. For more information, 
turn to the Readcr-S( rrice ('ard and ('tide 800).

Since the circuit of Fig. 145 contains no non
linear elements, the amplitude of the oscillations 
can increase theoretically without limit. In prac
tice the voltage in a circuit of this kind becomes 
rapidly large enough to break the capacitor down. 
It is therefore necessary to introduce into the 
circuit nonlinear resistances to limit the oscilla
tion amplitude.

know nothing about the steady-state amplitude 
of the oscillation. The steady-state mode can be 
determined only if the non-linearity is taken 
into account.

o prevent attenuation it is obviously nc< 
l > satisfy the inequality

• Voltage drop maximum — 1.50 volts.
• High rupture capacity - tests over 4000 amperes, 120 VAC.
• Ratings — 1 j to 5 amperes.

Send for complete information on this new Klixon Micro-Miniature Circuit 
Breaker, today.

34 FOREST STREET ATTLEBORO. MASS . U S A. 

A DIVISION OF TEXAS INSTRUMENTS INCORPORATED 
SPENCER PRODUCTS 

Klixon® Inherent Overheat Motor Protectors • Motor Starting Relays 

Thermostats • Precision Switches • Circuit Breakers

In conclusion we note that we have considered 
parametric excitation of oscillations as a linear 
problem; we have found the approximate self-

A smooth, positive mechanical 
drive system with continuously 
variable up, down and rota
tional speeds, all independ 
ently controlled.
An arrangement to rapidly 
center the process bar within 
a straight walled quartz tubo 
supported between gas-tight, 
water-cooled end plates. Place
ment of the quartz tubo is ra
ther simple and adapters can 
bo used to accomodate larger 
diameter tubes for larger pro- 
cess bars.
Continuous water cooling for 
the outside of the quartz tube 
during operation.
Assembly and dis-assembly of 
this system including removal 
of the completed process bar 
is simple and rapid.

Now AvailableHIGH FREQUENCY

HEATING
UNITS

the field of electronics the most

1.302MAX

practical and efficient source ot heat developed 
for numerous industrial applications

You are invited to send samples of work with 
specifications Our engineers will process and return 

the completed job with full data and recommendations 
without cost or obligations

Lepel induction 
heating equipment represents 

the most advanced thought in

1 420
MAX



GERMAN ABSTRACTS

ANNOUNCING
Germanium Diode 

Detectors
E. Brenner

Model 520 . . . manual range 
switching AC, DC, OHMS . . . 
$1190. Rack or portable.
Model 500 . . . automatic 
range switching DC only . . . 
$1190. Rack or portable

The First New 
Development in Digital Voltmeters

• Absolute dc accuracy ... 0.1% full scale.
• Tnput impedance (dc) . . . approaching in

finity except on 1200 V dc which is 20 
megohms.

• Requires no lead switching . . . polarity 
indication is automatic.

• Requires no range switching on Model 500 
. . . range is switched automatically.

• High stability, all-electronic four-digit indi
cation appears in less than 125 milliseconds 
after step function voltage is applied across 
test leads.

• 0.001 to 1200 V dc range. Model 520 also 
reads 0.001 to 1200 V ac and 1 ohm to 1 
mcg.

• Output provisions for direct drive of printer 
or tape punch.

• Rack mounting or portable.
• Guaranteed long term stability at least 24 

hrs. after 10-minute warmup and internal 
calibration.

* May be quickly zeroed for effectively infinite input 
impedance.

BRIDGEPORT PENNA.

I N THE region above breakdown in the reverse 
■ direction (Fig. la) the volt-ampere curve of a 
germanium diode can be represented as the ter
minal pair characteristics of the combination of 
an ideal exponential diode and the linear resist
ance shown in Fig. lb. The ideal diode charac
teristics are given by the equation

i/L = exp (v/VT) - 1 (1)

where VT = kT/kq, the value of X is an empirical 
curve fitting factor which is determined from the 
slope of the volt-ampere curve at v = 0. The re
sistance Ri (of the order of 50-500 ohms) repre
sents the ohmic resistance of the crystal in the for-

IDEAL
DIODE

Fig. 1. (a) Diode characteristics. 
The dashed line is the ideal diode 
curve according to Eq. 1. (b) 
Equivalent circuit of diode.

ward direction while R2 (50kohms to 5Mohms) is 
the resistance in the reverse direction.

The basic relationship from which detector per
formance is deduced is the expression for the aver
age current which flows through the ideal diode 
when the voltage across it has the form v = Vo 
Vi sin w t. This form is introduced in Eq. 1, the 
result averaged over a period of the sinusoid. The 
resulting average current is

Iav/L = exp (VO/VT)-JO Wi/Vt) - 1 (2)
where Jo (jVi/VT) is the first order Bessel function 
of order zero and argument GVi/Vr). (This func
tion is also referred to as the “modified” Bessel 
function, Jo (jx) = Io (x). The contribution to the 
average value due to the ac component of voltage 
is A lav-

A = I. exp (VO/VT) [Jo (JVi/Vr) - 1] (3;
If the average current is maintained constant 

then an ac component Vi produces a decrease in 
dc open circuit voltage A Vo given by

exp (A VO/VT) = Jo(jVi/VT) (4)
Two typical detector circuits are shown in Fig 

2. It is assumed that Rl » Ri and that the output I 
impedance of the source Zo is very large at the I 
resonant frequency (i.e. the detector is fed from a I 
tuned amplifier) but negligibly small compared to I 
Rfj at dc. With these assumptions one defines I 
Rp — R2RL/(R2 4- El, then the dc component of I 
the current results in the voltage A V = I.uRp I 
Since this voltage is across the diode in the reverse I 
direction, the relationship to the ac amplitude Vi I 
is I

A E - A V = VT In (A V/IgRp + 1) (5 I
where A Vo is defined through Eq. 4. This implicit I

♦ V

s.
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rig. 2. Typical detector circuits
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High-performance 
mounting system pro
tects 180-ib. guid
ance platform against 
ICBM environment. 
Highly original design 
weighs only ¡8 !bs., 
uses Lord BTR elas
tomer hr broad tem
perature operation.

[utioi can be approximated with error of less 
in 1 er cent if Vr/LRp < 0.1. for all A V/Vy,

inertial guidance systems
analog and digital computers 

r primary navigational systems
integrated electronic systems 

radio receivers, transmitters, transponders 
| magnetrons , J

Al ~ A I o — ] t In (A \ o/ItRp -|- 1) (6)

r othe r cases the region in which the approxi- 
pe formula holds is shown in Fig. 3.
The resistance which the ideal diode presents 
the ac component of the voltage, is found by re- 
heing v with — A 4- V! sin co t in Eq. 1 and cal- 
Qating the fundamental frequency component of 
The result is.

2Lexp (-A Vi/Î» • [(-jJi (jVi/VT)]

The values given by Eq. (7) range from VT/Ia 
ien Vi Vy « 1 to approximately half the resist- 
be of the parallel combination of Rp and Vi/Z8. 
Abstracted from an article by J. Meinhardt 
chrichtentechnik, Vol. 8, No. 11, November 
p8, pp 489-495. pressure transducers

-w 1 x

airborne controls and instrum 
/^integrating accelerameli
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“In Canada -Railway A Power Engineering Corporation Limited" 

LORD MANUFACTURING COMPANY • ERIE, PA. 
READER-SERVICE CARD

ATLANTA, GEORGIA - CEdar 7 9247 
BOSTON. MASS. - HAncock 6 9135 
CHICAGO. ILL. Michigan 2 6010 
DALLAS, TEXAS - Rlverside 1 3392 
DAYTON. OHIO HAIdwin 4 0351 
DETROIT. MICH. Diamond 1 4340

KANSAS CITY, MO WEst»«H 1 0138 
LOS ANGELES, CAL. HOIlyweod 4-7593 
NEW YORK, N. Y. Circle 7 3326 
PHILADELPHIA, PA PEnnypacker 5-3559 
SAN FRANCISCO. CAL. EXbrook 7-6280 
WINTER PARK,FLA Midway 7-5501

— V/^R,

ig. 3. Restrictions of the validity
the approximate Eq. 6.

The mounting system shown here was designed, 
developed and produced by Lord for the inertial 
guidance platform of an ICBM. It clearly demonstrates 
Lord's capability to meet the most sophisticated 
requirements for shock and vibration protection.

You can assure optimum reliability for your 
missile or advanced jet project b> utilizing Lord 
skills and experience. Integration of Lord abilities 
with those of your staff will result in an economical 
system design providing maximum protection for 
given weight and size.

Complete research, engineering, test and production 
facilities—staffed with personnel of outstanding 
capabilities—can provide vital assistance for your 
program. Full information is available from your 
nearest Lord Field Engineer or the Home Office, 
Erie, Pennsylvania.
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You’ll also be interested in knowing that AE 
is equipped to deliver completely wired and 
assembled control units designed to your 
specifications.

REPORT BRIEI-
Input Impedance of a Yagi Antenna I

A solution for the input impedance of two« 
element Yagi antenna is obtained by usii ; fW 
variational principle. Current trail functk s arB 
chosen and the resulting stationally express n M 
the input impedance is obtained. The sole oni 
applicable for any choice of element lengt s an® 
separation and can be extended to any l .mb® 
of elements. Numerical results for a two ciemei® 
case is presented. Back-Scattering Cross Section 
of an Antenna Part 3 of 3. A Variational SolutJ 
For The Input Impedance of a Yagi Antenn» 
Henry J. Juda and Yuch-Ying Hu, Syracuse M, 
Research Inst., N. Y., Oct ’54-Oct ’56, 31 pp, Mia J 

film $3.00, Photocopy $6.30. Order PB 13519 
from Library of Congress, Washington 25, D. (r
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Expansible Waveguide
A review of the phases leading to the final de 

velopment of an expansible waveguide assembj 
in the RG 109/U size (2.840" X 1.004") in a 
cordance with the requirements as outlined in Bu 
reau of Ships Specification #SHIPS-W-1753. d 

pansible Waveguide, J. W. Hamilton, T. N. An 
derson and others, Airtron, Inc., Linden, N.J. J 
July 56, 16pp, Microfilm $2.40, Photocopy $3J 
Order PB 135 245 from Library of Congre^ 
Washington 25, D.C.

TO THE ENGINEER •

who can use a little honest trickery

AE 
CAN 
DO

There’s more than one way of skinning a cat 
—or making ideas work automatically. And 
AE has a bag-full.

That’s because AE has had years of experi
ence in making relays and stepping switches 
work wonders in automatic telephone 
exchanges—and in automatic control devices.

If you can use some down-to-earth magic in 
your designs, AE engineers will be glad to 
help. And you may well find that their sug
gestions can simplify the control package.

They can also show you why AE relays and 
stepping switches cost you less in the long 
run.

For instance, the AE Type 45 Stepping 
Switch, illustrated, has a free-floating' 

pawl that never binds, never breaks, elim
inates the necessity of ever readjusting 
armature stroke, does away with double
stepping or overthrow. And the switch 
usually outlasts the equipment it’s built 
into!

Want more information? Just write the 
Director’ Industrial Products Engineering, 
Automatic Electric, Northlake, Illinois. Ask 
for Circular 1698-H: Rotary Stepping 
Switches; Circular 1702-E: Relays for 
Industry; and our new 32-page booklet on 
Basic Circuits.

Electroforming of Linear Accelerator 
Structures

The techniques and equipment used at Stanfoi 
University for electroforming copper linear ai 
celerator structures are described. The auth 
states that the electroforming method is prefer^ 
over mechanical fabrication techniques (such 
shrink-fitting copper discs in copper pipes) N 
cause it allows baking the structure at high td 
peratures for outgassing and sealing off j 
vacuum-tight accelerator tube. The electrofond 
structures consist of hollow round tubes perioi 
cally loaded with copper discs. A circular api 
ture in the discs provides a path for the flow I 
rf power and the electron beam. Electroformii 
gives a stress-free final structure and thus pi 
vides more dimensional stability which is imp! 
tant in accelerator operation. Other reported! 
vantages are: (1) the ability to fabricate ’I 
accelerator sections with good accuracy (five ii 
length electroformed to date of report with I 
feet considered feasible); (2) the relative easel 
fabricating accelerator structures of non-unifol 
dimensions. Electroforming of Linear ArrdenB 
Structures, J. A. Pope, Stanford University 
Office of Naval Research, June 1957, 22 pp, 
Order PB 131944 from OTS, U. S. Dc/Mr/mcnl 
Commerce, Washington 25, D.C. I
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laser Multipole Separator

\ M iser in an apparatus utilizing a molecular 
Lm in which molecules in the excited state of a 
[icrov -ive transition are selected and then di
eted mto a microwave cavity. In this report a 
b ice is described that is used to select and, at 
L same time, focus molecules in certain quan- 
ni states. Multipole Separator For Masers, F. O. 
L/jun. Army Signal Engineering Labs, Fort 
\onmouth, N.J., April 57, 25pp, Microfilm $2.70, 
wtoeopy $4.80. Order PB 135 528 from Library 
f Congress, Washington 25, D.C.

Reparation of Transistor Grade Silicon

\ technique for continuous preparation, frac- 
bnation, and decomposition of silane to produce 
bh-purity silicon suitable for use in transistors 
as developed. The process, which produced 
hantities of 2 to 15 grams, is said to have the 
Hvantage of preparing larger amounts of the 
bh-purity silicon quicker than by the technique 
decomposition of batches of silane. In addition, 

Ie total quantity of silane present at any time in 
|e svstem is low, since decomposition occurs be- 
Ire high concentrations of silane are accumu- 
led. A separate fractional condensation operation 
I unnecessary, and the rate of silane formation 
11 decomposition can be controlled. Another 
Icomplishment was production of 94 to 100 per- 
Int silane by reduction of silicon tetrachloride 
ith various hydrides. Also studied were the re- 
rtivity of silane with substances which showed 
|omise as purifying agents; various “Lewis base” 
Events in respect to their influence on reaction 
Ite and purity of silane; variables in the thermal 
composition of silane; and the effect of the 
lartz deposition medium and a hydrofluoric 
lid leach process on the purity of silane. The 
I partition of Transistor Grade Silicon From 
pie or Analogous Compounds, H. C. Kelly, 

J. Flynn, C. W. Davis, S. Johnson, Metal Hy- 
m Inc. for Air Research and Development 

U. S. Air Force, Aug. 1957, $2.00, 
I pp. Order PB 131875 from OTS, Department 
I Commerce, Washington 25, D.C.

valuation of Electronic Gate

p crysial diode gate suitable for sampling ac- 
rateh mall changes in resistance—0.1 per cent 
|the le\ el of 105 ohms—is investigated. The gate 
p be part of a multichannel signal sampling 
Item. ( ireful selection of the gate components 
f reas -liable control of the ambient tempera- 
|( leac o satisfactory gate performance. Investi- 
p’n i (I Evaluation of an Electronic Gate,

NEED A TAPE WORKHORSE?

'Scotch” brand Sandwich Tapes

wear longer, cut head maintenance even in digital work
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M . Feb. 1957, 81 pp, Microfilm $4.80,
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Tote that tape—change that reel—clean that head! 
If your project atmosphere sometimes seems that 
way, “Scotch” brand Sandwich Tape comes to the 
rescue. How about the possibility of getting over 
50,000 passes out of a computer tape? And if that 
sounds attractive, consider the value in a tape that 
has no rub-off, won’t give you any head build-up, 
drastically reduces maintenance and replacement 
on costly head assemblies.

One user found that the simple change to 
“Scotch” brand Sandwich dramatically reduced 
head replacements. And—where heads previously 
had to be cleaned after every run, “Scotch” brand 
Sandwich Tape cut cleaning to once a week.

The secret’s in the Sandwich—the high potency 
oxide magnetic coating is 
sandwiched between the tough& PLASTIC PROTECTIVE LAYER 
polyester base and a thin pro- j
tective plastic layer. The coat
ing never contacts the head— 
you get smooth, low-friction 
tape movement, plus an end 
to rub-off, head build-up, and 
a reduction in erosion of the 
critical slit in the recording 
head. Though the 50 micro-inch protective layer 
causes some slight reduction in high frequency re
sponse, the plain facts are that Sandwich Tape 
packs up to 600 pulses per inch in digital work— 
has broad usage in AM, FM, or PDM applications.

In “Scotch” brand Sandwich Tape you have a 
tape workhorse, pulling a big load over long dis
tances. One user reported fewer drop-outs with 
each successive pass. As his recording heads were 
cleaned, the contaminates proved to be in the sys
tem, not the tape. Speaking of drop-outs, beware 
the villainous cigarette—often a culprit. One care
less gesture and an ash can cause 40 to 60 drop-outs.

Whatever your application — data reduction, 
acquisition or control programming — count on 
3M technology to create tape of higher uniformity 
and reliability for error-free performance.

“Scotch” brand High Output Tape No. 128 
gives you top output at low frequencies, even under 
extremes of ambient temperatures. “Scotch” 
brand High Resolution Tape No. 159 lets you pack 
more bits per inch, offers extra playing time. Finally, 
for top performance at low cost per foot, “Scotch” 
brand Instrumentation Tapes Nos. 108 and 109 
remain the standard for the industry.

Where there’s no margin for error, there’s no 
tape like “Scotch” brand. For more details, write 
Magnetic Products Div., 3M Company, St. Paul 6, 
Minn., or mail the reader inquiry card. © 1959 3mco. 
“Scotch” is a registered trademark of 3M Company, St Paul 6, Minnesota. 
Export: 99 Park Avenue, New York, N.Y. In Canada: London, Ontario.
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Scotch brand magnetic tape
FOR INSTRUMENTATION

J^INNISOTA JOINING AND ^MANUFACTURING COMPANY

. . . WHERE RESEARCH IS THE KEY TO TOMORROW
i $13.80. Order PB 135438 from Library
s, Washington 25, D.C.
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For additional Information

Sola Electric Co., 4633 W. 16th St, Chicago 50, III., Bishop 2-1414 Offices in principal cities • In Canada. Sola Electric (Canada) Ltd., 24 Canmotor Ave., Toronto 18, Ont

CONSTANT VOLTAGE TRANSFORMERS REGULATED DC POWER SUPPLII ' MERCURY IAMP TRANSFORMERS FLUORESCENT LAMP BALLASTS

CIRCLE 164 ON READER-SERVICE CARD

H & W Associates built in a Sola regulated plate-filament power trans
former as an integral component in their portable lie-detection apparatus.

ELECTRONIC DESIGN • June 10, !’■

This sensitive polygraph operates by picking up and 
immensely amplifying tiny electrodermal responses. It’s 
small wonder that line voltage va»’ at:ons encountered in 
field operation must be corrected it the responses of the 
witness are to be measured accurately.

The lie detector’s built-in power supply transformer 
is a Sola Constant Voltage Plate-Filament Transformer 
which performs this dual function: (1) it supplies plate 
and filament voltages just as an ordinary power supply 
transformer would do; (2) it regulates these supply 
voltages within ±3% even when the line voltage varies 
over a 100 to 130-volt range.

Besides providing regulation which assures accurate

Traveling-Wave Amplifiers

Empirical data showing the effect of some o 

the externally variable parameters on the operat 

ing characteristics of three typical S-band travel 

ing-wave-tube amplifiers are given. Operating 
characteristics of a dual-rf-output traveling-wave! 
tube amplifier are presented for an amplifier witi 

minimum small-signal gain of 20 and 40 db. Tm 
difference of input power levels to produce bead 
saturation at the respective couplers is then 13 dbl 

Measurement of two intermodulation effects ini 
traveling-wave-tube amplifier is presented graphil 

cally. Typical Operating Characteristics of Trawl 
ing-wave Amplifiers, J. R. Arnold, Stanford hfti 

ironies Labs., Stanford U., Calif., July 5, 1957,3 
pp. Microfilm $2.70, Photocopy $4.80. On J 
PB 135278 from Library of Congress, Wos/iinl 

ton 25, D.C.

Reduction and Prevention of I
UHF Interference I

The origin and methods for reducing interfel 
ence generated within UHF multichannel co® 
munication equipments such as the AN/AR( -| 
are outlined in this report. The principal types fl 
interference encountered were (1) intermodulatifl 
from the action of the nonlinearities in the eaiB 
stages of the receiver and (2) spurious signal ge® 
eration from the local spectrum-generator systew 
Nonlinearities considered were those found int® 
UHF amplifier tubes and first mixer tube. St-® 
Program For Investigation To Aid In ReducM 
And Prevention Of UHF Interference, Robed ■ 
Meek, Howard L. McKinley and others, Geof^ 
Inst, of Tech. Engineering Experiment SfatO 
Atlanta, Nov 56, 116pp, Microfilm $6.00, PM® 
copy $18.30. Order PB 135 260 from Library* 
Congress, Washington 25, D.C. ■

REPORT BRIEFS
Broadband Ridged Waveguide

Designs are presented of experimental n >del 
of broadband ridged waveguide compc lent 

which were developed for the 1- to 4-kmc mge 
The experimental models consisted of Jtted 
sections; ridged-to-rectangular adapters fi r the 

RG-48/U, RG-69/U, and RG-104/U wavegiidej; 
matched terminations; waveguide-to-coaxial idap, 
ters; tunable crystal-bolometer mounts; slide 

screw tuners; directional couplers; variabl pre
cision attenuators; and single-to-double i idgd 
waveguide adapters. The performance of all cord 
ponents is satisfactory and meets specifications! 
Broadband Ridged Waveguide Components! 
Leonard I. Kent, F-R Machine Works, Inc., Wood 
side, N.Y., 10 Nov 55-10 Oct 56, 62pp, Microfill 

$3.90, Photocopy $10.80. Order PB 135 120 froJ 
Library of Congress, Washington 25, D.C.

polygraph operation, the Sola transformer protects 
tubes and components from cold inrush current and 
from fault currents.

This simple, reliable component costs little more than 
ordinary, non-regulating transformers. And compared 
to other types of regulating circuitry used with conven
tional power transformers, it is considerably cheaper.

The plate-filament regulator is only one of the com
plete family of Sola Constant Voltage Transformers 
including such special types as filament and adjustable- 
output units. More than 40 models are available from 
stock, and Sola manufactures custom-designed units in 
production quantities to meet special needs.

Portable lie detector operates accurately with 
Sola-regulated plate and filament voltages
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fopol gieal Network Theory

I Met: ids of linear algebra and combinatory 
Lolo x are applied to yield precise versions of 
Ltaii portions of electrical network theory, 
[hose portions deal primarily with the existence 
nd uniqueness of currents in resistive networks 
nd ir« passive lumped parameter networks and 
[-¡th the determination of such currents by rig- 
rOus algorithms. Topological Network Theory, 

1 Nerode and H. Shank, Chicago U., III., Nov 
r 34pp, $1.00. Order PB 151 416 from OTS.
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iwin-Channel Radio Direction Finder

By properly sampling and averaging the data 
If two separate channels, the need for the bear- 
Lg shifter is eliminated. It is shown theoretically 
Ihat the Separate Channel Averaging System con- 
Hbutes the same order of error due to wave 
hterference as existing systems, provided certain 
onditions are satished.Separate Channel Aver- 
Lw In a Matched Twin-Channel Radio Direc- 
ion Finder, A. D. Bailey and A. J. Wavering, 
Electrical Engineering Research Lab.,. U. of 
ti/inow, June 57, 35pp, Microfilm $3.00, Photo
copy $6.30. Order PB 135 119 from Library of 

Congress, Washington 25, D.C.

WHEN YOU WANT 
TO BE ALL EARS

When you are designing new radio telescope equipment ... a new 
aerial camera ... a new process control device ... a new anything 
that calls for precision instrument ball bearings, you do well to 
turn to Fafnir. For no matter what your problem is . . . tem
perature extremes, low torque, load-life, low decibel readings . . . 
Fafnir can help you solve it. Fafnir has the diversity — a wide 
variety of ball bearing types, designs, steels, and tolerances — and 
the uniformly high standards of quality to meet your needs pre
cisely. The Fafnir Bearing Company, New Britain, Connecticut.

6 O
Fafnir instrument ball bearings: Open and shielded

Mutual Coupling Rectangular Waveguide

For a large number of cases, the internal reflec
tion and transmission coefficients and the radia
tion patterns of two nearby shunt slots in the 
proadface of standard waveguide have been 
pleasured and the results compared with theory 
both including and neglecting mutual coupling 
I i. e., coupling by other than the dominant wave
guide mode). Mutual Coupling of Shunt Slots in 
we Broadface of Standard Rectangular Wave
guide, Alan F. Kay and Alan Simmons, Technical 
Research Group, New York, N. Y. microfilm $5.40, 
photocopy $15.30. Order PB 135215 from Library 
Jf Congress, Washington 25, D. C.
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Elapsed-Time Recorders

Two types of equipment have been developed 
vhich record propagation data in a form permit- 
ing direct analysis by statistical techniques. For 
»th equipments, the data recorded represent 
antin’ ously totalized measurements of the length 
)f tim< during which the amplitude of an rf volt- 
lge n iains above various predetermined levels.
Thus i 
tensity 
tectly 
^aps< 
R. K. 
D.C, 
copy 5 
Mess,

distribution of the fluctuation in signal in
is a function of time can be obtained di- 
om the recorded data. Multiple Channel 
-Time Recorders of Voltage Amplitudes, 
oyce, Naval Research Lab., Washington, 
o. 21,1958, 30 pp, Microfilm $3.00, Photo- 
30. Order PB 135644 from Library of Con- 
ashington 25, D.C.

types (1 through 5), angular contact (6,7), torque tube 
(8), and open and shielded miniatures (9, 10, 11).
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AMPLIFIER

Acepot®
CIRCLE 166 ON READER-SERVICE CARD
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ELECTRONICS ASSOCIATES, INC.
99 Dover Street, Somerville 44, Moss.

SOmeriet 6-5)30 TMX SMVl >81 Wett. Union WUX
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AcmpI® Aceohm® *Ros. Appi, for

Amplifier VI, bridge 5 and feedbad npüfi 
e inp

amp 
amplified by a second amplifier of mod inenf
stability. In operation, the phase shift i

Frequency—Stabilized Oscillator
Patent No. 2,871,356. Peter G. Sulza 
(Assigned to United States of America.

A phase error detection and corrcctioi 
system maintains minimum phase shift i

inn

To be really sure of getting your pot deliveries on time, you could 
assemble your own! But just when you’re counting on sub-contractors 
to deliver the necessary parts — you might find they’re tied-up on 
someone else s job! So if you must be sure, lay in a good supply of 
raw materials in quantity lots —• metals, glass, wire, plastics, bearings 
— the works!

But before you load up the living-room with bar stock, check with 
Ace. You’ll find, to your relief, that Ace abundantly 
warehouses all their own raw materials — just for the 
express purpose of being able to make everything they 
need — when it s needed, for controlled delivery! So 
if delivery of precision pots is a prime consideration, 
talk to the company that does its own sub-assembly 
manufacture — see your Acerep!

From raw materials to completed pot — within the plant — our 
servo-mount A.l.A. size 7/s" ACEPOT®. As with all the others, 
from V2" to 6".

PATENTS
Transistorized Current Transfer 
Apparatus

Patent No. 2,874,331. Fred B. Olto. (As
signed to Sylvania Electric Products, Inc.)

In a multi-filament lamp circuit, each 
filament is lighted in succession as pre
viously-lighted filaments burn out.

Lamp 10 is powered by control unit 22 
and the filaments are in series with tran
sistors Ti, T2, and T4. With transistor Ti 
conducting, filament 11 is lighted, and 
transistors T2 and T4 are cut off by the 
voltage drop across resistor B2 and re-

O" SERIES
CARRIED IN STOCK FOR 

IMMEDIATE DELIVERY

2

O.D — 1 .5 in.
Length —3.0 in. 
11-pin plug with 
locating key

3x 2oo XX)

lililí

5// 
AH 
CC

lllllim 
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8

sistor R5 respectively. When filam it 1 
opens, transistor Ti cuts off and fi nen 
12 current is carried by transist' I 
transistor T4 meanwhile is cut off y th 
voltage drop across resistor R4. 1 nail; 
when filaments 11 and 12 are opei tran 
sistor T3 cuts off and transistor 7 con 
ducts to light filament 13.

Typical circuit components are sped 
fied to operate each filament at 0.4H ami 
at 6.2 v.

TOROTEL

MAGNETIC
The 02-type 
magnetic amplifier 
is a lightweight 
D.C. amplifier 
operating from a 
115V, 400-cps 
source. The linear, 
gain stability and 
null characteristics 
of the amplifier 
make it very 
adaptable to use in 
Analog Computer 
and instrumen
tation.

TYPICAL 
APPLICATIONS

5512 EAST noth STREET KANSAS CITT.MU.

8

Gain Control
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REACTANCE TUBE
PHASE CONTROL 4

12 1
56

FISCHER SPECIAL MFG CO
422 Morgan St., Cincinnati 6, Ohio

and aluminum nuts.

BE

This enlarged scale photograph illustrates
FEATURES

• Rated residual
VSWR under 1.01

under 1.005
• Available in

Bulletin E-958D

LOW PASS
FILTER 7

DISCRIMINATOR

CO

Nam*

Company

Str**t

Zan*____Stat*

30 PHASE
SH/FT

ANTENNA SYSTEMS-COMPONENTS - AIR NAVIGATION AIDS - INSTRUMENTS
AMCI

VA D DIODE LIMITED
AH UTUDE

amplifier t

T Sulza 
America. 
?orrectio 
¡e shift i 
oscillate 
'requeue 
e shift i 
of mo 

xerts i

T-l comprise a Meacham
stal-controlled oscillator. Frequency

ange off resonance, due to phase shift
amplifier VI, produces a reactive com-
nent in the bridge output 90 deg out
phase with the input, sensed by the

imary of transformer T2. As a result
plifier V3 current, leading or lagging

e input to the bridge, becomes a reac-

• Rated error in
detected signal

20. 40. 60. 80
and 130 inch
lengths

Write for

tive load on amplifier VI to decrease the
phase shift in the latter.

Invention lies in the novelty of over-
coming the losses of the frequency selec-
tive network by means of one amplifier
and independently adjusting the gain of a
second amplifier, of moderate phase
stability, to compensate for phase shift in
the first amplifier.

The outer conductor of the Type 1026 Slotted
Lines is made of two substantial aluminum castings,
carefully machined and dowelled together, with the 
important surfaces finished by a hand scraping opera
tion. The inner conductor is ground to a close tolerance, 
supported by compensated dielectric pins, and longitu
dinally positioned by a compensated dielectric anchor
at the feed end.

AMCI Tapered Reducers, Instrument Loads, and 
Impedance Standard Lines are available for use with 
the Type 1026 Slotted Lines in making measurements 
of a wide range of rigid and flexible coaxial lines.

<5^ ALFORD

Size is merely relative . . . even in miniature nuts. The
real criteria are uniform accuracy, dependable per-
formance and prompt delivery at competitive pnces.
As the leading producer of turned nuts... both stand
ards and specials . . . Fischer can supply a complete
range of precision nuts to solve fastening or assembly
problems in all types of miniaturized equipment.
Whatever your application, let Fischer quote your
next order for miniature or special nuts.

typical miniature nuts being supplied for
electrical and electronic products.

there’s no premium for precision at Pl*at* send 20-pag* CATALOG FS 1000
containing complot* »pacification* on brats



tnruritit

al

If it’s a TEFLON* product

R/M HAS IT OR
CAN MAKE IT!

CopodtÖM wk UtM

Electron Products' metallized paper capacitors feature small 
size, and equally as important... the “form-factor.” 
Series M-150 and W-150 are available FROM STOCK 
in round, rectangular and wafer configurations to 
suit your requirements for miniaturized packaging. 
These series have self-healing characteristics 
for utmost in reliability. Also available in 
hermetically sealed rectangular or round 
tubes for extreme environmental conditions.

SPECIFICATIONS:
Operating temperatures: — 55“C to 4-1 25°C or 

higher on special order.
Voltages Available: 100, 200, 300, 

400 and 600 volts.
Values: from .001 mfd to any value specified.
Standard values available from stock

Send for literature
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RAYBESTOS-MANHATTAN, INC.
PLASTIC PRODUCTS DIVISION FACTORIES: MANHEIM, PA.; PARAMOUNT, CALIF.

Contact your nearest R/M district office listed below for more information or 
write to Plastic Products Division, Raybestos-Manhattan, Inc., Manheim, Pa.

BIRMINGHAM 1 • CHICAGO 31 • CLEVELAND IS • DALLAS 2b • DENVER 16 • DETROIT 2 • HOUSTON 1 
LOS ANGELES U • MINNEAPOLIS 16 • NEW ORLEANS 17 • PASSAIC • PHILADELPHIA 3 

PITTSBURGH 22 • SAN FRANCISCO 5 • SEATTLE 4 • PETERBOROUGH, ONTARIO, CANADA

That's why you can depend on Ray- 
bestos-Manhattan to supply all your 
“Teflon” needs—stock items such as 
sheets, tubes, thin wall tubing, tape, 
rods and bondable “Teflon”—or custom 
fabricated parts or components made 
to your specifications.

R/M—one of the largest processors 
of “Teflon” powder—has been promi
nent in “I eflon” development from its 
introduction. Because of this long ex
perience, R/M can provide you with 

competent guidance in applying the 
unique properties of “Teflon” to your 
electronic design problems. And R/M's 
ample plant facilities assure you of the 
most suitable method of fabrication- 
extruding, molding or machining—to 
meet your particular design and quan
tity requirements.

Contact your nearest R/M district 
office whenever a question concerning 
“Teflon” arises. And write now for 
helpful descriptive literature.

♦A Du Pont trademark

PATENTS
Transistorized Radio Receiver

Patent No. 2,873,359. Paul W. Cooper 
and Joseph F. O’Brien.

An extremely miniature radio receiver 
(1 x 1.5 x 0.3) weighing one ounce de
livers 1 milliwatt output for 50 micro
volts input. The radio may be attached 
to the wrist or used as a locket.

Point-contact transistor 10 amplifies the 
radio-frequency signal in a tuned, ad
justable Ç) regenerative stage. After de
tection, the modulation is amplified by 
PNP transistors 35 and 45 to drive ear
piece 48. Typical circuit components are 
tabulated.

POLARITY dots

A capacitor FORM-FACTOR"that permits 

TIGHT CIRCUITRY DESIGN

Remote Control

Patent No. 2,871,304. Charles W. Doll- 
scheck. (Assigned to Philco Corporation.

A voltage divider across the output of 
an amplifier determines the feedback to 
the input. With a remote potentiometei 
in shunt with the voltage divider, the 
feedback may be changed to vary the 
output as desired.

Hall Effect Amplifier

Patent No. 2,877,309. Heinz K. Henish 
(Assigned to Sylvania Electric Products. 
Inc.)

Hall-effect amplifier output is increased 
by combining carrier concentration and 
carries deficiency signals in proper phase, 

An H-shaped thin semiconductor bodv 
is connected at one side by battery 24

i
)
L (
v
b
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RAYBESTOS-MANHATTAN, INC., Engineered Plastics • Asbestos Textiles • Mechanical Packings • Industrial Rubber 
Sintered Metal Products • Rubber Covered Equipment • Abrasive and Diamond Wheels • Brake Linings 
Brake Blocks • Clutch Facings • Laundry Pads and Covers • Industrial Adhesives**« Bowling Balls
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V. Doll
'on don. 
utput of 
Iback to 
tiometeJ 
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d the signal is applied at the other side. 
Lgative and positive charges flow in 
Lposite directions in legs 12 and 14. 
then the magnetic field is applied, the 
Irriers in both legs concentrate in the 
gion about p-n function 18. In addition, 
Irried deficiency exists at p-n functions 
M and 106 connected in parallel. Center- 
pped transformer 110 connects the Hall- 
tect current to the load.

quency o£ oscillation to the order of 7 
parts per million per 12 per cent variation 
of supply voltage.

Resistors R, R2, R3 and Rl are selected 
for good de stabilization and, in addition, 
Rl is small compared to the transistor 
output impedance at the tuned frequency. 
Capacitor C2 is selected to provide a 
capacitive reactance at the frequency of 
oscillation compared to the combined 
impedance of inductance L2 and input 
resistive components of the resistor. Sub
ject to these conditions, the frequency of 
oscillations is fixed solely by the values 
of the external inductances and capaci
tances and is independent of changes in 
transistor parameters or supply voltage.

T/cnw/i 
roducM

creased 
on and 
r phase, 
)r body 
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(able Transistor Oscillator
Lenf No. 2,878,386. Woo F. Chow and 
\onald A. Paynter. (Assigned to General 
lectric Company.)
Series tuned inductance-capacitance 

Etworks in the emitter and base circuits 
f a NPN transistor stabilize the fre-

New CANNON XLR plugs 
for audio and electronic uses

Serrated 
finger grips

Mor« room 
for wiring

Improved 
adjustable clamps

Improved cable 
relief bushings

Quiet—rubber 
cushioning ribs

Quit! — résiliant 
in sorts CANNON

REATER VALUE AT NO INCREASE IN PRICE 
i iproved features illustrated above give you more for 
J ur money than any similar plug on the market.

These deluxe audio plugs, in handsome satin nickel 
1 ish, give protection against disagreeable interference 

d mechanical noises. Positive latch holds firmly, yet 
ows for quick disconnect. Improved strain relief 

1 shings and cable clamps accommodate full range of 
’ crophone cables. Series includes wide variety of shell 

'es, with three and four contacts. Mates with Cannon 
mer XL series.
Like all the plugs in the complete Cannon line the
R series is manufactured of finest quality materials
reliable, long-lasting service. See the distributor

irest you or write for Bulletin XLR-3.

27,000 kinds to choose from! Call on 
Cannon for all your plug needs. If 
we don’t have what you want, we'll 
make it for you. We’re ready to 
help you at any stage—from basic 
design to volume production—with 
the largest facilities in the world 
for plug research, development 
and manufacturing. Write us 
today about your problem. Please 
refer to Dept. 438
CANNON ELECTRIC COMPANY 
3208 Humboldt St., L.A. 31, California

Where Reliability for Your Product 
is Our Constant Goal 349
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He is looking at 
the conquest of space

The man above is studying the vi
bration reaction of a Union 6 PDT 
miniature relay, at the reliability 
laboratory of Convair-Astronau- 
tics, San Diego, Calif.
Result: These Union Switch & 
Signal relays were chosen by Con- 
vair for the guidance of their 
Atlas missile, launched into orbit 
December 18, 1958.

Extreme reliability was needed 
in the Atlas guidance system, to 
insure precise control of flight. And 
the Union relay subjected to thor
ough testing, answered that need.

Part of the 6 PDT relay reli
ability can be laid to its small size 
and its clean, simple, rotary design 
which gives it fewer inherent prob
lems than other relays. In tests at 
Union Switch & Signal, it has 
proved its ability to give outstand
ing performance in critical dry-cir
cuit control applications—was ab
solutely solid to 2,000 C.P.S.atl5G!

The relay used in the Atlas is just 
one of a complete line of dependable 
relays designed by Union Switch & 
Signal. Write today for complete 
technical details.

'S/wnee/i¿ in (ñcóh-CBMon Science
UNION SWITCH & SIGNAL
DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY — 

PITTSBURGH 18, PENNSYLVANIA 
CIHCLS 173 ON READER-SERVICE CARD
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PATENTS

MILLIMICROSECOND
from PULSE GENERATOR

E-H research
laboratories for fast rise time and high 

repetition rate applications

MODEL 120 A
F. O.B. Oakland, Calif $1275

Transistor Frequency Dividers

Patent No. 2,869,002. J. G. Sperling. (As
signed to Emerson Radio & Phonograph 
Corp.)

Stable frequency division is obtained 
over a temperature range of 60 degs, in
dependent of interchange of transistors, 
using a monostable relaxation oscillator. 
The circuit is a divider when the satura
tion period of the transistor is long com
pared to the period of the applied pulses.

A positive-input pulse changes capacitor 
Ci and C2 to pennit a rapid increase in 
emitter current at substantially constant 
emitter voltage. With the transistor sat

urated, the capacitor discharges thr 
resistor R, until the emitter voltage 
to flip back the oscillator to the quit 
state.

Capacitor C2 feeds back the o; 
voltage to the input to increase the 
tivity and temperature stability o 
network.

•ips 
ent

put 
nsi- 
the I

Symbol Generator for 
Cathode Ray Tubes

Patent No. 2,873,405. Marvin C. lu rks. 
(Assigned to Bell Telephone Laboratories.

Position and velocity of a target art dis
played on the face of a cathode ray tube 
by alternately applying deflection and 
intensity modulation signals to the appro
priate electrodes. A special designed 
three deck switch rotates in synchronism 
with the radar antenna to make and 
break the individual circuits without arc 
over or crosstalk.

Analog computer 1 gives the coordi
nates of the present position of the target 
these signals go directly to the secondaries 
of the output transformers 35 and 36. 
Deck 15 is open to cause CRT 11 to cut 
off and tubes 25 and 26 conduct to dis-

The E’H Model 120 A is a completely new all-electronic 
instrument featuring fast rise time, high repetition rate, two 
high level outputs, and flexible drive and gating features.
FOR EXAMPLE:

• Rise time (10% to 90%)... less than 2.5 millimicroseconds

• Pulse width-2.5 to 25 millimicroseconds

• Repetiton rate -10 cps to 10 Me, continuous below 1 Me
• Outputs-two independent 0-8 volt outputs

• Flexible-external or internal drive, provision for fast 

external gating.

Other specifications you will be interested in checking and 
comparing are:

electronic gate input
gating time-less than 100 millimicroseconds
amplitude required - +20 volts

y external or internal drive - 10 cps to 10 Me

j 15 volt, 50 millimicrosecond sync, output pulse

J power requirements -105-130 volts, 50.60 cps, 200 watts

for additional information, write or wire ... —1

E-H RESEARCH LABORATORIES 
1322 park Blvd. • cLEHCouar 2-0732 • Oakland a. California

NEW CONSTRUCTIONS OF

ALPHLEX® ZIPPER TUBING

PROVIDE GREATER

VERSATILITY

stock sizes Vz" to 4" I.D. 
IMMEDIATE DELIVERY 
WRITE FOR FREE CATALOG E-3

Alphlex Zipper Tubing is the modern 
way to harness, cable and protect wire 
Just zip to close—and just zip to re-open! 
If you wish, permanent seal. Saves you 
time, labor, money. Strong, flexible, 
durable. Versatility unlimited.
ZIP-31: polyvinyl sheet made from 
MIL-I-63 IC materials. All-purpose type, 
for general applications to 105°C.
ZIP-44: polyvinyl sheet made from 
MIL-I-7444A materials. Extremely flexible; 
for aircraft and low-temperature uses to 
—67°C.
ZIP-50: "sandwich" of aluminum foil 
laminated between 2 sheets of polyvinyl. 
For 100% RF shielding applications to 
105°C.
ZIP-90: polyvinyl bonded to woven 
fiberglass sheet per MIL-I-3190A. For 
rough usage, abrasion resistance, and 
high-temperature uses to 130°C.

ALPHLEX < insulation TUBING
Division Alpha Wire Corporation 

I 200 Varick Street
New York 14, N.Y.

Electrometer Amplifiers • Millimicrosecond Coincidence Units • Millimicrosecond Pulse Generators 
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SERIES P
Relays
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the

7 . FOR 1 MA DC

E*usE*E*ak

‘Subject to 
change without 
notice.
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ent

WRITE TODAY FOR LITERATURE

rust industrial co., inc
130 Silver Street, Manchester, N. H.
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RELAYS
DECK 
GOT SIG

TO CATHODE 
CIRCUIT OF 
CA THODE GAY 

TUBE

harge capacitors 22 and 24.
Switch 12 moves to the next positior 

md blade 18 inserts potentiometer 32 
oltage to shut off tubes 25 and 26 and to 
jut the CRT beam “on”. Position data is 
lifferentiated in circuits 2 and 3 and the 
oordinates of velocity charge capacitors 
2 and 24 feeding the cathode followers

33 and 34. Position and velocity signals 
combine in the transformer secondaries 
to produce a linear display originating at 
the present target position and directed 
to its predicted path.

Switch 12 moves to the next position 
and the cycle repeats to maintain the 
persistence of the display.

here is the world’s smallest and simplest 
strip chart recorder!

new recorder $6 Q50

• AMPLE STORAGE: Contains 63-ft. chart jolt, or 31 clays’ recording at one 
inch per hour. Useful chart width 2 9U".

• ACCURATE: Galvanometer pointer swings free for maximum accuracy, 
being clamped briefly for marking.

• INKLESS: Recording process is completely dry, utilizing special pressure 
sensitive paper. Method provides remarkable definition.

• RECTILINEAR: Advanced design provides true rectilinear recording free 
from distortion.

• RELIABLE: Positive synchronous motor drive with sprocket engaging 
holes in paper for accurate time indication.

• VERSATILE: Portable or panel mounting models. Stocked in a variety of 
scales and chart speeds.

FOR ELECTRONIC AND 

COMMUNICATIONS APPLICATIONS

stmts p

Engineered to provide extremely fast action with high 
sensitivity, freedom from bounce and excellent stability, 
“Diamond H” Series P Polarized Relays give consistent 
performance with low distortion. Under some condi
tions they will handle over 1,000 pulses per second.

Magnetically latched SPDT, with two independent 
coils, Series P Relays are available with various coil 
resistances from 10 to 4,000 ohms each coil. Contact 
ratings will vary with switching speeds desired, but 
range from 60 milliamperes to 2 amperes.

Extremely compact, to save space and weight, they 
fit standard octal sockets. Their impact and vibration 
resistance is excellent for relays of this type, thanks 
to extra-rugged construction.

“Diamond H" engineers are prepared to work out a 
variation to meet your specific requirements. Write or 
phone us your needs.

THE 
TT A T>Fil MANUFACTURING 
XlxXXV X COMPANY

210 Bartholomew Ave., Hartford, Conn. 
Phone Jackson 5-3491

CIRCLE 177 ON READER-SERVICE CARD



NEW PRODUCTS Covering all new products that might gener
ally he specified by an electronics engineer 
engaged in the design of original equipment.

CIRCLE 179 ON READER-SERVICE CARD

MAX

020
MAX

Dorsett Laboratories, Inc., Dept. ED, 401 Boyd St, Box 862, Norman, Okla.
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card rack applications. The 0-8 unit is a subminiature unit, about 1 
the remote location of alignment Controls.

Oscillators Designed for Telemetering

Models 0-7A. 0-7B and 0-8 silicon transistor, voltage controlled subcarrier oscillators are de
signed for aircraft and missile telemetering applications. The first unit is available in all seven 
0.5% IRK» channels with a 5 v input range sensitivity for full channel deviation. It weighs less 
than 5 oz and is about 3 cu in. in size. The model 0-7B is a printed card version for plug-in

Low Leakage Silicon 
Diodes Operate at 200 C

These diodes can be used in ambient temperatures up to 
200 C. Hermetically sealed, they have low leakage at 150 C 
Maximum working voltage is 300 v and forward conductance 
ranges up to 200 ma at ±1 v. The diodes are designed specifi 
cally to meet military high reliability programs.

Silicon Transistor Corp, Dept. ED, Carle Place, N.Y.

Resistor Is Light Sensitive

This light dependent resistor has a re
sistance ratio in excess of 25,000 to 1 for 
a light intensity change from total dark
ness to 1400 ft-c. The unit consists of a 
cadmium sulfide cell with silver elec
trodes. It eliminates the need for high 
amplification stages and has an inter
minable service life. Among its applica
tions is the control of cathode ray tube 
brightness.

Ferroxcube Corp, of America, Dept. 
ED, Saugerties, N.Y.



Meter Fits in 1 /2 in. Mounting Hole

PRECISION 
TRIMMER 
PISTON 
CAPACITORS

laving a 1/2 in. barrel diameter, the model S-10 
janel meter is available for both voltage and cur- 
ent measurements. Its ranges are: 0 to 200 and 

5(M) |iamp de; 0 to 1, 5, 10 and 20 ma de; 0 to 15 
Ind 100 v de; and 0 to 150 v ac. The unit has a 
blear plastic front measuring 5. 8 x 5/8 in. and a 
khielded moving coil movement. It is adaptable to 
miniature transistorized circuits.

Alco Electronics Mfg. Co., Dept. ED, 3 Wolcott 
f\ve., Lawrence, Mass.

CIRCLE 181 ON READER-SERVICE CARD

Thermal Relay Takes 50 g Shock

Me Io take 50 g shock for 11 msec, the type PT 
berm I time delay relay has an operating time 
ielay from 3 to 60 sec. It can operate under 
dbrati >n of 20 g up to 2000 cps and has no reso
nance iclow 2000 cps. Delay of unit is set within 

to *5%. fleets of temperature are held within ± 15% 
)ver t e range of —65 to -|-125 C. Hermetically 
Jaleel n a 1-3/16 x 2-1/2 x 3/4 in. case, the relay 

B- veigh a maximum of 2-1/4 oz.
Controls Inc., Dept. ED, Okner Parkway,

■avinc on, N.J.
CIRCLE 182 ON READER-SERVICE CARD
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UNCOMPROMISING DESIGN AND CONSTRUCTION
UNCOMPROMISING ACCURACY AND RELIABILITY

PATENTS PENDING

Precision bore special process glass or quartz die
lectric cylinder with specially fitted tuning piston pro
vides the minimum air gap (.0002" maximum) for 
linear tuning.
(No compromises here that must be compensated for 
by substitution of expanding core type piston.)

Painstaking assembly of precision-machined bushing 
and full-threaded anti-backlash adjusting mechanism 
insures perfect coaxial alignment of piston inside cyl
inder for all adjustments. Result: No tuning reversals. 
Absolute repeatability.
(No compromise here with direct traveling mechanism 
that requires additional encumbering parts leaving no

5X actual site
model VC20G

room for vital anti-backlash spring... or square adjust
ing shaft threaded only at corners and having short 
rotational life.)
Gold plating over special JFD alloy plating enables 
all metal parts to withstand 50 hour salt spray test 
and provides superior R.F. conductivity.
(No compromise here with porous silver-plating which 
permits corrosion of base metal.
Screwdriver adjust slot (or hex socket) recessed within 
well for ease of location and blind hole tuning.
(No compromise here with protruding adjusting shaft 
which adds to overall length of capacitor and lacks 
ease of tuning.)

actual size
' model VC20G

0.8 mmf. min. — 8 5 mmf. mo«.

<4 Jk
actual size

SEAlCAP
* model SCI33

0.8 mmf. min.—8.5 mmf. ma«.

Some fine features of model VC 20G 
Plus permanently sealed interior 
construction that seals out moisture 
and humidity.

There’s more to trimmer design and construction than 
meets the eye. Look inside and see why JFD precision- 
engineered Trimmer Capacitors speak for themselves 
... in ultra tuning linearity ... in high stability ... in 
tuning repeatability... in shock and vibration resis
tance ... in smooth, uniform tuning resolution ... in 
compactness and high Q. Millions in daily use in 
thousands of proven applications best tell their story 
of uncompromising performance.
Write today for engineering data bulletins describing 
Models VC20G and SC 133, and ail other JFD Trim
mer Capacitors.

PHONE DEWEY 1-1000

Pioneers In electronics since 1929

•JFD ELECTRONICS CORPORATION

6101 Sixteenth Avenue, Brooklyn 4, New York

JFD International, 15 Moore Street, New York, New York JFD Canada Ltd., 51 McCormack Street, Toronto, Ont, Canada
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NEW PRODUCTS
Precision Frequency 

Standard

Has 5 x IO10 per day stabili, y

RUGGE D
IN THE ROUGHEST, TOUGHEST RIDES, 
LEAR SERIES 1080 GYROS ASSURE CONTROL

Demanded by extreme vibration in missile 
environment: a small, rugged, reliable vertical 
gyro providing maximum performance.
Successfully engineered by Lear: a compact 
two-degree-of-freedom vertical gyro with 
proven high quality at low cost.

Precision frequency standard 
model JKFS-1100T has a stability ol 
5 x 10'° per day. It is fully transis
torized with a double proportional 
control oven and operates from 2-1 
to 32 v unregulated de. Output is 1 
v into 50 ohms at 1 me and 100 kc 
dimensions are 6 x 4-3/16 x 12-1/2 
in.; and weight is 9 lb. A companion 
power supply, the JKF’S-llOOTP, is 
available to operate from 115 v ac 
with self-contained standby bat
teries.

The James Knights Co., Dept 
ED, Sandwich, Ill.

CIRCLE 184 ON READER-SERVICE CARD

SERIES 1080 GYROS WILL MEET YOUR APPLICATION REQUIREMENTS FOR 
DIRECTIONAL OR FREE GYROS AS WELL AS VERTICAL GYROS.

LEAR 1080 SERIES DISPLACEMENT GYRO

LEAR
C-5

Electrically Variable Delay 
Lines

Provides delays to 12 psec
For carrier or pulse type applica

tions, these electrically variable de
lay lines are rated at frequencies to 
40 me and provide delays to 12 psec 
The delay-bandwidth product 
ranges from 2 to 6 mc-psec. Infinite 
steps of delay variation up to 50< 
of total delay are provided by a 
control winding, using either de or 
ac current. The units can perform 
the phase of frequency modulation 
function in mobile or fixed transmit
ters. They may also be used in sell
correcting or feedback systems per
mitting the automatic adjustment of 
time delay or pulse position.

General Electric Co., Heavy Mili
tary Electronics Dept. Dept ED 
Court St. Plant, Syracuse, N.Y

CIRCLE 185 ON READER-SERVICE CARD 
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Magnetic Multiplexer

High speed
Tl s multiplexer can sample low 

level voltages at a rate of 5000 
channels per sec. It has an operat
ing life of 20,000 hr and takes up a 
minimum of space, with a 1000 
channel unit occupying 12 cu in. 
and weighing 5 lb. The device can 
be used in the high speed multi
plexing, without preamplification, 
of strain gages, thermocouples, and 
potentiometers. It can also be used 
in missile telemetry, aircraft log
ging systems, and automatic check
out systems. At present, the unit is 
available for operation in restricted 
temperature environments.

Cubic Corp, Dept. ED, 5575 
Kearny Villa Rd, San Diego 11, 
Calif.
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DC to DC Converter

Has 150 w output
This hermetically sealed, static dc 

to dc converter is designed for use 
in portable test, emergency, and 
airborne equipment. It has a maxi
mum multiple output of 150 w, line 
regulation of ±1%, and a 28 v dc 
input. It is short circuit proof and 
measures 5 x 3.5 x 3.7 in.

Magnetic Research Corp, Dept. 
ED, Hawthorne, Calif.
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Pigtail Connectors

Solderless
Th* se nylon insulated solderless 

conn< ctors are closed end devices 
for pigtail splicing of two or more 
wires. The inserted wires are 
crinij ed in a single operation, and 
the splice is permanently anchored 
and insulated. Type NC-1610 takes 
any > umber and combination of 
wires otaling 16 through 10 AWG, 
and 
totali

Ek 
Inc., 
Clev<

CIRC

vpe NC-2214 accepts wire 
$ 22 through 14 AWG.
trix Terminals & Connectors, 
)ept. EI), 990 E. 67th St, 
md 3, Ohio.
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On December 18, 1958. the world entered a new era of communications with the successful orbiting 
of an Atlas ICBM—the Talking Satellite that broadcast President Dwight D. Eisenhower's Christmas 
message to the world. Circling the earth at a speed of more than 17.000 mph. the Talking Satellite 
repeated the President's message, erased it, and received and rebroadcast new messages in both 
voice and code.

ESC

ESC Corporation is justifiably proud that its delay lines were selected to aid in this electrifying 
triumph for America ^nd her electronics industry. Especially designed by ESC. these delay lines 
were used in the timing sequence for propulsion, the guidance system and the telemetering system

As America's largest manufacturer of custom built and stock delay lines, ESC has continually met 
the responsibility of leadership by providing virtually every type of delay line needed by defense 
and industry. If you have a delay line problem, let ESC's design staff suggest a custom-built answer.

CORPORAT I Q N 534 BERGEN BOULEVARD PALISADES PARK NEW JERSEY

Distributed constant delay lines • Lumped constant delay lines • Variable delay networks • Continuously variable delay lines • Pushbutton decade delay lines • Shi*t 
registers • Pulse transformers • Medium and low power transformers • Filters of all types • Pulse forming networks • Miniature plug in encapsulated circuit assemt es

WRITE TODAY FOR COMPLETE TECHNICAL DATA

exceptional employment opportunities for engineers experienced n computer components excellent profit sharing plan



NEW PRODUCTS

For scanning transducers

scanning transducers, the

NOW EXCLUSIVELY VACUUM MELTED
CIRCLE 192 ON READER-SERVICE CARD

Latch

DRIVER-HARRIS COMPANY

124

Stays flat against container

For use

KARMA High Resistance Alloy 
THERLO Glass Sealing Alloy

ELECTRONIC DESIGN • June 10, 1959

This dramatic “first” in the manufacture of nickel alloys by 
Driver-Harris has been achieved by expanded vacuum melt
ing capacity. It is still another example of our continued 
leadership in producing electrical and electronic nickel alloys 
of the highest purity.
D-H vacuum melting produces alloys of higher ductility and 
tensile properties. These are achieved by greatly reducing 
inclusions, especially oxides and nitrides. Other direct bene-

fits are elimination of gas, not only from the surface but 
from the entire mass, and general improvement in the elec
trical, electronic and mechanical properties to meet critical 
specifications.
For additional information about Karma, Therlo and the 
other 130 high-nickel alloys manufactured by Driver-Harris, 
write for a copy of the D-H Alloy Manual.

*T.M. Reg. U.S. Pat. Off.

MAKERS OF THE MOST COMPLETE LINE OF ALLOTS FOR THE ELECTRICAL, ELECTRONIC, AND HEAT-TREATING INDUSTRIES
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Switch has applications in telemetering, dynamic 
force and pressure studies, and multipoint data 
gathering. The device uses a 10 channel beam 
switching tube that switches at a preselected rate 
up to 1 me. The switching pulses provide a carrierl 
for transducers. The unit has a high signal to noise] 
ratio and may be used with linear displacement 
or torque transducers, strain gages, thermistors, 
and capacity pickups. It can be adapted foil 
printed readout or used with an oscilloscope.

Control Devices, Inc., Dept. ED, 925 S. EtonI 
Birmingham, Mich. I

VACUUM MELTED KARMA* High Resisfanc, Wire
The temperature coefficient of superior KARMA resistance 
wire has been improved to less than ±10 parts per million 
from —60 C. to + 125 C. Higher stability and linearity are 
added to these important properties.

• Low thermal EMF against copper (equaled only by 
Manganin)

• Improved ductility
• High resistance to oxidation 
' Wire sizes down to .0005" 
* 800 ohms per circular mil foot

VACUUM MELTED THERLO* Glass Sealing Allay

Improved workability is the major result of vacuum melting 
THERLO... the long established cobalt, nickel, iron alloy 
for sealing to hard or thermal shock resistant glass.
THERLO also:

• Produces a permanent vacuum-tight seal with simple 
oxidation procedure

• Resists mercury
• Is readily machined and formed—deep drawn or spun
• van be welded, soldered, brazed
• Is available as rod, wire, strip, sheet foil—and in 

special shapes • *

HARRISON, NEW JERSEY • BRANCHES: Chicago, Detroit, Cleveland, Louisville
Distributor; ANGUS-CAMPBELL, INC., Los Angeles, San Francisco - In Canada The B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario

The Hook-Lock is a springless latching device 
for use on military cases and commercial contain
ers. Standard units provide a closing pressure d 
200 lb and a load carrying capacity of 7.50 lb 
Open or closed, the Hook-Lock lies flat against 
the container on which it is mounted, extending 
7/16 in. at its thickest point. It is impact and shock 
proof and withstands high impact blows directly 
on the fastener. It is unaffected by arctic tempera 
tures.

Simmons Fastener Corp., Dept. ED, N. Broad I 

way, Albany 1, N.Y.
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NEW

HiPAC
PRECISION
SWITCHES

STUB PLUNGER - typ« S2A6G1

ff

Broad-
Folcroft • Pa.
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HETHERINGTON INC.

device 
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[ shock 
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Power Inverter 

Transistorized

Frequency Converter

Has 15 cps to 40 kc range

ELEC TONIC DESIGN • June 10, 1959
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it data 
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Type 2A improved frequency converter has a 
15 cps to 40 kc range and an output current up to 
2 ma. It is adaptable to all types of pulse gen
erating transducers, and, with the output current 
range extended, it can be used for recorders, com
puters, digital indicators, milliameters, and data 
handling equipment. It has ±0.1% stability, 0.2% 
overall accuracy, and a 0.5 msec time constant. 
Power requirements are 115 v, 60 to 1000 cps and 
35 w, and line voltage may vary ±10% without 
affecting accuracy. The unit is mounted on a chas
sis 5 x 11-1/2 x 6 in. and is also available in 19 in. 
relay racks 3-1/2 in. high and 9 in. deep.

George L. Nankervis Co., Cox Instruments Div., 
Dept. ED, 15300 Fullerton Ave., Detroit 27, Mich.
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ainst

Transistorized power inverter model 801 fur
nishes a square wave output of 20 va at 117 v ac 
when operating from a 12 v dc source. Designed 
for airborne and ground support equipment, it 
has 8 © overall efficiency and 5% load regulation 
bom ialf to full load and —55 to +95 C. Stand
ard i nits have miniature 7-pin plug-in type 
head< s, but hook or eyelet types can be supplied. 
The ( »oxy encapsulated components are packaged 
in a ' IL-T-27A Type EB case 2-7/16 x 1-5/16 x 
f o/1* in. The inverter meets MIL-E-5272B re
quire । ents and weighs 1 lb.

Mt olog Corp., Dept. ED, 169 N. Halstead St., 
Pasad na, Calif.
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PIN PLUNGER - lyp. S2A6A1

LEAF-SPRING - typ« S2A6B1

ROLLER LEAF - typ« S2A6C1

HINGED RIGID LEVER 
- typr »A6D1

Series S2A

LONG HINGED ROLLER 
LEVER - type S2A6E1

SHORT HINGED ROLLER 
LEVER - typ« S2A6F1

PANEL-MOUNT PLUNGER 
- typ« S2A6H1

take on high current 
in control and indicating 

circuits

Hetherington’s new HiPAC Precision Switches 
represent the latest refinements of the switch
makers’ art. Compact and precision made in every 
detail, these small high-current switches provide 
carefully controlled force and movement charac
teristics for unsurpassed repeatability in critical 
applications. One-piece blade actuators of selected 
beryllium copper operate against solid silver con
tacts to give long, stable mechanical and electrical 
life with uniformly low contact resistance.

Here’s a capsule run-down on the new Series 
S2A Switches: rated at 20 amps., 125/250 volts 
ac, 1 and 2 horsepower ac; U.L. Inspected; SP-DT 

circuit; unusually rigid ammonia-free phenolic 
case; interchangeable with other precision 
switches of equivalent ratings; built-in safety limit 
to prevent over-travel damage to blade; molded-in 
barriers to provide long creepage paths and posi
tive separation between terminals and leads.

HiPAC Precision Switches are available with 
any of eight actuators. Prompt delivery of samples 
may be obtained from over 50 leading electronic 
parts distributors — use part numbers shown 
above to order. For complete specifications, write 
for Hetherington Bulletin S-9.

A CONTROLS COMPANY 
OF AMFRICA SUBSIDIARY



A POUND
OF PERFORMANCE

INA
0.4-0UNCE UNIT

Into its diminutive Crystal Case Relay Wheelock Signals 
packs a bipolar magnetic coil structure, a DPDT contact 
assembly, low coil power and superior environmental stability.

The entire assembly is terminated in a superior glass-to-metal 
header and the case is then secured to the header by 
positive hermetic seal techniques.

Observe ! The end product is an astounding item of space age
engineering 

reliability ... as light as an autumn leaf as tiny as an 
elf with the survival potential of a bulldog and the 

consistent reliability of Tuesday.

providing a full measure of performance and

In your airborne equipment, isn't there a place now awaiting 
these functional benefits?

Crystal Case Relays by Wheelock Signals are available in a 
wide selection of voltage ratings, termination styles and 
meet a variety of mounting methods.

LONG BRANCH, N. J.

Write for Bulletin 160-1.

126
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NEW PRODUCTS
DC Power Supplies

Fast response
. y ft v*£**1

Series TRM de power supplies have magnetic
amplifier regulation and high speed response. 
They cover a range of voltages between 5 ant 
160 v for loads of up to 120 amp. A static loac 
change from zero to rated maximum causes the 
de output voltage to deviate less than 0.1% or 
50 mv, whichever is greater. Regulation is the 
same for line voltage variations of ±10%. Capaci
tor banks range from 0.03 to 1.6 f, and ripple is 
less than 1% rms in all models. A pair of 4-1/2 in. 
rectangular 2% accuracy meters is standard equip
ment.

NJE Corp., Dept. ED, 345 Carnegie Ave., Ken
ilworth, N.J.
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Ferrite

For magnetic cores

Highly permeable and machinable, ferrite 
MN-30 is suitable for use in magnetic cores at 
frequencies up to 500 kc. It can be furnished in cc 
virtually any size and shape with dimensional tol- ]q 
erances of ±0.001 in. Density ranges from 4.9 to p( 
5 g per cc; initial permeability at 21 C and 5 kc ei 
is 3000; and maximum permeability at 2000 gauss a 
is 6000. Flux density at 7 oersteds is 4250; Curie f0 
temperature, 180 C; and loss factor, 7.5 x 10-6 at a 
50 kc and 30 x 10^ at 500 kc.

Kearfott Co., Inc., Dept. ED, 1500 Main Ave., £ 
Clifton, N.J. di
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2 ALLIED CONTROL
Sensitive Relays

equip-

Operates on IRIG and higher bands

furnished forpressures

FC-60

MH-12D

a volt

ALLIED CONTROL
ALLIED CONTROL COMPANY« INC.« 2 EAST END AVENUE, NEW YORK 21, N. Y.

Pressure to Frequency 
System

recision sweep generator, and 
ge comparator.
Id Electronics Corp., Dept.

j 4.9 to 
id 5 kc 
0 gauss 
; Curie 
1(H at

ferrite 
ores at 
shed in

ED, 5th and Lehigh Ave., Phila 
delph i 32, Pa.

use at any of a number of IRIG 
bands as well as still higher fre
quencies. The stable fm system is 
shock and vibration resistant and 
linear within ± 1%.

Ultradyne, Inc., Dept. ED, P.O. 
Box 3308, Albuquerque, N. Mex.
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Designed as a rugged sensitive 
relay Allied’s type RSH is available 
with a variety of mountings 
including plug-in connections.
Although the contact rating is 2 
amperes special contacts are 
available for low level applications.

lagnetic 
espouse, 

5 and 
tic load 
ises the 
0.1% or 

is the 
Capaci-

Signal Generator

Pr vides ±0.05% rf settability
Sig ial Generator type 225-A af

fords rf settability of better than 
¿0.0»%; rf stability of 0.001% for 5 
min and 0.001% at 30% am; and fm 
modulation from an external oscil
lator. It incorporates a backlash free 
¡gear drive and a precision machined 
piston attenuator. Because of its fm 
modulation above 130 me, this gen
eral purpose unit may be used for 
testing and calibrating fm commu
nication systems in the 160 and 450 
me bands. It has a 10 to 500 me rf 
range; a 0.1 uv to 0.1 v rf output 
range, and a 0 to 30% am range. The 
fm range is 0 to between 5 and 60 
kc deviation, depending upon fre
quency, in the 130 to 500 me range.

Boonton Radio Corp., Dept. ED, 
Boonton, N.J.
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Sweep Frequency Test Set

Measures gain, loss, and vswr
Sweep frequency test set 1707 

provides accurate quantitative and 
eomp< rative measurements of gain, 
loss, md vswr in terms of dbm, 
powe; voltage, and the db differ
ence between two levels. It includes 
a cry al controlled marker genera-

Model PFS-2 pressure to fre
quency' system measures a wide 
range of absolute, gage, or differen-

Sensitive. dependable and 
reasonably priced, Allied’s type 
SW incorporates a metal to metal 
hinge piece giving maximum 
sensitivity in a small compact 
construction. This relay is available 
with a variety of mountings 
including plug-in construction 
or solder type terminals.

IRC 202 ON READER-SERVICE CARD
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TYPE RSH TYPE SW

Sensitivity
SPDT—22 milliwatts 
DPDT—40 milliwatts

SPDT 3 to 50 milliwatts 
SPDT 12 to 50 milliwatts

Contact Rating 2 amperes resistive at 29 
volts d-c or 115 volts a-c

1 to 5 amperes resistive at 
29 volts d-c or 115 volts a-c

Vibration
10-55 cps at .06 * double 

amplitude 55-500 cps at 10 g
10-55 cps at .02 ’ to 0.1 * 

double amplitude

Shock 50 g 10 to 40 g

Temperature Range —65°C to +125®C —55°C to 4-71 °C

Enclosure Hermetically sealed Hermetically sealed, 
dust cover or open

Overall Dimensions 1H'x%'x 1&* 2MT x IKs'x 1H*

Values will vary depending on sensitivity



NEW PRODUCTS

«•*

Representatives in Canada and Other Foreign Countries
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Daystrom Transicoil has whittled the null output 
voltages of its Size 9 and 11 Motor Generators down 
to a slim 0.003 and 0.006 respectively. Signal to noise 
ratio gets a big boost up to 120:1 for Size 9 and 100:1 
for Size 11. Linearity is within .25%. A wide range 
of gear ratios can be furnished.

Complete specifications with drawings and charts 
are yours for the asking. Other types and sizes of 
motor and motor generators are also available. And 
be sure to get complete details on our new synchro

line. Daystrom Transicoil, Division of Daystrom, 
Inc., Worcester, Montgomery County, Pa. Phone: 
JUNO 4-2421. In Canada: Daystrom, Ltd., 840 
Caledonia Rd., Toronto 19, Ont. Foreign: Daystrom 
International Div., 100 Empire St., Newark 12, N.J.

ELECTRONIC DESIGN • June 10, 1WJ

Designed for piv measurements, the model 
CS-120 current governor is a programmable con 
stant current source with a 0.1 pa to 10 ma range 
from 0 to 2200 v de. Current is set to five places

Delay Line Boxes

Provide delays to 12.6 psec

Current Governor 

For piv measurements

Model 443 binary delay line boxes are lumped 
constant delays which may be set to any delay 
with a precision of 0.8% of the maximum value. 
The switching arrangement disconnects the un
used portion of the delay, thereby eliminating re
flections. Seven models are available providing 
delays to 12.6 psec, impedances of 100 and 500 
ohms, and rise times of 0.3, 0.1, and 0.05 psec. The 
units may be used in laboratory instrumentation 
or as substitute delay line components.

Valor Instruments, Inc., Dept. ED, 13214 Cren
shaw Blvd., Gardena, Calif.
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by decade knobs arranged to provide a digital 
in-line readout. Line and load regulation are better 
than 0.05%. Peak inverse and Zener voltage meas 
urements on rectifiers can be made at controlled 
current, and dynamic impedance can be measured 
by modulating the current and measuring ac volt
age across the diode. The unit is 19 x 8-3/4 x 15 
in. and weighs 40 lb.

North Hills Electric Co., Inc., Dept. ED, 402 
Sagamore Ave., Mineola, N.Y.

CIRCLE 205 ON READER-SERVICE CARD

MOTOR GENERATORS
HOLD DOWN OUTPUT NULL TO 0.003 AND 0.006 V.
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For vibration testing
For ast accurate equalization of 
ndon or complex wave energy 
iring a vibration test, this system 
insist of the model ESD-20 equal
ing s\ stem and the model ASD-20 
lalyzing system. The ESD-20 di
jes the spectrum of random or 
implex vibration signals into 26 
.parafe frequency bands, each con- 
iiuously and independently adjust- 
ile in amplitude. The up and down 
osition of vertical motion atten- 
ators show the approximate spec- 
um of the equalized system. The 
SD-20 analyzes the average accel- 
ation power spectral density of 

0 separate frequency-bands in the 
utput response of a vibration test 
ystem.
Ling Electronics, Inc., Dept. ED, 

937 W. Jefferson Blvd., Culver 
'ity, Calif.
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New in looks, new in efficiency, and forerunner of a great new line of 
MB vibration exciters... that’s the new Model C125.
Once again leading the way, MB has achieved a radical step-up in magnetic circuit 
efficiency. This new shaker, barely larger than its predecessor, develops 10,000 pounds 
force output...a 43% gain! Conversely, it calls for less amplifier power than any 
other electrodynamic shaker of comparable force.
Leading companies in missiles, aircraft and electronics look first to MB for progress in 
complete vibration test systems. It has been that way for almost 15 years. Our 
“encyclopedia” of vibration experience is yours to draw on... as is the 
largest, national, field service staff of specialists. Send for full data.

Pioneer and leader in the field of vibration

MANUFACTURING COMPANY
A DIVISION OF TEXTRON INC., 1058 Stat« Street, New Haven 11, Conn.

’.D, 402

Pressure Transducer

Has Bourdon tube movement
Model 717 pressure transducer 

as a Bourdon tube movement to 
ssure operation to 35 g at 2000 cps 
ibration. It has a —65 to ¿-200 F 
imperature range, 0 to 400 to 0 to 
000 psia pressure ranges, 1 to 10 K 
esistances, and a 1.5 w rating at 
65 F.
Bourns Labs, Inc., Dept. ED, P.O. 

lox 2112, Riverside, Calif.
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New breakthrough in 

vibration exciter 

performance! ।

uinped 
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station

Silicone Rubber

For capacitor seals
Typ< MS 90C00 is a tear resistant 

ilicont rubber meant for capacitor 
eals. 1 has a low compression set 
nd hi h hardness and will not con- 
amina j dielectric fluids. Bushing

I Cren-

nd v\ 
ished 
ruded 

Mox 
:d, h

CIRCI

sher type seals can be fur
in molded-to-shape or ex- 
md-cutoff forms.
ess Products, Inc., Dept, 
iana St., Racine, Wis.
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43% more 
force output. r. 
More efficient 
utilization of 
power amplifier!

C CLE 210 ON READER-SERVICE CARD ►



NEW PRODUCTS

Has direct readout
19-

Type W relays are rated up to

Ie

1

$300

CARD

1er

Price*

Crystal controlled
megacycles—to 250 megacycles on harmonics.

quency meter.

or
’g

Dept. 
Cleve-

Write for 
Kay Catalog 
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»01

av

en
eei

Gilmore Industries, Inc., 
ED, 13015 Woodland Ave., 
land 20, Ohio.
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DR® Meters

A demonstration or technical literature 
is available at your request 

INSTdUMKW 
'OR RESEARCH AND DEVELOPMENT

MODEL 1715

SINE-WAVE
SQUARE-WAVE
GENERATOR
Covers a wide frequency range of 
20 cps to 1 megacycle—both sine
wave and square-wave. Sine wave 
total harmonic distortion is below 
1%. Square wave rise time is less 
than 0.1 microseconds.

$495

MODEL 295X

$554

The Hickok Electrical Instrument Company • 10514 Dupont Ave. • Cleveland R, Ohio
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NEW 
SQUARE WAVE 
GENERATOR
Frequency range of 1 cps to 1 megacycle.
Rise time of 0.02 microseconds.
Highly stable.
Voltage regulated. 
New centerline construction improves 
reliability.

MODEL 710

MICROVOLT and
CRYSTAL
CONTROLLED
GENERATOR
Continuous frequency coverage 
from 125 kilocycles to 175 mega
cycles on fundamentals. Direct 
reading. Vernier tuning. Metered 
output from 0.1 to 100,000 micro
volts—No external pad required.

RF oscillator 400 kilocycles to 20

Digital Indicator and 
Force Calibrator

Portable model 170 digital indi
cator and force calibrator is a self- 
contained, continuously and auto
matically balanced digital servo in
dicator that uses no batteries or 
standardization. It can serve as a 
highly accurate field indicator or as 
a calibration standard for weight, 
force, and thrust measuring systems.

Type No.
Connection Available with 

Delivered Coupling ElementsFreq. Range

SL 7510 1.10-1.70 kmc Coaxial only, plus crystal diode $550.00
SL 5815 1.55-2.50 kmc Same as SL 7510 495.00

SL 5212 2.50-4.00 kmc Waveguide, coaxial, crystal 
diode and combinations

450.00

SL 5590 3.30-4.90 kmc Same as SL 5212 450.00
SL 5174 3.80-5.90 kmc Same as SL 5212 450.00

SL 5585 5.40-8.60 kmc Same as SL 5212 425.00
SL 7100 7.05-11.2 kmc Waveguide, coaxial, crystal 

diode and combinations
425.00

SL 5205 8.20-12.4 kmc Same as SL 7100 325.00

SL 7095 12.4-18.0 kmc Waveguide only 395.00

Relays

Rated up to 10 amp

10 amp and are available from spdt 
to 3pdt in all standard ac or dc 
voltages. They can be supplied her
metically sealed or open for am
bients to 125 C or in a dustproof 
polystyrene case with an 8 or 11 
pin base. Open size is 1.75 x 0.937 x 
1.187 in. and dustproof size is 2 x 
1.4 x 1.4 in.

Globe Electrical Mfg. Co., Dept. 
ED, 1729 W. 134th St., Gardena, 
Calif.

CIRCLE 213 ON READER-SERVICE CARD

lie 
>ro 
qi 
he 
esi 
ar

;r 
!-w 
on 
5 
ire 
igl

DIRECT-READING 
DIGITAL FREQUENCY 

METERS 11 
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Accuracy: Better than ±0.1%.
Temperature Coefficient: Zero at midband; ±8.10-‘/'C at upper and lower ends.

‘Prices are f.o.b. factory and include all coupling elements available for that fre- 
Write for prices of meters alone or with selected coupling elements.

Dept. ED-6 Maple Avenue Pine Brook, N. J. CApital 6-4000
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More and more tube users in all areas of indus
try are gaining similar benefits of long-life relia
bility found throughout Tung-Sol/Chatham tubes. 
You can too! When you need replacements . . . 
the next time you order new electronic equipment, 
specify Tung-Sol/Chatham tubes! For further in
formation, to fill a special socket, contact: Chatham 
Electronics, Division of Tung-Sol Electric Inc., 
Newark 4. New Jersey.

and 15 amp, 250 v. Three models

ave 6'
vith 0
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Tung-Sol/Chatham tubes operate 
43,000 hours - more than five years

Stamp on top of bulb clearly shows date Bell Laboratories installed Tung-Sol/Chatham 5R4WGY 
rectifier tubes. September 9. 1958, five years, over 43,000 hours later, the tubes were removed.

Bell Laboratories, Murray Hill, New Jersey — re
search and development center for new and better 
telephone components — recently removed two 
Tung-Sol/Chatham 5R4WGY rectifier tubes, fore
runner of the improved 5R4WGB, after more 
than five years of unbroken, high-quality operation.

Records revealed that on March 20, 1953, Bell 
Laboratories installed the rectifier tubes in a fre
quency distribution amplifier operated at Murray 
Hill. Removal date: September 9, 1958, more 
than five years and 43,000 service hours later. 
Comparison with the normal 5R4WGY warranty 
of 500 hours underscores the extraordinary per
formance of these Tung-Sol/Chatham tubes.

units meet MIL-E-5400 requirements and 
• 110 teeth. Standard units are 96 pitch 

0.12, or 0.125 bores. Overall length is
i the clamp-on version.
i Mechanisms Corp., Dept. ED, 577 New
!., East Meadow, N.Y.

RIN ED CIRCUIT CAPACITORS.—Series LZ op
rate Lorn —70 to -f-175 C without derating, have 
.000 to 0.25 pf capacitances with ±20 to ±1% 
Dierances. Voltage rating is 15 wvde. Units meet 
UL-( 25A, are available hermetically sealed or 
poxy dipped with axial, radial, or dual leads. 
Extended temperature type T and Ta operate to 200 
nd 250 C.

Balco Research Labs, Capacitor Div., Dept. ED. 
9-53 Edison Place, Newark 2, N.J.
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¡ROUND RECEPTACLES.—These U-shaped, 
’-wire, 3-pole units have a grounded third pole to 
onform to electrical code requirements. Ratings are

10SFD CIRCUIT TV SYSTEM.—The Dial-Data 
} stem gives any number of offices instantaneous ac- 
ess to records, files, schedules, and other data sub
let to constant change. The data is stored in racks 
i a console, and an automatic dial system selects 
be rac k to be viewed.
Thompson Ramo Wooldridge, Inc., Dage Tele- 

ision Div., Dept. ED, Michigan City, Ind.
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XSULATED RODS.—These rods are insulated with 
high strength, paper base Insurok laminated plastic 

heathing. They are designed to solve the torque 
iroblem common to variable transformers and other 
quipment requiring insulated shafts that withstand 
he mounting of components and operate under high 
esistance. Available in a wide range of sizes and 
arying degrees of insulation thickness.
The Richardson Co., Dept. ED. 2860 Lake St., 

Jelrose Park, Ill.
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chathaM
MADe IN U S A-

UNGING CONNECTION JACK.-For se where 
he lead is hot, Press-Fit type SKT-13C1 jack meas- 
ires less than 1/8 in. diameter and provides a single 
emale contact receptacle that fits a ty pe FT-SM-125 
eed-through mounted in the chassis.

Sealectro Corp., Dept. ED, 610 Fayette Ave., 
damaroneck, N.Y.
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ATIB \CKLASH GEARS.-In these miniature units, 
w sen is, an internal spring is used, and the float
’s ge is prew’ound and restrained. Gear assembly 
> mes c] by displacing the floating portion 1/2

up to 
i spdt 
or de 
1 her-
• am
proof 
or 11

re available: general duty7 type ZAFP. weather- 
ight type ZAFT, and water-tight type ZAFE.

The Pyle-National Co., Dept. ED, 1334 N. Kost
ler Ave., Chicago 51, Ill.
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Dual stainless steel contacts on winding and 
slip ring for extra reliability

Power rating of .83 watts at 80° C, .1 watt 
at 200° C.

Precious metal take off and end tabs

ACTUAL SIZE

NEW PRODUCTS
Timing Motor

Moisture proof
is available for 120 or 240 v opera
tion at 50 or 60 cps and has standard 
shaft speeds between 1/60 and 60 
rmp.

General Time Corp, Haydon 
Div, Dept. ED, 245 E. Elm St, 
Torrington, Conn.
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HIGH TEMPERATURE S

Low cost, moisture proof model 
MP11 timing motor is designed for 
chart drives, timing devices, and 
other instrumentation applications. 
Completely sealed, it is a heavy 
duty permanent synchronous type 
with a torque of 30 oz-in. at 1 rpm. 
Synchronization is maintained over 
a range of 103 to 132 v ac. The unit

Triode Tube

Low mu
For use in Class AB amplifiers, 

the WL-6379 is a low amplication 
factor triode tube rated at 150 kw, 
17.5 kv dc plate voltage. It is es
pecially adapted for service in 
shaker table power supplies or as a 
series voltage regulator tube in high 
voltage power supplies.

Westinghouse Electric Corp, 
Electronic Tube Div, Dept. ED, 
P.O. Box 284, Elmira, N.Y.

CIRCLE 224 ON READER-SERVICE CARD

NOW-48-56 Gauge Wire Coils 
built to YOUR specifications

Whatever your application—from hearing aids to missile sys
tems—Deluxe Coils’ new fine wire plant can supply the miniature 
coils you need . . . built to your specifications for precision and 
accuracy.

Deluxe Coils’ newest facility spans 15,000 sq. ft. It is air and 
, sound conditioned and completely equipped to produce all types of 

miniature fine wire coils, 40-47 gauge, ultra fine wire coils, 48-56 
gauge, and components.

Write for information on Deluxe Coils’ fine wire production 
capabilities—and how they can be put to work for you, right away.

CIRCLE 225 ON READER-SERVICE CARD
ELECTRONIC DESIGN • June 10, 19

Write wire or call for full details and technical data.

TECHNOLOGY INSTRUMENT CORP.
555 Main St., Acton, Mass^COIonlal 3-7711

North Hollywood, California 
POplar 5-8620 STanlay 7-0286

CIRCLE 222 ON READER-SERVICE CARD

Now available as a wirewound or film 
type trimmer that is moisture proof, 
subminiature in size and withstands a 
temperature of 225°C, in a higher resist
ance range.

FEATURES:
Type RTW (wirewound) Resistance Range 
100 ohms to 100,000 ohms

Unique stop-overide safety mechanism

Housing of High Temperature Molded Plastic
Variety of mountings: Printed Circuit Lugs 

Printed Circuit Wires 
Tinned Leads

Type RTF (film) Resistance Range 100 ohms 
to 25,000 ohms, providing infinite resolution
25 turn lead-screw adjustment

Virtually hermetic sealed meets Mil std. 202 
Procedure 106 Humidity Test with rated 
power applied

. U X E COI
BOX 318 •

L S , INC.
WABASH, INDIANA

Engineered, quality controlled manufac
ture and environmental tested to meet the 
exacting demands of missile and other 
military applications, make these new low 
cost trimmers a long-sought contribution 
to design and production problems.
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Our factory or the sales representative 
nearest you will gladly handle your specific 
requests by wire, phone, or mail.

Microwave Associates is now delivering 
these diodes as well as the new tripolar 
types. Typical of these breadboard types is 
the 1N630 which covers the frequency 
range of 1 KMC to 12.4 KMC.

Simple substitution of these new coaxial 
diodes for existing types should improve 
your overall receiver noise figures as 
shown. No holder or IF amplifier redesign 
is required to realize system improvements 
with these improved versions of the 
standard coaxial mixer diodes.

78B
26A
53B

KMC 
KMC 
KMC

Background for 
Design

the 
the 
the

with 
with 
with
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BURLINGTON, MASSACHUSETTS • BRowning 2-3000 
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JEWELERS TYPE TORQUE SCREWDRIVER.— 
For tightening miniature screws in delicate electronic 
instruments and assemblies, the Tiny Torque meas
ures 0 to 0.3 in.-oz. torque. It can also be made to 
read from 0 to 0.6, 0.8, or 1 in.-oz torque. Designed 
for 0 to 2-56 screws, it can be made to fit screw sizes 
from 0 to 4 by changing the screwdriver blade.

Apco Mossberg Co., Dept. ED, 1001 Lamb St., 
Attleboro, Mass.

a HAYDEN publication 
83 Third Ave., New York 22. N. Y.

PLaza 1.5530

AUTOMATIC PRESSURIZATION KITS.-For co
axial or microwave transmission lines, these systems 
use no heat for reactivation. They provide complete 
oil rejection and low dew points down to —180 F. 
They require minimum maintenance, eliminating 
electric or steam heating facilities.

Trinity Equipment Corp., Dept. ED, Cortland. 
N.Y.

More and more electronic engineers 

report: “I read Electronic Design 
first. It’s complete, timely, easier 
to read, and I can depend upon 
getting all the new product in* 
formation.”

Electronic Design’s 8 full time edi
tors, plus staff of assistants, con
tributors, and correspondents scan 
ti e electronic horizons to bring you 
the complete design picture.

¥ ith reading time at a premium, 
E D’s every-other-week frequency 
a sures the prompt delivery of 
tc pical material ; keeps up with this 
r pidly moving industry.

TELEPHONE SWITCHBOARD LIGHT BULBS.— 
These flat-top bulbs provide greater light output 
with no increase in bulb wattage.

Sylvania Electric Products Inc., Sylvania Lighting 
Products Div., Dept. ED, Salem, Mass.
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10-TURN POTENTIOMETER.—Model A standard 
linearity has been reduced to ±0.25% for resistances 
from 100 ohms to 100 K.

Beckman Instruments, Inc., Helipot Div., Dept. 
ED, 2500 Fullerton Rd., Fullerton, Calif.

CIRCLE 232 ON READER-SERVICE CARD

Ideas for Design 
Engineering Review 
Standards and Specs 
Russian Translations

ELECTRONIC TUBES.—Expanded line of minia
ture tubes for entertainment, commercial, and mili
tary use. Includes 6J4WA, 5840, and 5639 manufac
tured under the U. S. Army Signal Corps Reduced 
Inspection Quality Assurance Program.

Sonotone Corp., Dept. ED, Elmsford, N.Y.
CIRCLE 229 ON READER-SERVICE CARD

DUAL PHOTOCELL AMPLIFIER.—Model T878 
is a standard panel mounted unit used for convert
ing photocell phase sensitive signals to momentary 
relay on-off signals.

Sterling Precision Corp., Instrument Div., Dept. 
ED, 17 Matinecock Ave., Port Washington, N.Y.

CIRCLE 228 ON READER-SERVICE CARD

Design Forum 
Product Features

COPPER FINISH FOR CLAD LAMIN ATES.-The 
Altori finish assures uniform coverage by all types 
of resist inks and pennits good solder buildup and 
coverage. It needs no treatment before being proc
essed into printed circuits. Copper-clad laminated 
plastics furnished with the finish are phenolic resin, 
paper base grade XP; phenolic resin, paper base, 
cold punch grade XXXP-242; and epoxy resin, glass 
fabric flushable grade GEC-500.

Taylor Fibre Co., Dept. ED, Norristown, Pa.
CIRCLE 227 ON READER-SERVICE CARD

Microwave Associates - developers of the famous low noise 

“E” series silicon diodes - now brings you

most 
complete
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Designed as modules for original 
equipment, these compact power 
supplies mount in small spaces on 
conventional chassis cutouts. They 
are available tn a wide choice of 
overlapping current and voltage 
ranges from 125 v at 50 ma to 4251 
v at 400 ma and have one piece I 
cast aluminum housings and JAM 
hardware. Regulation for all modelsl

15, TYPE R* sealed adjustable (15), sealed non- 
adjustable. Positive acting for operation tc 
600°F. Rated at 15 amps at 115 VAC, 4 amps 
at 230 VAC. Screw terminals. Bulletin 7000.

16, TYPE W* adjustable (16), or nan-adjustable 
Snap action bimetal strip type for operation 
to 300’F. Rated at 5 amps at 115 VAC, 3 
amps at 230 VAC Screw or nozzle mountings; 
spade, solder or screw terminals. Bulletin 4000.

17, TYPE H+ adjustable. Positive acting for fry 
pans, skillets, sauce pans, etc. Fail-safe, open 
in low to 500 ‘F in high. Rated at 1650 watts 
at 115 VAC. Bulletin 10,000.

a potential in excess of 17 kv. Rate( 
200 to 600 piv, the units opt rati 
from —65 to -f-150 C.

Texas Instruments Incorporated

tor me 
Genera 
Mio Dr

pCLE 2

In a 
pin i 

e mo<

STEVENS manufacturing company, ine.

P. O. Box 1007, Mansfield, Ohio
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18, TYPE D* automatic (18), or manual reset. 
For laundry dryers or other surface and warm 
air applications. Snap acting disc type U.L. 
approved *for operation to 350°F. Open or 
enclosed styles. Rated at 25 and 40 amps at 
120-240 VAC. Screw or spade terminals. Bul
letin 8000.

Illustrations, for general information only, 
do not necessarily show size comparisons. Fully 
dimensioned and certified prints on request. 
Manufacturer reserves right to alter speciflca-

rms, and transient response is under 
25 psec. The 425 v, 400 ma module 
measures 9-3/4 x 6-1/2 x 6-1/2 in.

NYT Electronics, Inc., Dept. ED 
2979 Ontario St., Burbank, Calif.

CIRCLE 234 ON READER-SERVICE CARD

Semiconductor-Components 
Dept. ED, P.O. Box 312, 
Tex.

CIRCLE 235 ON READER-SERVICE

1, 2, TYPE C temi-enclosed (1), hermetically 
sealed (2). Small, positive acting with electrically 
independent bimetal strip for operation from 
-10* to 300°F. Rated at approximately 3 
amps, depending on application. Hermetically 
sealed type can be furnished as double ther
mostat "alarm” type. Various terminals and 
mountings. Bulletin 5000.

3, 4, TYPE M semi - enclosed (3), hermetically 
sealed (4). Electrically independent bimetal disc 
types for appliance and electronic applica
tions from -20* to 300’F. Rating: 8 amps at 
115 VAC, 4 amps at 230 VAC and 28 VDG 
Semi-enclosed with virtually any type terminal; 
hermetically sealed with pin or solder termi
nals, wire leads, various mounting brackets. 
Bulletin 6000.

5, 6, TYPE MX somi-enclotod (5), hermetically 
sealed (6). Snap acting miniature units to open 
on temperature rise for missile, avionic, elec» 
Tronic and similar uses. 2a to 6* differentials 
available. Rated at 3 amps to 1 amp, depend» 
ing on duty cycle, at 115 VAC and 28 VDC 
for 250,000 cycles. Semi-enclosed types with 
metal or ceramic bases; hermetically sealed 
in circular or CR7 cans. Various terminals, 
mountings, brackets, etc. Bulletin 6100.

7, 8, TYPE S* adjustable (7), nan-adjustable (8). 
Positive acting with single stud or nozzle mount» 
ing. Operation fo 600°F. Rated at 15 amps 
at 115 VAC, 7 amps at 230 VAC Spade, screw 
or elevated terminals, various adjusting stems, 
etc. Bulletin 1000.

9, TYPE $A* adjustable (9) or nan-adjustable. 
Snap acting with electrically independent bi
metal. Also single-pole, double-throw. Single 
stud or nozzle mounting. Non-inductive-load 
rating: 15 amps at 115 VAC, 10 amps at 230 
VAC. Spade or screw terminals. Bulletin 2000.

10, TYPE SM* manual reset (10). Electrically 
same as Type SA (above) except for manual 
reset feature. Bulletin 2000.

11, TYPE B adjustable (11) or non-adju stable. 
For uses where heat generated by passage 
of current through bimetal strip is desirable. 
Various terminals, single stud or nozzle mount
ing Operation to 400°F. Nominal rating: SYt 
amps at 115 VAC of 40 cycles and higher. 
Bulletin 9000.

12, 13, 14, TYPE A* semi-enclosed (12, 13), 
hermetically seeded (14). Insulated, electrically 
independent bimetal disc gives fast response 
and quick, snap action control for appliance, 
electronic and apparatus applications from 
-20° to 300"F, or higher on special order. 
Rating: 3 to 4 amps, depending on duty cycle, 
at 115 VAC, 2 amps at 230 VAC and 28 VDC. 
Various enclosures and mountings, including 
brackets. Bulletin 3000. High efficiency

These in-line diffused-silicon rec
tifiers have dense alumina ceramiq 
cases and provide 1.5 amp average 
rectified forward current at 50 ( 
When placed on a 2 x 2 in. heal 
sink, they rectify up to 3 amp at 51 
C. Free from weld-Hange projections 
they may be clipped to a heat sinH 
or mounted horizontally or veil 
tically on a printed circuit board 
The insulated cases will withstand

STEMCO THERMOSTATS 
for precise, sensitive temperature control
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Power Transistors

leprini Control Panel Enclosures

Multidoor

ey re 86 in. high, 14 in. deep,

:e card

FRANKLINONE FLUII)Q Q

and theIONOSPHERE

Write or phone

MANUFACTURERS OF MATERIEL AND EQUIPMENT FOR U.S. DEFENSE

ock. Model 314, a high tempera
ne version in thè same size case,

st t ght control panel enclosures 
l’e hree, four, and five doors.

National Co. is a community of minds and talents that 
enjoys the challenge and the prestige of success in such 
advanced fields as multipath transmission, noise re-

«Cl 238 ON READER-SERVICE CARD

CIRC E 870 ON READER-SERVICE CARD ►

duction. correlation techniques for signal processing. 
Tropospheric scatter systems, Ionospheric scatter sys
tems, molecular beam techniques, long range micro
wave transmission, and missile check-out equipment 
using microwave and digital techniques.

National Co. has grown with the Tradition of New 
England electronics. Your needs and problems receive 
exceptional attention at National Co. because, here, 
creativity is required, recognized and rewarded.

incolti Blvd, Los Angeles 45,

voltage
i to 425

or ver 
t board

;v. Ratei 
operati

icon rec 
ceramic 
average 

it .50 C 
in. heal 

np at 5(

National Company, Inc., Malden. Mass.

e piece urates from —55 to -|-250 C.
Daystrom Pacific, Dept. ED, 9320

rporated jUJ to 154/2 ft long.
• Dn- lofi nan Engineering Corp, 
, 1) dlas Anoka, Minn.

Mace to NEMA Type 2 and JIC 
dthstam standards, these oil and

Precision Potentiometer

Has 3/8 in. case length

original 
: power 
Faces on

nd |AN 
1 models 
n 1 mv 
is under 
module 

3-1/2 in. 
ept. ED. 
Calif.
E CARD

In a machined aluminum case 
2 in. in diameter and 3/8 in. long, 
e model 304 single-turn potenti- 
neter has a life of 500,000 cycles 
id a linearity to 0.3%. Rated 2 w 
50 C, it operates to 125 C and

Driver and switching
These three transistors complete a 
11 line of power units. Types 
•1159 and 2N1160 are for switch- 
£ and the 0.5 to 1 amp germanium 
¡1172 can be used as a driver unit 
for medium power audio output. 
General Motors Corp, Delco 
dio Div, Dept. ED. Kokomo, Ind.
mE 237 ON READER-SERVICE CARD

Creative Imagination enabled Benjamin Franklin to 
orient all the observed electrical phenomena to his own 
“one fluid" theory—the basis of all our comprehension 
of electricity today.

At National Co. creative imagination is continuing to 
broaden our comprehension of the physical universe 
and apply it to the realization of such new means of 
communication as Ionospheric scatter systems.

I
The implications and applications of such new means 
of communication are vast.
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MAKERS OF THE 
WORLD’S LARGEST 
ASSORTMENT OF 

RELAY TYPES

Two 
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NEW BULLETIN AVAILABLE., 
giving full details and electrical and techan 

ical specifications. Ask for FC Relay Bulletin

Logical Designers 
Circuit Engineers 
Mechanical Engineers 
Optical Engineers
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Backed by more than ten years of intensive devel
opment and refinement, these rugged, precision- 
built Struthers-Dunn FC relays have the high re
liability required for missile uses. The outstanding 
characteristics indicated above typify perform
ance that meets or exceeds the operational and 
environmental requirements of MIL-R-5757C 
and MIL-R-25018. Thanks to simplified design, 
S-D FC Relays, are priced materially lower than 
other types frequently used to meet these exacting 
specifications.

Type FC-4 4-pole 
double-throw.

ELAY 
re avai 
passis i 
.25 x 1 
Globe 

14th St

Type FC-6 6-poIe 
double throw.

hTI-M 
lor the 

Imeras, 
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i) in an 
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AERONUTRONIC 
a subsidiary of Ford Motor Company

These positions are now open:
Systems Engineers
Magnetic Memory Engineers 
Communications Engineers 
Digital Computer Programmers

and 2,000 ft. —lbs. shock without 
contact transfer

Sales Engineering Offices in: Atlanta • Boston • Buffalo • Chicago • Cincinnati 
Cleveland * Dallas • Dayton • Detroit • Kansas City • los Angeles • Montreal • New 
Orleans • New York • Pittsburgh • St Louis • San Francisco • Seattle • Toronto
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built-in pouring spouts.
Minnesota Mining and Mfg. Co., 

Dept. ED, 900 Bush Ave., St. Paul 
6, Minn.

CIRCLE 243 ON READER-SERVICE CARD

Molding and Potting Resin 

Stays flexible at —180 C
A polyurethane molding and pot

ting resin, Scotchcast XR-5010 cures 
in 4 to 8 br at 120 C and remains 
flexible at —180 C. It has good re-Switching Transistors

Have 70 mc frequency cutoff
Series HA-9000 silicon transistors 

are double diffused pnp types for 
medium and low level switching. 
They are available in voltage ranges 
greater than 50 v and dc current 
gains greater than 60. Rise times

Transistorized Circuit Engineers
Qualified applicants are invited to send resume« or inquiries 
to Mr. L. R. Staple, Aeronutronic Systems, Inc., Box NJ 486, 
Newport Beach, California.

CIRCLE 871 ON READER-SERVICE CARD

ELECTRONIC DESIGN • June 10, 19;

Molded Mica Capacitor 

0.37 x 0.19 x 0.11 in.
The Missilmite molded mica ca

pacitor meets MIL-C-5A and M1L- 
C-11272A requirements and comes 
with C, D, and E characteristics, 5 
to 250 ppf capacitances, and ±2 to 
±20% tolerances. It is rated at 500 
wvdc at 85 C, 300 wvdc at 125 G. 
Weight is 1/2 g; size, 0.37 x 0.19 x 
0.11 in.

Micamold Electronics Mfg. Corp., 
Dept. ED, 1087 Flushing Ave., 
Brooklyn 37, N.Y.

CIRCLE 241 ON READER-SERVICE CARD

are typically 50 mpsec, frequem 
cutoff is 70 me, and saturation r 
sistance is 30 ohms. The units ope - 
ate from —65 to -|-150 C.

Hughes Aircraft Co., Hugh s 
Products, Dept. ED, Intematior 1 
Airport Sta., Los Angeles 45, Cal .

CIRCLE 242 ON READER-SERVICE CARD

ENGINEERS
Newport Beach, Southern California ... 

Holds The Key To Your Future!
FORD MOTOR COMPANY’S young and rapidly expanding 
-ubsidiary, Aeronutronic Systems, Inc. i- now offering out
standing opportunities for an exciting and highly rewarding 
career to Computer Engineers capable of making significant 
contributions to advanced computer technology.

AERONUTRONIC—a dynamic new name in science and re
search—is moving into the future fast. The first phases of a 
new Research Center are nearing completion at Newport 
Beach, where California living can be enjoyed at its finest. 
You’ll work in an intellectual atmosphere—in a community 
away from congestion, yet close to most of Southern Califor
nia’s cultural and educational centers.

sistance to oils and solvents 
pound units are supplied in 
shaped polyethylene bags
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1N456
IN457 
1N458 
1N459

1N461
1N462
1N463
1N464

1N484A 
1N484B
1N485
1N485A 
1N485B
1N4S6
1N486A

uem 
m r

HOUSING.— 
industrial TV

Including the industry's most 
versatile diode with uniform 
excellence in all parameters

br the 
Imeras.

General Instrument semiconductor en

gineering has made possible these 

Radio Receptor diodes with a range of 

characteristics never before available 

to the industry.

The types listed here are just a small 

sampling of the complete line which 

can be supplied in volume quantities 

for prompt delivery. Write today for 

full information.

PLUS a large group of special DR numbers developed by General Instru
ment Corporation with cheracteristics that far exceed any of the standard 
types listed above!

FAST RECOVERY 
TYPES
1N625
1N626
1N627
1N628
1N629

itior 1
Cal /
:arc

d pot
cures 

¡mains 
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TV CAMERA
TG-2 and TE-6

GENERAL PURPOSE 
TYPES

|ECT ONIC DESIGN • June 10, 1959

pIE T.—An electrically conductive cement con
ping silver powder, 50% Terminal Cement has 
°d el ctrical, temperature, and adhesive character- 

a d may be used for the electrical and me- 
Mca components and certain electrical devices. 
(rap ite Products Corp., Dept. ED, Brookfield,

EAT SINK.—Model 2KW1 is designed to permit 
j]] lo. d operation of the GE type C35 silicon con- 
oiled rectifier without exceeding the rectifier’s 
uximum allowable junction temperature of 125 C.
has 6 fins 0.02 in. thick, measures 3-1/2 x 3-1/2 x 

1 2 in., and weighs 9 oz.
Fairfield Engineering Corp., Dept. ED, 934 Hope 

Springdale, Conn.
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ELAY DUST COVER.—Snap-on metal dust covers 
e available for the company’s type Q ac or de 

hassis mounted telephone relays. Dimensions are 
25 x 1.75 x 2.

i Globe Electrical Mfg. Co., Dept. ED, 1729 W. 
34th St., Gardena, Calif.

TYPES
1N482
1N482A
1N482B
1N483
1N483A :
1N483B :
1N484

per closed circuit TV cameras. The unit is 11-1/2 in. 
I diameter and 21 in. long and weighs 33 lb. It 
(sures protection against 40 gauss in a de field and 
P in an ac.
General Electric Co., Technical Products Depl., 

kpt. ED, Electronics Park, Syracuse, N.Y.
CIRCLE 249 ON READER-SERVICE CARD

ABLE CLIP.—The one piece Speed Clip secures 
pall diameter armored control cables at any loca- 
pn. It can be reused indefinitely.
T inn• rman Products, Inc., Dept. ED, P.O. Box 

p88, (leveland, Ohio.
CIRCLE 250 ON READER-SERVICE CARD

[INIATURE TUBE AND TRANSISTOR SOCKET. 
For compression mounting into chassis holes, the 
hemelec SS-428 is self-fastening and requires no 
Iditional hardware or assembly operations. The 
018 in. diameter, countersunk contacts have a con
ct retention factor of 4 oz per pin.
Fluorocarbon Products Inc., Dept. ED, Camden

EFI )N INSULATION STRIPPER.-This tool 
rips vires from the smallest sizes up to 20 AWG 
¡th i ) damage to the wires. It has an adjustable 
op t permit accurate stripping up to 3/4 in. in 
ngtL No adjustment is needed for wire size.
We em Electronic Products Co., Dept. ED, 655 

ohna i St., Altadena, Calif.
CIRCLE 245 ON READER-SERVICE CARD

Radio Receptor silicon

CHARACTERISTICS

tSSStHE
Semiconductor Division

Philadelphia

IN ANY ;
COMBINATION

Electronics Supply Co Burbank * Milwaukee Radio Parts co 
Hcrhach A. Raleman ln< » San Dießo Shank- A Wrißht ln<



LATEST AODITION.TO THE PACIFIC FAMILY OF ACCELEROMETERS NEW PRODUCTS

diam
eter and weighs ahout 0.04 g. Tern

bettepelature coefficient 250 to

Miniature Toroids

smallest on the market!

HOPKINSACCELEROMETER

recisi

DuPont Trade Name
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Series 
4205

Series 
4202

Series 
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For Increased Accuracy to 1% 
or less under rugged 
environmental conditions. 
Originally designed for use in 
an anti-missile missile, this 
unit features t< mperature 
compensated damping 
mechanism using silicon fluid.

10O F. 
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CIRCLE !

replaces 
accelerometers 
twice its size

Creative Manufacturing 
and development 

In Airborne Controls

—500 ppm per deg C and power 
rating is 0.1 w at 60 C, 0.05 w at 
85 C, and 0.02 w at 100 C.

British Radio Electronics Ltd, 
Dept. ED, 1833 Jefferson Place, 
N.W. Washington 6. D.C.

CIRCLE 254 ON READER-SERVICE CARD

0.28 in.; and height is 0.125 in. The 
units are designed for transistorized

circuits such as chokes, transform» 
inductors, and saturable reactors

C. G. Electronics Corp, De 
ED, 15000 Central East, Albuqu 
que, N. Mex.

CIRCLE 255 ON READER-SERVICE CARL
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PCLE 26C

pIRCl 26

Series 
4201 w

Lightweight, Miniature — 
combines wide fl« xibility of 
design and performance 
characteristics with a proven, 
high production instrument. 
Potent iometer pick-off . . . 
wide selection of G ranges with 
an operating range of 
0— ±lGtoO— ±50G.

metallized Mylar* 
film capacitors 

- high performance 
in small size

Miniature Sequence Timer

Battery operated
Miniature battery operated se

quence timer type AGS-C is a cam 
operated microswitch type driven 
by an enclosed fractional watt motor 
with a speed regulation accurate to 
±1% over a voltage drop to 50%. A 
screw adjusts from 0 to 180 deg to 
provide a wide range of timing in
tervals. The units are available w ith 
a 5 or 20 amp capacity switch and 
are wound for operating voltages 
of 3 to 24 v.

Brailsford & Go, Inc, D^pt. ED, 
Milton Point, Rye, N.Y.

CIRCLE 256 ON READER-SERVICE CARD

Replacing another accelerometer twice its size 
in an air to air missile, this tiny new addition to
Pacific’s family of accelerometers delivers 2% 

accuracy over a — 10 to + 30G range, and 
has the smallest envelope on the market — 

measuring only I I’Wx 1.5"Lx.8 D! Designed 
as an inexpensive instrument for telemetering 

and control ii features silicon fluid damping for 
unsurpassed shock and vibration immunity 
Each of Pacific’s basic models illustrated is 

representative of a series of similar units that 
vary only in output characteristics. They are 
fully tooled, tested and approved production 

models that can meet most acceleration 
measurement requirements. 

In the design and production of accelerometers 
and other electro mechanical components —

Pacific's creative ability, engineering skills, 
experience and production facilities, can 

save you money — and time!

12900 Foothill Blvd., San Fernando. Calif. ■ Tel. EMpire 1-8691
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is 0.22 in. long and 0.06

inexpensive
POTENTIOMETER-TYPE MODEL 4205

Deposited Carbon Resistor

Has 0.06 in. diameter
Covering a range of 50 ohms to 

330 K, this deposited carbon resistor

These film-wrapped units are built to meet exacting requirements. For example:
High insulation resistance-100,000 megohms is typical.
Operating temperature-units operate to 125°C.
Sub-miniature size—a Hopkins .1 mfd capacitor rated at 200 volts is only 

5/32 thick x 7/32" wide x 3/4" long.
Construction. These units have copperweld leads for maximum vibration 

resistance.. . are built with the highest quality materials available, and 
produced under rigid quality control.

Available as film-wrapped types, and in all case styles in hermetically sealed 
. brass tubes and bathtubs. Rated .005 to 8 mfds, 200 to 600 VDC. Prompt 

deliveries. Send for catalog C-103A.

Unique Torsion Rar Suspension 
and restraining system 
provides very low hysteresis 
with exceptionally rugged, 
long life. Automatic caging 
mechanism. Single or dual 
potentiometer pick-off and/or 
switches provid« versatility. 
Available in a wide variety 
of G ranges.

High inductance
These miniature, high inductance 

toroids are machine wound with a 
50 AWG wire 0.001 in. thick. Toler-
ances are controlled 
±0.005 in.; ID is 0.037

PACIFIC SCIENTIFIC COMPANY
P 0. Box 22019, Los Angeles 22, Calif 

SAN DIEGO • SAN FRANCISCO 
SEATTLE • PORTLAND, ORE.

ARLINGTON. TEXAS

REPRESENTATIVES: Eastern U. S. -Aero Eng Co. 
Canada-Garrett Mfg Corp.

For complete information 
on Pacific’s standard 
accelerometers — or on 
specific models designed 
to your own require
ments, write today!
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RADIO CORPORATION OF AMERICA
electron Tube Division1*8691

If your control problems involve a light source, look to RCA 
for the solution. RCA-designed Photoconductive and Photo
junction Cells are manufactured under the strictest quality 
controls to assure dependability and long life. So for appli
cations ranging from street-lighting control to high-speed

WAVELENGTH ANGSTROMS

-H+M-H-------------

7000 12000 17000 22000
WAVELENGTH ANGSTROMS 
WHi----------------------------------------

Temperature Vibration 
Chamber

computers, contact your RCA Field Representative for com
plete information about RCA Photoconductive Cells and 
RCA Photojunction Cells. Or for technical data on specific 
types, write RCA Commercial Engineering, Section F-18-Q-1, 
Harrison, N. J.
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Transistorized Power 
Supply

For airborne use
The TPC-15 transistorized power 

jppb was designed for airborne 
se. I features a bridge-transistor 
rcuit using low-voltage transistors 
deliver 300 v de at 150 ma, or 

50 v de at 300 ma from the aircraft’s 
S v de battery source. Regulation 
better than 5% over the entire 

utput range (no load to full load) 
od efficiency is better than 85%. 
lutput is virtually free from ripple 
nd noise. The unit is stressed to 
ithstand the shock and vibration of 
ie airborne environment over a 
40 to 4-65 C temperature range. 
Southwestern Industrial Elec- 

onics Co., Dept. ED, 10201 West
eimer, Houston, Tex.
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Portable
Portable temperature vibration 
lamber model FBV-8 has a hy- 
raulic lift that raises or lowers it 
accommodate a vibration exciter 

?ad through the bottom. With an 
cessory adapter diaphragm, it can 
cept an exciter at the side. Range 
SOO F to ambient temperature, or, 
ith liquid CO2 cooling, to about 
•100 F.
Conrad, Inc., Dept. ED, 141 
fferson St., Holland, Mich.
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Miniature
Series 57 miniature precision po- 
htiometers have a nickel-silver 
dy and a thermally compatible 
ver assembly with terminals 
>lded in place. Rated 1.5 w at 
C, ¡hey are 1/2 in. in diameter 

d 1, ’ in. long and come in values 
>m 5<» ohms to 50 K. There are two 
ferei t bushing and shaft config- 
-Hon s, standard and shaft locking. 
Clar- stat Mfg. Co., Inc., Dept. 
) D >ver, N.H.
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RCA FIELD OFFICES
744 Broad St.. Newark 2, N. J., HUmboldt 5-3900
6355 E Washinqton Blvd., Los Angela* 22, Calif., RAymond 3*8361 
Suite 1154, Merchandise Mart Plaza, Chicago 54, III., WHitehall 4-2900
714 New Center Bldg., Detroit 2, Mich., TRinity 5-5600

GOVERNMENT SALES
744 Broad St., Newark 2, N. J., HUmboldt 5-3900
244 N. Wilkinson St., Dayton 2, Ohio, BAIdwin 6-2366
1625 "K" Street, N.W., Washington 6, D.C., District 7-1260

RCA

AND

Reliable .
Performance

PHOTOJUNCX1PN CEI
__  y’*' 

FOR INDUSTRIAL APPLICATIONS

RC*
Type Description

Spec- 
trai

spense

Wave
length 
of Mas 
Spectral 

Response

angstroms

Maximum Ratings
*bs-Max Values

Charecteristics el 25"C

Voltage 
Between 

Terminals

volts

Sensitivity Max 
Dark 

Current
Voltege 
Between 

Terminals

volts

Power 
Dissi
pation

mw

Ambient 
Tempera

ture 
Range 
’C

Radiant

M/mW

luminous

me/iumen

Illumi
nation

wB/fc

6957
Cadmium sulfide, head-on photoconductive 
ceil for street lighting control and other 
light operated relay applications.

S15 5806 250 500
-75 

tn 
+60

50 580 1640 «»fl 20

7163
Compact, cadmium sulfide, head-on photo
conduct tve cell for street-hghtmg control 
and other light-operated relay applications.

845 5800 250 300
-75 

to
+60

50 290 820 2000 40

7223
Very tiny photojunction cell of the head-on 
type Employs germanium p-n alloy junction. 
For computer and sound pickupfrom film 
applications Infrared sensitive

S14 15000 50 25 +50 
Max 2.5 0.68* - 02 35

7224
Very small photoiunction cell ei the side-on 
type Employs germanium p-n alloy junction 
For suund pickup from film and computet 
applications Infrared sensitive

S14 15000 50 30
-40 

tn
+50

45 0.52 14 0.7 35

7412
Small cadmium-sulfide. head-on photo
conductive cell For industrial light operated 
relay applications.

S15 5800 2no 50 +60 
Max. 12 1580 4500 300 0.1

7467
Very small, photojunction cell of the side on 
type. Employs germanium p-n alloy junction. 
For sound-pickup from film and computer 
applications.

$44 15000 50 30
-42 

to
+50

45 0.52 14 0.7 35
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Greater permeability for
Allegheny Ludlum's AL-4750...and it's guaranteed

promises more consistency, higher predict
ability for magnetic cores

AL-4750 nickel-iron strip now has higher guaranteed per
meability values than ever before. For example, at 40 
induction gausses AL-4750 now has 57% higher perme
ability than in the past, using the standard flux den
sity test.

This greater permeability means better consistency and 
predictability for magnetic core users . . . and allows 
careful, high performance design.

This improvement in AL-4750 is the result of Allegheny 
Ludlum’s continuing research on electrical alloys and

WSW 7491

nickel-bearing steels. Moly Permalloy has been similarly 
improved in permeability. A-L constantly researches sili
con steels, including A-L’s well-known grain-oriented 
silicon, Silectron, and other magnetic alloys.

Complete facilities for the fabrication and heat treat
ment of laminations are available at Allegheny Ludlum. 
And A-L’s technical know-how guarantees you close gage 
tolerance, uniformity of gage throughout the coil and 
minimum spread of gage across the coil-width.

If you have a problem on electrical steels, laminations 
or magnetic material, call A-L for prompt technical as
sistance. Write for blue sheet EM-16 for complete data on 
AL-4750. Allegheny Ludlum Steel Corporation, Oliver 
Building, Pittsburgh 22, Pa. Address Dept. ED-Ì8.
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PDM Display Adapter

Permits bar graph presentation

The model AD-2S pdm display adapter mak 
it possible to present standard pdm telemetry dat 
in bar graph form on any standard, laborato 
type oscilloscope. The unit occupies 3-1/2 in. 
rack space and features silicon transistor circui
missing channel correction, and a precision slic 
amplifier for cleaning up raw signals at the outp 
of receivers. The unit requires 10 w of 60 or 
cps power.

Kauke and Co., Dept. ED, 1632 Euclid 
Santa Monica, Calif.

CIRCLE 263 ON READER-SERVICE CARD

Expanded Scale Voltmeter

Has ±0.5% accuracy
This expanded scale voltmeter has an accura 

of ±0.5% or better, input impedances of 1000 
1700 ohms per volt, and scale expansions of 4 
1 or greater. Ac and dc models are available a 
special scales can be provided. Both pan 
mounted and cased units are available. No ext 
nal power source is required.

The Magnavox Company, Dept. ED, 21 
Bueter Rd., Fort Wayne, Ind.
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Latching Relays

Stand shock of 100 g
Designated the Model R650, these posta

ALLEGHENY LUDLUM
STEELMAKERS TO THS ELECTRICAL INDUSTRY

Export distribution, Electrical Materials: AIRCO INTERNATIONAL INC., NYC 17
Export distribution, Laminations: AD. AURIEMA, NYC 4

CIRCLE 262 ON READER-SERVICE CARD

stamp size relays exceed requirements of MIL- 
5757C with vibration immunities of 10 to 55 c 
at a total excursion of 0.200 in. and 55 to 2 
cps at 30 g, and shock immunities of 100 g.
units, with contact rating of 2 amp resistive 
28 v dc or 115 v ac, have a minimum life of 1 
000 operations at 125 C. The relay is activat 
by a 5 msec pulse of 300 mw.

Iron Fireman Mfg. Co., Elect. Div., Dept. E 
2838 S. E. 9th Ave., Portland 2, Ore.

CIRCLE 265 ON READER-SERVICE CARD

ELECTRONIC DESIGN • June 10. 1?

The mi 
enerator 
iency of 
o 40 kmi 

e 53 to

esponse i 
section

apers ma 
utput foi 
anges.
Microw 

on, Mass.
c

This lin 
ansistorû 
airborn 

ries of ri
c is avail 
■1/2 in. 1 
ads. Cap 
rature n
P. R. Mî 
6, Ind.

ci

Identifie« 
il c< nstn 
Id. Mov 
Ide 1 ph
e ontac 

iame er a 
dmi un o 
ac, lon-i 
35 g
Con ar E 
> Cl icagi

CIR

^CTlOb



Harmonie Generator Diode

F as 20 db conversion efficiency at 70 kmc
an Epsco transistorized

The model MA-435 millimeter wave harmonic 
iter make Generator diode has a minimum conversion effi-
netry dat iency of 20 db at 70 kmc. An rf input in the 26.5
laborator o 40 kmc range generates harmonic power over 
1/2 in. ( he 53 to 80 kmc range, and 50 mw of rf drive 
r circuit] an produce 1 mw output at 70 kmc. Broadband 
don slice! esponse is achieved by mounting the diode across 
the outpi i section of ridged RG-98/U waveguide. Integral
60 or 40 apers match the ridged section to the input and 

mtput for coupling to UG-600/U and UG-385/U
Ludid langes.

Microwave Associates, Inc., Dept. ED, Burling- 
on, Mass.
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n accural 
of 10001

Miniature Electrolytic Capacitors

For low voltage applications
This line of THR capacitors are applicable to 

ransistorized low voltage power supplies and
ms of 41 j airborne uses requiring extreme reliability. A 
tilable at ^es of ratings from 75 pf 3 v de to 100 pf 25 v 
ith pant c is available in 3/8 in. diam cases from 3/4 to

No exte

ED, 21

-1/2 in. long, fitted with No. 20, tinned, axial 
iads. Capacity tolerance is —10 to -f-100%; tem- 
erature range is —40 to -|-85 C.
P. R. Mallory & Co. Inc., Dept. ED, Indianapo- 

s6, Ind.
CIRCLE 267 ON READER-SERVICE CARD

Power Relay

Contacts rated to 25 amp
;e postal Identified as Type U, this power relay has single
of MIL- )il construction, employing a box-type magnetic 
I to 55 c eld. Movable contact springs are mounted on 
55 to 20 lolde 1 phenolic insulating bars, providing posi-
100 g. T
resistive

ve c intact alignment. Contacts of 1/4 in. in 
lame er are available in either silver or silver

ife of 10 idmi im oxide, rated singly at 10 to 25 amp, 110
s activât

Dept. E

TRANSICON
It IT DAT ANALOG-DIGITAL VAI KAI® CONVERTER

can solve your data 
conversion problem ... 
economically!

designed FOR YOUR SYSTEM by system specialists who have pioneered 
the field of high-speed, reversible analog-to-digital conversion . . .
■ PRODUCTION ENGINEERED to be the lowest-cost transistorized 
converters available anywhere.
■ MODULARIZED-plug-in building-blocks permit assembly of over 50 
standard models.

FOR...
TRANSICON MAL0G-T0- NVERTERS

■ EASY TO USE —no adjustments
■ HIGH SPEED — up to 25,000 conversions/sec analog-to-digital; up 
to 100,000 conversions/sec digital-to-analog
■ HIGH POWER DIGITAL OUTPUTS
■ DIGITIZES BOTH CURRENTS AND VOLTAGES
■ PARALLEL AND SERIAL CODED OUTPUTS
■ BUILT-IN EXPANDABILITY —8-bit converters to 10,12 or 14 bits; 
changing codes from binary to binary-coded decimal; making an analog- 
to-digital converter from a digital-to-analog unit
... and an Epsco Exclusive: PROVEN RELIABILITY One million 
hours of operation in hundreds of installations around the world have 
proven DATRAC reliability. Now an all solid state TRANSICON DATRAC

Data Logging Systems 
Telemetry Data Reduction 
Digital Transmission over Telephone Lines 
Analog Digital Computer Linkages 
Wind Tunnel Instrumentation

TRANSICON DIGITAL-TO-ANALOG CONVERTERS 
FOR...

Driving Analog Plotters from Digital Sources
Analog Displays on Meters end Oscillo

graphs from Digital Codes
Analog Computer Inputs
Radar Display Drivers
Fire Control Simulators

TRANSICON ALARM LIMIT MONITORS FOR

Automatic Checkout Systems 
High-speed Feult Analyzers 
Power Plant Monitors 
Industrial Process Controllers

assures even greater performance.
New 6-page, 2-color brochure available with complete description 
of TRANSICON DATRACS. Write, wire or phone your local Epsco 
representative or contact, in the East: Epsco, Inc., Equipment 
Division, 588 Commonwealth Avenue, Boston 15, Massachusetts; in 
the West: Epsco-West, 125 E. Orangethorpe Ave., Anaheim, California. First in datA Control

CIRCLE 269 ON READER-SERVICE CARD

ac, ion-inductive. Maximum contact pressures 
35 g
Con ar Electric Co., Dept. ED, 3349 Addison
kCl icago 18, III.

CIRCLE 268 ON READER-SERVICE CARD
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Complete details and specifications on HOLT Precision 
AC Voltage Instrumentation are yours upon request . . . 
Write Today.

MODEL 30 Power Amplifier 
30 Watts 0.1% Distortion 
Output 1 to 300 volts AC 
35 cycles to 20 KC

• be o|
• be u:

to 1C
• oper< 

over

Catalog 
will be i

INSTRUMENT 
LABORATORIES 
WISCONSIN

Bean 
tube 
since 
const

MODEL AVS 321
Precision AC Power Supply 
1 volt to 1000 volts AC
35 cycles to 10 KC
Digital set voltage to + 0.1%

ANOTHER ELECTRONIC CONTRIBUTION BY

Burroughs Corporal lor

MODEL AO .1 Audio Oscillator 
20 cycles to 20 KC 
1 volt RMS Output with short 
term stability of 0.05% 
frequency stability ±1% 
Distortion 0.1%
The ideal oscillator for A.C.volt- 
age measurements

MODEL AVA 500 Power Amplifier 
500 Watts 2% Distortion 
Output 115 - 230 volts 
300 cycles to 2 KC

DYNAMIC LIFE - 25,000 HOURS

PUNCH.—The 1804 Ratchet Knockout Punch Driver 
punches holes through up to 10 gage metal for 1/2 
to 3 in. conduit. One revolution of the handle does 
the cutting. The tool weighs 6-1/2 lb and comes in 
a metal carrying case.

Greenlee Tool Co., Dept. ED, Rockford, Ill. 
CIRCLE 276 ON READER-SERVICE CARD

MINIATURE TERMINALS.—Teflon Kwik-Term 
line includes standoffs, feed-troughs, probes and 
plugs, and connectors and test jacks with a wide 
variety of pins and platings.

Cannon Electric Co., Dept. ED, P. O. Box 3765, 
Terminal Annex, Los Angeles 54, Calif.

CIRCLE 274 ON READER-SERVICE CARD

Burroughs 
NIXIE®

MODEL AVS 320 
Fixed voltage regulator. Four 
fixed voltages between 1 volt 
and 300 volts at all frequen
cies 35 cycles to 20 KC. Will 
make any power amplifier. A 
precision voltage supply.

MINIATURE MATCHED MAGNETIC AMPLI
FIERS.—For all insulation classes, these precision 
molded units occupy 3 cu in. They are resistant to 
thermal shock, vibration, and moisture.

Keystone Products Co., Dept. ED, 904-6 23rd St., 
Union City, N.J.
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HIGH MEG TRIMMER POTENTIOMETER.—This 
unit has resistance values to 500 meg and is de
signed for use in timing or control circuitry, instru
mentation, and other equipment where a high range 
control is necessary.

International Resistance Co., Dept. ED, 401 N. 
Broad St., Philadelphia 8, Pa.

CIRCLE 277 ON READER-SERVICE CARD

INSULATED THERMOCOUPLE WIRE CABLE.— 
These thermocouple and extension wire cables are 
insulated with a perfluorocarbon resin that is an ex
trude of Teflon-FEP. The resin is waterproof and 
chemically inert and can be used continuously from 
-200 to +225 C.

Minneapolis-Honeywell Regulator Co., Brown In
struments Div., Dept. ED, Wayne and Windrim 
Aves., Philadelphia, Pa.

CIRCLE 273 ON READER-SERVICE CARD

ADHESION AID FOR TEFLON INSULATED 
WIRE.—When applied to Teflon insulated wire and 
tubing, Polymercoat solution promotes the adhesion 
of potting compounds without adversely affecting 
the characteristics of the Teflon.

Hitemp Wires, Inc., Dept. ED, 1200 Shames Dr., 
Westbury, N.Y.

CIRCLE 272 ON READER-SERVICE CARD

ALL ELECTRONIC IN-LINE READOUT 
CONTAINING TEN DIGITS “0” THRU “9”
The Ultra Long Life Nixie Tube offers 
increased life for those applications 
requiring continuous display of one of 
the ten characters for extended periods 
of time. Under these stringent condi
tions a minimum of 5000 hours life on 
one numeral can be expected. Where 
the display is changed sequentially, even 
as infrequently as every 100 hours, life 
in excess of 25,000 hours can be 
expected.

NIXIE Tube Exclusive Features:

• ALL ELECTRONIC
♦ LOWEST COST
♦ LOWEST POWER
• LIGHTEST WEIGHT
• MOST READABLE FOR 

NUMBER SIZE
• SMALLEST VOLUME AND 

NUMBER SIZE
- MAXIMUM TEMPERATURE, SHOCK 

AND VIBRATION SPECS
O AND NOW, LONGEST LIFE

SUPER - B60

WATER SOLUBLE SOLDER FLUX.-Developed 
for automatic soldering of printed circuit boards, type 
14-E flux is mildly acid at soldering temperatures, 
yet completely soluble in water before and after sol
dering, eliminating any conductive or corrosive resi
dues. It will not penetrate the boards.

Fuson Engineering, Dept. ED, 17921 Roseland 
Ave., Cleveland 12, Ohio.

CIRCLE 271 ON READER-SERVICE CARD

STATIC LIFE - 5,000 HOURS 
(on one number)

MINIATURE- B40

long life

PRECISION 
A.C. VOLTAGE 

INSTRUMENTATION
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BEAM SWITCHING TUBES CAN:

constant current output positions 
high impedance switching.

Beam Switching Tubes are 10-position high vacuum electronic tubes. Each 
tube may replace twenty or more transistors, tubes, or other components 
since a single cathode controls an electron beam to any one of the ten

each with "Automatic" memory

ANOTHER ELECTRONIC CONTRIBUTION BY

Burroughs Corporation0-----------------------------

• switch sequentially or at random.
• be reset from any position in less than

1 /¿sec.
• be preset to any position.
• be interconnected as a distributor of 

ANY number of positions.
• be operated as a word generator.
• be used as a wide band noise generator 

to 1000 Mes.
• operate as a static device or at speeds 

over 20 Mes.

• operate compatibly with tubes, 
transistors, cores and relays.

• directly operate BOTH local and remote 
Nixie® tube readout.

• directly supply outputs of several 
hundred volts.

• meet severe shock, vibration and 
temperature requirements.

• meet long life requirements (potential of 
10,000-50,000 hours).

• convert binary to decimal and binary 
to analogue.

Catalog No. J158 covering lube types and available literature 

will be sent by return mail on request.

In contrast to other types of components, Beam 
Switching Tubes will directly operate both Master 
and Remote Nixie indicator tubes at a lower cost 
and higher reliability. Even "all" transistor 
systems are using Beam Switching Tubes to perform 
digital functions.

900
OOQ

C TUBE
Plainfield. New Jersey

DIVISION

Tapped Delay Line 

Ultrasonic
Providing various delays from 

one input signal, this ultrasonic 
tapped delay line may be used for 
data processing and analysis of 
digital and analog information. The 
number of taps and delays per tap 
are available to specification, and 
counting rates to 2 million pulses 
per sec can be achieved.

Andersen Labs, Inc., Dept. ED, 
501 New Park Ave., West Hartford 
10, Conn.
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Voltage Standard

Has 0.01% calibration accuracy
The model 401 Voltaloc voltage 

standard has a 1 v dc, open circuit 
output that stays constant within 1 
pv over the 100 to 150 v, 400 cps 
input range and through shock, ac
celeration, vibration, humidity, and 
—65 to 4-125 C temperatures. Tem
perature coefficient per deg C is 
0.005% and calibration accuracy is 
0.01%. The output terminals are 
floating with respect to ground so 
that either polarity may be obtained. 
The unit is 1-5/16 x 1-5/16 x 2-3/8 
in. and weighs 5 oz.

Jackson Electronic & Mfg Co., 
Dept. ED, 695 Johnston St., Akron 
6, Ohio.
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Cathode Ray Tube

High resolution
A high resolution radar picture 

tube, crt model WX-3798 is de
signed for use with transistorized 
video amplifiers. Drive require
ments are 5 to 10 v for peak bright
ness. The tube is 13-1/2 in. long, has 
electrostatic focus and magnetic de
flection, and produces a scanning 
line 0.0015 in. wide. It can achieve 
video bandwidths to 20 mc.

Westinghouse Electric Corp., 
Electronic Tube Div., Dept. ED, 
P.O. Box 284, Elmira, N.Y.

CIRCLE 282 ON READER-SERVICE CARD
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New all-epoxy 
system 

drastically cuts 

encapsulation costs!
Assembly Time and

Soldering of leads 
is quick, simple, safe— 

never a cracked glass or 
broken seal because it's all epoxy. And 

with rugged epoxy covers, your lead 
wires can be made of any metal. 

No coefficient-of-expansion problem.

The entire package 
is then heated; the 
pellet automatically 
melts and cures, 
embedding the 
component and 
sealing the cover. 
In cases where 
encapsulation is 
desired without 
embedment, a self
sealing epoxy cover 
is available.

Rate Gyros

Fluid filled

Th« E-Pak System consists of an all-epoxy 
header with embedded lead wires, a cured 
epoxy shell and a premetered «poxy pellet. 
The three may be custom-made for your com
ponent and are available from one source.

Dc ¡g 
systet is, 
inets ca 
varie-y 
includes 
frames, 
turrets, 
units ci 
pany’s I

Premi 
Dept. I
York 59

CIRCLE

After the component 
is soldered to the 
epoxy header, a 
premetered pellet is 
dropped into the 
cured epoxy shell. The 
cover and component 
are then inserted into 
the shell.

You now have a solid, 
chemically-inert seal 
from within; there is 
no solder, no flux, no 
acid to endanger 
component reliability. 
Your component is 
hermetically sealed 
and embedded in 
cured epoxy forever.

Write today for complete information and samples.

EPOXYPRODUCTS, INC.
A Division of Joseph Waldman & Sons

137 Coit Street, Irvington, New Jersey ESsex 5-6000

144

For missile and aircraft use, miniature series 
A2015 and B2015 rate gyros are fluid filled to 
minimize the effects of shock and vibration. Th 
units have temperature ranges between —65 anq 
4-185 F and have rates ranging from 45 to 10O1 
deg per sec. Both ac and dc pickoffs are available

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

Has dc/ac output
Called the Handivolt, this dc/ac power supplJ 

features high power, small size high efficiency a 
all voltage settings, smooth stepless control, anl 
choke type filter for low ripple content. The uni| 
is manufactured in many voltage and amperad 
combinations to handle every laboratory anl 
electronic need. Series B units are isolated fn1 
line and have a voltmeter to monitor dc voltaa 
output. All models are rated for heavy duty. Varil 
able ac output is brought out to line receptada

Nutron Manufacturing Co, Inc, Dept. Fl 
67 Monroe Ave, Staten Island 1, N.Y. I
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Synchros

Withstand up to 450 F I
These synchros come in both size 11 and sd 

23 frames. The size 11 unit is capable of will 
standing a 450 F ambient temperature and 1 
meeting normal MIL-S-2335 requirements as ' 
accuracy, etc. Models are now made in the ID 
torque transmitter and control transformer typd 
The size 23 synchro can withstand an ambit a 
temperature of 350 F, and also meets the requii 
ments of MIL-S-2335 in all of the respects.

Bendix Aviation Corp, Montrose Div, Dei
ED, S. Montrose, Pa.
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Console Cabinets

ALL SILICON TYPES

ZENER VOLTAGES REGULATORS

SELENIUM SUB-MINIATURES

Lire hti j

Furnished low viscosity

RIGID MILITARY SPECIFICATIONS

close signal circuits shaft
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The diodes listed are typical of the wide selection available at International 
Rectifier to solve your rectification problem...with excellent reliability! Your 
letterhead inquiry will bring the bulletin you specify and —if you include the 
details of your project —a recommendation stating the diode best suited to 
your need. The illustration at left suggests the scope of our complete line of 
selenium, germanium and silicon rectifiers for all de needs from microwatts 
to megawatts, literally the widest range in the industry.

0 M4NRlitort »»cm Win Mian Cart^t fy>M 
•tlMp Ml * 11* »dt» MV * 7SM2MaM.

JEDEC types 1N2373 thru 1N2381. Ceramic 
racMed, hermetically leak 1 Design prevents 
arcing and ¿orona effect at extremely high 
altitudes Ideal for airborne «nd miMil in
strumentation Writ- fo. BuNutia ttW

0 High Voltage Cartridge Type* 
laMp ’Mb to UMI vaM MV 9 43 la 440 m. 
Especially suited for miniaturized military 
equipment where optimum reliability b a prime 
factor. Standard typr for normal convection 
cooling and high current types for forced air 
or oil cooling. Hermetically sealed metallized 
ceramic housing. Request Bulletin M«*M.

Thermosetting Plastic 
Resin

O Silicon Zener Diode*
•«own Fran MB eMMana fx 11 watt*

A complete series in 0 types Miniature suigl» 
Junction tyjai, multiplr junctinn types ami 
double anode units. 750 milliwatt and 1 watt 
types Bullutfu M-MI, 3.5 and 10 watt types : 
Bulletin M-Ml. Multiple junction 5 watt 
types; SR-253, Double anode types: SR-254.

0 Selenium Sub-Miniature Diodes 
Ritnp Uto IMwiti • IBM to 11 m.

Ideal components fas bh» ittppUei temiti^* 
relays, computer« etc. High resistance (ln 
megohms and higher at —10 volts). Excellent 
linear forward characteristics Extremely small, 
low in cost. Encapsulated to mist advene en
vironmental extret'»-' Specif’ Mtetta W il.

0 Stud Mounted Silicon Power Diode* 
ftttMgt» M to Ml Witt MV • 4N an. Is law

Industrial and military types including the 
1N253,1N254 and IN255 Stud mounted, her
metically «esled, all-weide>< construction. Op- 
«■ialingt»mprratui.-ra«is»:—55 Cto+150 C 
Designed and manufactured to meet mo» t 
rigid military spot ifkatwwi. Bulletin W-UK 

0 Silicon Power Diodes — Pigtau
Ratios 90 to 100 wits MV • 2M la IM an 

An »rtrnih- line of silicon power diodri foi 
military and industrial applications featuring 
nibwelded, hermetically .sled < onstrui Hoi. 
Designed ind inanufacti ¿rd tn meet the mmf 
rigid militau > iwpifremr-«' Foi »nformation 
on types for your application Cornua fustury 

0 High Voltage Silicon Power Diodes
Rattop Ml to 24M «site MV • IN to 125 an.

Three type* available. Hermetically sealed, 
pigtail construction. Style J rated at 600 to 
1000 volts PIV at 125 ma. Bulletin 
Styles K and L with PIV ratings from 600 to 
2400 volts at 100 ma. de output current «re 
deic-ribed in technical detail—Bulletin M-1S7.

1 filled fc 
ition. The 

—65 an 
5 to 100 
available 
lain Ave.

Zero Speed Switches
Operate from —20 to -|-250 F

Redesigned series 2100 DAZIC 
switches are shaft driven electrical 
controls with magnetically actuated 
contacts operated by a hydraulically 
driven mechanism. They will open

For modular systems
Dt gned for modular console 

syste is, Prem-O-Rak two-tone cab
inets can be assembled in a wide 
varie y of arrangements. The line 
includes sloping cabinets, pedestal 
fram* s, work tops, writing shelves, 
turrets, and sliding drawers. These 
units can be used with the com
pany s PR and POR series racks.

Premier Metal Products Co., 
Dept. ED, 337 Manida St., New 
York 59, N.Y.
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liquid, Maraglas 655 is a transparent 
thermosetting resin that is easily 
cast and permanently solidified after 
a brief heat cure. Castings made 
from the resin have 90% light trans
mission, high strength, and good 
electrical properties. They’ can be 
used for structural parts, tubes, and 
encapsulation for electronic appa
ratus.

Marblette Corp., Dept. ED, 37-31 
30th St., Long Island City 1, N.Y.
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speed acceleration of 15 rpm and 
can )e driven at speeds to 3800 rpm. 
The operate from —20 to -f-250 F 
and have totally enclosed Micro 
Swi h spdt snap action contacts 
witl UL ratings of 10 amp at 125, 
-50 or 460 v ac, 0.5 amp at 125 v 
de, nd 0.25 amp at 250 v de.

V interburn Mfg. Co., Dept. ED, 
Put im, Conn.
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WORLD'S LARGEST SUPPLIER OF INDUSTRIAL METALLIC RECTIFIERS • SELENIUM • GERMANIUM • SILICON

■ RANK! IN 2 3888 - NEW ENGLAND 1 

MICHIGAN: 1799 COOLIDGE HIGHWAY, E 

AWA I, ONTARIO . PHONE REGENT 3-6880

BRANCN OFFICfti NEW YORK: 132 east 7OTh st...... Trafalgar 9 3330 . CHICAGO 

... UNIVERSITY 4-6520 PENNSYLVANIA: SUBURBAN SQUARE BUILDING, ARDMORE, PENN 

IN CANADA: INTERNATIONAL RECTIFIER OF CANADA, 1



NEW PRODUCTS

Transistorized

NewInstruments for Industry, Dept. ED, 101 
South Rd., Hicksville, N.Y.
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VICKERS INCORPORATED
DIVISION OF SPERRY RAND CORPORATION 

ELECTRIC PRODUCTS DIVISION
1841 LOCUST STREET . SAINT LOUIS 3, MISSOURI

Sales ST LOUIS-CEntrol 1-5830 CHICAGO-JUniper 8-2125 CLEVELAND—EDiion 3-1355
Engineering DETROIT—KEnwood 4-8070 NEW YORK—LEnnox 9-1515 LOS ANGELES—DAvenport 6-8550

Offices WASHINGTON. D. C.—Executive 3-2650 BOSTON (Representotive)—CEdor 5-6815
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IFORM-UNIFORM
Vickers.

SILICON POWER RECTIFIERS
SOUND ENGINEERING • PRECISE MANU

FACTURE • THOROUGH TESTING
assure

GREATER RELIABILITY • CONSISTENT
QUALITY • LONGER LIFE A T LESS COST

Every Vickers Silicon Power Rectifier offers the same excellent 
operating characteristics: extremely low reverse current and for
ward drop; stability at high temperatures; greater economy, with 
current ratings as much as 25% above other rectifiers of similar 
size and price.

This uniformity is achieved through stringent manufacturing 
and quality control techniques, with “surgical” cleanliness at every 
stage of production. Uniformity in manufacturing produces higher 
yield of perfect rectifiers at minimum cost to you. Uniformly high 
product quality means exceptional reliability—low maintenance 
costs.

For complete information on Vickers Silicon Power Rectifiers, 
available in 2, 8 and 12 ampere sizes, contact the sales engineering 
office below, or write for Series 3300 Bulletins.

600 V A A 60 BA 60 CA6O

VOLTAGE
CATALOGUE NUMBERS dim ENSIONS

2 AMPERES 8 AMPERES 12 AMPERES

1OO V

200 V

300 V

400 V

500 V

AA 1O

AA 20

AA 30

AA4O

AA 50

BA 1O

BA 20

BA 30

BA 40

BA 50

.070 Die
CA1O H0**-

u r5'64_____

64

1-1 /64

CA 20 j / 47/
32

CA3O
41/

7/16 HEXjT|
CA 40

CA5O 10-32( 190)
THREADS—

;__
7 16

Models T-330A and T-330B are fully transis
torized i-f amplifiers with source and output im- 
pedances of 50 ohms. The T-330A has a minimum 
gain of 80 db with a center frequency of 30 me 
and a 10 me bandwidth. It uses stagger-tuned cir
cuitry and has a 10 db noise figure, a -{-5 dbm 
output, and 12.5 mean stage gain. The T-330E 
provides 100 db minimum gain and has a 30 me 
center frequency with 3 me bandwidth. Noise fig 
ure is 9 db, output is -f-10 dbm, and mean stage 
gain is 14 db. It has synchronously tuned circuitry

DC Voltmeter

Measures 10 pv to 1 kv

Transistorized de voltmeter model 2900A meas
ures de voltages over nine decade ranges from 
10 pv to 1 kv with an error of less than 3% of full 
scale. A zero-center meter movement with a mirror 
scale provides polarity indication of an input volt
age without switching or lead reversal. On the 
10 pv range, noise level is less than ±0.4 pv re
ferred to the input, and in a two hour period the 
zero drift of the needle is under ±1 pv. The unit 
has a full scale power sensitivity of 10-14 w.

Convair, Div. of General Dynamics Corp., Dept. 
ED, 3595 Frontier St., San Diego 12, Calif.
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Transistor Transformers

Weigh 1/2 oz.

y transis- 
Litput im- 
minimurn 
of 30 mc 
lined cir- 
+5 dbm 
J T-330B 
a 30 me 

^Joise fig 
Jan stage 
circuitry 
101 New
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re

These five transistor transformers are available 
in round hermetic cases with glass bead headers 
or epoxy molded construction. They are about 1/2 
cu in. and weigh 1/2 oz.

Microtran Co., Inc., Dept. ED, 145 E. Mineola 
Ave., Valley Stream, N.Y.
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Film Resistors

Tolerance is ± 1 %
The complete line of these precision film re

sistors exceeds the requirements of MIL-R-10509B. 
It includes all five MIL sizes, RN60 thru RN80, 
as well as the new KC50 and KC55. Rated at 0.1 
wand 0.125 w respectively, with a standard toler
ance of ±1%, they are applicable to transistor
ized circuitry. Their oil filled construction insures 
maximum reliability under extreme environmen
tal conditions as well as the ultimate in long term 
stability.

Key Resistor Corp., Dept. ED, 321 W. Redondo 
Beach Blvd., Gardena, Calif.
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Winding Compensated Resolvers

In size 8
These size 8 winding-compensated resolvers 

weigh only 1.2 oz, and have a frame diameter of 
0.750 in. with maximum frame length of 1.241 in. 
The\ are designed for the 26 v, 400 cps input 
signals in aircraft and missile instrumentation 
syst< ms. Null voltage of these units does not 
weed 1 mv per v output. Maximum fractional 
erro is held to 0.1%. The slip ring and wiper as
sem 4y is designed to withstand shock loads up to 
45 g at 2000 cps. Other features include corrosion 
resis ant frames, and two phase rotor/stators with 
no s crifice of critical characteristics.

A lerican Electronics Inc., Instrument Div., 
Dep ED, 9504 W. Jefferson Blvd., Culver City, 
Cali
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Wonders In Miniature. Snow
flakes are excellent examples of how 
Nature uses tiny things to achieve great 
effects. Individually, these microscopic 
crystals are masterpieces of symmetrical 
beauty. Collectively, they have a decided 
influence on this planet’s living conditions. 
Man follows Nature's lead by using mini
aturization as a powerful force of action.

Miniature Pressure Switch, ap
proximately 1%* long, has exceptionally 

high resistance to radiation. It maintains 
performance characteristics and calibra
tion at 1000°F and in a reactor environ

ment, operating in lines up to 10,000 PSI, 
with no seepage or leaks. Construction 
includes two MPB bearings to support 
movement of highly sensitive member.

Man With Miracles. Gordon 
Colson, an MPB Sales Engineer, worked 
closely with the firm producing the small 
high-pressure switch. He provided tech
nical assistance for their engineers in 
selecting exactly the right bearings. To 
aid in solving your engineering problems 
with miracles in miniaturization, an ex
perienced MPB technician is available.

1959 ELECTRONIC DESIGN • June 10, 1959

New Miracles in Miniaturization o
Reaching new heights, in outer space or in 

everyday industrial efficiency, calls for a 

good deal of new equipment, which usually 

calls for new miracles in miniaturization, And 

which, in turn, calls for experience like 

MPB's in making smaller bearings to meet 

greater scientific and industrial needs. MPB

ACTUAL SIZE OF THZ BEARIHOt IH PRESSURE SWITCH SHOWN ABOVE

has specialized in this and produces over 500 

types and sizes of bearings, ranging down to 

l/lO* O.D., with specials as required. Our 

catalog will bring you complete facts on these. 

For catalog, or engineering advice, or both, 

write Miniature Precision Bearings, 
Inc., 906 Precision Park, Keene, N. H.

MINIATUR® PRECISION

BÏARINOS INC.

Helps you perform miracles 

in miniaturization

147
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SPECIFICATIONS:
Frequency range is de to 3000 me, 50 or 
70-ohm resistance, types "N” or “C" male or 
female connectors, VSWR is less than 1.2 to 
300U me and average power dissipation 
is 1 watt.

Send for literature on complete line of coaxial 
line terminations, coaxial attenuators and 2, 
6 and 10-position turret attenuators.

Immediate delivery

STODDART
AIRCRAFT RADIO CO., INC.

6644 SANTA MONICA BOULEVARD 
HOLLYWOOD 38, CALIF., HOIlywood 4-9292

NEW PRODUCTS
All Purpose Relay 

Has nylon blade lifter

Model RH relay, an all purpose 
unit, has a nylon blade lifter to 
assure long life and dependable 
operation. Suited for industrial con
trol uses, the relay provides a large 
amount of contact wipe and high 
contact pressure. Available in all 
voltages up to 230 v ac and 110 v 
de, the unit can be supplied with 
contact arrangements up to 4pdt 
with a choice of 5 or 10 amp con
tacts. Weighing about 3 oz, it

measures 2 x 1 x 1-11/16 in.
Artisan Electronics Corp., Dept. 

ED, 171 Ridgedale Ave., Morris
town, N.J.
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Variable Transformers

High current
Series H-C Powerstat variable 

transformers have high current ca
pacities and are suited for heavy 
duty applications. Both 200 and 
360 amp types are available. The 
units have zero waveform distortion, 
good regulation, and smooth control. 
They incorporate a re-entry ring 
and helical coil construction which 
permits fine voltage adjustment with 
low voltage drop.

The Superior Electric Co., Dept. 
ED, Bristol, Conn.
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STODDART COAXIAL TERMINATIONS

operate from -450° F to +440” F

am] 
tl

W't

Resistive elements of these units are made of thin platinum films fired at high 
temperatures on ceramic forms and treated with a protective coating of silicone 
varnish. These elements do NOT become superconductors at temperatures at 
least as low as 4.2° Kelvin. Due to the temperature coefficient of the element, 
however, a unit having a resistance of 60-ohms at room temperature will become 
a 50-ohm element at this low temperature.

Temperatures as high as +4403F may be induced inside the terminations by 
an electrical overload of at least 3 times the rated average power dissipation, 
which is 1 watt. No permanent damage to any part of the termination is pro
duced when subjected to such rigorous treatment.

CIRCLE 298 ON READER-SERVICE CARD

148

Exce 
outf 
null

Higt 
valui 
Unit 
men 
varia

Sour 
POWE 
from

Meet 
tion 
netic

Wri

CIRCLE 301 ON READER-SERVICE CARD
ELECTRONIC DESIGN • June 10, 1959

1 806 
T lephi 
C ÎCLE ! 

ELE' TRC



, 1959

—miniature size... hermetically 
sealed, and 99.99% proven reliability
Protect your costly transistors with this tiny new N.O. 
thermal relay, only .0125 cubic inch in volume. It fires 
positively at .180 amp. For higher firing currents see 
graph for time delays obtainable. The fuse supports 
.120 amp. max. continuous current without burning. 
Operation is based on the “fuse burnout” principle 
which gives wide latitude to systems designers. The 
N.C. type fires positively at .350 amp. and supports 
.230 amp. max. continuous current without burning.
Hermetically sealed in glass by NETWORKS’ exclusive 
method of bonding metal headers to glass housings 
which are resistant to heat and shock. The glass pro
vides interior visibility—a great advantage over metal 
or potted types.
Qualification tested in the completely equipped NET
WORKS’ environmental laboratories. Normally-open 
type is tested to withstand:

New 
space-saving, 

lightweight .

erential
DC amplifier
amplifies low-level 

telemetering signals 
with high efficiency
Smallest size available—only 2J4" long 
x 1%" square. Weighs only 8 ounces. 
±10 millivolts "in”...±5 volts “out.”
Excellent linearity. From null to 5 VDC 
output, the linearity is 0.5%. From 
null to 2.5 VDC, it’s 0.25%.

High stability—1 % of gain and null 
value in 5 minutes from a cold start. 
Unit is stable over the full environ
mental range, and over power input 
variations.

Sources floating-input, output and 
power sources are completely isolated 
from one another.

Meets MIL-E-5272A for humidity, vibra
tion and shock. Designed with mag
netic amplifier reliability.

Write for complete data.
NETWORKS 
ELECTRONIC
CORPORATION

1 '806 Oxnard Street, Van Nuys, Calif.
7 lephone: STate 2-3114
C tCLE 500 ON READER-SERVICE CARD
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NETWORKS 

ELECTRONIC 

- originators of the 
glass-enclosed thermal relay

- announce 
a NEW

LOW-CURRENT 
THERMAL RELAY

Temperature: —100cF to +400°F
Vibration: 20 to 2000 cps at 15 G’s

Shock: 50 G’s for 2 to 4 MS
Higher ratings for Normally-closed type.

NETWORKS relays meet all pertinent Mil. Specs.
99.99% reliability. NETWORKS maintains continuous 
checks on daily production. If failure occurs in a lot, 
the entire lot is scrapped. There has been no failure in 
1,000,000 delivered units.
Designed for use as a low-current sensing device, or for 
overload protection in guided-missile circuitry and com
plex electronic equipment. Used extensively to program 
parameters into pre-flight or flight computers.

firing time vs current

2 .3 A .5 .6 .7 .8 .9 10
SECONDS

FOR
SOLID

STATE

APPLICATIONS

normally open type no. msss (Actual size)

Maximum Dimensions: .165” dia. x .550” long 

normally closed type no. M449 (Actual size)

Maximum Dimensions: .250" dia. x .860" long

Send for complete data.

NETWORKS ELECTRONIC

14806 OXNARD STREET • VAN NUYS, CALIFORNIA • STATE 2-3114

1959
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NEW PRODUCTS

AIR-WOUND
CIRCLE 304 ON READER-SERVICE CARD

produce up to 6.000 welds
per hour automatically

with one operator.

CIRCLE 305 ON READER-SERVICE CARD

MISSILE

model T-3

CIRCLE 308 ON READER-SERVICE CARD

CIRCLE 309 ON READER-SERVICE CARD
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COMPACT 
SYNCHRONOUS 
WELDING 
TIMER 
6" wide 
IO1/2" high 
8V2" deep

More than a quarter 
century of experience—the 
longest in the industry— 
is behind these 
outstanding coils. But we 
don’t stop here: Custom 
coil designing to operating 
specifications has always 
been an essential part of 
our service, and we can 
produce efficiently in large 
or small quantities. If 
you must solve a special 
coil application in a hurry, 
our know-how is as close 
as your telephone.
Call ST 8-5581.

CH CIE I 
lELEt TRC

CARDIAC MONITOR.—This hand size unit pro
vides visual and audible indications of the ventricu
lar R wave from external chest electrodes and the 
ventricular R wave through internal heart wires. It 
also monitors the company’s Pacemaker pulse. A 
level control adjusts for various inputs.

Medtronic Inc., Dept. ED, 818 19th Ave. N.E., 
Minneapolis 18, Minn.

PHOTO RECORDING PAPERS.-In width and 
lengths to fit all oscillographs, Linagraph papers 
meet a complete range of instrument recording re- 
ouirements. Type 77 has a relative tungsten speed 
of 100 and records at writing speeds to 50,000 ips. 
Type 44 has a relafive tungsten speed of 20 and pro
duces high trace density and contrast from low to 
high writing speeds.

Eastman Kodak Co., Dept. ED, Photo Recording 
Methods Sales Div., Rochester 4, N. Y.

z BENCH MOUNTED 
STORED ENERGY WELDER

LEAD FORMING TOOL.—The Leedfonn quickly 
and precisely forms component leads for printed cir
cuit assembly without danger of accidental deforma
tion. The tool makes circular bends that increase the 
shock and vibration resistance of finished assemblies. 
It accommodates all axial-lead components.

A. G. Barstow Co., Dept. ED, 8420 Otis St., South 
Gate, Calif.

FILTERS
Precisely constructed for any 
application, high-pass, low-pass, 
band-pass and band-suppres
sion.! ypes to commercial stand
ards or to meet MIL T-27A for 
military use, where temperature 
and humidity are vital factors.

FIXED INDUCTORS
Designed to performance specifi
cations, for high power trans
mitters and RF heating appli
cations. Coupling links may be 
internal, external, fixed or 
variable.

TOROIDS
Open, impregnated, tape wrap
ped, encapsulated or metal 
cased. In sizes from di
ameter center hole to any size 
specified Inductances from a 
fraction of one micro-henry to 
several thousand.Tolerances:as 
close as 1% on special order. 
Designs to meet Grade 5 re
quirements of MIL T-27A.

ROTARY INDUCTORS
Ruggedly constructed units are 
available from stock and on 
special order.
These inductors, fabricated of 
wire, tubing or edgewound strip, 
have found wide application in 
induction and dielectric heaters, 
antenna phasing networks and 
radio transmitters.

STANDARD COIL STOCK 
Highly efficient air wound coils 
are stocked in a wide variety of 
sizes from diameter. Coils 
up to 48" in diameter, 7' in 
length have been produced.

BALUNS AND BALUN COILS 
Stock Items: Model 725 1 KW, 
frequency coverage 1.5 to 30 me. 
matches 75 ohm unbalanced in
put to 300 ohm balanced output. 
Model 3976 Balun Coil Kit with 
mounting bracket. For either 
75 ohm unbalanced to 75 ohm 
balanced or 75 ohm unbalanced 
to 300 ohm balanced. 250 watts 
AM—500 watts CW—1 KW SSB

BAND-SWITCHING PI-NETWORKS
For high efficiency and sim
plicity in construction of wide 
range band-switching amplifiers 
operating from 3.5 through 30 
mc’s. Designed for maximum 
"Q”. Stock items.

CERAMIC RODS AND DISCS.-Made from the 
company’s Grade HT-2-M shock resistant ceramic 
that is suitable to 2200 F. Units can be readily ma
chined and can be used as electrical and chemical 
insulators. Available in diameters from 9/16 to 2-1/4 
in., lengths to 1 in., and also in custom shapes.

Duramic Products, Inc., Dept. ED, 262-72 Mott 
St., New York 12, N. Y.

RAW alio dotign ond manufaduro fllfort for: ANTENNAS RADIO INTERFERENCE*RADIO RANGE*UHF and VHF 
as wall as many special types designed to performance specifications. Available to commercial or military standards.
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CHOKES
RF Filament Chokes for ground
ed grid amplifier applications, 
for operation on frequencies 
from 3.5 to 30 me. RF plate 
transmitting chokes for series

MOLDED TRANSFORMERS.—An expanded series 
of standard molds for small, light transformers per
mits fast delivery of special units up to 1000 va at 
400 cps, single or three phase.

Sterling Transformer Corp., Dept. ED, 297 N. 
Seventh St., Brooklyn 11, N.Y.
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MISSILE-BORNE POWER SUPPLY.-This turbine- 
driven electric power generator delivers 15 kva of 
400 cps, 120 or 208 v, 3-phase power. It is 6-1/2 in. 
in diameter and 10-1/2 in. long and weighs 35 lb. 
Rated life in a vacuum exposed to missile skin radia
tion at 600 F is 20 min.

Bogue Electric Mfg. Co., Dept. ED, 52 Iowa 
Ave., Paterson 3, N. J.
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• New TW5 low friction welding 
head

• Stored energy panel of 80 Watt 
second capacity

• Discharge time of 0.0008 to 
0.0012 second

• Permits welding of difficult 
materials, i.e.: copper, silver, 
tungsten, etc.

• Reliable welds without discol
oration, deformation, metallur
gical change

PI-WOUND AND SOLENOID INDUCTORS
Designed and fabricated to 
specifications. Universal with 7 
single or multiple pi or pro- 
gressive windings. IF, RF and 
oscillator coil assemblies, open, 
canned or hermetically sealed.

CIRCLE 310 ON READER-SERVICE CARD
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TRANS-SYNC 
WELD-TIMER

1 KVA capacity-utilizing semi
conductors.
Also ideally suited with high 
speed automatic machinery. 
Operates at a rate up to 1200 
welds per minute . . . welds 
partially oxidized materials 
with ease.
Welding time: ¥2 cycle (8 milli
seconds) to 10 cycles (160 
milliseconds). ____

TWEEZER 
WELD

EDERAL TOOL ENGINEERING CO 
1400 Pompton Ave.

Cedar Grove, New Jersey

Precision 
Resistance Welding 

Equipment
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welding

80 Watt

)008 to

TELEMETERING... SONAR...
MISSILE GUIDANCE...AIRBORNE RADAR

deg ee and. years experience.

Please write W. C. Walker your qualifica
tions or fill in the coupon and mail today.

CT 
10N0US
IG

)0 welds 
natically 
perator.

Rectilinear Recording System

Has plug-in preamplifiers

With interchangeable plug-in preamplifiers the 
Meterite two-channel rectilinear recording system 
model BSA 200 can record almost any phenomena 
between de and 200 cps. Chopper, carrier, ac, and 
low, medium, and high gain de preamplifiers are 
available. The portable unit is 14 x 10 x 16 in. and 
has six chart speeds from 0.5 to 200 mm per sec.

Cohu Electronics, Inc., Massa Div., Dept. ED, 
5 Fottler Rd., Hingham, Mass.
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Delay Lines

only EMCOIt®9lves 
you more quality features

Q EQUIPMENT MOUNTING: Adjustable panel 
mounting angles on all vertical panel space open
ings allow for easy recessing of equipment.

Q FRAME COMPONENTS: Choose from hundreds of 
components . . . doors, side panels, drawers, etc. 
... in louvered, perforated or plain styling.

Q STURDY CONSTRUCTION: Heavy 14 gauge, prime 
quality, cold rolled steel offers rugged structural 
support . . . higher load carrying capacity.

Q LONG LASTING FINISH: Light and dark gray 
metallic baking enamel applied over "BONDERITE" 
for a pleasing, dignified two-tone contrast de
signed to blend with equipment and colors in 
any application.

Over 700 frames that can be joined side-by-side, 
front-to-back, back-to-back, one above the other, 
or in any combination thereof for versatility in 
control center design.
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WRITE FOR YOUR COPY OF CATALOG 10(
Originators of the Modular Enclosure System

ELGIN METALFORMERS CORP.
6 3 0 CONGDON, DEPT. 1221 • ELGIN, ILLINOIS

♦RogiUorod Trademark of Elgin Motalformen Corporati#

needs

CIRCUIT 
DESIGN 

ENGINEERS

ifficult 
, silver,

discol- 
letallur-

If you have had two or more years 
experience in Circuit Design in 
Telemetering, Sonar, Missile Guid
ance or Airborne Radar... and are 
interested in moving to a perma
nent, well paying position in South
ern California -

Have high storage density
These delay-line packages are semi-adjustable 

and can be provided with as much as 400 psec 
delay per cu in. A 3 x 3 x 3/8 in. can will contain 
as much as 1 msec of delay, which represents a 
storage capacity of about 150 bits per cu in. Such 
units have a temperature coefficient of delay of 
about 25 ppm per deg C over a temperature range 
of from —60 to -j-100 C. Pulse amplitude does 
not vary over the entire temperature range. Delay 
lines are available in a wide choice of sizes and 
housings and terminals arrangements.

Deitime, Inc., Dept. ED, 608 Fayette Ave., 
Mamaroneck, N.Y.

g semi-

:h high 
nery.
o 1200 
, welds 
terials

8 milli- 
s (160

W. C. Walker, Engineering Employment Manager 
Bendix-Pacific, Bendix Aviation Corporation 
11620 Sherman Way, North Hollywood, Calif.

I an interested in_____________Engineering.
I ar a graduate engineer with-------------------

Subminiature Switch

For high temperature use
This precision subminiature switch, No. 61151, 

was designed for operation under high tempera
ture conditions. It measures 3/4 x 45/64 x 23/64 
in. Operating temperature range is —65 to 700 F, 
throughout the life of the switch. Life at rated 
load is 25,000 cycles at 700 F. and 100,000 cycles 
at 450 F. The operating force is 10 to 20 oz and 
the electrical rating is 5 amp resistive, 3 amp in
ductive at 28 v de.

Haydon Switch, Inc., Dept. ED, Waterbury 20, 
Conn.
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NEW PRODUCTS

TWIN

PAM-PDM Decommutator

Solid state

Series 1000 telemetry pam-pdm decommutator 
is a solid state system that will accept all standarc 
1RIG data trains. It has an overall accuracy o 
±1%. A 28 channel system weighs less than 35 lb 
and consumes under 10 w. Of modular construc
tion, the systems may be packaged for fully port
able operation, for standard rack mounting on a 
5-1/4 x 19 in. panel, or in a cabinet.

Missile Electronics Engineering Co, Dept. ED, 
14644 Keswick St, Van Nuys, Calif.
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For connections you 

must count on...

SIMPLE
The terminal connector, 
crimped onto the wire 
end, slips easily into the 
block cavity. No screws 
or washers to remove, 
nothing to drop, just 
Insert it.

be sure, be safe with

LOCK TERMINAL BLOCKS

Twin Lock terminal blocks offer the ultimate in 
terminal reliability, speed of assembly, and versatility 
of application. Molded of a lightweight phenolic base 
with reinforced barriers between cavities, the Twin 
Lock block will accommodate up to 40 connections 
quickly and surely. Twin Lock’s exclusive, insert-and- 
tighten two-way locking action cuts harness assembly 
time to a fraction of that required by any other block. 
Twin Lock contact points, either tin plated, gold plated 
or plated to customer specification, assure lowest 
resistance connection. Wire end connectors, compatibly 
plated, can be supplied for manual or automatic 
assembly. Available in either vertical or side entry types, 
the Twin Lock block is applicable wherever a fast, 
positive, reliable electrical connection is required. For 
complete information on these remarkable new blocks, 
write for the T-1000 and T-1010 Terminal Block Brochure.

Lumped Constant Delay Line

3/8 x 1-7/16 x 5 in.

SPEEDY
When connectors have been 
inserted, they’re locked 
electrically and mechan
ically. Then, when the 
circuits have been checked, 
a few quick turns of the 
lock screw and they're 
double-locked. SURE

When the connector has been 
inserted and tightened, the 

Twin Lock terminal block 
connection is positive—electrically 

and mechanically. Over 100 lbs. 
force is required to break 

this connection.

TWIN L^LOCK^

1024 West Hillcrest Blvd.
Inglewood, California

Coliseum Tower, 10 Columbus Circle,
New York 19, New York

Lumped constant delay line model F341 has a 
total delay time of 2.4 psec, tapped at 0.8 and 
1.75 psec. Its impedance is 300 ohms and its rise 
time 0.15 psec. Suited for adverse environments, 
the unit measures 3/8 x 1-7/16 x 5 in.

Control Electronics Co, Inc, Dept. ED, 10 
Stepar Place, Huntington Station, N.Y.
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Transformers

Have transistor applications
Designed for transistor power supplies these 

four transformers are epoxy molded, and exceed 
MIL specs. Operating from 12.6 v dc supply, 
they are designated; TY-78, TY-79, TY-81 and

ELECTRONIC DESIGN • June 10, 1959
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ept. ED,

ne

urn

most complete line of
silicon rectifiers!

ED, 10
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I exceed 
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-81 and

St., Milwaukee 1, Wis.
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you CAN Bi SURE... IF it's y \ c S11 n 0 h o u s e
SEMICONDUCTOR DEPARTMENT, YOUNGWOOD, PA. O

e ra d at: 250 v at 100 ma; 300 v at 200 ma; 
>5 v t 150 ma; and 375 v at 200 ma respectively, 
ecau e of their toroidal configuration, they may 
e sta <ed on a mounting bolt, with series parallel 
)nne< ions, to produce an output equal to the 
jm o the combined units at only a slight loss in 
fficiei.cy.
Triad Transformer Corp., Dept. ED, 4055 Red

wood We., Venice, Calif.

Electric Counters

For ac applications
imutator 
standard 
uracy of 
an 35 lb 
jonstruc- 
lly port
ing on a

Model YE series of electric counters is now 
ivailable for ac applications, for both the oper- 
iting and reset coils. With speeds up to 1500 
ounts per minute, they are offered in four models, 

Lanel mounting and base mounting, with instant 
lectric reset or push button instant reset that 
axes time in high speed operation.
Durant Mfg. Co., Dept. ED, 1993 North Buf-

Three Speed Gear Motor

1/10 hp

41 has a 
0.8 and 

1 its rise 
mments.

This 24 v dc, centrifugally governed controlled 
hree speed gear motor is rated 1/10 hp at 1920, 
440, and 960 rpm with ±1% variation. A fully 
nctaed, explosion proof unit, it is designed for 
00 h life and built to military specifications for 
amei i and tape applications. It is adaptable to a 
ange of speeds and measures 6-1/2 in. in length 
nd 2 5/16 in. in diameter.
We tern Gear Corp., Electro Products Div., 

32 V . Colorado St., Pasadena, Calif.
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Westinghouse offers the industry’s
Look to the leader next time you require a quality-built, 
performance-proved silicon rectifier of any size or power
handling capacity. Westinghouse offers the industry’s 
largest selection, from TV diodes to high-power 240 
amp. rectifiers for all types of power applications. All 
diodes and rectifiers use high-purity silicon for high 
temperature operation, long life, and high efficiency. We 
can supply all standard configurations, or build to specifi
cation. Special devices, such as bridges in series or par
allel, can be supplied on order. And since most products 
are in stock, we guarantee quick delivery.
Transistor users note: Westinghouse can also supply a 
large selection of silicon and germanium power transistors, 
as well as special semiconductor products.

For complete technical data, call your Westinghouse 
Sales Representative.



NEW PRODUCTS 3M Y CHEMICALS THE RAW MATERIALS OF PROGRESS
SERVO AMPLIFIER.—Model T873 is a panel “ 
mounted unit suitable for controlling a rotary am- I III 
plifier using a 400 cps gyro signal as the control. ( B

Sterling Precision Corp., Dept. ED, Instrument I B 
Div., 17 Matinecock Ave., Port Washington, N.Y. B
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ROTARY SWITCHES.—In eight combinations of 1, 
2, or 3 spst switch positions, series 777 units have 
positive indexing, metal covers, molded nylon shafts 
and cams, and 3/16 in. wide spade terminals with 
holes for solder connections. UL ratings are 10 amp, 
125 v ac; 1/3 hp, 125 or 250 v ac.

Controls Company of America, Dept. ED, 9555 
Soreng Ave., Schiller Park, Ill.
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SWITCH.—Model E13-00A features 0.1 overtravel 
and is UL rated at 15 amp, 125 or 250 v ac; 3/4 hp, 
125 v ac; 1-1/2 hp, 250 v ac. Case is environment re
sistant interlocking type with standard mounting di
mensions.

Cherry Electrical Products Corp., Dept. ED, 1650 
Deerfield Rd., Highland Park, Ill.
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READOUT FORM PRINTER.—Model 1941 has 12- 
decade capacity and automatic form ejector for re
cording automatic checkout data, logging instrumen
tation data, and recording quality control reports.

Clary Corp., Electronics Div., Dept. ED, 408 
Junipero St., San Gabriel, Calif.
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VIBRATION TEST FIXTURES.—Auxiliary Tri
Mode fixtures are available in two sizes to accommo
date the company’s C25H and CIO vibration ex
citers. Of welded tubular steel, they may be used for 
vertical or horizontal testing. The larger unit, model 
TM25, permits vibration testing of specimens up to 
66 x 44 in.

MB Mfg. Co., Dept. ED, Box 1825, New Haven 
8, Conn.

JM FLU( 
—148°F 
—148°F 
sure, wii 
offers tl 
electric s 
maintaii 
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patible 
high tei 
mally st 
vents d 
equipme 
due to I

USING FLUOROCHEMICALS, TRANSFORMER DW/
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BLANK PRINTED CIRCUIT CARDS.—These 
blank plug-in cards are for use in fabricating small 
quantities of transistor plug-in circuits. Suitable 
mounting hardware is also available.

Plug-In Instruments, Inc., Dept. ED, 1416 Leba
non Rd., Nashville, Tenn.
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FIIP MOTOR.—Available in any voltage from 6 to 
220, model M-60 has a die cast frame and can in
corporate reversing and dynamic braking. It can be 
supplied with either ball or sleeve bearings.

Rae Motor Corp., Dept. ED, 2005 Kewaunee St., 
Racine, Wis.
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Our age of miniaturization drops a challenge to the makers 
of electrical components—size and weight must go down. 
By using a 3M fluorochemical inert fluid, FC 75, as a 
dielectric coolant, the Raytheon Manufacturing Company 
has developed a transformer of improved electrical per
formance-reduced in volume by 75% and by 50% in 
weight. The miniaturized transformer is shown above, 
dwarfed by its old-fashioned counterpart. The reason? FC 
75 permits the use of a much smaller transformer core and 
coils. And it reduces the space needed for insulation.

CHEMICAL DIVISION

J^£inn esota Joining and ^Manufacturing company 
...WHERE RESEARCH IS THE KEY TO TOMORROW 
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3M
COM PANY

3M I 1EMI4 
Acif • I

• 0 s, W 

Coa ngs

• Ine 

ci clé :

It has high dielectric strength, high heat transfer capability, 
is self-healing. It has wide liquid range with a pour point 
of —148°F and low viscosity. It is thermally stable in 
excess of 800°F. As an evaporative coolant it is all these: 
nonexplosive, nonflammable, nontoxic, odorless, non- 
corrosive. Check the other properties at the right—then 
investigate FC 75, as well as the other 3M Chemicals made 
for the electronics industry: KEL-F® Molding Powders, 
KEL-F® Dispersions, KEL-F® Elastomers, Cardolite NC 
513, KEL-F® Oils, Waxes and Greases, Acids and Alkanes.

For fre< 
companj 
uct inti 
3M Cl 
Dix isioi 
WL-69, 
6, F ' inni
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Data Logging Amplifier

Has 0.1% linearity

3M FLUOROCHEMICAL FC 75 pours at 
—148°F. It has a wide liquid range of 
-148°F to 212°F at atmospheric pres
sure, with low viscosity. In addition, it 
offers these useful properties: high di
electric strength of 37KV; self-healing, 
maintaining dielectric strength after 
repeated high voltage arcing. Com
patible with most materials used in 
high temperature equipment. Ther
mally stable in excess of 800°F, it pre
vents development of hot spots in 
equipment. Prevents sludge formation 
due to hydrolysis or oxidation.

Positive Environmental Seal

Extra Heavy Duty Junction

Axial Leads (No Heat Sink)

Axial Leads

• Heavy Duty Junction S Low Forward Drop 

Hermetically Sealed • lo* Reverie Current
(Double Seal) B High Efficiency

0 NILS 10 55‘C-IOO 10 600 PIV
• Low Cost

• Low Forward Drop

B Low Reverse Current

Data logging amplifier model M-5301-D is a 
three stage, accurate, molded magnetic unit de
signed to deliver ±5 v at a linearity of better than 
0.1%. Input and output are fully isolated, com
pletely floating, and free of ground and power 
line. Voltage gains from 100 to 10,000 can be ob
tained with the use of external resistances. The 
unit draws 5 w from a 115 v, 400 cps line.

Airpax Electronics, Inc., Seminole Div.. Dept. 
ED, Fort Lauderdale, Fla.
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• Low Cost

DWARFED 75%
bility, 
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For free literature write on your 
company letterhead, specifying prod
uct interest, to — ■^■1 
3M Chemical
Di\ ision, Dept.
WI-69, St. Paul if «I
6, innesota. * Be JI

3M ( iEMICAL DIVISION, MANUFACTURERS OF: 
Ack . Resins • Elastomers • Plastics

Bv • 0 Waxes and Greases • Dispersion 

W Coa ngs • Functional Fluorochemicals 

' * Inert Liquids and Surfactants.
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Line Voltage Regulator

For military applications
This ac line voltage regulator is designed for 

ground support and airborne equipment. Known 
as model LVR-150, its electrical characteristics 
include: input voltage, 90 to 135 v ac; output 
voltage, 115 v ±1% for input of 90 to 135 v; fre
quency range, 50 to 65 cps (also available for 
400 cps); response time, approx. 100 ms; rating, 
150 va (available from 50 va to 2.5 kva). The unit 
is housed in a steel case and is completely en
capsulated in epoxy.

Kavamil Co., Inc., Dept. ED, 1417 W. El 
Segundo Blvd., Compton, Calif.
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Current Meter

For low level applications
Model 5902 MRC current meter combines fast 

response, high accuracy, low draft and a power 
sensitivity of 10 to 18 w. It is designed for low 
level current measurements. The low drop unit 
has nine full scale ranges of 0.1, 0.3, 1, 3, 10, 30, 
100, 300 and 1,000 pa dc. It permits measure
ments of 0.1 pa full scale with less than 10 pv 
drop across the input. Response time is 5 msec 
and basic accuracy is 1/2%.

Measurements Research Co., Dept. ED, 3801 
Castor Ave., Philadelphia 24, Pa.
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Series

f& h sm SILICON ¡mu
F SERIES-ELECTRICAL RATINGS-Capacitive Loads

Mex. Current Retings—Amperes
S. T. RMS Mex. D. C. toed Mex. RMS Mex. lecurren Reek Surge -4MS Mex.
Tyge Veils Volts 55 C 100 c 150 C 55 C too c 150 °C 55 C 1OOC 150 °C 55 °C 1OO °C 15O°C
F-2 200 70 .75 .5 .25 1.875 1.25 .625 7.5 5. 2.5 75 75 35
F-4 400 140 .75 .5 .25 1 875 1.25 .625 7.5 5. 2.5 75 75 35
F-6 600 210 .75 .5 .25 1.875 1.25 .625 7.5 5. 2.5 75 75 35

H SERIES-ELECTRICAL RATINGS-Capacitive Loads

S. T. 
Tye*

Max. 
Peek 

lavarte 
Volt»

Max. 
RMS 
Valtt

Current Ratings—Amperes
Max. D. C. Lead Max. RMS Max. Recurrent Peek Surge - 4MS Mex.
55 °C 100 C 150 C 55 °C 1OOcC ISO C 55 °C 100°C 150C 55 °C IOO°C 15O°C

10H 100 35 .75 .5 .25 1.875 1.25 .625 7.5 5. 2.5 75 75 35
20 H 200 70 .75 .5 .25 1.875 1.25 .625 7.5 5. 2.5 75 75 35
30 H 300 105 75 .5 .25 1.875 1.25 .625 7 5 5. 2.5 75 75 35
40 H 400 140 .75 .5 .25 1.875 1.25 .625 7.5 5. 2.5 75 75 35
50 H 500 175 .75 5 .25 1.875 1.25 .625 7.5 5. 2.5 75 75 35
60H 600 210 .75 5 .25 1.875 1.25 .625 7.5 5. 2.5 75 75 35

Write for design notes No. 30 and 31

SARKES TARZIAN, INC., Rectifier Division
DEPT. C-4, 415 NORTH COLLEGE AVE., BLOOMINGTON, INDIANA 
lnCanada:700 Weston Rd.,Toronto 9,Tel. Roger 2-7635 • Export: Ad Auriema, Inc., New York City
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NEW PRODUCTS■i

NM Series 
(actual size)

»-30 W

Nt

DIGITAL BUILDING BLOCKS.-Type DEC dig
ital test equipment consists of a compatible set of 
5 me digital circuits from which custom test instru
ments can be quickly assembled. Each block has a 
graphic patch panel showing its logical contents.

Digital Equipment Corp., Dept. ED, Maynard, 
Mass.
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PRECISION SOFT SOLDER PREFORMS.—Avail
able in discs, washers, spheres, and special shapes, 
these preforms are made from a wide range of solder 
alloys with melting points to 700 F.

Accurate Specialties Co., Inc., Dept. ED, 37-11 
57th St., Woodside 77, N.Y.
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ADVANCE
"NEOMITE

- smallest relay in the world... 
in transistor-size can.
Use it where there’s no space left!

MODULAR GEARHEAD.—Available in any ratio 
up to 178 to 1, model T612 is designed for use in 
high accuracy computers, servo systems, and simi
lar precision devices.

Sterling Precision Corp., Instrument Div., Dept. 
ED, 17 Matinecock Ave., Port Washington, N.Y.
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Compact circuitry needs the Neomite - a subminiature relay less 
than .05 cubic inch in size, and weighing only .09 ounce.

Reliable - recent tests have proven life of 1,000,000 operations 
minimum at rated load and 25°C.

DRAWING PENCILS.—This Paramount line in
cludes Diamond opaque lead pencils in 18 degrees; 
Star fine lead pencils in 10 degrees; and Chrome 
pencils in 10 colors.

Alvin & Co., Inc., Dept. ED, Windsor, Conn.
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lacing tape
ENGINEERED
TEMPERA TUR 

by GUDEBRO

°C GUDE-GLASS
Flat braided of glass fit ers, 
Gude-glass is recommended 
for use where high tempera
ture is a factor. Available 
with special finishes for non
slip characteristics, it is non
toxic, resists fungus and is 
flexible within its complete 
range: -40°C to 375°C.

°C TEMP-LACE
Manufactured of pure 
TEFLON*, Temp-Lace is 
the latest addition to the 
Gudebrod line. Chemically 
inert, it is available in nat
ural finish, with a fungistatic 
rubber coating or with a sil
icon dispersion finish. In 
five sizes, it is flexible from 
-40°C to 220°C.

A m 
gram 
deve] 
pany 
diam 
existi 
ture ;

ai: 
made 
S-40- 
genei 
types 
their

Sensitive - the Neomite operates on only 100 milliwatts power 
... switches .25 - ampere loads.

Rugged - relay withstands vibration of 10 G’s to 500 cps. It’s 
leak tested on RADIFLO equipment to insure long shelf life... 
produced to military standards under RIQAP program approval.

Versatile-it can be used in printed circuits, or to switch dry 
circuitry. Neomites are offered in 5 resistance values: 50 ohms... 
200, 500, 1000, and 2000 ohms. Contact arrangement is SPDT. 
Several units can be used to provide a multiple-pole relay occupy
ing small space.

MODULAR DELAYS.—With intervals variable in 
three scales from 0.25 to 500 psec and longer, the 
5 me model 1304 delay produces a level output sig
nal which may be used as a variable width pulse. 
Several delays in series permit arbitrary timing of 
control pulses and provide complete flexibility in 
generating patterns for testing magnetic cores.

Digital Equipment Corp., Dept. ED, Maynard, 
Mass.
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Our Applications Engineering Dept, will be pleased to 
work with you on your special application problems 
and on supplying built-up packages of Neomites 
and other components.

FIRE RESISTANT LAMINATED PLASTIC.-Cop- 
per-clad, epoxy base EP-37 will not support combus
tion, minimizes risk of fire in computer printed cir
cuits.

Formica Corp., Dept ED, 4614 Spring Grove 
Ave., Cincinnati 32, Ohio.
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15Ó

AC POWER 
vertron has a

SOURCE.—Model 15003-D-l In- 
15 kva, three phase output and a

Gudebrod Lacing Tapes.
*Du Pont's trade mark for 
TFP fluorocarbon fitter
*Du Pont’s trade mark for its 
polyester fiber

°C STUR-D-LACE H
Flat braided of DACRON** 
with non-corrosive rubber 
finish or wax finish, Stur-D- 
Lace H meets the most 
severe requirements for 
fungus-resistance. It is non
toxic, knots tightly, is un
affected by most chemical 
solvents. In five sizes, all with 
high dielectric strength.

C GUDELACE
The original Gudebrod lac
ing tape, flat braided of 
nylon with special wax fin
ish, Gudelace has become 
the standard where excessive 
high temperatures are not 
encountered. In seven sizes, 
Gudelace also comes in six 
colors for circuit coding.
Write for new Data Book with 
complete specifications of All
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A PRODUCT OF ELECTRONICS DIVISION 
ELGIN NATIONAL WATCH COMPANY 
2435 N NAOMI ST BURBANK. CALIFORNIA
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350 to 450 cps variable frequency range. Input is 
460 v, 60 cps, three phase. All other standard In
vertron models are also available with power out
puts to 15 kva.

Behlman Engineering Co., Dept. ED, 2911 
Winona Ave., Burbank, Calif.
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RANGE:
WEIGHT:

PART NO. 
VOLTAGE 
RANGE: 

CURRENT 
DRAIN: 
TEMP. 

RANGE: 
WEIGHT: Unit 1.59 ozs., 

plunger 0.24 ozs. 
W dia., IMt" Igth.

PART NO. 
VOLTAGE 

RANGE:
CURRENT 

DRAIN: 
TEMP. 

RANGE: 
WEIGHT:

3«

2»

8SD328-4
18 to 30 VDC 
continuous duty 
.535 amp @ 24 
VDC @ 78°F 
—65°F to +165

5SD466-5
24 to 29 VDC 
continuous duty 
.100 amp @ 28 
VDC @ 78°F
—65°F to +240

4SD819-2
24 to 30 VDC 
continuous duty 
.030 amp @ 24 
VDC @ 78°F
—65°Fto +160

pes.
tark for 
tier

7SD756-2
25 to 29 VDC 
intermittent duty 
(20 sec. on, 
15 min. off) 
.800 amp @ 24 
VDC @ 78°F
—32°F to +170°

Information on PSP solenoids, as well as 
complete information on synchro com
ponents and step-servo motors manufac
tured by our company, is available when 
requested on company letterhead.

✓ICE CARD
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STROKE - INCHES

ABOVE 
INTERNAL SPRING

Unit 9.6 grams, 
plunger 0.4 grams 
¥2" dia., ¥2" Igth.

Unit 9.2 grams, 
plunger 0.9 grams 
W dia., W Igth.

Unit 1.8 ozs., 
plunger 0.013 ozs. 
%" dia., IV2" Igth.
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p £CIAL REPORT ON 
IV iNIATURIZATION
OF SOLENOIDS:

scatter 
systems

Solenoid

Withstands temperatures down to —280 F

" ' hatever your requirements for large size filters, D. S. 
Kennedy can meet your most exacting specifications. Here 
are two recent developments for quadruple diversity scatter 
systems: top — a tunable low band duplexer for 
the 755-985 me range. Bottom — a fixed-tuned 
double notch filter.

CIRCLE 348 ON READER-SERVICE CARD
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COH ASSÎT, MASSACHUSETTS VVrgr—n 3-1200

■■■■■■■■■■■■■■■■■■■■■■■Ii 
Wut Coast AfitiaU ...
MTELUTB KiNNEOY.INC. of CALIFORNIA
P.O. fax T!1t, Mantnry, (atifmaia FRontier 3-2461

Doum-lo-rarth SOLUTIONS la out-of-this-ux»/d PROBLEM* 
Tracking Antanna«-Radio Tataacopaa-Rsdar Antannaa 

“Trana- Horizon" Antannaa-Tropoapbarlc Scattar 
lonoapharlc Scattar

ANTENNA EQUIPMENT

D. S. KENNEDY & CO.
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3 8 ' Diameter Solenoid 
Developed by PSP

A miniature solenoid, delivering 10 
grams of pull at .030" stroke, has been 
developed by PSP Engineering Com
pany, Maywood, California. The new W 
diameter solenoid complements PSP’s 
existing line of miniature and sub-minia
ture solenoids.

All PSP solenoids (800 designs) are 
made in general accordance with MIL- 
S-4040C specifications. Following are 
general specifications on representative 
types of PSP miniature solenoids and 
their accompanying force curves:

DC PULL, SINGLE COIL 
CONSTRUCTION TYPES

Designed for the solenoid operated helium shut
off valve in Atlas missiles, the SD743 series sole
noid withstands temperatures from —280 to 
4-165 F. It is a de pull, single coil type that is 
pressurized and leak proof. Diameter is 1.72 in.; 
length, 2.75 in.; and weight, 1.1 lb.

PSP Engineering Co., Dept. ED, 6058 Walker 
Ave., Maywood, Calif.
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Limiter Amplifier

Fully transistorized
This fully-transistorized limiter amplifier, called 

the EPD-100, accepts input signal variation of 
12 db, but limits the output signal to less than 
2 db. It is designed for operation in the audio 
range of 50 to 15,000 cps, at temperatures from 
—55 C to 4-85 C, and for power supply variation 
of 4-5%. The unit accepts minimum inputs of 2 
to 50 mv, peak to peak, with an input impedance 
of 500 to 4000 ohms, and provides an output of 
0.5 v, peak to peak, ±1 db across a 3000 ohm 
load. This new limiter amplifier operates from a 
28 v supply.

Otarian Listener Corp., Electronic Products 
Div., Dept. ED, Scarborough Pk, Ossining, N.Y.

CIRCLE 346 ON READER-SERVICE CARD

DIVISION of
IND ICTION MOTORS CORPORATION, N.Y.
60' 3 Walker Avenue, Maywood, California 

LUdlow 3-4785
Representatives in principal cities
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Dry Battery

Has long life
Called the Dioxy Sulfate cell, this battery has 

high capacity, long life and stable output at low 
current drains. Among its applications are port
able military and commercial communications 
equipment. It discharges at constant voltage 
throughout its life, and does not deteriorate dur
ing months of storage. It is inherently non-gassing 
and non-leaking. At low current drains, the cell de
livers almost 100% of available capacity. No-load 
output is 1.36 v.

Mallory Battery Co., Dept. ED, 60 Elm St., 
N. Tarrytown, N.Y.

CIRCLE 347 ON READER-SERVICE CARD



NEW PRODUCTS

It carries a full 35-amp. load—up to 105 amps, in bridge circuits— 
with rated peak inverse voltages from 50 to 400 V. in 50-volt 
multiples. It will operate in ambient temperatures up to 165°C 
and withstand storage temperatures up to 200 C.

The Fansteel Type 4A rectifier, ruggedly constructed .with a 
true hermetic glass-to-metal seal, is designed particularly for 
magnetic amplifiers, industrial controls, d-c motor operation, 
battery charging equipment, utility, communication equipment, 
etc. where small size and high reliability are important.

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

“Fansteel’s new 35 amp. 
Silicon Rectifier will be 
perfect for this job 7

CONTINUOUS MOTION FILM MAGAZINES.— 
For use with the company’s Oscillotron cameras 
in recording transient phenomena from the face of 
cathode ray tubes. Available in 35 and 70 mm mod
els, each accommodating 100 ft of negative film.

Beattie-Coleman, Inc., Dept. ED, 1000 N. Olive 
St., Anaheim, Calif.

CIRCLE 350 ON READER-SERVICE CARD

FEEDTHROUGH INSULATOR.—The series CF- 
405 has a hollow threaded metal body which fits 
through a bed plate and is secured by a hex nut. The 
entire unit ranges from 0.69 in. in length and has a 
rated capacitance of 2 uyf. The terminal, which 
passes through the hollow body, is spaced by a force- 
fitted Teflon plug.

Fluorocarbon Products Inc., Dept. ED, Camden 1, 
N.J.
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He’s talking 
about the 
Fansteel 4A 
Silicon 
Power 
Rectifier.......

SERVOMECHANISM KIT.-Kit no. 1 contains all 
the mechanical parts and tools necessary to construct 
1-7/8 in. diameter mechanisms such as computer 
components, indicators, and control elements. The 
completed mechanisms can be sealed into standard 
2 in. diameter enclosures for airborne applications 
and prototype evaluation.

Servo Development Corp., Dept. ED, 567 Main 
St., Westbury, N.Y.
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PRESSURE TRANSDUCERS.-Series A-2 PowrAmp 
transducers are now available in lower, more sensi
tive full scale ranges of 0 to 1.5 and 0 to 3.8, gage 
or absolute, at operating pressures to 20 psig. Other
models function at ranges to 0 to 2000 
maximum allowable operating pressures 
psig. The high speed units are designed 
tronic control and data readout systems.

psi with
of 
for

3000 
elec-

Hagan Chemicals & Controls, Inc., Dept. ED, 
Route 60 at Campbell Run Rd., Pittsburgh 30, Pa.
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MINIATURE CONNECTOR.—The nylon model 
FM 101 weighs 0.053 oz and features snap-fit as
sembly. The male and female sections are 0.49 and 
0.58 in. long, respectively, 0.306 in. wide, and 0.453 
in. deep

Fluorocarbon Products Inc., Dept. ED, Camden 1, 
N.J.
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Writ» tor Bulletin 6.305

E597A

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

PRESSURE TRANSDUCERS.—Miniaturized model 
GP-15D converts pneumatic or hydraulic pressure 
into a proportional electric signal for measurement 
under both static and dynamic conditions. Ranges 
are 10 to 6000 psig. Model DP-15D is a differential 
pressure transducer with dual bleed screws. Ranges 
extend from ±5 to zb5000 psig at line pressures to 
5000 psi.

BJ Electronics, Borg-Warner Corp., Dept. ED, 
3300 Newport Blvd., Santa Ana, Calif.

CIRCLE 355 ON READER-SERVICE CARD

0.00003 ohm
The Keithley 502 Miliiohmmeter offers 
speed, ease, and accuracy in the measure
ment of low resistances. Typical uses are 
corrosion tests, checking resistivity of 
metals, semi-conductors, printed circuits, 
switch and relay contacts.

Battery operation, a ruggedized meter, and 
protective cover make the 502 ideal for 
field tests of squibs, carbon bridges and 
other explosive devices. Features include:

• 13 overlapping ranges from 0.001 ohm to 
1000 ohms full scale.

• accuracy within 3% of full scale; a four- 
terminal measuring system eliminates errors 
due to clip and lead resistance.

• 2 microwatts maximum dissipation across 
sample.

• no calibration or zero adjustments.

• Instantaneous indication of resistance 
without zero drift or errors due to thermal 
EMF’s.

• lightweight and portable. Furnished with 
protective cover and set of four test leads.

Details about the Model 502 Milliohmmeter 
are available in Keithley Engineering Notes, 
Vol 6 No. 3. Write for your copy today.

KEITHLEY ISO 
INSTRUMENTS. INC 
12415 Euclid Ave., Cleveland 6, Ohio

CIRCLE 349 ON READER-SERVICE CARD
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hm

FEATURING
• Extreme reliability 

• Wider ambient 
temperature range

• Faster response
• Smaller she at higher

Miniature Dual Capacitors

Have common anode

H/G/fPOIVF/i 
TRAYS/SrOfl 
MAGNETIC 
S'Efil/O

llfPL/F/ER
For AC servo motor control — 

50 watts to 3000 watts

ADVANCED 
DESIGN "B" LINE 
60 AND 400 CPS

MAGNETIC 
AMPLIFIERS, INC

Type SMTUCP miniature capacitors are dual 
units with a common anode and isolated cathodes. 
They can be used in place of two capacitors for 
dual filtering, by-pass, or coupling.

Illinois Condenser Co., Dept. ED, 1616 N. 
Throop St., Chicago 22, Ill.
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)1 ohm to

DC
on across
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H UM UVENUE • CYPRESS 2 M10

TINAS NGTON ST. OREGON I-2MS
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power ratings
• Higher gains

• Improved core design
• Silicon rectifiers used 
exclusively

• Greater flexibility
• Ideally suited for operating 
with Diehl Servo Motors

Signal Input AC or

Provisions for System 
Feedback • Completely 

Static • Output 115V AC 
Phase Reversible

For complete 60 cps and 
400 cps specs request Bul

letin 5-961.

CIRC E 357 ON READER-SERVICE CARD
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Power Supply

Output is 12 vz 50 amp
This regulated de power supply, model BE-1, 

supplies up to 50 amp at 12 v de from a 115 v, 
60 cps source, with a regulation of better than 
0.1% from 0 to 50 amp. The unit has an output 
impedance of 0.001 ohm de to 1 kc and a ripple 
of less than 1 mv at any load. The unit will pro
vide an instantaneous surge current of 100 amp 
for operating non-linear resistance loads. A direct 
short on the output terminals cannot damage the 
unit.

Electrodynamic Instrument Corp., Dept. ED, 
2508 Tangley Rd., Houston 5, Tex.
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Miniature Indicator Lights

Meet MIL specs
Known as series L 14,000 and L15,000 these 

lights meet MIL-L-6723 (ASG), have two-terminal 
isolated ground circuits, anodized aluminum 
cases, and large-area plastic lenses which afford 
bright, 180 deg visibility. Designed for use with 
midget flange base AN3140-type incandescent 
lamps, the series L14,000 measures only 1-11/64 
in. long overall. It is available with lenses in a 
variety of translucent and transparent colors. Only 
slightly longer, the L15,000 Series features a 
built-in resistor and accommodates NE2D neon 
lamps for 115 v operation. Lenses in this series are 
available in transparent red, amber, and clear.

Hetherington, Inc., Dept. ED, Folcroft, Pa.
CIRCLE 360 ON READER-SERVICE CARD

The new line of Fansteel Type STA Solid Tantalum Capacitors, 
with increased capacity and reduced case sizes, provides the most 
complete range of standard ratings available. A very important 
feature of the new line is that it very substantially reduces the 
quantity of different part numbers, thereby simplifying your inven
tory stocking problems (your Fansteel Representative will be glad 
to explain its full benefits to you).

Type STA Capacitors are available in capacity ranges of .0047 to 
330 mfd—from 6 to 35 volts (wvdc) for applications where unfailing 
reliability, extremely small size, higher capacitance and extended 
operating temperatures (up to 125°C) are required.

Send for Bulletin 6.112



SOMETHING NEW INEW PRODUCTS

SLOTTED SECTIO

Actually, this is a new kind of Standins
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Audio Output Connector:
Dimensions:

Weight:
f.o.b. Brooklyn, New York

Here’s an engineer who knows from past expe
rience that the Fansteel blu-cap is the perfect

Three si 
can b g 
ately. G 
writing 
Assen bl 
Requf st

Frequency Range 
Residual VSWR 

Minimum Input Signal

Characteristic 
Impedance 

Detector 
RF Input Connector 

RF Output Connector

Note to owners oj the new PRD Cata/od 
E-S: Don’t bother reading this ad. All thcd 
details and more can be found on pad 
B-13. If you are unfortunate enough not t« 
own a copy of this designers’ workbook! 
send your request on your company lettej 
head please.
If all you want are specifications on the 214 
fill out the inquiry card in this magazintj
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CONTACT MAKING METER.—This accurate me
ter, for controlling or regulating ac voltages, has a 
moving disc measuring element which detects volt
age variations of 0.5 v. Contact action can be set 
with a knob and scale to occur at any increment be
tween 100 and 130 v.

Technique Associates, Dept. ED, P.O. Box 91, In
dianapolis 6, Ind.
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md pack 
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SPACE

productii 
included 
making r 
able out

Exclu! 
model sl 
model-m

polycarbonate 
tubing, plate,

can

SPEED

MILL SHAPES.—Made of Lexan 
resin, Polypenco forms include rod

SILICONE RUBBER COMPOUND.—RTV-40 is a 
solvent free paste which cures to a tough silicone 
rubber at room temperature. Manufactured as a 
white compound, it can easily be colored to indi
vidual requirements. It can be used for sealing, 
caulking, potting, and encapsulating.

General Electric Co., Dept. ED, Silicone Products 
Dept., Waterford, N.Y.
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»■ POLYTECHNIC RESEARCI 
n| & DEVELOPMENT CO. INC 
[TO Factory & General Office:

K 202 Tillary St., Brooklyn 1, N. 
Ulster 2-6800

Western Sales Office:
2639 So. La Cienega Blvd., Los Angeles 34, Cali I

TExas 0-1940
CIRCLE 369 ON READER-SERVICE CARD

100 to 1000 mc s
Less than 1.03
Approx. IV at 100 me s 
0.1V at 1000 mc s for 
measuring a matched 
load

50 ohms
Crystal included 
BNC jack
Type N jack supplied 

Connector typesavailabe 
include types C, BNC. 
LT, TNC, W coax.
BNC jack
8" L x 5" W x 53/4" H 

4Va pounds

capacity tolerance is permissible.
He has found out for himself the excellent qual

ities of the blu-cap—Long Operating Life-Long 
Shelf Life—Negligible Leakage—Excellent Stabil
ity—and most important their record of reliable 
performance. This user is one of thousands who 
have recognized, in blu-cap, the best value in a 
completely dependable Tantalum Capacitor.
* Trademark CERAMIC CAPACITOR.—Type 287 is potted with 

epoxy in a gold plated brass case and withstands 
severe shock, vibration, and moisture environments. 
Rated to 1200 yuf at 350 wvdc, it has an insulation 
resistance of 20,000 meg at 125 C, a low capacitance 
temperature drift, and an operating temperature 
range of —55 to -(-125 C. It is 2.5 cm long.

Maida Development Co., Dept. ED, 214 Academy 
St., Hampton, Va.
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ACCELEROMETER PREAMPLIFIER.—Bruel & 
Kjaer model 1606 performs the functions of high 
input impedance preamplifier, of accelerometer cali
brator by the chatter method, and of providing two 
steps of integration for measuring velocity or dis
placement with an accelerometer. It affords a sensi
tivity calibration of 3 to 5% accuracy.

B & K Instalments, Inc., Dept. ED, 3044 W. 
106th St., Cleveland 11, Ohio.

CIRCLE 367 ON READER-SERVICE CARD

and discs which are readily fabricated into close 
tolerance finished parts. The units have high impact 
strength and good heat resistance, dimensional sta
bility, and electrical properties.

The Polymer Corporation of Pennsylvania, Dept. 
ED, 2140 Fairmont Ave., Reading, Pa.
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COMPOSITE SCREW.—The Insul-Screw has a 
plastic exterior for good insulation and a metal core 
for high strength. It is shock resistant, vibration 
dampening, and chemically inert.

Austin Screw Products Co., Dept. ED, 4873 W. 
Armitage Ave., Chicago 39, III.
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Wave Detector, which completely makes 
obsolete the 8-foot monsters, for impedance 
and VSWR measurements from 100 to 
1000 mc/s.

The PRD Type 219 is only 8 inches lorn 
and weighs a “pocketable” four and one 
half pounds.

As if these facts were not startlin' 
enough, the 219 also features: ।

• Direct reading of VSWR
• Direct reading of angle of reflectic 

coefficient
• Direct reading of reactive component sig'
• Matched load for self-calibration supplied
• Adaptability to most coaxial lines, includin' 

the LT and new TNC series
• Low cost
• Rugged construction

Listed below are a few of the importanl 
specifications. I

FANSTEEL'S NEW

TANTALUM CAPACITOR

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

Use the Fansteel BLU-CAP*... 
it’s a good, reliable capacitor.. 

and priced right 
for this job, too



AND ANOTHER
Silicon Rectifier
FANSTEEL

Delta-f, Inc., Dept. ED, 113 E. State St., Geneva,
t startling
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DC Motors
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' x 53/4" H
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Three sizes of kits are available, any one of which 
can b gin eliminating design headaches immedi
ately. Get full details (without obligation) by 
writin- for free SERVOBOARD Electromechanical 
Assen bl y Kits Brochure. Do it today... WRITE NOW! 
Requr st TDS 1110-D.

:e card
), 19*
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I on page 
ugh not to 
workbook, 
any letter-1

m the 
magazinti

SEARCI
COJNlJ
Office: 
yn 1, N J SERVO

CORPORATION 
of AMERICA

is unaffected by storage temperatures from —65°C

20 2( ericho Turnpike, New Hyde Park, L. I., N. Y.
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This highly stable unit, with exceptional resistance to shock and 
vibration, is espeically suited to high temperature operation in all 
types of power circuits where it will give dependable and trouble
free performance with long life. The 6A unit is hermetically sealed 
and is of extremely rugged construction. It is the most compact 
unit of its rating and can be mounted in any position.

inches Ion.» 
ir and one-

EERVOBOARD " Electromechanical Assembly Kits 
Ire truly first-aid kits for the engineer with model- 
Knaking problems.
I These modern kits are scientifically designed 
Ld packaged by Servo Corporation of America to 
[eliminate the majority of breadboarding head- 
Lches...swiftly, economically, and with precision.

[ Selection of components has been made by 
[experts with years of servo systems design and 
production experience. Enough components are 
included in each kit to meet almost every model- 
making need. Extra components are always avail- 
aole out of open stock.

Exclusive SERVOBOARD features eliminate 
model shop costs and time lags inherent in usual 
model-making techniques. For example:

165°C. a 
to 2OO°C

at 100 me s 
100 me s for 

a matched

The larger of these two lamps is for use with 
an infrared device that traces the early flight of 
missiles. It provides intense light for 15 sec. The 
smaller lamp, 1/8 in. in diameter and 1/4 in. long, 
is for airplane instruments. It withstands voltage 
surges and vibration of any order and bums con
tinuously at rated voltage for 1 million years.

Chicago Miniature Lamp Works, Dept. ED, 
1500 N. Ogden Ave., Chicago 10, Ill.

Type 810 permanent magnet de motors are 
supplied to operate on any voltage from 3 to 30 v 
de and to produce any no load speed from 5000 to 
20,000 rpm. Maximum output without gear train 
is 0.7 oz-in.; working torques are 0.5 to 0.1 oz-in.

Cramer Controls Corp., Dept. ED, Centerbrook, 
Conn.

For use at any specified frequency from 10 kc 
to 100 me, the model DFO-18 transistorized 
crystal oscillator is fully encapsulated in a package 
1/2 x 1-7/16 x 3-1/16 in. It is available with any 
type connector compatible with its size. Operating 
temperature range is —55 to -|-90 C with a fre
quency stability of 0.005% to 0.015%, depending on 
the specified frequency. Output power is 0.1 mw 
minimum and supply voltage is 20 to 30 v as speci-

ck supplied 
rpes available 
)es C, HNC 
i” coax.

The 6A—just added to Fansteel’s expanding line of dependable 
silicon rectifiers—carries a full 22 amp. load in half-wave circuits; 
up to 66 amps in bridge circuits. It has rated peak reverse voltages 
from 50 to 400 V. in 50*volt multiples.

The new 6A Rectifier operates at ambient temperatures up to

Lamps

Last 15 sec and 1 
billion years

PRECISION — V2"-thick, anodized aluminum mount
ing board is absolutely rigid. Extraneous stresses 
cannot produce spurious results.

SPEED OF ASSEMBLY — Holes are tapped to receive 
captive screws on mounting clamps, permitting 
easy assembly from the top and eliminating 
underhanded fumbling.

FLEXIBILITY — Components may be assembled at 
any angle, not just parallel or at right angles. 
Kits include wide variety of co-ordinated com
ponents.

ECONOMY — Quick set-up and knock-down permit 
maximum re-use for new problem solving.

SPACE-SAVING — Mounting boards stack one above 
the other.

EXPANDABLE — No system too large.

Crystal Oscillator

Transistorized

FANSTEEL METALLURGICAL CORPORATION North chtcago in

Silicon Power Rectifier
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Microwave Component News Resistance Soldering Tool

Eliminates arcing
This resistance soldering 

completely eliminates arcing 
provides high speed, void free 
nections. It is fully automatic

tool 
and
con- 
and

sile, airborne and ground syst 
circuitry, and may be operated 
temperatures up to 4-165 C. r

n 
at 
ie

|FLE 
fusee 
than 1 
walls 
in size

Inse

withstand I5O°C

adaptable to soldering multiple 
prong plugs.

General Electric Co., Industrial 
Heating Dept., Dept. ED, Schenec
tady 5, N.Y.
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units are available with ratings f m 
50 to 500 piv, with dc output ( ir- 
rents up to 0.8 amp.

International Rectifier C< p., 
Dept. ED, 1521 E. Grand Ave. El 
Segundo, Calif.
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Sylvania develops new fabrication techniques 
that bring standard microwave diode heat 
capabilities up to 150 C at no increase in cost
Now, microwave design engineers can get the high temper
ature advantages of specialized premium diodes without 
any of the cost or delivery disadvantages, by specifying 
Sylvania microwave diodes. Through improved processing 
techniques and high-temperature bonding agents, Sylvania 
has succeeded in raising the temperature capabilities of its 
S and X-Band microwave diode lines by 60°C !

For the design engineer, these new diodes can result in 
substantial reductions in air cooling equipment require
ments and associated cabling. They also open new design 
possibilities in commercial applications where ruggedness 
and price can be controlling factors.

Contact your Sylvania representative now for full par
ticulars on these new Sylvania microwave diodes or write 
the factory directly at the address below.

Sylvania high temperature microwave diodes
Micro-Min Forward-Reverse Double Ended

Diodes A Matched Pairs Diodes

1N830 (D4050)
1N831 (D4064)
1N832 (D4065)
1N833 (D4063)

1N21B 1N23B 
1N21C 1N23C 
1N21D 1N23D 
1N21E 1N23E

1N416B 1N415B
1N416C 1N415C
1N416D 1N415D
1N416E 1N415E

I % 7 % 1\T W M Sylvania Electric Products Inc.
M I /A 1^1 Semiconductor Division

Subsidiary of
GENERAL TELEPHONE A ELECTRONICS

general) 100 Sylvan Rd., Woburn, Mass.
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Bridge Rectifiers

Operate at 165 C
This series of subminiature silicon 

bridge rectifiers replace bulky vac
uum tube bridge rectifiers in only 
1/50 of the volume. They weigh 
less than 1/100 of equivalent tube 
circuitry, and measure 0.875 x 0.719 
x 0.750 in. They are designed to pro
vide extreme miniaturization in mis-

Diffused Silicon Rectifiers

Heavy duty
These heavy duty diffused silicon 

rectifiers are stud mounted and 
rated at 50 and 30 amp at a stud 
temperature of 150 C. Recurrent 
piv’s are 50 through 600 v in both 
50 and 30 amp series. Operating 
range is —65 to 4-200 C.

Texas Instruments Incorporated, 
Semiconductor-Components Div., 
Dept. ED, P.O. Box 312, Dallas, 
Tex.
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For those who require an AC/DC RATIO STANDARD in a 
single package, Gertsch offers its Models 1001 and 1002. 
Like all GERTSCH PATIO STANDARDS (1000 Series), these 
units feature: heavy duty instrument switches, transient 
suppression, AC Ratios up to 1.11111, bold in-line readout 
and extra-heavy mechanical construction to insure TRUE 
STANDARDS PERFORMANCE.

Resolution:

AC
1 part per million 
(0.0001%)
6 Place (0.0001%)

DC
10 parts per million 
(0.001%)
6 Place (0.0001%)

Information on 
AC Ratio Standards in the 

GERTSCH RATIO STANDARDS SERIES, 
Models 1OOO, 1003 and 1004, is also available.

GERTSCH PRODUCTS, Inc.
3211 South Le Ciénega Boulevard, Los Angèles 16, California 

TE«« 0 2761 • Vermont 9 2201
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ftE IBLE TEFLON TUBING.—This thin wall 
usee film tubing can be bent around a mandrel less 

than ten times its diameter without collapsing its 
walls It has high dielectric strength and is available 
in sizes 13 to 26 AWG.

In: ? Electronic Products, Inc., Dept. ED, Union, 
NJ.
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ULTRASONIC CLEANER.—Low cost Ultracleaner 
60 is a fast cleaner with a selector switch that per
mits the operation of two tanks when a double step 
is required. It also has a load selector switch for 
operating two submersible transducers at once in a 
5 gal tank. The 3/4 gal tank is 6 cu in., and the 9 lb 
generator is designed to hang on the wall.

Lawrence Mfg. Corp., Dept. ED, Belleville, N.J.
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EPOXY FIBER GLASS TUBING.-Phenolite Grade 
G-l1-3680 or G-l 1-3681 tubing can be used alone 
or in combination with other layers in miniature coil 
forms, lightning arresters for power transformers, air
craft fuel gage probes, and other devices. The tubes 
have ID’s from 1/8 to 11 in. and wall thicknesses 
from 0.01 to 5-1/2 in.

National Vulcanized Fibre Co., Dept. ED, 1059 
Beech St., Wilmington 99, Del.
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MILLIMICROAMMETER.—Model MA-259 is de
signed to extend the range of the company’s model 
DT-257 diode tester from 50 to 0.01 pa to measure 
the low reverse current characteristics of silicon 
diodes. Used as a millimicroammeter, the instrument 
covers 0.01 to 1000 pa. It is self contained and bat
tery powered.

Teletronics Lab, Inc., Dept. ED, 54 Kinkel St., 
Westbury, N.Y.
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FAST PULSE CAMERA.-Model 360 can be run 
at pulsing rates to 18 frames per sec, at which rate 
the 50 ft of film in its standard 16 mm magazine 
lasts about 2 min. The unit can be used for data re
cording and can make slow motion movies of vibra
tion tests or other cyclic subjects at speeds to 10 kc.

Chadwick-Helmuth Co., Dept. ED, 472 E. Duarte 
Rd., Monrovia, Calif.
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The
Fansteel 
Metallurgy 
Behind 
It....

A battery of vacuum 
sintering furnaces, 

designed and built by 
Fansteel engineers, used 

in the production of 
Capacitor Grade Tantalum.

The first great step in making tantalum was 
the production of pure, ductile metal, which 

Fansteel’s director of research, Dr. Clarence W. 
Balke, accomplished in 1922.

T he second great step is still in progress. It is 
one thing to make a new metal; it is another thing 
to make it freely available in commercial quan
tities and to render technical assistance to its users. 
This metallurgical task will never be fully com
pleted as far as Fansteel is concerned. For, our 
definition of metallurgy includes the making of 
metals for a particular end use.

Our work with tantalum capacitors has paral
leled our development of tantalum itself. And, 

from the many grades of tantalum, Fanstcel metal
lurgists developed one grade which is particularly 
suited to capacitor manufacturing.

Fansteel Capacitor Grade Tantalum is a pre
mium grade with properties especially useful in 
capacitor applications. It is unequalled for quality 
and uniformity, designed strictly to give outstand
ing capacitor performance and reliability.

Fansteel Capacitor Grade Tantalum is specified 
by all leading capacitor manufacturers. The out
standing performance of today’s tantalum capacitor 
is directly attributable to Fansteel Capacitor Grade 
Tantalum. Fansteel Metallurgical Corporation, 
Rectifier-Capacitor Division, North Chicago, HI.

SIGN AL CONDITIONING EQUIPMENT.—De
igned for telemetering, this modular system is also 
'dapt ible to wind tunnel engine research and to 
hren Ft applications. The light aluminum frames can 
kcoi imodate modules in any arrangement from one 
3 so eral hundred. Presently available are a power 
:uPP regulator, vibration amplifier, carrier ampli- 
ler . nd two de amplifiers.

M; gnetic Research Corp., Dept. ED, 3160 W. 
' St gundo Blvd., Hawthorne, Calif.
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SHEET • STR 
SINTERED

CAPACITOR GRADE

TANTALUM
A Premium Grode of Tantalum available to cay 

manufacturers In these forms:

IP • WIRE • ROD • FABRICATED WIRE 
POROUS ANODES • METAL POWDER
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YOU CAN ALWAYS DEPEND ON

APPCO PRECISION 
STOCK GEARS

Precision gears of all types, pitches and sizes 
right out of stock. Each certified for accuracy 
. . . each meets or surpasses A. G. M. A. 
specifications.

APPCO Certified Precision Stock Gears are 
offered in 32, 48, 64, 72, 96 and 120 
diametral pitches of 14'/2° and 20° pressure 
angles. Each gear is completely sealed on a 
shipping tray with a plastic cover . .. always 
"factory-fresh," free of dust, corrosion, and 
scratches.

APPCO Precision Gears are engineered 
and manufactured to allow for accurate 
assembly of precision units . . . held to toler
ances that assure precise fits to standard 
instrument bearings, shafting, etc. according 
to accepted industry practice and A. G. M. A. 
specifications. For complete technical data 
and catalog write to Atlas Precision Products 
Co., Castor and Kensington Aves., Philadel
phia 24, Pa.

Send for bulletin KT-1
Division of

PRUDENTIAL INDUSTRIES INC.

CIRCLE 387 ON READER-SERVICE CARD
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NEW PRODUCTS
Paper Tape Reader

For any speed to 60 characters 
per sec

A self-contained, bidirectional 
asynchronous paper tape reader, the 
model 424 handles any standard per
forated tape of 5 to 8 levels. A panel 
mounted unit, it is also available 
in a console unit, model 424C. For 
any reading speed to 60 characters 
per sec, it requires 105 to 125 v ac, 
60 cps at 0.4 amp to operate the 
drive motor. A 4.5 msec pulse of 
48 v de is applied to either direc
tional drive clutch to move the tape.

Tally Register Corp., Dept. ED, 
5300 14th Ave., N.W., Seattle 7, 
Wash.

CIRCLE 388 ON READER-SERVICE CARD

Battery Chargers

For 10 to 63 cells
Single phase Magnistrol silicon 

battery chargers are designed for

float charging battery installations, 
ranging from 10 to 63 cells in five 
basic amperage capacities in three 
voltage ranges. They adjust for 
charging lead acid, nickel-alkaline, 
or nickel-cadmium units.

Acme Electric Corp., Custom 
Equipment Div., Dept. ED, 226 
Water St., Cuba, N.Y.
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Environmental Test 
Chamber

Occupies 1-1/2 cu ft
The Temp. Rac 19 is a 1-1/2 cu 

ft, self-contained environmental test 
chamber that fits into a standard 
19 in. relay rack. The portable unit 
has an indicating controller, a 
forced air circulator, electric heating, 
and direct refrigeration.

Conrad, Inc., Dept. ED, L 
Jefferson St., Holland, Mich.
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HIGH-Q

KELVIN TOROID INDUCTORS
rapid delivery on prototype and production quantities

High Q factors, excellent stability vs. temperature and 
current, and self-shielding effects are the main 

features of Kelvin toroid inductors wound on 
molybdenum permalloy dust cores.

The coils are supplied to the exact inductance required at 
no extra charge. Standard inductance tolerance is ± 1 %.

Available in three forms:
UNCASED, with protective wax coating.

HERMETICALLY SEALED in steel cases to MIL-T-27A specifications.
ENCAPSULATED in hi-temp plastic to withstand extreme humidity 

and severe mechanical shock.

©KELVIN
ELECTRIC COMPANY

5907 Noble Ave., Van Nuys, Calif. • STanley 3-2666 • STate 2-6662

CIRCLE 391 ON READER-SERVICE CARD
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2. SERVO-MECHANISMS AND 
ELECTRO-MAGNETICS Requires engi
neers with experience or academic train
ing in the advanced design, development 
and application of magamp inductors and 
transformers.

Cross new frontiers in system 
electronics at The Garrett Corpo

ration.
High-level assignments in the de

sign and development of system elec
tronics are available for engineers in 

the following specialties:

1« ELECTRONIC AND FLIGHT DATA 
SYSTEMS AND CONTROLS A wide 

choice of opportunities exists for 
creative R&D engineers having 
specialized experience with control 

devices such as: transducers, flight data 
computers, Mach sensors, servo-mech
anisms, circuit and analog computer
designs utilizing transistors, magamps 
and vacuum tubes.

3. FLIGHT INSTRUMENTS AND TRANS
DUCERS
1) DESIGN ANALYSIS Requires engineers 
capable of performance analysis 
throughout preliminary design with 
ability to prepare and coordinate re
lated proposals.
2) DEVELOPMENT Requires engineers 

I skilled with the analysis and synthesis 
[ of dynamic systems including design 

1 of miniature mechanisms in which low 
1 friction freedom from vibration 
1 effects and compensation of thermo 
1 expansion are important.
I 4.PROPOSAL AND QUALTEST

1 ENGINEER For specification 
1 review, proposal and qualtest 
1 analysis and report writing assign- 
1 ments. Three years electronic, 
1 electrical or mechanical experi- 
1 ence required.
■
1 Forward resume to:

Mr. G. D. Bradley
fHl

9851 S. Sepulveda Blvd. 
Los Angeles 45, Calif.

air
LIGHTS

I 3" 
lac tu
[ SIZE

PERFORMANCE CHARACTERISTICS —
Heat Rejection: 200 watts ... Inlet Gas Tem
perature to Component Housing: 130° F.... 
Weight of Fan, Evaporator and Controls: 1.25 lb.

Spans the gap between direct ambient cooling
and closed cycle systems

• This AiResearch open-cycle cooling 
unit is designed for environmental 
conditioning of electronic and electro
mechanical equipment in problems of 
low total heat dissipation aboard air
craft and missiles.

Much lighter and less complex in 
operation than closed cycle systems, 
this compact package is recommended 
when required total heat dissipation is 
low...large heat loads 

for short periods of time, or small heat 
loads for long periods of time. It also 
replaces direct ambient cooling sys
tems when ambient sink is not low 
enough or not easily available.

Ammonia in this expendable evapo
rative system cools sulfur hexafluoride 
(SFe) which passes over the hot elec
tronic components. The SF« then 
recirculates for cooling, and the 

ammonia is dumped overboard.

Applications of this system include: 
inertial guidance system cooling, mis
sile transient cooling, and spot cooling 
where ambient sink is not available.

AiResearch has designed and manu
factured cooling systems of all types 
... direct ambient, closed and open
cycle systems handling all magnitudes 
of cooling loads and utilizing various 
working fluids. We invite you to send 
us details of your problem.

\ DIVISIONS:

AiResearch Industrial
Air Cruisers • Airsupply

Aero Engineering
«MytM*»*** -

AiResearch Manufacturing Divisions
Los Angeles 45, California • Phoenix, Arizona

Systems, Packages and Components for: aircraft, missile, electronic nuclear and industrial applications
CIRCLE 392 ON READER-SERVICE CARDCIRCLE 873 ON READER-SERVICE CARD

IE( TRONIC DESIGN • June 10, 1959J, 195 165



MAKE NO MISTAKE...
...this New Universal Bridge is DIRECT READING 
on all 21 ranges. Results are obtained without 
calculation, the balance is sharp but easily 
found, the design is functional. Mistakes are 
almost impossible with Model 868A—a bridge you 
will enjoy using.

21 Rangps:
1 H to 100H. 1«/ F to 100 .F. 0.1 to 10M !.
Du.il Frequency. Ike & lOkc. 400 cps to order.
Built in Oscillator and tuned VTVM Detector.
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NEW PRODUCTS
Silicon Rectifier

Rated 35 amp at 150 C
This stud mounted, heavy duty 

silicon rectifier is rated at 35 amp 
at 150 C case temperature. A stand
ard 11/16 in. hex base encapsulation 
provides ease of mounting and an 
adequate heat sink. The unit has piv 
ratings from 50 to 400 v and can 
be operated or stored from —65 to 
+200 C.

Transitron Electronic Corp., Dept. 
ED, Wakefield, Mass.

CIRCLE 395 ON READER-SERVICE CARD

Decade Resistance Sets
Have primary standard accuracy

Each of these stable decade re
sistance sets consists of 12 identical 
resistors of primary standard ac
curacy immersed in oil and housed 
in a hermetically-sealed metal case. 
By selective interconnection, resist
ance values over a 144 to 1 range 

can be obtained to 0.0015% 
curacy. Ratio standards can e 
synthesized over a 36 to 1 ran e, 
and the sets can be used as the 1 
resistance stages required in a 
Kelvin-Varley decade. They may >e 
used to calibrate bridges, tra is- 
ducers, components, and other 1 b- 
oratory or production equipm< nt. 
The cases are 5 x 4-1/4 x 1-13/16 in. 
Three types are available: the 
DMR-104 with 1 K resistors rated 
at 10 ma; the DMR-105 with 10 K 
resistors rated at 2 ma; and the 
DMR-106 with 100 K resistors rated 
at 1 ma.

Julie Research Labs, Inc., Dept. 
ED, 556 West 168th St., New York 
32, N.Y.
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Precision Tachometer
Has 1.25% full scale accuracy

A direct reading 0 to 12,000 rpm 
tachometer, the model PTM 1200A
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Transistors Need Cooling Too]

Semi-conductors like tubes, require uniform tem
peratures for top efficiency. Excessive heat causes 
thermal runaway . . . destroys physical properties 
and calibration. A McLean fan or blower will extend 
component life and prevents system failure or in
accuracies. McLean’s full line of packaged cooling 
units are smart, compact, easy-to-install and have a 
multitude of mounting possibilities. Many models in 
various panel heights and CFM’s available. Mil. Spec, 
equipment for packaged cooling also available.

M^| EAU ENGINEERING mCLEAN laboratories
World Leader in Packaged Cooling 

Princeton, New Jersey — WAInut 4-4440
TWX Princefon, New Jersey 636

TECHNICAL data
• 24 Page Catalog
e 12 Page Article

Forced Convection Cooling
e Specification Sheet on

Reversible Fans

CAL-TRONICS CORPORATION
A DIVISION OF ACME PRECISION PRODUCTS. INC

Announces a new series of Automatic Diode Testers designed to increase product 
reliability, improve production schedules, and effect major savings in manufactur
ing labor, inspection and test time. Models now available include:

for production ... Completely automatic equipment that will check 3600
diodes per hour and classify them into as many as 
15 grades of performance.

for reliability study ... Semi-automatic tester with a capacity of 500 per hour;
digital readout and permanent recording of relevant 
parameters.

for receiving inspection . .. Hand-loaded automatic equipment with a capacity 
of 1800 per hour to check 5 different parameters for 
go or no-go classification.

for information contact . . . Donald L. Driscoll, General Sales Manager
Cal-Tronics Corporation ORegon 8-7141
11307 Hindry Avenue, Los Angeles 45, California
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HI-G THE COMPLETE UNE OF ROTARY BALANCER RELAYE

w York

CARD

BRADLEY FIELD/WINDSOR LOCKS, CONN
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DON’T

FOOLED
KNGRAVKD D—p-Kut is Acid-Proof

LOOK

THE PIN & PEG

Dept. 9
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adaptable to any marking device. 
They can be used to stamp on 
every surface, metal, wood, 
fabric, paper, plastic, etc.

ENGRAVED D—p-Kut Stamping give» 
Razor-Sharp impression» every time

HI-G offer» compiete 
engin—ring »nd 

production faciliti— fo 
manufacture relay c for 

specific applications. 
Your inquirí— are invited.

k3600 
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By plugging additional 10 chan
nel modules into existing receptacles, 
the model 10EC-C strain gage 
printout system is expandable to any 
capacity. On standard adding ma
chine paper tape, it automatically 
records a two digit channel number, 
one digit for span or range, a plus 
or minus sign, and three digits of 
data for ranges of 1, 2, or 4. For

NEW! ENGRAVED 
Deep-Kut
-—---■--------------- ®

PIN & PEG STAMPS
are better than .
ordinary rubber 
3 ways.........  \

ZONE............STATE

ha a 1.25% full scale accuracy and 
gr es a continuous indication on one, 
tu i, or three 4-1/2 in. meters with 
25 deg D Arsonval movements. It 
is temperature compensated. The 
sei sing unit operates from a 115 v, 
60 cps source and may be mounted 
separately.

/Vmerican Machine & Foundry 
Co. Alexandria Div., Dept. ED, 
1025 N. Royal St., Alexandria, Va.
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Strain Gage Printout 
System 

Expandable

VIBRATION 
and

Adherence to tightest specifications by 
skilled assemblers—100% inspection for 
perfect construction—precision parts— 
closely controlled spacing guarantees 
RELIABLE PERFORMANCE in every 
SUPERIOR electron gun mount.
At yuur service' for any typo of electron gun mount. 
Samples, catalogs, prices available on request.

her 1 b- 
ipmt it. 
3/16 in.

ranges of 10, 20, or 40, the data is 
followed by a zero to indicate a 
tens multiplier. For offscale condi
tions, an N or P is recorded in the 
sign position to show negative or 
positive offscale conditions. The 
system provides 1000 counts for a 
transducer output of 0.5 mv per v, 
and the data is recorded with a 0.1% 
system accuracy exclusive of the 
transducer.

Datran Electronics, Dept. ED, 
Manhattan Beach, Calif.
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Please check the following 
FREE ENGRAVED Deep-Kut I—|
Sample 4 Price Lit I—i

Please hove salesman coll I I
far appointment I___ I

racy
00 rpm

1200A

NAME 

COMPANY

STREET. ..

CITY..........

* INGRAVED Doep-Kut ha'
cushion-like rejilienco

Engraved Deep-Kut stamp faces are

Frequency Inverters
Have 380 to 2000 cps range

These frequency inverters convert 
28 v de to ac in the 380 to 2000 cps 
range. One model has a 300 va, 
three-phase output and the other a 
100 va, single phase. The latter is 
also an ac to ac unit.

Cubic Corp., Dept. ED, 5575 
Kearny Villa Rd., San Diego 11, 
Calif.
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THE KRENGEl 
INSPECTION POCKET STAMP

KRENGEL MANUFACTURING CO , INC. Tel. CO 7 5714
227 Fulton St, New York 7, N Y

S. INC

duct 
ctur-

The rotary-balanced armature design of Hi G relays 
assures efficient operation of these important 

components even under severe vibration and shock 
— up to 20 or 30G out to 2000 cps. By design, 

very little momentum is built up in moving parts 
For more complete information on the complete line 
of Hi G relays, send for New 1959 Hi G CATALOG



NEW PRODUCTS
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Typ« MFA Att«miat«r 
Typ« HFT Terminati««

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.

CIRCLE 409 ON READER-SERVICE CARD
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Oscilloscopes

Have 3.5 mpsec rise time

For push-pull and cascade 
circuits

These npn power transistors are designed for 
complementary push-pull and cascade circuits. 
They have collector voltages to 80 v, a maximum 
collector current of 2 amp, and a minimum cutoff 
frequency of 150 kc. They are built to MIL- 
19500A requirements. Types 2N$26, LT-5163, 
LT-5164, and LT-5165 are for resistive loads; 
types LT-5163L, LT-5164L, and LT-5165L are for 
inductive loads.

CBS-Hytron, Dept. ED, Danvers, Mass.
CIRCLE 407 ON READER SERVICE CARD

Type 581 and 585 oscilloscopes have a 3.5 
mpsec rise time and a de to 100 me passband. 
Maximum calibrated deflection factor is 0.1 v per 
cm, and probe attenuator heads provide steps of 
0.2, 0.5, 1, 2, and 5 v per cm. Sweeps are cali-

Impedance Plotter

Portable

The VILP portable vector impedance locus 
plotter continuously measures and plots the rec
tangular components, resistance, and reactance of 
the equivalent series complex impedance of any 
passive electrical element.

Chesapeake Instrument Corp., Dept. ED, 
Shadyside, Md.
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generator which provides a calibrated sweep 
delay that is continuously adjustable from 1 psec 
to 10 sec.

Tektronix, Inc., Dept. ED, P.O. Box 831, Port
land 7, Ore.
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ATTENUATORS A TERMINATIONS ’^TRANSFORMEN1* |

Coaxial Attenuators

UNIMAX

CATALOG No. 159

CATALOG No. 359
nQp-odm9

Applied Research ine.UNIMAX SWITCH
76 SOUTH BAYLES AVENUE. PORT WASHINGTON. NEW YORK

using type BNC, TNC, and N coaxial connectors

IVES ROAD, WALLINGFORD, CONNECTICUT

Complete engineering data: dimension draw
ings. force and movement specifications, electiical 
ratings, integral and auxiliary actuators, bases, 
terminals, circuit arrangements, and NEMA stand
ard definitions of sensitive-switch terms.

Write today for your copy.

Catalog No. 159
Covers subminiature 

high-temperature (up to 
650 F), commercial, MIL- 
type environment free, 
and toggle switches — 
16 pages

Catalog No. 359
Describes sealed, low cost, gen 

eral purpose, low-force, high-sensi- 
11 v 11 y , environment-free, 
metal-cased AN and JAN, direct 
current, and reset precision 
snap acting switches — 28 pages

•ven sm

Model NFA A HFT HFA/T A HFT/T NFA/N A HFT/N HFAM M

Input/output 
impedance, ohms 50, 75 50, 75 50,75 50,75 50 50 50 75

75, 93 50. 93 50 ’5 W

Nominal 
attenuation (db)

1, 2, 3, 4, 6, 
10, 12. 15, 20 
/ 2, 3, 6. 10.
20

1. 2, 3, 4, 6, 
10, 12, 15, 20 
/ 2, 3, 6. 10.
20

1, 2, 3. 4, 6, 
10, 12, 15, 20

F 

minimum loss

Frequency 
range (mcs) DC-1000 DC2000 DC-2500

. . .. —
DC-1000 B)

Maximum V.S.W.R 1.2 at 
1000 mcs

1.2 at 
2000 mcs

1.2 at 
2500 mcs

12 at 1000 met BO

Connectors Type BNC Type TNC Type N Type BNC
■ - ■ — - ■



Angle Indicators

Precision

These are SimfMOW panel instruments

Meter Relays: 2* 
and 3*; AC and DC

Edgewise:
Vertical, DC

Wide-Vue: 2’A', 
3 A", 4W, AC and DC

I These precision angle indicators are complete 
|ervo systems for numerical presentation of an
gular positions. They are rack panel mounted 
ind consist of an angle indicator, a motor, and a 

Lervo amplifier. Performance characteristics of a 
ypical unit include: 0.6 min repeatability in 

hither a clockwise or counterclockwise direction; 
),5 min readability from 0 to 360 deg; ±6 min 

hecuracy; 0.5 min maximum sensitivity; 115 v, 
ingle phase, 400 cps input.
Kearfott Co., Inc., Dept. ED, 1500 Main Ave., 

blifton, N.J.
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ter- 
i the 
th a 
TNC, 
y of 
rans-

lance 
2 at

d to 
, and 
mcs

Transistor Breadboard

Tests design circuits

Round: 3*, DC Front Adjust Relay: 2’A*, 3’A* 
4’A*j DC Rectangular also.

Rectangular: 4*, 4’A*, 5'A*, 
AC or DC, RF; 7* and 9*. 

DC or RF

engineered and built to stay accurate..»

MCE MATCHIM 
NSFORMERS

NFAM
I 75 I W
150. 93 50,75

Infmum Io«

-1000

at 1000 met

Type BNC

I Designed to evaluate transistor characteristics, 
Ihe model TB-1 breadboard can be set up to sim
ulate any circuit in minutes. It checks frequency 
response and current gain, input and output im- 
bedances, linearity or distortion, and stabiliza- 
bon. It can also evaluate cascaded units and de- 
lermine the best class of amplifier operation. Its 
pen small meters show all current and voltage 
falues at once. Four cover 0 to 100 v dc and three 
I to 100 ma dc. The tester has six resistance and 
[our capacitance substitution units which are 
[nob selected and span 15 ohms to 10 meg and 
fOOtT to 0.22 pf. The meter connections and test 
Ind substitution points have snap fastener con
fect ms to match the furnished assortment of test 
fad and jumper cords.
I Al rams Instrument Corp., Dept. ED, 606 E. 
|hia vassee St., Lansing 1, Mich.
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TOTAL HOURS

Elapsed Time: 
60-cyde AC

0, 195* tE( TRONIC DESIGN • June 10, 1959

DC MLUAMHKS

Modernistic: 2’A*, 3’A*, 
4 A*, 5’A'; AC, DC, RF

Fan Shape: 4’A
AC or DC

METERS FOR EVERY NEEDMETERS FOR EVERY NEED

available from stock SiiflhWtl/ 
or custom-built 5202 W. Kinxie St., Chicago 44, III.

169

Phone: EStebrook 9-1121
In Canada: Bach-Simpson Ltd., London, Ontario
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NEW PRODUCTS

ALL TYPES

10% line voltage
are a

150 v fixed at 5 ma, with 0.5

CIRCLE 414 ON READER-SERVICE CARD

mjnytai ned
Spectrum analyzer model SPA-2 has a 1signs currently being manufactured. me

currently being

170 electrc

SEND NOW FOR DATA PACKAGE NO. 1158 
INSTRUMENT CORPORATION

Type 1205-B is a continuously adjustable, 120 
w power supply that provides uniform perform
ance over a 0 to 300 v dc output range at 200 ma 
maximum. Output regulation is 0.1 v no load to

bias voltage of 
no load to full

Type W5MT3A 
Metered Variac 
(Veltrneter Ammeter) 
$85 00
(similar in appearance.

height* 
in a Tl 
drical 
rinunci

Spectrum Analyzer 

Has 200 cps resolution

ripple, 0 
Oto 115 

hange vo 
ace irate 
weighs 2 

I N odel 
Ave., Bro

maxiini 
the dis 
minum 
it\ of s 
tion tei

Inter 
ED, 14

NEW cased Type W5 VARIACS are now available in two dif
ferent models: one with a 0 to 150-volt output voltmeter and a 
2-range ammeter for load currents of 0-1 or 0-5 amperes; 
another model with the same voltmeter and a 2-range watt
meter reading 0-150 and 0-750 watts.

Both include a W5 VARIAC, the meters, a current trans
former, necessary switching and adequate meter shielding.

Three-wire line cord and 3-wire outlet receptacle (accepting 
parallel 2-wire plug) are provided. The ammeter and wattmeter 
range switches can be switched under load.

full load and 0.75 v for 
changes. Additional outputs

Power 
cost uni’ 
dei dopi

Type W5MT3W 
Metered Variée 
(Voltmeter
Wattmeter) $110 

(shown)

load regulation, and a pair of unregulated ac volt
ages of 6.3 v at 5 amp. A panel meter provides dc 
output voltage and output current readings at 2 
and 5% accuracy, respectively.

General Radio Co., Dept. ED, West Concord, 
Mass.

Power Supply

Continuously adjustable

TWO SPEED GEARHEAD X-709 Unit 
shown has speed reductions of 2400:1 
and 24000:1 for fast approach and 
slow zeroing. Unit is electrically 
actuated md it completely self con-

Faet Service ia the big "plus” you get at GEE-LAR—th« 
House of Knobs. Hundreds of styles, sizes and types, in
cluding deluxe Gold Inlay Knobs, are stocked . .. quickly 
shipped to you in any quantity Best of all. your costs are 
always moderate,.. there’s no charge for tooling or molds.

WRITS today for your big, free illustrated Gee-Lar Catalog 
No obligation!

800Û Bluffton Road • Fort Wayne, Indiana
nomena.

Panorama Radio Products, Inc., Dept. ED, 520 
S. Fulton Ave., Mt. Vernon, N.Y.
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sweepwidth that is continuously adjustable down 
to 0; a 200 cps to 10 kc variable resolution; and a 
1 to 60 cps variable sweep rate. It also features 
linear, 40 db log, and power amplitude scales and 
a choice of two stable tuning heads: the 50 to 250 
mc RF-5 with —100 dbm sensitivity and the 220 
to 4000 mc RF-6 with —100 dbm sensitivity on 
fundamentals. The unit is designed for analysis 
of standard fm and am systems, noise spectra, os
cillator instabilities, and other dynamic phe-

Broid Avenue «I linden. Ridgefield. N J NEW YORK AREA 1000 N. Seward St IOS ANGELES 31 

8C5S 13th St Silver Sprint. Md. WASHINGTON. OC 1150 York Road Abinpon. Pa, PHILADELPHIA 

1182 Lot Alics Ave.. Lot Alto*. Calti EAN FRANCISCO S605 W North Ave.. Oak Park. III. CHICAGO

Ie CANADA: 99 Floral Parkway TORONTO IS

CIRCLE 416 ON READER-SERVICE CARD

CONCENTRIC SHAFT SPEED REDUCER 
X-530. Single ended unit has optional 
internal slip clutch set tn customer 
requirements. Most ratios available. 
Starting torque: 01 jn.-oz.; Back
lash' 30 min max.; Diameter: 1 062

METERED
Variaos

KNOBS FOR
Television • Home Radios 
Phonographs • Clock Radios 
Auto Radios • Instruments ... 
many others.

REPRESENTATIVES IN PRINCIPAL U. $. AND CANADIAN CITIES 

CIRCLE 413 ON READER-SERVICE CARD

Bowmar designs and manufactures all types of precision 
geared components, assemblies and packages for all 
types of precision control systems. Dozens of semi
standard speed reducer and gearhead sizes are offered 
in most ratios; but these types may be altered, or entirely 
new types can be developed to fit new requirements. 
Typical of many Bowmar designs currently being 
manufactured--------

PRECISION MINIATURE SPEED RE
DUCER 1062. Standard ratios to 
4000:1. Starting torque: 005 in oz.; 
Load torque: 25 in.-oz.; Backlash 45 
mm. max.; Diameter: 1.062 in. Typi- 
tai of many uawmar designs currently 
being manufactured.

PRECISION SERVO MOTOR GEAR
HEAD 750-GH (with Fnjsmg). Stand
ard ratios tn 2000:1; Starting torque: 
.005 in.-oz.; Load torque: 5 in.-oz.; 
Backlash: 30 min. max.; Diameter; 
.750 in. Typical Of many Bowmar 
designs currently being manufactured.

Textron Inc.
OWMAR



Heat Dissipators
For TO-3 type transistors

neter)

arance,

i two dit- 
ter and a 
imperes; 
ige watt-

nt trans- 
aiding.

iccepting 
wattmeter

ANGELIS 31 

4ILA0ELPHIA 
I. CHICAGO

SUPERIOR CHEMICAL RESISTANCE: 
Unaffected by oils, grease, most acids 
and alkalis, moisture and solvents.

HIGH DIELECTRIC STRENGTH: Aver
age of 4,000 volts per mil... average 
power factor of 0.003 at 60 cycles.

These heat dissipators are available in various 
heights for application to any power transistor 
in a TO-3 case. They consist of a vertical, cylin
drical form with radiating fins and a shallow 
rimmed base for surface-to-surface mounting and 
maximum heat conduction from the transistor to 
the dissipator. A typical unit on a 2 x 2 in. alu
minum plate can increase the operating capabil
ity of a germanium transistor with a 90 C junc
tion temperature from 2-172 to 10 w.

International Electronic Research Corp., Dept. 
ED, 145 W. Magnolia Blvd., Burbank, Calif.
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Transistor Power Supply
Dual range

lios 
Radios

Power supply model DV-III is a portable, low 
cost unit designed for transistor and laboratory 
development work. It provides continuously vari- 
abl outputs of 0 to 60 v de at 1 amp with 0.05% 
ripple, 0 to 30 v de at 2 amp with 0.1% ripple, and 
Oto 115 v ac at 1.2 amp. The unit has a two- 
range voltmeter and a two-range ammeter, both 
acc irate to 2%. It measures 7 x 11 x 8-1 2 in. and 
weighs 24-1/2 lb.

N odel Rectifier Corp., Dept. ED, 1675 Utica 
Ave., Brooklyn 34, N.Y.

CIRCLE 419 ON READER-SERVICE CARD
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PROPERTIES OF "MYLAR"
“Mylar” offers a unique combi
nation of properties that may help 
you improve performance and 
lower costs of your product. Here 
are two of the many important 
properties for evaluation.

Western Electric reports...

Du Pont MYLAR® cuts capacitor costs
PROBLEM: Western Electric was search
ing for a dielectric material which, when 
used in film-foil construction, would 
lower manufacturing costs.
SOLUTION: Du Pont “Mylar”* polyester 
film. According to Western Electric, the 
moisture resistance of “Mylar” mini
mized the need for costly encapsulation; 
high dielectric and physical strength in 
thin gauges helped reduce over-all size;

capacitance stability under normal volt
age stress maintains long life.
RESULTS: Capacitors insulated with 
“Mylar” provide excellent performance 
for selected types of equipment pro
duced by Western Electric. These new 
capacitors achieve high reliability and 
long life. Materials savings have been 

. realized through reductions in size and
use of less costly encapsulation.

HOW CAN “MYLAR” HELP YOU? Whether 
your product uses miniaturized capaci
tors or heavy-duty cables, it will pay 
you to investigate the performance bene
fits of “Mylar”. . . and products made 
with “Mylar”. Component makers find 
this tough, thin polyester film will often 
cost less on an area basis than present 
insulating materials. For more detailed 
information, send in the coupon.

CUPONI
«IS U. * PAT Off

BETTER THINGS FOR BETTER LIVING.. . THROUGH CHEMISTRY

DU PONT

MYLAR
POLYESTER FILM

is Du Pont’s registered trademark for its brand of polyester film.

E. I. du Pont de Nemours & Co. (Inc.)
Film Dept., Room Es-6, Nemours Bldg., Wilmington 98, Del.

Please send booklet listing properties, applications 
and types of “Mylar” polyester film available.

Application
Name_____
Company 

Address.

Title

Stat«

CIRCLE 420 ON READER-SERVICE CARD
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NEW PRODUCTS
Time Code Generator

Highly accurate

you ACE PRECISION on all types of screw machine

DISTRIBUTOR DIVISION

CIRCLE 421 ON READER-SERVICE CARD
CIRCLE 425 ON READER-SERVICE CARD

how small is small?

CIRCLE 422 ON READER-SERVICE CARD

LECTRí

Extrusion Molders 

and Fabricators

how high 
is high?

Printed Circuit Lights 

Mount directly on boards

BALLS 
BOBBINS 
BUSHING 
COLLARS 
DETENTS 
FINIALS 
GROMME 
HANDLES 
KNOBS 
MECHANI AL 
CHECKS 
NAME PL> TES 
PINS 
PLATES 
PLUGS 
RINGS 
SPACERS 
SPOOLS 
STANDS 
STRIPS

SIZES
to 2'4" 

LENGTHS:
1/16" to r 

’ give

• No rollability dotorloration at 250° C and 
140% ratod valtaga.

• insulation raslstanca groator than 10M ohms.
• Tamporatura coafficionti of approximately

100 PPM. SO PPM ond Ims.
• Dissipation factor Ims than .05%.
• Minimum (IowmI dielectric) absorption .01%.
• Exceeds MIL shock end vibration requirements.
• Lov capacitance tolerances to .1%.
• Transistor sixes.

Write, wire, phone for sample«, 
price« and Bulletin F Utting 
•tock Item«. Send «peclflcationt 
or blueprint« for prompt quota
tion« on «pedal«.

GRC off< 
and ecoi 
of two b 
line allo 
or assem 
*ith sere 
metals.
Wing Sc 
wather-f] 
ho ssed
The mb 5 
*id ? hear 
9'i{; pla 
Clem oc 
rus proof, 
Wi e rat 
ihr ads c 
O1BH

Secon

Inductance, Resistance and Capacitance Decades in extra
compact and rugged design for accurate and dependable 
performance. Quality components used throughout to pro
vide the same precise quality standards, electrically and 
mechanically, as finest lab-style equipment.
Units housed in heavy-duty, seamless steel cases with 
durable gray finish. All one size—5ys"L x 3WW x 
2l3/i6"H. Black face plates with white markings. Highest 
value multiplier on left.
Available from all Aerovox Parts Distributors, write for 
descriptive literature...

centerless ground parts and 
colors... all materials.

exceftiohm features txausivE win/BofcO-

ACE PLASTIC COMPANY
91-58 Van Wyck Expwy., Jamaica 35, N. Y. JAmaica 3-5500
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Accurate within several microseconds, the 
model 5631-82 time code generator supplies an 
output signal that may be recorded with other 
data or events. The instrument clock is a crystal 
oscillator that has a stability’ of ±3 parts in 107 
per week. The generator announces in military 
time and recycles to zero after 23:59:59. Readout 
is an in-line, in-plane display of hours, minutes, 
and seconds. The unit has connections for a 
WWV receiver and built-in WWV propagation 
delays from 0 to 99 msec.

Beckman Instruments, Inc., Systems Div., 
Dept. ED, 325 N. Muller Ave., Anaheim, Calif.

CIRCLE 423 ON READER-SERVICE CARD

ACE FABRICATED PLASTIC PARIS
FAST SERVICE LOW COST

H&H MACHINE COMPANY, INC.
Noble & Jackson Sts. Norristown, Pa. 
Phone BRoadway 2-6453 BRoadway 9-2327

Transistor driven series PCL indicator lights 
mount directly on printed circuit boards, elimi
nating the need for separate lamps, transistors, 
and circuitry for maintenance indication. Com
pletely encapsulated, they include a neon lamp 
and associated circuitry and may be dip soldered 
on boards as single components. They are avail
able to fit almost all signal and voltage combina
tions in computers, data processors, and control 
systems. The units are 1 4 in. high and 7/16 in. 
wide. They mount on 1/2 in. centers.

Transistor Electronics Corp., Dept. ED, 3357 
Republic Ave., Minneapolis 26, Minn.
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H&H close tolerance part—moving call farm, vahmeprodaced hr d’Arsonvai galvanometer' 
Width .362 ± .102 • Length .4211 ± .001 • Depth .160 ± .HI • Wall thickness .HO ± .0005
SPECIALIZED TUBULAR METAL PARTS
Want specialized metal tubular parts in extremely close 
tolerances? At lowest possible cost? H&H Machine Company 
volume produces an almost endless variety—to your 
specifications, in all commercial alloys, in sizes from .01 in. 
to 48 in. diameter. No production difficulties—we do the 
complete job from tooling up to rigid inspection. No design 
problems—we make our own tools and dies to meet s|>ecified 
tolerances precisely.
Write for literature, or send blueprint with quantities desired.

:apacitors
SO EDISON PLACE • NEWARK, NEW JERSEY 

J Toiaphonet Mitchell 3-5200

to precision

SPECIFY

FOR CONTINUOUS HIGH
TEMPERATURE OPERATION TO 
250 C WITHOUT DERATING!

New Bedford, Massachusetts

SUB-MINIATURE

CAPACITORS



ARIS
IALLS 
IOBBINS 
IUSHING 
:OLLARS 
JETENTS 
INIALS 

iROMME 
1ANDLE5 
(NOBS 
AECHANI AL 
HECKS 

JAME PL. TES 
•INS 
•LATES 
•LUGS 
UNGS 
¡PACERS 
SPOOLS 
STANDS 
¡TRIPS

SIZES
A" to 2'4" 

LENGTHS:
1/16" to 9"

Sivo 
¡no 

..all

METAL 
MULTI-TURN

New type 
construction 
provides

Iders 

ors

13-5500

SPECTROL PRECISION POTENTIOMETERS
YTH1NG

Meet the SPECTROL with,
GUARDIAN

•%

Relays

Spectrum Analyzers

Scan 3450 times a minute

OPERATION
Ihe Spectrol Model 590 ten-turn precision potentiom

eter features all metal construction of machined alumi
num with the helical coil placed directly against the case 
for maximum heat dissipation. Aluminum case provides 
excellent dimensional stability, is non-hygroscopic and 
will operate in a relative humidity of 95%. The I* diam
eter 590 is available in ranges from 25 to 120.000 ohms 
with a standard linearity tolerance of ±0.3%. Tolerances 
to ±0.025% on special order.
For complete technical information call vour local 
Spectrol representative or write directly to the factory.

Please address Dept. 196

SPECTROL
— “preeimon tlrctrvnie (ompomntK"

1704 South 0*i Mor Avenue, Sen Gabriel, Calif.

Model MRFR-30-5 and MRFR-30-6 Rayspan 
spectrum analyzers have 100 filters to which the 
signal under analysis is applied simultaneously 
and continuously. The filter outputs are sampled 
in sequence at a rate of 3450 scans a minute. The 
MRFR-30-5 has 32 cps filters that analyze any 
2.5 kc band between 50 cps and 100 kc. Resolu
tion over the entire band is 75 cps with a dy
namic resolving range of 35 to 40 db. Amplitude 
response variations are within ±3 db. The 100 
cps MRFR-30-6 analyzes any 7.9 kc band from 
160 cps to 100 kc. Its resolution is about 250 cps.

Raytheon Co., Dept. ED, 520 Winter St., Wal
tham 54, Mass.
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General 
Purpose 
Catalog "B”

Telephone

Catalog “C

yours with complete details
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I TO

WING & THUMB

Electronic Functional Multiplier

Has four quadrant dc to 10 kc bandwidth

RE

The appearance of new Guardian catalogs is always 
greeted with eager anticipation by the world's most critical 

users of electromagnetic controls For Guardian relays tradi
tionally express the fullest measures of progress in relay engineer

ing, design, and highly rebable performance Now—the news about 
Guardian General Purpose and Telephone Type Relays commands 
the attention of those whose responsibility it is to specify or buy the 

most applicable relays. Completely detailed information por
trayed m these catalogs will guide your selection with 

accuracy We invite you request Guardian Catalogs 
"B’ and "C" on your business letterhead.

Series 625

inmeters. 
It ± .0005

iRTS
close 

npanv
your 

.01 in. 
Io the 
design 
ecified

'esired

, INC. 
wn, Pa 
y 9-2327

to meet 
ALL needs

GRC offers you quality, quantity 
and economy PLUS your choice 
of two basic styles—one-piece 
line alloy die cast fasteners 
or assembled zinc alloy blanks 
with screw material of other 
metals.
Wing Screws hove generous 
wot her-type shoulders, patented 
rec ssed finger-grip wings.
The mb Screws have exclusive 
*id» heads for firm, comfortable 
grit; plain or shoulder type.
Cie in accurate threads. Bright 

proof, noncorrosive finish, 
e range of styles,

Ar ads and lengths.

Write NOW for GRC's new catalog 
of Die Cast 1 Molded Fasteners.

Q «IBS REPRODUCER CORP.
<C Second St., New Rochelle, N.Y., NEw Rochelle 3-R6OO

World’s Foremoa 
Producer of Small 
Die Castings

), 1959

A laboratory instrument for electronic multipli
cation and division, the model 201 functional 
multiplier performs true instantaneous four quad
rant multiplication of two electronoic signals. It 
has a four quadrant dc to 10 kc bandwidth and 
a meter that provides an indication of any aver
age product term. The unit can be used for auto
matically ’ varying coefficients, raising to powers, 
modulation, detection, transcendental functions, 
reciprocals, measuring power transfer, and other 
computer and data processing functions. It will 
permit the solution of any equation requiring 
multiplication.

Potential, Inc., Dept. ED, Solana Beach, Calif.
CIRCLE 430 ON READER-SERVICE CARD

Series 1200

Series 2100

Series 395

Series 595

Series 695- T

AwL bip »pacification» of your application 

for »pocific recommendations.

1622-G W. WALNUT STREET, CHICAGO 12, ILLINOIS
CIRCLE 431 ON READER-SERVICE CARD
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frac

api

Try 1 
Write

L
World'

can be color coded and need not be of the same
gage.
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NEW PRODUCTS
Crystal Can Relays

0.4 x 0 8 X 0.875 in.

ESNA CLINCH Nr 
HANDBOOK

ARNOLD TOROIDAL COIL WINDER
sets up quickly ...easy to operate... 

takes wide range of ivire sizes

SPECIFICATIONS:

Min. finished hole size: .18 in. 
Max. finished toroid O.D.: 4.0 in. 
Winding speed: 1500 turns/min. 
Wire range: AWG 44 to AWG 26 
Dual, self-checking turns 
counting system 
Loading (wire length) counter 
Core range: I.D. to 4" O.D.
to IV2" high

LABORATORY USE

Change wire and core size 
in 45 sec.

PRODUCTION USE 

1500 turns per minute 
Insert core and load 
in 20 sec.

includes all rings, counters and accessories

immediate delivery, literature on request

ARNOLD MAGNETICS CORP.
4615 W. Jefferson Blvd., Los Angeles 16, Calif.
REpublic 1 6344
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WHOLESALE CATALOG 
FOR RESALE DEALERS

Big-Name 
Brands

ELECTRIC MOTORS 
(1/250 to 60-HP) 

GENERATORS 
BLOWERS

EXHAUST FANS 
AIR CIRCULATORS 

FAN PARTS 
APPLIANCES 

HEATING EQUIPT.
AIR COMPRESSORS 

POWER TOOLS 
PUMPS

Over 4000 Items Stocked
PROMPT DELIVERY. Warehouses and 
sales offices in 63 principal cities, coast-to- 
coast. All fully stocked for pick-ups or 24- 
hour shipping service.

SALESMEN at each sales office available 
for help and guidance.

164 PAGE CATALOG and buying 
guide. Includes detailed descriptions on 
over 4000 items. Lots of technical and 
application data.

WHOLESALE ONLY. Free net price 
catalog sent only when requested on letter
head. No consumer requests honored. 
O.E.M. prices available for quantity buyers.

WHOLESALE CATALOG
Write for Early-Summer Edition

W.W.LfRAINGERJHC. gx|
Dept. 39,118 S. Oakley Blvd., Chicago 12Dept Oakley I Chicago

Here’s a brand new r - 
sign manual giving f 1 
information on ESN $ 
line of self-locking clin h 
type Elastic Stop® nu . 
The manual covers su h» 
points as:

Applications

Design Features
New Flush mounting Types« 

Insertion methods 

Correct part selection 

Plus: Materials, finishes and 
complete dimensional data

FA

He
Mt

Designed for control systems, computers, air
craft, and missiles, these hermetically sealed crys
tal can relays are 0.4 x 0.8 x 0.875 in., less than 
half the size of the company’s nearest comparable 
relay. They weigh about 0.6 oz and withstand 
—65 to +125 C temperatures, 50 g shock, and 
20 g 2000 cps vibration. The units are dpdt and 
rated at 2 amp. General purpose type 9200-4817 
and magnetic latch type 9234-4550 have a bracket 
mounting and solder hook terminals; type 9200- 
5072 has a plug-in or printed circuit mounting; 
and type 9200-5091 has a stud mounting and 
solder hook terminal.

Leach Corp., Relay Div., Dept. ED, 18435 Su
sana Rd., Compton, Calif.
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SEND TODAY for your copy.
Write Dept, sw-u- Elastic 

Stop Nut Corporation of America, 
2330 Vauxhall Road, Union, New Jersey.

This new flush mounting, miniature 
ESNA Clinch nut is easily installed by 
a simple flaring operation—becomes 
a permanent fastener.

ELASTIC STOP NUT CORPORATION 
OF AMERICA

actual size
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THIS CARD
Flat Cable

For printed circuit assemblies

Highly flexible in one plane, these flat multi
conductor cables can be run around corners or 
used with drawer pull-out type printed circuit 
assemblies. They may contain any number of 
twisted multiconductors, coaxial cables, or single 
conductors in sizes down to 36 AWG. Primary 
insulation can be Teflon or PVC. Individual wires

Tensolite Insulated Wire Co., Inc., Dept. ED,
W. Main St., Tarrytown, N.Y.

IS AN ADDED SECRETARY

electronic

Like a good secretary. Electronic Design's reader service card 
works quickly and efficiently to obtain the information you 
request. Cards now bear Air Mail pre-paid postage fo 
western areas, but even more important, your requests ar 
forwarded to advertisers within One Day of Receipt. Special
pre-typed labels also help to cut down the time required ti
get the data you want in the mail and on its way back to vou.
Another Improved Reader Service... Only Available in

June 10. P5

Can 
Thesi 
solde 
meta 
of a 
unaff 
ation 
mego 
ature

gear

jnr

■visions



”9 Type».

Now carried in stock by your local distributor

ION
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RATIOS FROM 10:1 to 60:1

don

175

BELLOWS 
TUfING

[avohm Series 850 
Hermetically Sealed 

Metal Film Resistors

sur copy.
Elastic 

America, 
v Jersey.

r\ice card 
ation you 
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Try these in your critical applications 
Write for complete information.

WIDE 
TEMPERATURE 
FANGE

lion
¡shes and 
nal data

MODEL 29-501: Universal ACZ DC 
or Shunt with A26 Gear Unit
DIAMETER 3^"
LENGTH :7”4Z to 7W
HORSE POWER 1/70 to % depending 
on length of stacking.
TORQUE OUTPUT: Up to 60 in. lbs. 
depending on ratio.
BEARINGS: Permanently lubricated 
and sealed ball bearings.

MODEL 2900:2 Pole-4 Pole Induc
tion with A26 Gear Unit
DIAMETER 3KT
LENGTH Z^toS”^"
HORSEPOWER 1/70 to 1 15 depend
ing on length of stacking.
TORQUE OUTPUT. Up to 60 in. lbs 
depending on ratio.
BEARINGS: Permanently lubricated 
and sealed ball bearings.

new c - 
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this Howard 
fractional H. P. 
¿ear motor can 

be used for

Check your specifications with 
Howard. Write for complete 
details and prices on these 
and other Howard gear 
motors and reduction units.

Frequency-Voltage Test Set
Measures ac and de voltages

Can be used from — 65 C to 150° C. 
These resistors are sealed with 300° 
solder. The resistance element is a noble 
metal alloy deposited on the inner surface 
of a borosilicate glass. All elements are 
unaffected by extreme temperature vari
ations. All resistors from 2 ohms to 4 
megohms have the same positive temper
ature coefficient.

BOTH 
universal and 

induction 
applications

HOWARD INDUSTRIES, INC.
172 State St., Racine, Wisconsin

Harmonic Suppression Filter
Handles up to 5 megawatts

demand

In circuitry where slip rings 
must function with depend
able precision and stand up 
under difficult operational 
conditions, BREEZE slip 
rings will do the job.

From 2-ring to 500-ring as
semblies ... currents as high 
as 350 amps continuous at 
220 volts and 700 amps 
overload at 220 volts. Spe
cial high voltage designs 
available; radio frequency 
assemblies . . . high speed 
rotation for thermocouple 
and strain gage applications. 
Also segmented ring assem
blies for accurate sequenc
ing and timing.

The model 4B test set measures frequencies 
from 350 to 450 cps within — 1 cps; de voltages 
from 0 to 30 v with 1% full scale accuracy; and 
ac voltages from 0 to 150 or 0 to 300 v with 2% 
full scale accuracy. It incorporates an ARINC 
standard phase checker and a means for testing 
continuity. Self-contained in a molded Bakelite 
case, the 3 lb unit is burn-out proof throughout 
its indicated operating range. Dimensions are 
5-5/16 x 7-7/8 x 3 in.

Airpax Electronics Inc., Seminole Div., Dept. 
ED, Fort Lauderdale, Fla.
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BREEZE PRODUCTS ACTUATORS • HOISTS • TRANSMISSIONS

»* ¡èiMc°-
LIVINGSTON. NEW JERSEY

World’s Largest Manufacturer of Attenuators

msiont tl»ctric Moto' Corp., Cydohm Motor Corp , Racine Electric Prodi, lord Scrutt* Co

CIRCLE 438 ON READER-SERVICE CARD
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BREEZE
CORPORATIONS, INC.
700 LIBERTY AVE., UNION, N.J

GENERATORS • STARTERS • STARTER GENERATORS • 
SLIP RINGS • HOSE CLAMPS • HITEMP FLEXIBLE

CIRCLE 441 ON READER-SERVICE CARD

Ruggedly constructed for military microwave 
applications, this filter is designed to suppress the 
typical harmonic and spurious signals generated 
by high power magnetrons, klystrons, and travel
ing wave tubes. It handles power levels to 5 
megawatts and has an insertion loss below 0.2 db 
throughout its 2700 to 3100 me pass band. In
tended for use in the waveguide line between 
tube and antenna, the unit has over 25 db inser
tion loss for signals from 5400 to 10,000 me. The 
vswr across both pass and stop bands is under 
1.8. Two or more units can be cascaded to in
crease harmonic rejection.

General Electric Co., Power Tube Dept., Dept. 
ED, Schenectady 5, N.Y.
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HOWARD

BREEZE MARK



NEW PRODUCTS

100 F. to 300 F • PH

100 F. to500°F
• ME

Sold nationally by Alpha Wire, New York

CIRCLE 446 ON READER-SERVICE CARD
CIRCLE 442 ON READER-SERVICE CARD

MEET 2

Non. .. Buy

KURM

POW

CLEAN I

RELAY SALES

189 EI
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:LEZTRC

• Hl< 
• ME 
• RE,

Fungus-proof 
Extra strong

action, 
airflow 
blower, 
banks

Tie easy, fast and tight 
Knots won't slip

Eiperially d< 
t’tdse, dir 

p>m delical 
Mint lU®, 

I »l»e nt bast 
•ot contain

H hen t 
cl anin< 
bg che 
q testin 
ci tanin,

Large Volume Capacity, 
Reliable mechanical 
convection batch ovens for 
production and tests 
associated with electronic

Strip Chart Recorder

0 to 150 or 0 to 300 v ac range

aircraft, chemical and other 
industries. Elimination of 
alloy interiors and wattage 
proportioning reduced our 
cost and yours. However, 
care has been exercised to 
provide an adequate design 
luitable for reproducing 
good uniformity and control

Send for our Catalog C-9 
Phone West Chicago 1100 

TWX West Chicago, III. 3464-U 
Write P.O. Box 186E, West Chicago, III

BLUE M

MIL-THERM® 
BATCH TYPE 
OVENS with 

HORIZONTAL 
r*. AIRFLOW

newest 
MINIATURE 1 
FLEXIBLE 
COUPLING

Life Saver size- only 7/16"x Ye"

Utilising horizontal 
, quality motor/ 

, ETERNA heater

Renbrandt offers a complete line of ultra
compact, precision-made couplings featur
ing zero backlash, low inertia and high flex
ibility
Topical is the newest shown above which 
is Life Saver size. Specifications: bores in 
any diameter from ft* through com
pensates for misalignments of ±5* angular 
and ±.015" linear, torque 30 inch ounces, 
weight .19 ounce, moment of inertia as low 
as .006 ounce inches^, materials and finishes 
to applicable government or MIL specs.
Long-life Renbrandt Couplings will solve 
many problems where space and weight are 
at a premium. Others available in a wide 
variety ot sizes for /<" through shafts.

0 to 1 KV Power Supply

Has 1% accuracy

Tinymite Coupling 
Actual Size

Low cost for general ap
plication. Thousands of uses. dia. x H" ion«. 
For %" and/or A" ahafta 
No backlash. Insulating 
nylon center piece.

The model 240 power supply has a dial that 
selects outputs in 1 v steps from 0 to 1 kv and a 
variable control for settings between the 1 v steps. 
The dial setting is 1% accurate above 10 v. Output 
polarity is selectable and an output off position is 
provided to facilitate timed measurements. The 
unit has a ripple of under 3 mv rms above 5 cps 
and a load regulation of 0.02% at up to 10 ma. 
For rack or bench mounting, it can be used to 
test insulation, supply potentials for diode and 
capacitance leakage resistance measurements, 
calibrate meters, and check dc amplifier gains.

Keithley Instruments, Inc., Dept. ED, 12415 
Euclid Ave., Cleveland 6, Ohio.
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This Rustrak strip chart recorder is available 
with a 0 to 150 or 0 to 300 v ac range. About the 
size of a Brownie camera, it is easy to load and 
holds a 63 ft roll of pressure sensitive paper. It 
provides inkless rectilinear recording at chart 
speeds to 30 in. pr hr.

Rust Industrial Co., Dept. ED, 130 Silver St., 
Manchester, N.H.
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24 HOUR DELIVERY 
from

LACING CORDS AND TAPES OF

NYLON

TEFLON COATED 

FIBERGLAS 
TAPES

Withstand temperatures up to 600° 
In Ya" and Ve" widths

Renbrandt, ic. 
fSfSKfSgSySglK 6-B Parmelee St 

Boston 18, Mr st
telephone: Highlands 5-S9I0
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and DACRON
are available in wax, wax-free and resin-coated finishes

system, we offer a good 
unit at raaso'nable cost.

TEMPERATURE --------
Mei 

RANGES

BY POPULAR DEMAND
VOLUME8 CU

AT LOW COST

Neomite

Guardian Electric

Monitor

Besson and 
Robinson

Automatic 
Electric

Collins 
Electronics

Struthers 
Dunn

Phillips 
Control

Leach 
Relays

Write for full 
information and 
free samples!

ESPECIALLY DESIGNED FO 
HIGH TEMPERATURE WOR

Advance 
Relays

Potter 
& Brumfield

R-B-M
Div. Essex Wi

'EM IN WAY 
BARTLETT

THE HEMINWAY & BARTLETT MFG. CO.
Electronics Division: 500 Fifth Avenue, New York 36

BLUE EVIEU/tut.BLUE ISLAND, ILL

MANUFACTURERS AND DESIGNERS 
COMPLETE TEMPERATURE CONTROL EQUIPMENT

All Models: 24"

Medel
Number

Watts 
Max

Voltate 
60 cy. A.C.

Complete 
Price

OV-586 
OV-587 1750

II5V/I Ph.
230V/1 Ph.

$488.00 
498.00

OV-588
4000

230V/1 Ph. 575.00
OV-588A 230Y/3 Ph. 598.00



Multimeter

Measures de voltage, current, and resistance

TANK

695G-1501 generator, NT-1505 tank

Other models from $175 2-year guarantee on all units.

inishes

d tight
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MEET 2 MORE L & R QUALITY PRODUCTS

Regulated DC Power Supplies

INSTRUMENT
RINSING SOLUTION

Name

Organization

Address

delivery.

CIRCLE 449 ON READER-SERVICE CARD CIRCLE 452 ON READER-SERVICE CARD
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dt, Inc. 
lee St. 
I, Moss, 
inds 5-2910

wlveit base • non-toxic • does 
’ot -ontain chlorinated solvents

MODEL 
200 A

For further information contact your nearest 
representative or write for brochure

Cleaning 
• Hash 
does not 

solvents
»mt 118®, TOC

B hen writing, ask for information on our ultrasonic 
cleaning equipment and specially-formulated clean
n g chemicals as well as the products shown. In re
q testing data, please give details on the particular 
cleaning problem and sizes of components.

The SonBlaster catalog 
line of ultrasonic cleaning 
equipment ranges from 35 
watts to 2.5 KW, and 
includes transducerized 
tanks as well as immersi
ble transducers. If ultra 
sonics can be applied to 
help improve your process, 
Narda will recommend the 
finest, most dependable 
equipment available — and 
at the lowest price in the 
Industry'

MAMMOTH 
5-GALLON

IkeBS MANUFACTURING COMPANY
H9 Elm Street, Kearny (Arlington), New Jersey

A merica 's ft rs t mass -p rod need 
industrial-size ultrasonic cleaner!

The Narda Ultrasonic* Corporation 
118 160 Herricks Road
Mineola, L I., New York
Department ED6
Gentlemen :

Please send me more information 
about
□ Series 1500 SonBlasters
□ Tne complete Narda line

• Clean faster, speed production ! • Cut rejects, eliminate 
bottlenecks! • Save on chemicals & solvents! • Eliminate 
expensive installation! • Cut maintenance and downtime! 
• Save on floor space! • Release labor for other work!

Esperially developed to remove oil, 
I'tase, dirt and foreign matter 
bom delicate metal parts • flash

Zone______State.

Specifically developed to 
L & R Power Nofome 1 
Solution after cleaning 
point over 106’, TOC • 
contain any chlorinated 
zt benzol • non-toxic

wpling 
Size
enenl »P* 
lusand« of 
t H" lone. 
A” rhafti 
Insulating

POWER NOFOME 
INSTRUMENT 

CLEANING SOLUTION

SAVE 7 ways over costly solvent, 
alkaline or vapor degreasing.

Illese plug-in de power supplies are designed 
for individual or multiple mounting in panels and 
relay racks. Several vacuum tube and transistor
ized models are available with a variety of out
put currents and voltages. All units have 0.25% 
line and load regulation and less than 5 mv rms 
ripple. Mounted in appropriate frames, the modu
lar units may be partially withdrawn under full 
power for testing and adjustment.

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

CIRCLE 451 ON READER-SERVICE CARD

Multimeter model 412A measures 100 pv to 1 
kv de with 1% full scale accuracy; 0.1 pa to 1 amp 
with 2% full scale accuracy; and 0.02 ohms to 
5000 meg. Maximum full scale sensitivities are 1 
mv and 1 )ia. Used as an amplifier, the unit pro
vides a maximum voltage gain of 1000 and an 
output that is proportional to the meter reading 
and suitable for operating potentiometer or gal
vanometer recorders. The instrument has three 
controls: a function selector, a 13 position range 
switch, and a lever type polarity switch. Because 
it is highly stable, it needs no zero adjustment.

Hewlett-Packard Co., Dept. ED, 275 Page Mill 
Rd. Palo Alto, Calif.
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• HIGH ACCURACY
• MEASURES FROM 0 TO 360 DEGREES
• READINGS NOT AFFECTED BY NOISE AND
4 HARMONICS
• PHASE SHIFTS OF THE ORDER OF .01° CAN 

BE MEASURED EMPLOYING SPECIAL CIRCUIT 
TECHNIQUES

• MEASURES IN-PHASE AND QUADRATURE 
COMPONENTS SEPARATELY

SPECIFICATIONS
Interior Tank size (in.), 10W x 14L x 9'/zH. Tank Capacity, 5 gallons.

Submersible Transducers
Model NT-604 — Hermetically sealed heli arc welded stainless steel 
case Radiating face: 27 sq. in. Effective plane of radiation: 40 to 50 
sq. in. (approx 10" x 5"). Effective cavitation of volumes: up to 1200 
cu in at 24" tank height (5 gal.) and 2400 cu. in. at 48" tank height 
(10 gal.). Swagclok tube fitting on side or end for internal tank wiring. 
Model NT-605 — Same as NT-604 except for bulkhead fitting on back 
for external wiring. Eliminates electrical conduits in solutions.

Now you can say goodbye to expensive chemicals, solvents, and 
degreasing equipment... reclaim valuable floor space ... eliminate 
high installation costs... just by installing a Narda Serie* 1500 
SonBlaster. At the same time, you’ll get better, faster cleaning, 
and you’ll need fewer people to do the job!

Get the tremendous activity of the new 200 watt Narda SonBlaster, 
with the largest transducerized tank ever made, at the lowest price 
in the industry! Choose from transducerized tank* or submersible 
transducers for use in any arrangement in any shape tank you desire. 
Up to 4 submersible transducers can be easily operated from the 
same generator at one time; load selector switch provided —an exclu
sive Narda feature.

Simply plug the SonBlaster into any 110-115 V AC line, and flip the 
switch. In seconds, you'll clean ’most any mechanical, optical, electri
cal, medical or horological part or assembly you can think of. Perfect, 
too. for brightening, polishing, radioactive decontaminating, pickling, 
quenching and plating; emulsifying, mixing, sterilizing, impregnat
ing, degassing, and other chemical proces* applications.

Mail the coupon for free help in determining the model that’s best 
for you.

NEW YORK

INDUSTRIAL TEST EQUIPMENT CO
G. CO.
York 36

625 M A I N STREET WESTBURY L I N Y 
Subsidiary of The Narda Microwave Corporation

NEW YORK 3 • GR 3-4684

r PRICE

53495°



Parametric Amplifiers

For 220 and 450 me

Repeatability: Approx. % of the specified error.
Construction: MIL-T-27 Size FA can.

tv.l. PATENT PENDING ♦ ♦U.S. PATENT 3,970. t:O

CONNECTOR

CUT ASSEMBLY TIME

(I /».

voltage measurement

AMPHENOL-BORG ELECTRONICS CORPORATION Chicago 50, Illinois

A 7/8 in., 10-turn, precision wire- 
wound potentiometer, model 510 is 
available in ranges from 25 to 120 
K and operates from —55 to +105 
C. Linearity tolerance is ±0.25% in 
standard units or ±0.1% in special 
units. Shaft diameter is 1/4 in.

Spectrol Electronics Corp., Dept. 
ED, 1704 S. Del Mar Ave., San 
Gabriel, Calif.
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CONNECTOR DIVISION

These 220 and 450 me parametric 
amplifiers have, respectively, 13 and 
11 db gain, 500 and 900 kc band
width, and 1.5 and 2 db noise figure. 
Pump power is 100 pw at 800 me 
for the first, 4 mw at 1300 inc for 
the second.

Motorola Inc., Military Electronics 
Div., Dept. ED, 8201 E. McDowell 
Rd., Phoenix, Ariz.

CIRCLE 455 ON READER-SERVICE CARD 
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NEW PRODUCTS
Limit Switch

Operates to 800 F

- specify VOLTRON 
for high accuracy, high 
reliability, and low cost

VOLTRON

VOLTRIP

Complete data will he sent on request. 
Write for Bidletin 34-

1010 Mission St., South Pasadena, California
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VOLARON Products

ESI 
an<

Temperature
Range: -55 to 71"C for Military meters; 

0 to 50°C for Industrial meters.

VOLTAGE 
INDICATOR
- tells the operator whether or 
not the monitored voltages 
are within predetermined limits 
Indicator has an expanded 
scale, with each scale marked 
in arbitrary units. Meter can 
be programmed to represent a 
wide range of voltages.

Accuracy: DC-0 25%, AC-0.5%

Vibration, 
Humidity, 

Shock: Military meters meet 
MIL-M-10304A

VOLTAGE 
COMPARATOR
- built with an amplifier and 
relay instead of the indicating 
meter. The relay operates when 
the voltage falls outside of 
predetermined limits. Unit can 
be programmed by either 
analog or digital methods.

Signal Voltage 
Range: DC: -500 to-1.0, and 4-1 to 

4-500 volts. AC: 5 to 500 volts.

The Klixon 21135-1 spdt limit 
switch weighs 1 oz and survives 
25,000 cycles at 800 F with 5 amp on 
both contacts. Rated 5 amp, 30 v de, 
resistive, it stands 20 g, 2000 cps 
vibration.

Metals & Controls Div., Texas 
Instruments Inc., Dept. ED, Attle
boro, Mass.
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10-Turn Precision 
Potentiometer

IM UAIPI IN nALr!
Amphenol’s new Quick-Crimp Series BNC connectors* 
obsolete just about every other BNC now on the market. 
Here’s why:

1 QUICK ASSEMBLY Only three basic parts 
(plus an optional boot) for you to assemble and 
crimp, as compared to as many as ten parts in a 
standard BNC! Assembly time is cut in half!

2 INCREASED RELIABILITY Critical assembly 
operations have been eliminated; inspection is 
easier, faster, reliable. Cable retention and strain 
relief is greatly improved. Connectors are weather
proof.

The Quick-Crimp family consists of 19 connectors: Plugs, Right 
Angle Plugs, Jacks, Bulkhead Jacks and Cable Terminations. 
Quick-Crimps mate with standard BNCs. Center contacts 
are gold-plated, have Amphenol’s patented captivated contact** 
construction. Voltage rating is 500 V. peak.
VSWR is low up to 10K me.

Body Assembly, Ferrule Clamp 
Nut Assembly, Outer Ferrule and Boot 

—Only Four Parts to Assemble!

Constri 
top pho

Accuracy of
Trip Point: MILITARY VOLTRIPS: DC: 0.25% 

of voltage programmed
AC: 0.5% of voltage programmed 
from —55°C to+71°C.
INDUSTRIAL VOLTRIPS:
DC: 0.5% of voltage programmed
AC: 1.0% of voltage
programmed from 0 to 40°C.
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Thermoelectric Unîtlimns
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Generates Power
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load to full-load
is regulation at load withpoint.

rammed

grammed

Tigress k Our Most Important T^oduct

ELECTRICGENERAL
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leters; 
eters.

Ito 
i volts

ESIGNED for low level cooling, heating 
and power generation applications, the

ating 
> when

supply products and services, contact your 
nearest General Electric Apparatus Sales 
Office or write to Section B 535-2» General 
Electric Company, Schenectady, New York.

NO MATTER WHAT your computer and other 
special power-supply problems are, General 
Electric can help you economize—economize 
by helping you free your engineers of these 
problems. For more information on power-

Thermocell is made from high figure-of- 
cast semiconductor thermoelectric mate-

‘‘It's always a problem making 
sure transistorized equipment is 
safe from its power supply.”

“ We need to devote our engineering time 
to designing our electronic circuitry. . . 
not the power components, ”

To alleviate this problem, General 
Electric has developed several meth
ods of making transistorized equip
ment safer in this respect. With G-E 
protective circuits, shorting a plus 
high-voltage bus to a plus or minus
low-voltage 
low-voltage 
percentage 

General
protect completely transistorized 
pieces of equipment from large losses 
due to over-voltage failures.

bus would not cause the 
bus to exceed a small 

of nominal rated value. 
Electric power supplies

Low-voltage dis
tribution prob
lems can be han
d led easily through 
load compensa
tion. Curve “A” 
is net desired no

regulation at load

IE‘TRONIC DESIGN • June 10, 1959

out remote sensing or load compensa
tion. “C” represents IR compensation 
in power supply itself. “D” is amount 
of IR or load compensation.

In normal room ambient temperatures, with 
an input power of 2 w, the device provides a 
temperature difference in excess of 40 C. With 
do external heat load, the cold junction tem
perature is —15 C. With a temperature differ
ential of 150 C, the unit’s output power is about 
14 w.

Construction of the basic thermo-cell is shown in the 
top photo. Operation at —35 C is shown below.

' We have a real low-voltage 
power distribution problem with 
our computer. ”

’ My power supply requirements 
fluctuate so much . . . big jobs, 
little jobs, all in between.”TA-11 

merit,

G.E. has built individual power sup
plies and complete systems ranging 
from less than one watt up to 35,000 
kilowatts. These power supplies span 
the complete range of DC power— 
regulated and unregulated—applying 
all types of components. G-E expe
rience includes completely transistor
ized supplies, and supplies with the 
new controlled rectifier, magnetic 
amplifiers, voltage stabilizing trans
formers, and motor-alternator “brute 
force” systems.

0°C. 
pd error.

quantities from Ohio Semiconductors, Inc., 
1035 WT. Third Ave., Columbus 8, Ohio—can be 
used with quartz crystal ovens, and to keep 
temperature-sensitive electronic circuits, such as 
oscillators, above or below the ambient tempera-

For greater capacities, units can be combined 
fl st ries, parallel or cascade, and can be ordered 
hat way. They are also available with different 
haracteristics and temperature ranges.
Resistance of the unit is 0.0025 ohms and the 

“ax mum current for heating and cooling ap- 
’ic; tions is 40 amp. Maximum hot junction tem- 
Weture is 150 C; minimum cold junction tem- 
ttature is —75 C.
F >r more information turn to the Reader- 

«n ce Card and circle number 102.

Here’s how General Electric solves 
typical DC power-supply problems

This is a frequent problem facing computer manu
facturers. General Electric’s Rectifier Department has 
complete engineering and manufacturing capability 
not only to design and apply all types of power sup
plies, but also to incorporate power supplies into 
completely integrated systems.

These systems could include load distribution, sup
ply sequencing, protection for power supply and load, 
and complete power distribution. Let General Electric 
tackle your DC power problems such as those asso
ciated with load IR drop, “cross talk,” and other 
nuisance-type problems plaguing your engineers.

SOLUTIONPROBLEM

PROBLEMPROBLEMPROBLEM

SOLUTIONSOLUTIONSOLUTION



NEW PRODUCTS

Micro-Diode
Designed For

Computer Applications

API

some engineers

issiles many more,

and scientists m ice <

PROCESSI

LECTRC
180 ELECTRONIC DESI

ALUMINA 
CERAMIC

it doesn’t have to be. It can be a career to take

.500 
MIN.

ant to have a part in these

.065 
MAX

12 differ 
specific i

Among the achievements of Antoaetics’ young men: the first successful 
airborne all-inertial navigation system...first navigation system accurate 
enough to guide the USS Nautilus and Skate on their historic voyages 
beneath Arctic ico... first successful automatic star tracking by an Iner
tial navigation system during daylight flight...first completely maneu
verable, inertially stabilized gyro platform...first successful completely 
automatic landing system for supersonic missiles and aircraft... first 
transistorized portable digital computer with "big eomputor capabilities

at 10 v 
10O ma 
pa at 50

.0035 X .016 
GOLD PLATED NICKEL 

RIBBON LEADS

050 MAX.
- COLOR STRIPE 
ON CATHODE ENI

hpes oi 
tonsuro« 
made b 
Conduc

Because these diodes dissipate a maximum of ‘ 
mw, they are particularly suited for computer applic* 
tions.

is a job is a job. But

It’s great to be proud of 
the place you work

history-making activities. Please send your resume 
to Mr. V. F. Benning. 9150 East Imperial High- 
wav. Downey. California.

Today at Autonetics there is room for engineers

ne diodi 
'ine tions <

Autonetics do.
These > oung men have already made Autonetics 

a leader in electronics and electromechanics. For 
example, they designed the inertial navigation 
systems for the USS Nautilus and Skate and the 
monopulse radar s\ stem for the Air Force’s F-105.

These same young men now are working on new 
developments —an even more advanced inertial 
navigation system for the first nuclear-powered 
Polaris-carning submarines.. .the guidance and 
control svstems for the Minuteman and GAM-77

way the engineers and scientists at

Conta 
0.016 ii 
units wi
Desig 

characte 
rent; IO 
ua max

PARTICULARLY suited for computer-type 
applications because their maximum power 

dissipation is 2 mw, the XD diodes are packaged 
for minimum volume and weight. If packed side 
by side with space allowance for leads equal 
to diode body volume, 5270 units can fit within a 
cubic inch.

Built to withstand the environmental testing 
specified by MIL-STD-202A, the diodes are 
made by Pacific Semiconductors, Inc., 10451 
W. Jefferson Blvd., Culver City, Calif.

All of the diodes available—XD-1, XD-021, 
XD-031, XD-034, XD-041, XD-042-have a maxi
mum storage and operating temperature range 
of from —55 to 125 C. At 25 C their maximum 
power dissipation is 50 mw, derated linearly to 
125 C. They can stand a peak pulse current ol 
2 amp for 1 psec, 1% of the duty cycle.

The diodes are rugged, having no pressure 
contacts or vibration prone parts; they are en 
cased in ceramic shells. The leads can be bent 
to meet 0.1 in. grid spacing on printed circuit 
boards and are gold plated for easy soldering 
or welding. All diodes are tested 100% to elec 
trical specifications and materials and construe 
tion are good to temperatures in excess of 200 C 
No soft solders or fluxes are used.

For more information turn to the Reader 
Service card and circle number 103.

A DIVISION OF NORTH AMERICAN AVIATION, INC.
Downey, California

INERTIAL NAVIGATION / ARMAMENT CONTROL / FLIGHT CONTROL
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Ihe diodes come in approximately 12 different ter- 
^nc Hons as required by circuit applications.

CIRCLE 459 ON READER-SERVICE CARD

mue nene Sine.

than cores made of any other material. And . . . stabilized 
cores are at least four times more inductance-stable than un
stabilized cores.
What’s more, there’s no longer any guesswork! We have 
published limits within which the designer can depend on 
core performance. These limits—and full information on 
our Performance-Guaranteed permalloy powder cores—await 
your inquiry. Magnetics, Inc., Dept. ED 61, Butler, Pa.

Audio filter designers, faced with a crowded frequency spec
trum, specify molybdenum permalloy powder cores to rigidly 
define channel cut-offs . . . with sharp, permanent attenu
ation at channel cross-overs.
Moly-permalloy, with virtually no resistive component, makes 
a core with almost no core loss. The resultant high Q means 
sharp attenuation of blocked frequencies in both the high 
and low band pass ranges. This is permanent—moly-permal
loy cores were developed specifically to provide a very long 
term inductance stability.
Compare molybdenum permalloy to powdered iron. See the 
smaller size and the superior stability despite unusual fluc
tuations in current or temperature. Even unstabilized per
malloy powder cores are more stable with temperature swings

STRIPE 
HODE EN

PUTTING MAGNETICS TO WORK

650 Micro-Module 
Diodes

iter-tvpe 
i power 
ackaged 
ked side 
Is equal 
within a

I testing 
des are 
., 10451

PAPER-THIN and wafer-shaped, 650 of 
these micromodule diodes fit into a cubic 

inch. And 350 of them weigh one ounce.
The diodes are designed for use in various 

types of ultra-miniature military, industrial and 
consumer products now in development, and are 
made by the General Instrument Corp., Semi- 
Conductor Div., 65 Gouverneur St., Newark,

XD-021, 
1 a maxi- 
re range 
laximum 
learly to 
irrrnt of

Contained in a ceramic wafer 0.31 in. sq and 
0016 in. thick, the gold-bonded germanium 
units were developed for the Signal Corps.
Designated type F-l, the units have these 

characteristics: 125 piv; 75 ma de output cur
rent; 100 ma forward current at 1 v max; 10 
Ma max reverse current at 10 v, and 50 pa at 
50 v; maximum reverse current at 75 C, 75 pa 
at 10 v and 250 pa at 50 v. Typical values are 
100 ma at 0.7 v for the forward current and 60 
p at 50 v at 75 C for the reverse leakage.
The diodes are produced in approximately 

12 different terminations as required by the 
specific micro-module circuit applications.

For more information, turn to the Reader- 
Sen ice card and circle number 104.

How to keep your cut-off sharp!
Audio filter designers use molybdenum permalloy powder cores

when they want razor sharp attenuation that will hold



WITCH!

Series 6 it
New flexibility i 
miniature rotary 
switch, i . . ,

; j : MINIATURE 
CONCENTRIC SHAFT

MAX. DIA.

V. AC resistive, carries 
5 amps. I I -
Available in over 6500 
combinations of decks 
and positions.

Allows 2 switches to 
be mounted in the 
space normally occu^ 
pied by one.
Up to 3 decks control
led by each shaft.
Two to 10 shorting or 
non-shorting positions

PO 3209

CIRCLE 460 ON READER-SERVICE CARD

565 Hillgrove Ave., LaGrange, Illinois

Phone FLeetwood 4-1040

"Pioneers in
Miniaturization"

Three Dior

Have Moduli

Automatii

THE THREE diode testers described here 
combine both modular construction and 

automatic features to quickly evaluate all of 
today’s (and probably most of tomorrow’s diodes. 
One of the testers is designed for production 
testing, another for incoming inspection, and the 
third is for diode reliability studies.

All three testers are made by the Cal-Tronics 
Corp., 11307 Hindry Ave., Los Angeles, Calif.

CIRCLE 461 ON READER-SERVICE CARD

NEW PRODUCTS
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CONSTANT VOLTAGE 
STABILIZERS

Provide ±1% Regulation,
Overload Protection

CIRCLE 462 ON READER-SERVICE CARD

This new series of Acme Electric constant 
voltage stabilizers include all the features 
engineers requested in custom made units. 
Designed to stabilize a voltage which may 
vary over a range as much as 30%. Stabili
zation response is practically instantaneous; 
inductive surges or other causes of fluctua
tion are corrected within 1/30 of a second. 
Under overload or short circuit condition, 
output voltage automatically drops to zero 
thus limiting the current and providing full 
protection

ACME ELECTRIC CORPORATION
906 WATER STREET • CUBA, NEW YORK

SEND FOR NEW CATALOG
New Bulletin CVS-321 gives engineer
ing data; performance curves and full 
specifications. Write for your copy.

Icdr lc 
transformers

fam the 
Grsyhill Sketch Book

CERAMIC HIGH VACUUM DIODE 
HAS 16 KV PEAK INVERSE RATING

Only inches long, Eimac's rugged new 2CL40A is a ceramic- 
metal high-vacuum diode for use in high-voltage rectifier or 
clipper-diode service. It weighs just 2^2 ounces.

When operated with convection liquid cooling the 2CL40A carries 
a maximum peak-inverse rating of 16,000 volts, a maximum peak 
plate-current rating of 10 amperes, and an average plate-current 
rating of 0.12 amperes. Under these conditions, allowable plate 
dissipation is 40 watts.

The 2CL40A also may be operated with convection air cooling at 
reduced ratings. Maximum allowable peak-inverse plate voltage is 
then 8000 volts and maximum plate dissipation 10 watts. Employ
ing an oxide-coated, unipotential cathode, the 2CL40A requires a 
heater potential of 6 volts and a heater current of 2.1 amperes.

The Eimac 2CL40A is rated at a maximum anode and seal temper
ature of 250° C. for use under extreme environmental conditions. 
For further information, consult our Application Engineering Dept. 
^¡0^ EITEL-McCULLOUGH, INC.

SAN CARLOS • CALIFORNIA

Production Testing

The model 3002 unit is designed for automatic 
production testing, and a line drawing of the 
tester is shown in Fig. 1. It has a hopper-fed, 
chain conveyor that carries the diodes sequen
tially to seven different test stations. Each sta
tion consists of a contact head assembly that 
makes contact with the individual diodes under 
test.

The output of the contact head assembly 
drives a parameter translator. The translator

lonsists 
input si] 
Ihanges 
Lid cor 
|Vhen tt 
fie tram 
[cross th 
Ind tran 
Ige for

Similai 
haractei
The d

»9. 2. In 
ith the n 

¡odes are

Fig. 1. Model 3002 automatic production diode testerB9- 3 The 
features a hopper-fed, chain conveyor and modular »sign d f 
construction. rogr



lot e esters

ul ai ¡instruction

atic eatures

ed here 
on and 
i all of 
> diodes, 
eduction 
and the

-Tronics 
s, Calif.

insists of equipment that generates a standard 
nput signal to the diode, detects the resultant 
Ganges in its electrical output characteristics 
ind converts the output to a standard form. 
Vhen testing for forward current, for example, 
he translator places a constant forward voltage 
cross the diode, measures the resultant current, 
nd translates the current to a proportional volt- 
ge for evaluation in a voltage comparator.
Similar translations are carried out for other 

haracteristic tests.
The dc output voltage from the parameter

L
 output meter and 

calibrated attenuator 
k on front panel

portable-tillable* rackable
RANGE: 2 cps -200 keps 
ACCURACY: 2% 
OUTPUT: 1 volt
DISTORTION: less than 1%

Another in the line of SIE 
Advanced Design Instruments, human engi
neered for operating efficiency. Easier to set
up • Easier to read • 
angle • Parallax free

Adjustable viewing
vernier

Large, easily set control knobs
tuning • 
Protected

front panel • Convenient carrying handle

10201 Westheimer

BENCH OR
RACK MODEL

P. O. Box 13058
CIRCLE 463 ON READER-SERVICE CARD

3/0 f.o.b. Houston, Tex

Houston 19, Toxas

itomatic 
; of the 
)per-fed, 
sequen- 
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ITRANS .

issembly 
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g. 2. Incoming inspection of diodes is performed 
ith the model 3003 unit, shown in block form. The 
odes are hand loaded on the conveyor.

OOES 

INDER 

TEST
-------«9

PROGRAMMING 
ANO 

PARAMETER 
TRANSLATOR

DIGITAL 
VOLTMETER PRINTER

SCAN COMMAND FEEDBACK

NEW Model 5 3 RET

LOW COST 
ELAPSED TIME INDICATOR
Unsealed, bakelite case design provides 
low cost. Self-starting synchronous motor 
drives 5-digit counter; records hours to 
99999 or hours and tenths to 9999.9. 
Square Model 53 SET 3’/j also available. 
For 110 or 220 volt, 60 cycle AC. Standard 
ASA/MIL 3’/2" mounting. Data on request. 
Marion Instrument Division, Minneapolis- 
Honeywell Regulator Co., Manchester, New 
Hampshire, U.S.A
Copyright © 1959, Marion

ode tester 
modular

9-3 The model 3000 unit, shown in block form, was
sign d for component reliability evaluation and 
% rograms.
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How KPR* simplifies 
etched circuit 
production

'Kodak Photo Resist

KPR helps you set up efficient coating and ‘
handling routines. .. because it is ex- 
tremely stable (allows you to coat circuit 
boards months in advance, then store them 

use us needed) . .. because is durable
... because your operators can learn to use
it effectively with a minimum of training. All 
this helps reduce make-overs and rejects, 
too. The basic steps in producing circuits with this all-plastic, presensitized, 
liquid coating are outlined below:

(1) Clean metal; use power brush for speed.

(2) Quick acid rinse insures good adhesion of KPR.

(3) Coat plates by spraying, whirling, dipping; then store till needed.

(4) Expose briefly to high-intensity arcs; exposure time never varies be
cause of heat, humidity, or long storage.

(5) Develop; vapor-spray degreaser is fastest.

(6) Etch circuits, using standard techniques. KPR protects circuit image 
during assembly of components, strips off clean when panel is "skated" 
on tin-lead solder.

There's full information in a new booklet called "Industrial 
Uses of Kodak Photo Resist"—yours for the asking.

No statement or suggestion in this advertisement is 
to be considered a recommendation or inducement of 
any use, manufacture, or sale that may infringe any 
patents now or hereafter in existence.

Rochester 4, N. Y.

EASTMAN KODAK COMPANY

CIRCLE 465 ON READER-SERVICE CARD
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Recently our engineering department came up with an improvement in a miniature precision poten
tiometer which had been ordered consistently by one of our customers. Although the original design 
had more than met the customer’s specifications, we filled his next order with the improved version 
— at no increase in cost! This is but one example of how Waters’ alertness to the need of constant 
research and experimentation is advantageous to all concerned. We are never content with any po
tentiometer we make, regardless of how well it meets, or even exceeds, specifications. Ask for 
Waters Catalog PF1258 — we believe you will be favorably impressed.

APC 1'/. The APC l'/s permits mounting two I1/«" diameter pots in tandem rather than 
side by side . . . saves panel space, simplifies design. Concentric shafts can be 
rotated independently by a dual knob, concentric gears, or other simple means. 
For single hole or servo mounting. With stops, or continuous rotation of either 
or both elements. Also available with diameter (type APC %)■ Either size 
can be supplied with the same specifications as Waters standard RT /g and 
AP 1 ‘/g potentiometers. Write for Bulletin PCA 459-2

Twice as many pots in the same panel space t

MANUFACTURING, INC. 
WAYLAND, MASS.

POTENTIOMETERS • SLUG UN El COIL FORMS • IF COILS • CHOKES • KT HOOK k PANEL MOUNTS • TOROOE WITCH® URGES • CTROL METER CONTROLLER • INSTRUMENTS 
CIRCLE 466 ON READER-SERVICE CARD

Fig. 4. Diodes through reliability studies on the mode 
3000 unit are mounted on printed circuit cards.

translator is fed to a comparator system whei 
the voltage is compared to a suitable referent 
standard. The output of the comparator is on 
of three classification levels which is the 
punched on paper tape. The tape serves as 
buffer memory to store evaluated output dal 
until the diode reaches the sorting area on th 
conveyor. At this point, the tape is read, decode 
and the diode is classified and ejected into on 
of fifteen bins.

Modularization of the unit’s construction per 
mits quick changes in equipment configuration 
It can thus perform many different functions 
which is essential to manufacturers of a wid 
variety of diodes.

The limit-of-error of this tester is about ±1 
of the absolute magnitude of the parameter bt 
ing measured. The limit-of-error for an auto 
matic test system is defined as the degree o 
error contributed to the tested results by th 
test equipment. It includes factors such as ac 
curacy, drift, resetability, repeatability and gen 
eral stability. This is exclusive of changes in tli 
diodes, such as diode drift, as contrasted to tli 
requirements for test program reliability.

Incoming Inspection
The model 3003 tester is designed for iucon 

ing inspection on a semi-automatic basis. A bloc 
diagram of the unit is shown in Fig. 2. Tli 
diodes are hand loaded on the conveyor whic 
carries them to each test station. The contac 
head makes a connection between the diode ur 
der test and the parameter translator.

The translator output drives a reject-eject 
control circuit. If a diode’s characteristics do ni 
meet the minimum limits set into the parmnett 
translator it is dropped out at the individual te 
station. Non-acceptable diodes are classified fl
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Perkin-Elmer

VERNISTAT

230 VOLTS

"j COUNTERis there.'
Vernistat a.c. potentiometers were selected for several of the test panels because

VOLTAGE 
RANGE 
SWITCH

TO 
CONTROL 
UNIT 
ASSEMBLY

go, no-go basis as to the parameter that has 
kiled

Act ’ptable units reach the final packaging 
kstei i where they may be either bulk or tape 
Lackaged, depending on the particular require- 
nents.

The test rate of this tester is not as great as 
L unit used in production testing because the 
ser does not have the volume requirements, 
Lt aproaches that of the manufacturer. Also, 
L slower rates allow effective use of hand load- 
L of the conveyor.

To handle diodes made by many different 
tompanies, and diodes of dissimilar characteris- 
L, the tester is built on a modular basis. This 
feature also permits the user to cope with new 
iroducts.
The limit-of-error for this tester is somewhat 

iroader than that for production testing. That 
i because inspection is more on a qualitative 
han a detailed quantitative basis and limit 
anges of from ±2 to ±5 per cent are accept- 
ble.
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Reliability Studies
Intended primarily for component reliability 

valuation and study programs, the model 3000 
ester handles diodes in a semi-automatic fash- 
on. A block diagram of the tester is shown in 
7ig. 3, and the method of mounting diodes 
inder test on printed circuit cards is shown in 
ag. 4.
The diode card is inserted in a scanner sys- 

em which sequentially connects the diodes to 
he parameter translator unit. The converted 
est parameter is fed to an analog-to-digital con- 
erter (digital voltmeter), the output of which 
Irives a printer, punched card, punched tape or 
)ther suitable data recording unit. When the 
est is completed, a feedback signal from the 
■ecorder automatically advances the scanner 
o the next diode and the test cycle is repeated. 
This tester is normally operated in a labora- 

ory type atmosphere for much shorter periods 
’f time than the production or inspection units, 
because of this requirement more delicate and 
onsiderable more precise instrumentation is 
ised. It has a limit-of-error of about ± 1 per cent.
Having modular construction, the tester is 

exible enough to allow new studies to be per- 
orm« d with a minimum of difficulty. Intercon- 
lections between the test system and the various 
nvironmental chambers are possible.
0t ier than mounting the diodes of the cards, 

10 o her mechanical handling is required. This 
*rn) ts the construction of precision equipment 
1 a ninimum of cost.
To more information on these diode testers, 

urn o the Reader Sen ice Card and circle num- 
*r ] )5.

An automatic flight control system that "thinks ahea0" of the pilot is a "must" for 
the Air Force’s Convair B 58 Hustler — world's fastest bomber Bram" of this sys 
tem — developed by Eclipse Pioneer Division of Bendix Aviation Corporation — is a 
compact control unit assembly in which all flight factors are continuously and 
instantly translated into commands to control surfaces. To check out this assembly 
quickly and conveniently a mobile test set has also been designed — and Vernistat 
is there as an accurate source of test voltages in simulating a number of signals 
and commands.

of their unique combination — in one component — of reliability, low output imped 
ance. low phase shift, and high linearity In the typical application above, a 
Vernistat is mechanically geared to a counter to provide an output voltage that can 
be accurately set to the required value. Low phase shift from input to output is 
maintained by the Vernistat s inherent design. And need for an isolation amplifier 
- with its added cost and disadvantages — iS eliminated

Doesn’t Vernistat thinking belong in your system design too?
In this application, Vernistat thinking 
by Eclipse-Pioneer engineers helped 
solve a design problem with reduced 
equipment cost, system complexity, 
and design time. Cost was only a quar
ter of that of an alternative method 
utilizing conventional potentiometer, 
isolation amplifier, and d.c. power. 
Use of fewer components reduced 
system complexity, increased accuracy 
and reliability, and saved valuable

design engineering man-hours.
In servo systems, analog computers, 

and similar uses, you too can obtain 
such results with Vernistat a.c. poten
tiometers. With this new concept in 
relating shaft position to voltage, you 
get low output impedance (as low as 
45 ohms) with high input impedance 
(as high as 200,000 ohms), plus high 
resolution (to 0.004%), low phase 
shift (as low as 0.2 minutes), and high

linearity (to 0.01%).
In addition to precision a.c. poten

tiometers, Vernistat products include 
function generators (adjustable non
linear potentiometers), and variable 
ratio transformers. Military specifica
tions are met by the wide selection of 
models available.

Write today for complete details 
and specifications on Vernistat preci
sion products.

^vernistat- a new design concept that unites in one compact device the best of both the
precision autotransformer and the multiturn potentiometer.

765 Main Avana«, Norwalk, Conn.
CIRCLE 467 ON READER-SERVICE CARD
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KEARFOTT PRECISION RESOLVERS
FOR EVERY SYSTEM APPLICATION

NEW PRODUCTS

Kearfott has available a complete line of pre
cision resolvers for every system application. 
Computing resolvers range in functional accu
racy from 0.1% to .005%, in bridge accuracy 
from 5 minutes to 20 seconds of arc and in 
size from 11 to 25. Non-compensated resolvers
range from 5 minutes to 20 seconds of arc in

accuracy, from 8 to 25 in size.
All Kearfott resolvers feature stainless housing, 
shafts and bearings and corrosion-resistant 
lamination materials for maximum environ
mental resistance. Optional designs available 
for operation at 200° C and in environment of 
2000 cps vibration at 30 g’s.

Computing 
Resolvers

Available with integral compensating windings. Can be provided 
with trimming networks to match existing isolation 
amplifiers or Kearfott-designed transistorized amplifiers.

Battery
Size 11

For application} where size and 
good functional accuracy are of 
paramount importance. Functional 
accuracy as good as 0.1% and 
bridge errors of 3 minutes uf arc 
are in production.

Size 15
A 2:1 improvement in functional 
accuracy obtained in this configu
ration. Unit tabulated is the di
rect equivalent of standard Navy 
BuOrd Mark 4 Mod 3 and con
tains necessary trimming network

for standard buffer amplifiers. 
Transformation ratio is 1.000 i: 
.0001, phase shift 0° ± I minute. 
Functional accuracy of .05% and 
bridge error of 3 minutes of arc 
are standard.

Size 25
For applications demanding the 
highest order of accuracy. Close 
attention has been paid to design 
parameters.

Operated

Lightweight
Size 18

A special resolver which permits 
a unique cascading of these units 
without the necessity for buffer 
amplifiers. Typical application is 
illustrated in following cascade:

BALANCED 
LOAD

RESOLVER RESOLVER 
2

RESOLVER 
3

RESOLVER 
“n”

All Transistorized
R = RESOLVER C = INTEGRAL COMPENSATOR

COMPENSATED RESOLVERS FOR PRECISE COMPUTER APPLICATIONS

4

SIZE 11 15 18 25
PART NUMBER R980-01 R980-41 T980-51 V980-004 425506-1

Excitation voits-(Max.) 
Excitation Volts (Test) 
Freqnency-(cps) 
Primary Impedance 
Secondary Impedance 
Transformation Ratio 

(Primary to Secondary)
Transformation Ratio 

(Compensator to Rotor)
Phase Shift (Lead) 
Fundamental Null (MV) 
Bridge Error From E.Z. (Max.) 
Primary

60
10

400
629 + j2510
695 4- J2750

.980

.985
8.5’
15

*7 mins. 
Stator

60 
10 

400 
450 + j2200 
500 4- J2300 

.980 

.985 
7.5’
15 

*5 mins. 
Stator

26
15

400
220 4- jlOOO
240 4- J1100

.980

.950
8.5’ 
8 

*5 mins. 
Stator

26
13 

400
3000 4- j (0 ± 40)
3000 4- j (0 ± 40) 

.775

.775
0’ ± 10’

15 
3 mins. 
Stator

115
25

400 
1630/78.5’ 
1620/80’

.980

.985
2.1’
15

0.7 mins. 
Stator

Portable TV
i’he rec 
’¡ewing.

Non-Compensated 
Resolvers

*A/so available 3 mins. Irom E.Z.

Basically for application in precise data transmission 
systems. These synchro resolvers permit system designer 
to achieve system errors of better than 1 minute of arc 
without using 2-speed servos and elaborate electronics. 
By proper impedance matches up to 64 resolver control 
transformers can also operate from one resolver transmitter.

Size 11
Where size is important. These units 
have a maximum unit error of 3 
minutes of arc.

Size 25
Where highest accuracy is required. 
These units have a maximum error 
as low as 20 seconds of arc.

FOR PRECISE DATA TRANSMISSIONNON-COMPENSATED RESOLVERS
SIZE 11 SIZE 25

Type Resolver 
Part Number 
Excitation Volts (Max.) 

Frequency (cps) 
Primary Impedance 
Secondary Impedance 
Transformation Ratio 
Max. Error from E.Z. 
Primary

Transmitter 
R982-004 

26
400 

170/77° 
42/80.5° 

.454 
3 mins. 
Rotor

Differential 
R982-002 

11.8 
400

95 /80.2* 
110/75.7° 
1.000

3 mins. 
Stator

Control 
Transformer 

R982-012 
11.8 
400 

2000/80° 
8000/76° 

1.906 
3 mins.
Stator

Transmitter 
Z5161-001 

115 
400 

400/82° 
260/82° 

.7826 
20 seconds 

Rotor

Differential 
Z5191-001 

90 
400 

800/80» 
900/80° 

1.000 
20 seconds 

Stator

Control 
Transformer 

Z5151-003 
90 

400 
8500 /82* 

14000/82°
1.278 

20 seconds 
Stator

A PORTABLE television set that operate 
without external power and can be lifte 

without powerful muscles is scheduled for pr 
duction this month.

Weighing only 15 lbs, with battery7 and built-ii 
telescopic antenna, the set provides 80 sq. in. t 
viewing area, equivalent to a 14-in. screen.

The Philco Corp, receiver employs 21 transistoa 
plus 14 diodes and is only 8-3/8 in. wide by 16-5 
in. high by 5-5/8 in. deep. Compact packaging I 
achieved in part by the use of a two-inch pictw| 
tube coupled with an optical arrangement th 
magnifies the image seven times.

Macenit 
p om <i 
loor ns< 
! Three 

[ransist 
ide a ii 
hanno! 
rom 6 I
ons.

Write for complete data.
KEARFOTT COMPANY, INC., LITTLE FALLS, N. J.

A subsidiary of General Precision Equipment Corporation 
Sales and Engineering Offices: 1500 Main Avenue. Clifton, N J.

Midwest Office: 23 W. Calendar Avenue, La Grange, Illinois 
South Central Office: 6211 Denton Drive, Dallas, Texas 

West Coast Office 253 N. Vinedo Avenue, Pasadena. California

Battery Can Be Recharged
Looking somewhat like a jumbo reflex earner 

the set is equipped with a visor that shields tM 
image from glare or sunlight. The receiver is conj 
pletely battery-powered by a rechargeable dry ce 
developed by the Eveready Co. After four hour 
of operation, recharging is recommended.

A built-in charger permits the battery to lie rd
charged from 117 v ac in about 16 hours. Up m
25 battery charges are possible before battery rd

GENERAL 
PRECISION 

COMPANY

The c 
leighbo: 
positivi 
fonai tu

Tunei 
pining 
pge> ai 
pob aii 
bue □ 1 

paté / ; 
pr a< jai
raps ar
'he id

CIRCLE 468 ON READER-SERVICE CARD
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after torch is removed

EPOXY-GLASS LAMINATESELF-EXTINGUISHING G-11
RETAINS HIGH FLEXURAL STRENGTH AT 150°C

GENERAL
Live Better Electrically—Electricity Builds Jobs

CIRCLE 469 ON READER-SERVICE CARD

187IO, 195

The base laminate withstands the effects of concen
trated nitric acid and all conventional etching and 
plating solutions. In addition, 11559 is the only G-11 
laminate that is self-extinguishing—has approximately

t operata 
i be liftel

d for pit

Flexural strength: retains 65% of room temperature 
strength at 150°C.

transistori 
; by 16-5 
ickaging i 
ich pictur 
'ment th

ex carnea 
shields ta 
/er is cod 
ale dry ce 
four houn

y to he n 
urs. Up t 
battery ri

Insulation resistance: 20,000,000 megohms at 50°C 
500,000 megohms at 165°C.

nd built-i
I sq. in. d

2-second flame-out time. Textolite Grade 11559 is 
available unclad or clad with 1 or 2 oz. copper.

Consult Sweet’s Product Design File, Cat. 2b/Gen., for 
technical information on the complete line of Textolite 
laminates. Or for a brochure showing test data on Grade 
11559—or engineering assistance for special problems— 
call or write: Technical Service, Laminated Products 
Dept., General Electric Company, Coshocton, Ohio.

High insulation resistance and flexural strength even at 
150°C.—that’s what you get with new General Electric 
Textolite Grade 11559 epoxy-glass electrical laminate. 
Self-extinguishing 11559 exceeds NEMA G-11 require
ments and Specification MIL-P-18177, Type GEB. 
Here’s how Grade 11559 performs:

New high-temperature transparent General Electric Textolite* 11559 
has exceptional mechanical and electrical properties ... developed 
especially for computer and military electronic printed circuits

[lacement is necessary. The set may be operated 
pom a stanard 117 v, 60 cps power outlet for in- 
loor use, if desired.

Three Philco MADT (Micro Alloy Diffused 
transistor) transistors are used in the tuner to pro- 
ide a matched power gain of 28 to 32 db on low 
hannels and 18 db on high. Noise figures range 
rom 6 to 8 db on low to 10 to 12 db on high sta-

WC RONIC DESIGN • June 10, 1959

High peel strength: 9 lbs./in. for 1 oz. copper-clad; no 
blistering after 30 seconds in molten solder at 500°F.

he receiver can be tilted on its rest for convenient 
iewing.

I fl H I I ctH 1 I ^miflAtPQ from General Electric—the company that stands for
I I U U O 11 lai L-O I I 111 IO ICO reliability in the electrical and electronics industry

Sensitivity Maintained

The overall sensitivity of the receiver is in the 
leighborhood of 10 pv—in short, no compromise in 
ensitivity or noise figure is conceded to conven- 
ional tube receivers.
Tuner output is coupled to a 45 mc if strip con- 

ainirig four MADT transistors; the first three 
bge are AGC controlled. Stagger tuning is used 
Pob ain an overall if band width of 3 mc at 70 db. 
toe j low transistor input impedance of approxi
mate • 100 hours, a balanced-T trap is required 
or a< jacent sound trapping and two series-timed 
faps are needed for adjacent picture trapping, 
he ideo crystal detector output is fed to the

Textolite'
INDUSTRIAL LAMINATES

Flame dies 2 seconds
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A new dimension in living awaits you . . . with 

a stimulating career at Westinghouse-Baltimore. 

Here, your professional growth will be stimu

lated by the challenging opportunities of an 

engineer’s company. And . . . your life will be 

enriched by the scenic splendor and vacation

land atmosphere on the shores of the Chesa

peake Bay. Boating, fishing, sailing, swimming, 

hunting . . . you’ll find them all in this sports

man’s paradise.

Electronics 
Instructors

Communications 
Circuitry

Field Engineering 

Technical Writing 

Electronic Packaging 

Operations Research

Molectronic Systems 

Molectronic Devices 

Microwave Systems 
and Components

Radar Systems 

Network Synthesis 

Analogue and Digital 
Computer Design

Westinghouse

ADD A ’’NEW 
DIMENSION” 
TO YOUR 
CAREER!

Syi 
am d 
imi e 
coni’

A I 
shift 
ergv

Th 
of the

Current Career
Openings Include:

Write for "New Dimen
sions" ... the informative 
brochure that takes you 
behind the scenes at West
inghouse-Baltimore today.

For a confidential 
interview, send a 
resume of your education 
and experience to: Mr. A. M. 
Johnston, Dept. 916. West
inghouse Electric Corpora
tion, P. 0. Box 746, Balti
more 3, Maryland.

Chassis can be easily removed from case for servicing 
Note printed circuit board at right.

base of an emitter-follower stage, containing 
contrast control in the emitter leg.

Intercarrier sound output, at 4.5 me, is couple 
to a sound if amplifier, limiter and duo-diode di 
criminator. From this point the audio signal i 
amplified in a driver stage and fed to a class-i 
push-pull stage. Audio output up to 200 mw i 
then applied to the three-inch PM speaker. Th row 
collector of the emitter-follower stage is ac by 
passed, and amplified AGC is taken off this point

10 Kv on 2-in. Tube
The video amplifier stage is supplied from 

4-12 v and —12 v supply developed in the hor 
zontal output stage. Peak-to-peak video signals 1 
20 v are available for application to the kinescop 
'rhe two-inch picture tube is operated at 10 k 
second-anode potential. With the high-efficient 
phosphor screen, only 25 pamp current is draw 
at normal brightness levels. The tube defl< ctio 
angle is 30 deg, and one-watt heater power is rt 
quired.
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A buffer stage is employed between the horizontal oscillator and output stage to prevent frequency 
shift due to the varying load at the horizontal output. High voltage, ±12 v supply sources, yoke en
ergy and -|-300 v for kinescope electrostatic focus are drawn from the horizontal output stage.

The input power for the set is 9 w during ac operation, 4 w when supplied by a 6 v battery. The cost 
of the set will be under $300. Battery replacement will cost about $5 for 100-hour service.
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New Twist in
Individual spring contacts 

are twisted to ensure 
positive contact. .
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It is easier to picture impact than to 
describe the effects of it upon plastic 
laminates such as Synthane. For one 
thing, impact is measured in several 
ways. In the standard A.S.T.M. (Izod) 
test notched samples x x 
are struck by a pendulum. This test is 
an accepted standard yet it seldom 
measures the impact behavior upon 
plastic laminates. Reason: certain grades 
of laminates are “notch sensitive”, a 
condition which they may never meet 
in a practical application.

Nor does the Izod test indicate the 
ability of Synthane to resist repeated 
blows. Figure 1 shows how many times 
blows of a pre-determined intensity can 
be absorbed before the material breaks 
down.

Temperature Affects Impact Strength
Even repetitive impact is not the whole 
of the story. Temperature has an in-

400

500

•; roo

100

3
a 400
£
I 100

10

FIG. 1 Intensity of impact vs. cycles

teresting effect upon impact strength 
(Izod). The curves in Figure 2 show 
that at extremely low temperatures 
glass-base grades of Synthane actually 
improve in impact strength, while other 
grades improve as they are warmed. 
The impact strength of Glass Epoxy 
Grade G-10 improves sharply at tem
peratures above 75° F.

Impact Rarely Travels Alone
Like so many other properties of lami
nates, impact strength can rarely be 
regarded alone; it must be related to 
other properties required for the appli
cation. A sheet of Synthane has less 
impact strength than an equal thick
ness of steel. But steel is over seven 
times heavier and is a conductor, not 
an insulator. It is the combination of 
other properties desired, including im
pact strength, that is decisive.

Typical applications for Synthane’s 
combined properties under impact con
ditions are (a) Grade LE Synthane in 
the shock struts of Airplane Landing 
Gear (light weight, low coefficient of 
friction, compressive strength, wear and 
shock resistance); (b) Welding Tong 
Insulation, made from G-5 Synthane

(high resistance to impact, excellent 
resistance to heat, and good dielectric 
strength); (c) Ignition Breaker Arms 
of Grade C molded-laminated Synthane 
(impact resistant, wear resistant, di
electrically strong).

If you have any question about the 
selection of the proper grade of Syn
thane for your impact application refer 
it to us directly or to a Synthane repre
sentative. Make sure you obtain the 
most of what you want for the money. 
For information write Synthane Corp., 
42 River Road, Oaks, Pa.

100,000

CORPORATION,

FIG . 2
Effect of temperature on impact strength

CIRCLE 470 ON READER-SERVICE CARD

Synthane laboratory machine for measur
ing impact fatigue.

[SYNTHANE]
OAKS, PENNA.

Sheets, Rods, Tubes, Fabricated Parts 
Molded-laminated, Molded-mace rated

191
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372C/D Precision Attenuator

totally unaffected by aging or ambient conditions
Aging, humidity, temperature or other ambi

none has any effect on the precise calibraents

12 1248 82

Typical attenuation characteristics X372C, 10 db model

Ohmite Mfg. Co,

PriceFreq. (KMC)ModelPriceFreq. (KMC)Model

120.00iy4x%705- 10.0$375.00 H372C3xlV22 6 - 3.95S372C
120.007.05 -10.0H372D375.003xiy22.6 3.95S372D

116 100.008.2-12.4250.00 X372C3.95-5.85G372C
100.00X372D250 003.95-5.85G372D160

115.000.702x0.39112.4-18.0P372C140 00iy2x%5.85J372C
115.000.702x0.39112.4-18.0P372Dl¥2x% 140.00J372D 5.85
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129
166

176
176
119

136
106

149
180

183
148

105
166

159
181

Nominal 
Attenu
ation

Power 
(watts 
ave.)

Nominal 
Attenu
ation

Power 
(watts 
ave.)

103
109

164
157
1OO

Waveguide 
Size (in.)

Waveguide 
Size (in.)

Linde Co..........................
Lockheed Aircraft Corp.
Lord Mfg. Co.................

National Carbon Co...............
National Co., Inc....................
Networks Electronic Corp 
North American Aviation, ln< 
North American Electronics .

tion of these ultra-dependable, wideband new 
attenuators.

PSP Engineering Co...................................  
Packard-Bell Electronics Corp.................
Pacific Scientific Co.....................................
Panoramic Radio Products, Inc...............
Perkin Engineering Corp. .
Plastic Products Div. of Rayhestos 

Manhattan, Inc...................................
Plastoid Corp...............................................
Polytechnic Research & Development Co.
Precision Inc........... .. ...................................

Radio Corp, of Ame 
Industrial .......

Radio Corp, of Amer 
& Materials Div.

Data subject to change without notice Prices f d.b. factory.

Kellogg Switchboard & Supply Co. 
Kelvin Electric Co  
Kennedy, D. S., & Co  
Key Register Corp. . .
Krengel Mfg. Co., Inc.......................

Since there are no protrusions into the wave
guide, SWR’s are permanent and extremely low 
—1.05 to 1.

372 series attenuators are offered in six 
waveguide sizes, with nominal attenuations of 10 
or 20 db.

Attenuation is inherently invarient because it 
depends neither on the position of, nor power ab
sorbed by, resistive cards or vanes. Instead, attenu
ation is a function of the coupling-hole array 
between two permanently-joined waveguide sec
tions — the same principle as employed in direc
tional couplers. Attenuation accuracy thus 
achieved averages better than ±0.4 db from nom
inal, and variation full band is less than ±0.5 db 
from mean.

L & R Mfg..........................................
Lavoie Laboratories ........................
Lear, Inc............................................ ..
Ixjpel High Frequency Laboratorio

HEWLETT-PACKARD COMPANY
I003K PAGE MILL ROAD . PALO ALTO, CALIFORNIA, U.S.A.

CABLE ••HEWPACK" • DAVENPORT 5-4451 
held representatives in all principal areas

Radio Corp, of America, Employment Div. 
Radio Industries, Inc...................................  .
Raytheon Mfg. Co., Semiconductor Div. . . 
Reeves-Hoffman Div., Dynamics Corp.

of America .................................................
Relay Sales ......................................................
Renbrandt, Inc.................................................
Rust Industrial Co............................................

M B Mfg. Co..............................................
McLean Engineerin ; Laboratories . . . .
Machlett Laborator.es .............................
Magnetic Amplifiers, Inc............................
Magnetics Inc..............................................
Magnavox Co...............................................
Malco Tool & Mfg. Co. . .........................
Marconi Instrument Co.............................
Marion Instrument Div., Minneapolis

Honeywell .............................................
Markite Products Corp...............................
Melpar, Inc...................................................
Merck & Co., Inc.......................................
Micro Switch, Div of Minneapolis

Honeywell .................................... ..
Microwave Assocs., Inc.............................
Miniature Precision Bearings ..................
Minneapolis-Honeywell (io , Transistor

Div..............................................................
Minnesota Mining A Mfg. Co.................
Minnesota Mining & Mtg. Co., Chemical

Products Div...................................... 15
Monitor Product» ......................................
Motorola, Inc...............................................
Mycalex Corp, of America ....................

ATTENUATORS

pioneers again in better waveguide equipment

PRECISION

KMC

Nommai

.— Attenua^ ion^

Mean^ 
Attenua! «on

■____

Laborator.es


161

Sensitive

voltmeter

input values to
approximately

191

ave-

104

SPECIFICATIONS

Positive and negative currents from 10

168
'qohm

190

Power: 115/230 10%. 60 cps, 40 watts

voltages from 10 /zv 
eleven step, 1 3 10

106
178

184
188

134 
UN 
136 
167

185
146
104

102
114

Aircraft Hadio ( i 
Dunn, Inc. . . . 
Electronics .... 
Electric Prodi« ts,

Accuracy: With 
AMPLIFIER

MICROVOLT-AMMETER
Voltage Range: Positive and negative

Stoddart 
Struthers 
Superior

Drift; After 15 minute warm-up, less tha 
referred to the input

fifia end scale to 3 mo end scale 
1-3-10 sequence.

Input Impedance. Voltage Ranges:

end scale to 1 
sequence.

Current Range:

This versatile new instrument serves you in many ways. 
It is a high sensitivity microvoltmeter measuring to 1 /iv, 
and a micromicroammeter measuring to 1 /z/ta with sensi
tivity 10 times that previously available. Drift is less than 
± 2 /iv/hour and noise is less than 0.2 v RMS.
Or, with a simple factory modification offered at no extra 
cost, the input impedance can be increased to approx
imately 400 megohms. This insures accurate measurement 
without loading on most high impedance circuits. In many 
situations, the 425A thus performs measurements for 
which expensive electrometers were previously required.
Model 425A also serves as an ohmmeter, measuring resist
ances from milliohms to 10 megamegohms in conjunction 
with an external constant current.
Other unique features include a photoelectric chopper re
placing the conventional multi-vibrator, heavy ac filtering, 
protection against momentary overloads up to 1,000 volts, 
and a new probe minimizing thermocouple or triboelectric 
ct ects.

\ ictoreen Instrument ( <i 
Victory Engineering Corp 
Voltroii Products

Ac Rejection: At least 3 db at 0.2 cps, 50 db at 50 cps 
approx 60 db or more at 60 cps.

Gain: 100 000 maximum.
Output: 0 to 1 v for full scale reading, adjustable
Output Impedance- 10 ohms, shunned by 5000 ohm pofenti 

omefer
Noise Less than 0.2 /zv rms referred to input.

Wheelock Signals, Ir
Wilkinson Co............
W right Machiner. (

Dimensions: Cabinet Mount: 7’/2" wde, 11'/4 high, 14 
deep.

Weight: Net 17 lbs.
Price: $ 425AR (rack mount) $505 00 If 425A (cab.net) 

$500.00.
Data subject to change without notice. Prices f.o.b. factory.

Ultronix Inc.................................................
Unimax Switch Div., W.L. Maxon (
Union Switch A Signal Di' , Westini 

Air Brake Co...................................
United-Carr Fastener Corp..................

HEWLETT-PACKARD COMPANY
5499K PAGE MILL ROAD • PALO ALTO. CALIFORNIA, USA. 

davenport 5 4451 • cable hewpack 
FIELD REPRESENTATIVES IN ALL PRINCIPAL AREAS

Current Ranges 1 megohm to J 33 ohm, depending on 
range. (With factory modification, over 200 megohms. 
Please specify Model H 01-425A in ordering, no extra 
cost).

Technical Information Corp 
Technology Instrument ( orp. 
Telecomputing Corp............
Teletronics Labs..........................
Texas Instruments. Inc. . . . 
lobe Deutschmann, Corp 
Torotel, Inc...................................
Transitron, Inc............................
Tung-Sol Electric. Inc............
Twin-Lock Inc............................

Beckman Instruments, Inc...........................
Silicon Transistors..............................................
Simpson Electric ................................................
Sola Electric Co.....................................................
Southwestern Industrial Electronics Co.
Spectrol Electronics ......................................
Speer Carbon Co., Jeffers Ele« trona s Div
Spencer Thermostat, Dix. ol Metals &

Semiconductor Dix
Sylvania Electric Products.

View Labs ....................
Synthane Corp.....................

Casket Co...................

Helas Company . . .

S< mi-( ondi« tor Pdf

Sage Electronics ( orp.
Sangamo Electride Mfg. ( 
Sark« s Tarzian. Inc. .

Controls Corp...................................
Spetiy Murowax« Electronics Co., 

Sperry Hand Corp....................
Sperry Semiconductor, Dix of Sp«

Rand Corp..........................................
Sprague Electric Co............................
Stevens Mfg. Co...................................

Wallson Associât« ', Inc. . . .
Waters Manufacturing Co.
W • stinghou.se Electric Corp.
Westinghouse Electric Corn..

New hi) 425 Microvolt-Ammeter

LOOK! 
one new instrument 

useful 2 ways
Microvoltmeter- J

B I ■—■      —   -   '■

Micromicroammeter r 
measures to ESbsm fl

1 Mv. Ippa! h ■

cab.net
stinghou.se
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RCA
2N374

2 N 373

RADIO CORPORATION OF AMERICA
Semiconductor and Materials Division 

Somerville, N. J.

GOVERNMENT SALES
• Newark 2, N. J., 744 Broad Street 

HUmboldt 5-3900
• Dayton 2, Ohio, 224 N. Wilkinson St. 

BAIdwin 6-2366
• Washington 6, D.C., 1625 “K” St., N.W. 

District 7-1260

AVAILABLE AT YOUR LOCAL 
AUTHORIZED RCA DISTRIBUTOR

2N|

RCA DRIFT types simplify circuits by minimizing need for neutralization; offer more 

gain per stage; and in many cases cut costs by eliminating an entire IF stage

RCA DRIFT Transistors offer low feedback capacitance and exceptional 
uniformity of characteristics, making feasible the design of circuits having: 
• high input-circuit efficiency • good signal-to-noise ratio • good automatic
gain-control capabilities over a wide range of input-signal levels • excellent 
high-frequency operating stability.
RCA DRIFT types—2N373, 2N374, 2N544, feature a fourth lead, connected 
to the case internally, to minimize interlead capacitance and reduce 
coupling to adjacent circuit components. For additional information, contact 
your RCA Field Representative. For a description of the DRIFT principle, 
and for technical data on other RCA Semiconductor Devices, write 
RCA Commercial Engineering,Section F-18-NN2. Somerville, N. J.

RCA FIELD OFFICES:
• Newark 2, N. J., 744 Broad Street 

HUmboldt 5-3900
• Chicago 54, Ill., Suite 1154 

Merchandise Mart Plaza 
WHitehall 4-2900

• Los Angeles 22, Calif. 
6355-E. Washington Blvd. 
RAymond 3-8361

• Detroit 2, Mich., 714 New Center Bldg. 
TRinity 5-5600

• Needham Heights 94. Mass., 64 “A” St. 
Hillcrest 4-7200
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