


URIC INFORMATION FILE

TYPICAL RESISTANCE CHANGE DURING LOAD LIFE AT RATED LOAD. 
VITREOUS ENAMEL COATED VS. IRC RESISTEG COATED RESISTOR.
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What everyone should know 
about Power Wire Wound Resistors
Since power wire wound resistors are essential 
elements of many circuits an explanation of their 
behavior and performance may be found helpful. 
There are two basic types of power wire wound 
resistors: 1.) vitreous enamel coated and 2.) 
cement coated. These types differ externally but 
it is with internal differences affected by the choice 
of coating that you should be most concerned.
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2 The high temperature vitreous enamel cure changes the 
temperature coefficient and the resistance of the wire. 

Actually, the temperature coefficient of resistance wire 
furnished by the wire manufacturer is only 20 ppm. By the 
time IRC Resisteg Coated Resistors are cured the average 
TC is about 25 ppm. By comparison, vitreous enamel units 
are not TC guaranteed for less than 80 ppm and then 
only on special order.

High-Speed Sampling Switch
(cover) 32

Low level outputs from transducers 
may be fed directly into this all
transistor commutator without pre
amplification. Extreme flexibility of 
operation allows a choice of a wide 
range of sampling rates and chan
nels. As many as 50 channels may be 
sampled at rates up to 24,000.

IFor example, in the illustration above, MIL-R-26C 
permits a pitch ”d” of as much as 5 x wire diameter. 

The maximum is desirable with a vitreous enamel coating 
because at the high (1200°F. or more) curing temperature 
the turns tend to loosen and move toward each other. The 
result may be either an actual short or an imminent one, 
prevented only by the oxide film on the wire. High voltages 
could easily pierce and short or arc-over the turns.

The low temperature (205°F. or less) at which the IRC 
Resisteg Coating is cured permits a minimum "d” in IRC 
Power Wire Wound Resistors of 1.8 x wire diameter and a 
maximum of 2.8 x wire diameter, assuring the use of the 
largest wire diameter and the maximum number of turns 
on any given size of core.

The use of fine wire, required with many vitreous enamel 
resistors—to allow sufficient spacing—does not provide a 
margin of safety for mechanical abuse, and taxes reliability. 
Fine wire cannot withstand surges such as are common in 
aircraft applications.

TYPICAL RESISTANCE CHANGE (±20 ppm wire) 
VITREOUS ENAMEL VS. RESISTEG COATING

3 To prevent shifting of turns during curing of vitreous 
enamel coated power wire wound resistors, the turns 

must be wound at high tension. This, of course, work- 
hardens the wire which increases the temperature coeffi
cient and lowers the resistance. These disadvantages are 
not completely offset by firing and cooling in vitreous 
enamel coated resistors.

4 Because of the low temperature at which IRC Resisteg 
Coated Power Wire Wound Resistors are cured, there is 

no tendency for turns to shift during cure, no necessity 
therefore for tight windings, no appreciable change in the 
TC or resistance.

5 The ability to use heavier wire in IRC Power Wire
Wound Resistors increases the transfer of heat from the 

interior of the resistor to the terminals, minimizes the 
necessity for derating at high ambient temperatures.

6 Vitreous enamel coating being inherently brittle is 
subject to cracking and crazing from aging, thermal 

shock, or internal stress; the coefficients of expansion in
volved are critical and must be carefully matched.
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Seven of the most important types 
of magnetic amplifiers for process 
control are tabulated with their most 
important properties. Also included 
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to 1000 characters per second. Using 
features:
• Complete front accessibility—single 

panel construction
• Pinch rollers capable of 100 million 

start-stop operations
• In-line threading, end of tape sens

ing and tape break protection
• Speeds up to 150 ips
• As many as 4 speeds forward and 

reverse
The 906 may be supplied with a

• Capable of continuous cycling at any 
frequency from 0 to 200 cps with
out flutter

• Rewind or search at 300 ips
• Better than 3 ms starts
• Better than 1 5 ms stops
• Tape widths to 1-1/4"
• Up to 47 channels
• All functions remotely controllable 
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featuring a separate module for each channel. Electronic switching from record 
to playback function is available as an optional feature.

Potter also manufactures a complete line of Magnetic Tape Handlers, Perforated

Services for Designers

New Literature

Optimum performance 
in virtually all tape handling applications

The advanced design of the completely transistorized Potter Model 906 Tape 
Handler provides improved performance in virtually any tape handling application.

Replaceable Capstan Panel permits use as Perforated Tape Reader with a 
remarkable new brake capable of stopping on the stop character at speeds up
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Heads.

Contact your Potter representative or call 
or write direct for further information.

New Speed.

Potter has career opportunities for qualified engineers who 
like a challenge, and the freedom to meet it
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What everyone should know 
about Power Wire Wound Resistors

TYPICAL RESISTANCE CHANGE DURING LOAD LIFE AT RATED LOAD.

Since power wire wound resistors are essential 
elements of many circuits an explanation of their 
behavior and performance may be found helpful. 
There are two basic types of power wire wound 
resistors: 1.) vitreous enamel coated and 2.) 
cement coated. These types differ externally but 
it is with internal differences affected by the choice 
of coating that you should be most concerned.

VITREOUS ENAMEL COATED VS. IRC RESISTEG COATED RESISTOR.
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2 The high temperature vitreous enamel cure changes the 
temperature coefficient and the resistance of the wire. 

Actually, the temperature coefficient of resistance wire 
furnished by the wire manufacturer is only 20 ppm. By the 
time IRC Resisteg Coated Resistors are cured the average 
TC is about 25 ppm. By comparison, vitreous enamel units 
are not TC guaranteed for less than 80 ppm and then 
only on special order.

High-Speed Sampling Switch
(cover) ....................................... 32

Low level outputs from transducers 
may be fed directly into this all
transistor commutator without pre 
amplification. Extreme flexibility of 
operation allows a choice of a wide 
range of sampling rates and chan
nels. As many as 50 channels may be 
sampled at rates up to 24,000.

IFor example, in the illustration above, MIL-R-26C 
permits a pitch "d” of as much as 5 x wire diameter. 

The maximum is desirable with a vitreous enamel coating 
because at the high (1200°F. or more) curing temperature 
the turns tend to loosen and move toward each other. The 
result may be either an actual short or an imminent one, 
prevented only by the oxide film on the wire. High voltages 
could easily pierce and short or arc-over the turns.

The low temperature (205°F. or less) at which the IRC 
Resisteg Coating is cured permits a minimum ”d” in IRC 
Power Wire Wound Resistors of 1.8 x wire diameter and a 
maximum of 2.8 x wire diameter, assuring the use of the 
largest wire diameter and the maximum number of turns 
on any given size of core.

3 To prevent shifting of turns during curing of vitreous 
enamel coated power wire wound resistors, the turns 

must be wound at high tension. This, of course, work- 
hardens the wire which increases the temperature coeffi
cient and lowers the resistance. These disadvantages are 
not completely offset by firing and cooling in vitreous 
enamel coated resistors.

4 Because of the low temperature at which IRC Resisteg
Coated Power W ire Wound Resistors are cured, there is 

no tendency for turns to shift during cure, no necessity 
therefore for tight windings, no appreciable change in the 
TC or resistance.

5 The ability to use heavier wire in IRC Power Wire
Wound Resistors increases the transfer of heat from the 

interior of the resistor to the terminals, minimizes the 
necessity for derating at high ambient temperatures.

Industrial Electronics 
following p 60

An ELECTRONIC DESIGN staff re
port showing the state of the art of 
industrial process control, and re
vealing the weak links and prob
lems besetting the industrial elec
tronic design engineer.

The use of fine wire, required with many vitreous enamel 
resistors—to allow sufficient spacing—does not provide a 
margin of safety for mechanical abuse, and taxes reliability. 
Fine wire cannot withstand surges such as are common in 
aircraft applications.

TYPICAL RESISTANCE CHANGE(±20 ppm wire) 
VITREOUS ENAMEL VS. RESISTEG COATING

6 Vitreous enamel coating being inherently brittle is 
subject to cracking and crazing from aging, thermal 

shock, or internal stress; the coefficients of expansion in
volved are critical and must be carefully matched.
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Seven of the most important types 
of magnetic amplifiers for process 
control are tabulated with their most 
important properties. Also included 
are concise descriptions of the prop
erties of four different core types.

Designing for Industrial Elec
tronic Equipment Reliability 24

With the proper division of respon
sibility, all parts of an organization 
can contribute to reliable equipment 
performance.
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• Tape widths to 1-1/4"
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• All functions remotely controllable 
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Optimum performance 
in virtually all tape handling applications

The advanced design of the completely transistorized Potter Model 906 Tape 
Handler provides improved performance in virtually any tape handling application.

Replaceable Capstan Panel permits use as Perforated Tape Reader with a 
remarkable new brake capable of stopping on the stop character at speeds up

featuring a separate module for each channel. Electronic switching from record 
to playback function is available as an optional feature.

Potter also manufactures a complete line of Magnetic Tape Handlers, Perforated 
Tape Readers, High Speed Printers, Record-Playback Amplifiers and Record-Play
back Heads.

Contact your Potter representative or call 
or write direct for further information.
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(approximately 4 km/sec)

EXHAUST

Needs Much Work Yet

Circuit of Pulsed Plasma Accelerator

propulsion systems 
by 10 to 100 times.

The GE development is the forerunner of l 
system that would utilize a nuclear reactor a; 
the prime power source. But GE’s present de

sign is very new and will require considerable 
refinement before it can be used.

T, between which a s

Pulsed plasma turns paddle-wheel visible through the porthole. Current is stored in two capacitors, then dumped 
through the spark gap inside the accelerator to create the plasma. Extending vertically across the arm of the “T 
are the brass electrodes. The electric spark which breaks the air into ionized plasma is generated across the gap 
between them. Current is returned through the brass strap along the back of the tube, creating a magnetic field that 
propels the plasma.

ELECTRONIC DESIGN • October 29, 1958

TRIGGERED 
SWITCH

CURRENT 
LIMITING 
RESISTOR

T-TUBE 
WITH 

BACKSTRAP

GE’s working model consists of a glass T- 
haped tube with electrodes in two arms of the

DC.

POWER 
SUPPLY

essence, no different
stored capacitor. The third arm is used for tran
sit of the plasma. The plasma moves away from 
the electrodes partially by the action of a mag
netic field set up by the discharge current. This 
is accomplished by a backstrap around the 
outer end of the electrode portion of the T- 
tube.

Magnetohydronamics (MHD) promises to 
yield the ultimate in space vehicle propulsion— 
at least until something better comes along. The 
technical problems MHD presents, however, 
are vast. But inroads are rapidly being made. 
GE recently developed a working model of a 
‘ pulsed plasma accelerator which can change 
space vehicle direction in flight.

It was demonstrated at the Air Force Associa
tion meeting in Dallas last month. As the device 
is now set up, it requires a peak curent of 5000 
amps at 2500 volts to ionize the air in the tube 
and create the required magnetic field. The 
laboratory device requires a 100 kw power sup
ply to generate this kind of power—10 kw at 10 
amp. To drive a space ship would require much 
greater power.

from that of a motor. Electric and magnetic 
fields assert a force upon an ionized fluid much 
like rotor reaction in a motor. Ultimate advan
tage of an MHD system is that it can propel a 
low7 density gas at such a high specific impulse 
as to exceed present exit velocities of chemical

Energy from Capacitors

Capacitor energy is delivered to the acceler
ator tube through a three-element switch, which 
consists of a series spark gap and trigger elec
trode. The latter is energized by a high voltage 
pulse from a pulse forming circuit. The switch 
and pulse forming network are modifications of 
the design of the Lovotron circuit of Dr. W. 
Chace of the Air Force Cambridge Research 
Center.

Essentially the accelerator relies on the rapid
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NEW DEVELOPMENTS IN ELECTRONIC TUBES AND CERAMICS
Published by MICROWAVE and POWER TUBE DIVISION 

RAYTHEON MANUFACTURING COMPANY, WALTHAM 54, MASSACHUSETTS

Where abnormal conditions 
of vibration (25 to 2000 cps 
at 10G) are encountered, 
such as in advanced airborne 
applications, this pulsed- 
type X-band (9245 ± 40 Me) 
air-cooled RK6967A/QK366A 
magnetron oscillator main
tains exceptional frequency 
stability and operational 
reliability. Optimum per
formance is assured by a 
double-end supported cath
ode and aluminum-clad inte
gral magnets. Nominal peak 

power output is 100 kw at 
typical pulse conditions of 
0.5 a* sec. (.001 duty cy
cle). The tube operates at 
a peak anode voltage and 
current of 15 kv and 13.5 
amp. respectively.

CIRCLE 519
Reader Service Card

* * *
Integrally insulated semi
conductors can now be pro
duced by using high-alumina 
ceramic stem assemblies. 
Heat dissipating ceramic 
wafer (arrow) in the base 
insulates up to 2000 volts 
dc and withstands soldering 
temperatures as high as

A Leader in Creative Microwave Technology I

1100C. Bases can be di
rectly mounted to chasses 
or cold plates. Stems are 
available to all semi-con
ductor manufacturers.

CIRCLE 520 
Reader Service Card

# * #

Miniature gyro f e e d- 
throughs provide take-off 
points from gas-filled gim
bal housings. These high- 
alumina, vacuum-tight, R-95 
ceramic assemblies can be 
soldered to housings at 
temperatures up to 1000C. 
They also assure positive 
electrical insulation with 
leakage less than one micro
ampere per 500 volts dc.

CIRCLE 521
Reader Service Card

Designed for voltage tun
able CW or pulsed operation 
over the Government X-band 
(8500 to 9600 Me), the QK- 
684 integral magnet back
ward wave oscillator de
livers 10 to 50 mW over 
delay-line voltages rang
ing from 215 to 325 vdc. 
Regulation of a special con
trol grid facilitates pulsed 
or amplitude modulation to 
meet power and frequency 
requirements. Models avail
able for coupling to stand
ard, type *N” connectors.

CIRCLE 522
Reader Service Card

charging of a capacitor bank, the much more 
rapid discharge through the switch and T-tube 
when energized by the trigger pulse, and the 
subsequent push obtained on the plasma formed 
by the heating of the gas and the magnetic 
field produced. Gas is exhausted into a large 
bell jar. A pinwheel mechanism indicates thrust 
obtained from the plasma. A ballistic pendulum 
arrangement has been fashioned, which can be 
calibrated directly in ounces of thrust. The 
model produces a thrust of 0.303 oz.

As the accelerator is presently assembled, the 
thrust is directly proportional to the amount of 
current of each discharge. This current deter
mines first the amount of ionization obtained, 
and secondly the magnitude of magnetic field 
at the discharge to be used for repulsion of the 
plasma. A high current is dependent on elec
trical circuit parameters and original capacitor 
charge for each burst.

Efficiency of this initial model is necessarily 
small because of losses in the switch and accel
erating mechanism. Work is underway for in
crease of plasma production efficiency and mag
netic energy coupling to the plasma.

s

s
c

Compiled as a Raytheon serv
ice to the field, new Con
solidated Data Booklet 
contains comprehensive in
formation about principal 
unclassified magnetrons, 
klystrons, backward wave 
oscillators and special pur
pose tubes manufactured by 
Raytheon. Characteristics 
presented include maximum 
ratings, typical operating 
values, band or frequency 
ranges and other essential 
data for microwave engineers 
and purchasing departments.

CIRCLE 523
Reader Service Card

Fuel is Problem

Introduction of fuel to the accelerator is also 
a problem for designers as is the problem of 
plasma production and exhaust when ambient 
pressure conditions are those of upper atmos
phere and outer space. Present plasma produc
tion is readily obtained at ambient pressures of 
roughly 0.001 atmosphere, as in the present 
model.

Adaptation of this principle to outer space 
control equipment presents a challenge to the 
spaceminded engineer. At present accelerator 
work is proceeding at GE’s Missile and Space 
Vehicle Dept, under the $158 million contract 
for Atlas and Thor nose cone development. 
Other accelerator guns are being designed, and 
larger power equipment for more realistic oper
ating conditions will be used in the near future.

13 New Members Admitted to EIA
Thirteen additional manufacturing firms have 

been accepted for membership in the Electronic 
Industries Association: Aeronutronic Systems, 
Systems, Inc., Amco Engineering Co., Columbus 
Electronics Corp., The Martin Co., Master Mo
bile Mounts, Inc., Resistron Laboratories, Inc., 
The Siegler Corp., SNC Manufacturing Co., Inc., 
Syncro Corp., U. S. Semiconductor Products, 
Inc., United Transformer Corp., Wyco Metal 
Products.

El6
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LOOK TO INET
FOR PRECISE GROUND POWER

CORPORATION

When the target is space and a million dollars worth of missile rests idly on 
the ground—not even a long countdown helps. In a showdown situation, the 
successful shoot depends on the “go, no-go’’ type of test that pinpoints the trouble

To prod 
of BaTiO,{

This INET 400-cycle ground power unit was 
tailor-made for the Atlas. In meeting all 
of Convair’s specifications for pre-flight 

calibration of electrical systems, the 
unit operates in parallel with the missile’s 
power system and provides remote control 

regulation. Frequency regulation is ±0.2%.
With shock load equal to a third of rated 
output, frequency recovers to ±0.2% in 

0.15 seconds. Voltage regulation is 
±0.5% with recovery time at 0.30 seconds.

('mission from the surface
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Missile men desiring a special reprint 
of the above cartoon should write to 

“Count-down”, 
c/o Inet Division of Leach.

Electroluminescence may tell scientists why barium 
titanate forgets in computer memory work.

or evaporated silver, soldered with indium.
rhe studies conducted with this arrangement 

show that at the Curie point—the temperature1 
above which ferroelectric materials lose their 
spontaneous polarization—of BaTiO3 the light 
emission intensity jumps to about 1000 times its 
value at lower temperatures.

is a concentric configuration of the electrodes. 
This concentrates the rf field around the small 
center electrode and produces maximum light 
output. Light emission, however, is extremely 
low in both intensity and efficiency. Although 
various metals serve successfully as electrodes, 
best results are obtained from either indium-

Barium titanate is undergoing self-analysis at 
the National Bureau of Standards to determine 
wh\ this ferroelectric material tends to “forget ’ 
when used as computer memory elements. The 
fact that different types of electrodes have a 
direct influence upon this characteristic—a de
pendence which implies a surface effect—has 
generated the study of surface layers.

Recently, NBS scientists observed electro
luminescence from the surface layer of barium 
titanate. This effect is now providing informa
tion on the unusual surface layer which may 
contribute to the development of better ferro- 
devices.

18435 SUSANA ROAD, COMPTON, CALIFORNIA
DISTRICT OFFICES AND REPRESENTATIVES IN PRINCIPAL CITIES OF U. S. AND CANADA
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feed-thru, 
multiple 
insert

HYFEN®
connector
with crimp-type, 
snap-locked 
contacts
Makes possible 
the design of 
lighter and more 
compact equip
ment. Each insert 
holds 35 contacts. 
Frames available 
for 5 or 8 inserts.

BEHIND THE NEWS

SAC Orders Globa1

crimp-type
MODULAR
ELECTRICAL 
CONNECTORS
IN 3 NEW BASIC TYPES

Modular units by Burndy pro
vide versatile, rapid and reli
able answers to the problem 
of connecting a multiplicity of 
wires in relatively limited 
spaces. Crimped contacts — 
installed with any of several 
hand, pneumatic, semi-auto
matic or automatic tools—can 
be removed, re-inserted or 
replaced, providing the most 
complete flexibility in the 
connector field. Computers, 
ground-based radar, missile 
ground controls, and instru
mentation are typical applica
tions for Burndy modular 
connectors.

STAPIN

J
► 4

True versatility in a 
terminal block. 30 
modules (2 or 4 tier) 
per foot. Twist of a 
screwdriver transforms 
quick-disconnect con
tacts to permanent 
connections.

quick-disconnect 
or permanently 
connected

MODULOK*
if terminal block
i with snap-in.
m spring-loaded
■f contacts

Another 
Burndy contri
bution to the 
modular con
cept of assem
bling standard 
units to pro
vide custom- 
fitted end 
products.

crimp-type, 
solid-shank

taper pin 
contacts

For complete information, write: OMATON DIVISION

The global command system for the Strategic 
Air Command—involving display, computing, 
and communication switching equipment—is to 
be drastically improved under a contract 
awarded recently to International Telephone and 
Telegraph Co.

Ultimately, the multimillion dollar system 
(System 465L) will allow the Omaha-based SAC 
staff to plan, direct, and control global peace
time and wartime operations of the command 
faster and more directly. There is also a high 
probability that the system may cost as much as 
$150 million before it is eventually linked to 
System 456L—a modernization program for the 
present SAC communications system.

ITT’s role in the global command system will 
be that of systems manager. Initially, this means 
first deciding how best the system should be 
designed and then finding the equipment to go 
into it. Here, the electronics industry will be 
canvassed to determine what equipment is im
mediately available for the proposed system.

Recognizing that the success of the whole 
program depends on the development of the 
concept and the availability of equipment to 
bring it to life, the Air Force has released only 
$3 million of a budgeted $32.6 million to ITT. 
Once the concept and the availability of equip
ment have been set and determined, the re
mainder of the program allotment will be re
leased.

Can It Be Done?

One interpretation of this partial allocation 
may be the desire of the Air Force to find out 
if a reasonable system can be developed within 
the guidelines—technical and financial—set 
down by SAC. ITT—and many Air Force officers 
—express great confidence in the idea.

One of the program managers will be ITT’s 
G. M. Mooney. He expects to spend the next 
few months canvassing the industry for equip
ment. He told Electronic Design emphatically 
that time and money will not allow the develop
ment of new equipment, new techniques, or 
breakthroughs.

Biggest equipment problem, according to the 
ITT official, is display. A tremendous amount 
of information is expected to flow into the global 
command system. Unfortunately, there is no 
abundance of equipment currently available

J 
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Command Network
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Through advanced crystal filter production techniques and

TYPEI

TYPS II

ARBITRARY UNITSun

^TYPfcii

TYPE III

PIONEERS IN TOROIDS, FILTERS AND RELATED NETWORKS

CIRCLE 7 ON READER-SERVICE CARD

Whether you need crystal filters of standard design or custom units 
engineered to specifications of center frequency, band width, 
selectivity and impedance level, the facilities of Burnell & Co. are at 
your disposal. Write for new Burnell Crystal Filter Bulletin XT-455

Depending on band width and frequency, filters may be composed 
entirely of crystals or in complex networks, combine quartz crystal 
elements with stabilized toroidal coils to produce the desired band 
width and shape factor. Frequency has been extended from 
low range up to 20 megacycles.

circuitry by Burnell & Co.,it is now possible to overcome numerous 
design problems formerly believed insoluble with even the best 
individual toroidal components.

TANDARD
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OR CUSTOM ENGINEERE

that is designed to handle this magnitude of 
traffic. Moreover, whatever equipment is finally 
selected will have to be of reasonable size in 
spite of the desired capacity.

ITT plans on using computers not now in the 
company inventory. Mooney estimates the com
puters must have a capacity 10 times that of 
the IBM 704—but not great as LARK and 
STRETCH.

As for communications switching, ITT offi
cials feel that available circuitry will do the job. 
The problem will be to convert existing tech
niques to new applications.

Start with Wire Links
As a first step in the process, ITT plans to 

design the system for landline linkage. As this 
phase progresses, other engineers will begin 
studying how the system on this continent can 
be most efficiently linked to the whole global 
SAC network. It is expected that the Air Force’s 
experience in tropo and ionosphere communica
tions will receive high priority’ consideration.

Just Plane Riveters
Four new numerically-controlled are riveters building 
wing panels for thè B-52 Stratofortress at Boeing s 
Wichita plant. All four machines are controlled by sig
nals on punched tapes. Each machine automatically 
drills and countersinks the hole, inserts a rivet slug, up

sets both ends, shaves off the outer head, and then 

moves on to the next rivet. Eight to ten rivets per min 
are driven, fastening stiffeners to lower wing panels. 
The new riveters are about 12 feet high and 10 feet 

wide and roll back and forth over the work on floor 

rads. Wing panels as big as 75 feet in length and four 
ceet in width can be riveted.

EASTERN DIVISION 
10 PELHAM PARKWAY 
PELHAM, N.Y. 
PELHAM 8-5000 
TWX PELHAM 3633

PACIFIC DIVISION 
720 MISSION STREET 
SOUTH PASADENA, CALIFORNIA 
RYAN 1-2841
TWX PASACAL 7578

TYPICAL RESPONSE CURVES INDICATING 
THE VARIOUS SHAPE FACTORS AVAILABLE 
IN STANDARDIZED BURNELL CRYSTAL FILTERS

ARBITRARY UNITS

TRANSISTOR TO PENTODE OPERATION
Economy is achieved with standardized complex designs of lattice 
networks and their three terminal network derivatives. Packaging 
encompasses a wide range in standard, miniature and sub-miniature 
sizes with considerable latitude in permissive impedance range 
from transistor usage to pentode operation.

WIDE BAND CRYSTAL FILTER

NARROW BAND CRYSTAL FILTER
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Fairchild silicon transistors
Milli-micro-second switching speeds 
and high current too
Where applications require transistor performance beyond 
previously accepted high limits, Fairchild Silicon Trans
istors offer an exceptional three-way combination:
1) 50 milli-micro second typical rise time — permits faster 
switching rates in computing devices. Total switching time 
is typically 0 2 microseconds.
2) 1 watt dissipation at 100e C.— Saturation resistance 
is 10 ohms maximum. Resulting high-current capability 
provides opportunities to increase equipment performance 
while reducing circuit complexity.
3) Silicon temperature performance —Maximum junction 
temperature of 175 C. gives low leakage and more safety 
factor at any lower temperature.
These characteristics are the outcome of the solid-state 
diffusion technique used at Fairchild. Other important 
accomplishments of this process are excellent reliability 
and a high order of electrical uniformity throughout large 
production runs.
The accomplishment of a research-production team 
Singleness of purpose did it. Fairchild assembled a 
uniquely experienced team of research scientists and 
production engineers whose objective was to bring the 
advanced solid-state diffusion process under close control. 
They succeeded in putting laboratory-quality silicon 
transistors into quantity manufacture with firm product 
specifications exceeding anything previously offered.

Ihe unretouched scope face below shows the 
time comparison of input (positive) and 
output (negative) pulses in a non
saturating mode. Time base is 
20mjusec. per large division 
on the scope face Max
imum collector cur
rent is 50 ma.

2N696 and 2N697 SILICON TRANSISTORS
Symbol Specification Rating Characteristics Test Conditions

VCE

PC

hFE

RCS

Collector to Emitter 
voltage (25° C.)

Total dissipation 
Case temp. 25’ C 
Case temp 100” C.

D.C. current gain

Collector saturation 
resistance

40v

2 watts
1 watt

2N696—15 lo 30 
2N697 —30 min

6n typical. 
lOn max.
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For full information and specifications.
write Dept. B-l 0

844 CHARLESTON ROAD • PALO ALTO, CALIFORNIA

Printed Circuits Made
Cathode metal sputtering may be useful in 

producing precision circuits. Research at Bell 
Telephone Laboratories indicates that entire 
circuits, including resistors, capacitors, and 
leads, may be laid down by this technique.

In cathode sputtering, an effect noted a cen
tury ago, a plate of the metal to be deposited 
is used as a cathode. The substrate on which 
the film is to be deposited is placed on a table 
close to the cathode. After evacuation, argon or 
other suitable gas is introduced and maintained 
at a pressure of approximately 20 to 40 microns.

When a voltage is applied, ionized atoms of 
the gas bombard the cathode, dislodging metal 
atoms or clusters of atoms, which then deposit 
on the substrate.

Bell has produced thin films of a number of 
high melting point metals. Tantalum and titan
ium, for example, melting at 3000 C and 1670 C 
respectively, can be laid down in films which 
show sufficiently high resistivity to be useful as 
resistors in printed circuits. With proper mask
ing of the substrate, lines and patterns of prac
tically any desired shape and size can be 
formed, ranging in widths down to a few mils. 
These sputtered films generally are between a 
few hundred and a few thousand angstroms 
thick.

Some alloys such as those of nickel-copper 
and nickel-chromium can also be sputtered 
without difficulty. They appear to retain their 
approximate original composition.

Printed capacitors have been produced by a 
combination of sputtering and chemical meth
ods. A tantalum film of the proper shape and

NEWS BRIEFS ...
. . . ROCKET TO THE SUN with an assist 
from the moon suggested by GE satellie engi
neer. R. P. Haviland says that this “stepping
stone” trip would be made possible by the 
“crack-the-whip effect of centrifugal force gen
erated by the moon in its orbit around earth. 
Under the present state-of-the-art, according to 
Haviland, 50-lb probes could be sent as far as 
the plant Mercury using five-stage vehicles with 
250.000 lb take-off weights.

CIRCLE 8 ON READER-SERVICE CARD



SERVICE

By Metal Sputtering MICROWAVE

INSTRUMENTS

EXeter 2-4500

CIRCLE 9 ON READER-SERVICE CARD

this way include the oxides, nitridt 
fides of a number of metals.

Be sure you get Polarad’s life-long serv
ice whenever you invest in complex 
microwave equipment

4STECHNICAL ASSISTANCE:
The Polarad sales representative in your 
area is ready to render valuable technical 
assistance both at the time you purchase 
your Polarad Microwave instrument as well 
as throughout its long service life.

ELECTRONIC DESIGN • October 29, 1958

1 NEW SERVICE!
Field service is readily available when you 
need it — at ne charge! Experienced main
tenance engineers will make minor repairs 
at your plant, if necessary. Complete factory 
overhaul will be made in case of major 
repairs. This equipment service policy, at 
no charge, assures you of years of continu
ous use of Polarad equipment. This new 
service policy is in addition to the liberal 
Polarad parts warranty

tion of Snark, intercontinental guided missile. 
Total contract may total $70,000,000. Nortronics, 
division of Northrop, also announced develop
ment of miniature electronic refrigerator capable 
of inducing 50 degree temperature drop in 
thermally sensitive electronic components. De
vice uses Peltier effect. Navy is presently eval
uating it. Unit measures 1/4 in. square \ 1 1/4

. . . TWENTY MILLION DOLLARS 
to Northrop Aircraft by Air Force for

awarded 
construe-

3 TRAININO:
Free training at our plant in the proper use. 
repair and maintenance of Polarad micro
wave instruments is available at all times.

size is first sputtered onto the substrate and then 
anodically oxidized to form a tantalum oxide 
dielectric film. The counter electrode, a film of 
gold, can then be evaporated onto a dielectric 
to form the completed capacitor “sandwich.”

Copper leads can be sputtered without diffi
culty to connect the various components. The 
technique is attractive since it eliminates the 
need of any organic adhesives.

In reactive sputtering,” films of inorganic 
compounds are formed by introducing a small 
controlled amount of a reactive gas such as 
oxygen, nitrogen or hydrogen sulfide into the 
apparatus. Compounds which can be formed in

4 ENGINEERING:
And you are welcome to avail yourself of 
Polarad’s free Engineering Consultation Serv
ice to help you solve any microwave instru
mentation problem.

5 SATISFACTION:
Polarad is vitally interested in your satis
faction and continued use of our equipment, 
and takes great pride in the maintenance 
of this equipment throughout its life.

REPRESENTATIVES: Abington, Albany, Atlanta, Baltimore, Boeing Field. Chicago, Cleveland, Dayton, Denver, Detroit, Englewood, Fc^t Worth. Kansas City, 
’.os Angelas, Portland, St Louis, Stamford, Sunnyvale. Syracuse, Washington, D.C. Westbury, Westwood, Wichita, Winston Salem. Canada- Arnprior, Ontario 
Resident Reoresentatives in Principal Foreign Cities

Experimental sputtering apparatus which laid 
down resistor film under inspection.

*The equipment shown above:
1. Polarad Model R Extended Range Microwave 

Receiver
2. Model TSA Direct Reading Spectrum Analyzer
3. Model B Code Modulated Multiple Pulse Mi

crowave Signal Generator
1 Model MSG-34 Ultra Broadband Microwave 

Signal Generator
5 Model ESG Microwave Sweep Generator

POLARAD ELECTRONICS COR
43-20 34th Street, Long Island City 1, N. Y. *



Miracle 
of

Precision 
and 

^Uniformity
_____________

AUTOMATIC HEADING MACHINES form heads 
on the end of lead wires to make sure they will 

be solidly anchored in the resistor body. Wire has 
been previously tinned for easy soldering.

WASHINGTON 
REPORT

Herbert H. Rosen

ALLEN-BRADLEY
HOT MOLDED RESISTORS 
ARE PRECISELY CONTROLLED 
AT EVERY STAGE OF 
PRODUCTION

AUTOMATIC MOLDING MACHINES take the re
sistance powder, insulation powder, and lead 
wires, and hot mold them under closely controlled 

high temperature into one integral unit.

Allen-Bradley has been making precisely uni
form resistors — not by the millions but by the 
billions — over the years. The exclusive hot 
molding process — developed and perfected by 
Allen-Bradley — uses specially designed auto
matic machines that incorporate precision con
trol at every step of production. Shown here are 
a few of the special machines that make pos
sible the amazing uniformity—from resistor to 
resistor, year after year—for which Allen- 
Bradley composition resistors are famous.

83 IE

* 4L?

Allen-Bradley Co., 1344 S. Second St.
Milwaukee 4, Wisconsin
In Canada: Allen-Bradley Canada Ltd. 
Galt, Ontario

ALLEN-BRADLEY AUTOMATIC COLOR CODING MACHINES apply 
color bands and oven-bake the enamel at high 
temperatures to assure that the color coding will 

withstand the maximum operating temperatures of 
150°C and all types of cleaning solvents.
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Canada to Integrate 
Bomarc-SAGE System

Boeing Aircraft’s Bomarc missile and Western 
Electric’s SAGE are scheduled to assume a 
major role in Canadian defense as the Royal 
Canadian Air Force gradually phases out fighter 
interceptors. While this move brings more busi
ness to Boeing and the SAGE manufacturing 
team, it means RCA, Minneapolis-Honeywell, 
Canadian Westinghouse and others involved in 
the CF 105 ARROW fighter program must look 
elsewhere for business.

Canadian Prime Minister John D. Diefen
baker’s announcement of the change in Septem
ber caught many in Washington unawares. In 
his statement he cast doubt on the need for 
supersonic interceptor aircraft beyond the 
1960’s. Instead, Canada will introduce missiles 
into the air defense system.

Diefenbaker disclosed that “negotiations are 
underway with the United States to work out 
arrangements for obtaining BOMARC guided 
missiles and the necessary equipment for main
tenance, testing, and launching them. Discussion 
will also be held on the best way for Canadian 
industry to work in the production programs 
related to such missiles and associated equip
ment.”

(Canada has for several years been trying to 
build up its aircraft and electronics industries. 
However, the strong core of these industries is 
made up of subsidiaries of U. S. firms.)

Want Radar Improved
Diefenbaker continued, “The government has 

also approved the extension and strengthening 
of the PINE TREE radar control system which 
was constructed and is being operated jointly 
by the United States and Canada. Several addi
tional large radar stations will be constructed . . .

“In order that the PINE TREE radar system 
will be able to deal more effectively with the 
increased speed and number of aircraft to be 
controlled by the introduction of the BOMARC 
guided missiles, the Canadian government has 
decided to install SAGE electronic control and 
computer equipment in the Canadian Air De
fense system. This will be integrated as part olElectronic Components

CIRCLE
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I
the North American Sage System under 

1 NORAD.”
By this act, the speed at which SAGE systems 

can be installed is increased. Moreover, an IBM 
official told Electronic Design that the Cana
dian Sage system will incorporate the very latest 
techniques. The two installations in the U. S., 
however, represent 1952 technology. Later sites, 
fortunately, will be updated.

Very likely the last Canadian fighter aircraft 
will be the CF 105 ARROW. It is an extremely 
long-range craft incorporating very special elec
tronic equipment. The system, ASTRA, was de
veloped and was to be manufactured by RCA. 
Douglas and Canadair were to supply Sparrow 
missiles for the fighter. All of these contracts 
have been cancelled—including those of the 
major subcontractors. In fact, only the engine 
and airframe development contracts for the CF 
105 remain.

To Use Hughes System
In an effort to save money, negotiations are 

now underway with Hughes for its “stock” MB-1 
control system. This electronic flight system is 
now part of the U. S. F-106. The Douglas Genie 
free flight rocket will replace the Sparrow mis
sile. •

The Genie costs about $7000. When fitted 
with a nuclear war head, the price jumps up to 
$250,000 per rocket.

Unfortunately, the range characteristics of the 
Hughes system coupled with Genie will force 
the RCAF to modify the long-range mission 
originally set for the CF 105 interceptor.

Canada appears to be risking little by adopt
ing Bomarc-SAGE. Besides the insurance of our 
own Tactical Air Forces, recent tests have 
shown the 200 mile plus Bomarc to be a very 
effective weapon.

The latest Bomarc success featured guidance 
from the SAGE center in Kingston, N. Y. with 
launching from Cape Canaveral, Fla.

More Missile Successes
Meanwhile, other missiles are making the 

news. Firings of Polaris components are occur
ring more frequently, although a flight of the 
complete missile is some time off. Recently, the 
Interstate Electronics Corp, received nearly $3 
million in contracts for construction of “data 
gathering electronic instrumentation” for instal
lation aboard the Polaris submarine.

Western Electric also was given a hefty $135 
million contract to continue work on the Nike 
Zeus system. About $21 million is earmarked for 
the R & D, while the remainder is primarily for 
procurement of experimental supporting equip
ment and missiles.
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E-CASE SHELLS AND SLEEVES-Available from stock 
in standard sizes These molded epoxy cases can 
be machined to special configurations

E-FORM CASTING POWDERS - Premixed resin and 
hardener ideally suited for prototype or short runs 
Melts as low as 85°C or as high as 145°C for fast 
curing.

EPOXY SHEET-Molded epoxy sheets in a variety of 
thicknesses When heated to 125°F this material 
can be formed and cut Ideal for prototype pack 
aging and short runs

FORMS OF EPOXY
will solve any 

component encapsulation
problem!

Shells, sheeting, powder, pellets, liquid—EPOXY 
PRODUCTS can provide the right form of epoxy to 
solve your component encapsulation problem. Using 
these 5 basic forms (the widest line available today) 
we custom-build an epoxy unit that is just the right 
size, shape and quality for your component.
Once the right encapsulating unit is developed, 
it can be produced in quantity immediately and 
placed on your production line. In short, no 
matter what type of component you are 
encapsulating, no matter what your facilities are 
now, there is an epoxy form and method just 
for you—from EPOXY PRODUCTS! Write today for 
complete technical data and literature.

E FORM PELLETS-AII casting powders can be com 
pressed into pre metered pellets for production 
applications. Many pellet sizes available

in your own lab!
Test epoxy encapsulation

A special kit containing generous 
samples of all 5 forms of epoxy resin, 
plus instructions, is available. Use 
it to test epoxy encapsulation on your 
own products—right in your own lab! 
Only $9.93 from your distributor.

PRODUCTS, INC.
A Division of Joseph Waldman & Sons

137 Coit Street, Irvington 11, New Jersey
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LETTERS
Cut Life With Care

WHEELOCK SIGNALS INTRODUCES

composite of design engineer, purchasing agent, production foreman, 
quality control supervisor, and executive defender of the company dividend.

Each individual need of his corporate personality is coddled and gratified by 
Wheelock's rational design concepts, space minimalization techniques, environ

mental stability, price, and delivery capabilities.
He is at once, and by himself ... a family, and a divinely happy one. And he 

sleeps the sleep of the self-assured because, stitched onto his chest in a place 
far from the prying eyes of alert competitors is the secret of his serenity:

For reliable relays (miniature, subminiature and standard), 
call Wheelock."

TO HE TITILLATED TOO, WRITE US OF YOUR RELAY NEEDS

SJiGlWX IL IS

RELAYS LONG BRANCH. N. J

Dear Sir:
Mr. G. R. Carl and R. A. O’Connor’s article on 

Airborne Electronic Transformers was enlighten
ing. However, derating life expectancy in order 
to achieve small size has not, in our opinion, 
proven too rewarding.

If maximum temperature rise, regulation, and 
all other factors are specified, one thing we gain 
by cutting life expectancy is the utilization of 
lower temperature insulating materials. This can 
provide two savings. One, lower temperature ma
terials are cheaper in cost, and second, some 
lower temperature materials are less bulky than 
the higher temperature ones. However, cost sav
ing is negligible as long as . e do not hit the 
Teflon CcJegory. The proper use of the polyester 
series of insulations produces a transformer which 
will last for 10,000 hours at 190°C, 2500 hours at 
205°C, and 500 hours at 225°C. The savings in 
cost between these polyester materials and the 
paper and enamel series of compounds (105°C 
maximum temperature) is usually not worth the 
life expectancy derating. The saving in space due 
to the bulky materials is of course completely 
absent as the polyester family is extremely effi
cient size-wise.

The only other saving comes from allowable 
corona limits. Because of the paucity of accurate 
life vs. corona data on polyester materials, it is 
suggested that either the absence of corona or 
life under 500 hours be designated. We do not 
believe that a little bit of corona can be tolerated 
for long life expectancy. It, of course, should be 
realized that only a small percentage of trans
formers work at a high enough voltage to gain 
anything by purposeful inclusion of corona in 
order to cut down insulation.

To summarize, cutting life expectancy only 
pays if (a) the maximum life expectancy is 500 
hours or less, (b) maximum hot spot temperature 
is over 200cC, (c) voltage stresses are over 2000 
volts, (d) the unit is an appreciable size, 1 cubic 
inch or larger and probably using the higher 
power frequencies (400 cycles and higher so as 
to allow the inclusion of higher core losses).

Howard Buschman, Pres. 
Bush Transformer Corp. 
Endicott, N.Y.
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More on Short-Cut Drafting
Dear Sir:

This letter is in reply to a letter recently pub
lished in your magazine on the subject: “The 
False Economy of Short-Cut Drafting. I would 
like to take the opportunity at this time to add 
further discussion concerning my impression of 
the “false” in “The False Economy of Short-Cut 
Drafting.”

Much has been written and said, pro and con, 
regarding short-cut drafting. Any one person’s 
definition of it would be prompted by what he 
has been exposed to in the way of drafting sys
tems. A definition which would suit all is this: 
“A means of communication wherein the infor
mation to be communicated should be as brief 
and clear as possible, but complete (only to the 
degree that completeness of assembled informa
tion is necessary to promote efficiency in all 
subsequent phases of use) and decipherable to 
anyone familiar with reading drawings.”

There is hardly a company existing which 
does not design and make drawings for equip
ment which it will have outside vendors manu
facture. Therefore, if a company adopts hetero
dox short-cut methods which cannot be easily 
deciphered and decoded by the average crafts
man who must translate from drawing to physi
cal reality, then much is lost in man hours. Time 
is lost first in the deciphering and decoding of 
the hieroglyphics on the drawing, and secondly 
in remaking pieces which are wrong because of 
ambiguity so often present in the simplified ap
proach. . . .

How efficient short cut methods can transmit 
information depends upon how successfully 
standardization of simplified approaches can be 
imposed upon industry as a whole, and upon the 
judicious use of these methods to preclude am
biguity, but include clarity and brevity.

William R. Golz
RS Electronics Corp. 
Palo Alto, Calif.

Miniature 
plug-in Relay 
for printed 
circuits
...millions 

of operations 

without attention!

Need a dependable relay for direct inser
tion into printed circuits? Automatic Elec
tric’s new Printed-Circuit Relays run up to 
120 million operations without a single 
readjustment or relubrication!

RELAY SPRING TAKING ITS “PHYSICAL.” A technician 
explores critical spring areas for tool marks and concealed 
defects—calibrating radii to .001 inch—checking for the strength 
and stamina which will assure long, uniform service life. 
Automatic Electric quality control is unmatched in the indus
try—a compelling reason why you should specify AE in your 
engineering.Open Letter

To the Editor and Your Readers
You have attended many Conferences. You have 
listened to speeches at luncheons and dinners. 
You have been entertained by people who had 
something to sell you. You have listened or dozed 
while papers were read by men, inexperienced in 
public speaking.
You have been bored stiff. You have wondered 
what it was all about.
You have wondered if you could honestly justify 
the money your Company spent in sending you 
to the Conference.

Miniaturized without sacrifice of rugged
ness, these SQPC Relays, with reinforced 
mounting, deliver reliable performance 
under extreme conditions — dependable 
contact operation at up to 10.5 G’s, 25 G's 
shock, and temperatures from —55° to 
+85°C.

SQPC Miniature Printed-Circuit Relays 
are available with many different contact 
spring arrangements—can be permanently 
secured with any acceptable soldering 
technique.

Save parts, assembly and wiring time by using printed circuits-and Automatic Electric SQPC Relays. For 
full details, write or call: Automatic Electric Sales Corp., Northlake, Illinois. In Canada: Automatic 
Electric Sales (Canada) Ltd., Toronto. Offices in principal cities.

AUTOMATIC ELECTRIC
Northlake, Illinois • Subsidiary of GENERAL TELEPHONE

CIRCLE 13 ON READER-SERVICE CARD
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LETTERS

h New
from itt Components Division

TANTALUM capacitors 
Complete line of miniature 
tantalum capacitors for 
industrial and military applications.
Only IT T offers you these outstanding advantages.

Superior Product - Competitively Priced 
Backed by world wide engineering, research 
and manufacturing experience.
Widest Ranges of Product Type
Wet Anode, Solid Anode, Foil Type Tantalum 
and Miniature Aluminum Dry Electrolytic 
Capacitors.
Long Shelf Life — High Operating Reliability 
Protect your investment and reputation.
Availability
Network of warehouse and stocking 
distributors assure dependable delivery.
Design Features

Hermetically Sealed • Small, lightweight
• withstands high shock and vibration
• electrical stability • complete uniformity

Temperature Ranges
wet anode:
solid anode:
foil type:
miniature aluminum:

-55 C to 4-125cC 
—80e C to + 85CC 
-40 C to + 85°C 
-40 C to 4- 85°C

SOLID ANODE

WET ANODE

When you got back home, you had to write a 
report to justify the time and money you spent. 
You had to scratch your head and maybe make 
believe, that you really brought something back 
of value to your Company.
The third E.I.A. Conference on Reliable Elec
trical Connections, Dec. 2, 3, and 4, 1958, Dallas, 
Texas is going to be conducted on a different 
basis.
The usual authors of papers will be there, but 
you will not have to listen to them read their 
papers. They will be published and offered for 
sale October 15.
You can read the papers before the conference 
takes place. You can prepare questions, which 
you can ask of the authors.
You may also ask questions of other men who are 
specialists in the field in which you are interested. 
You will be able to pursue a subject to its bitter 
end in order to get the facts.
You will not be distracted by exhibits. You will 
not be solicited by men who want to sell you 
something. You will not be entertained except 
as you entertain yourself. There will be no 
planned lunches or dinners.
You can devote your entire time to getting 
answers to your questions and to personally meet 
the men you want to meet.
You can contribute to their knowledge and the\ 
can contribute to yours.
Every known type of electrical connection, both 
internal and external, will be discussed. All the 
materials and all the processes which go to make 
up an electrical connection and protect it, will be 
discussed.
There will be no holds barred. You will have an 
opportunity to acquire the knowledge you hon
estly seek, provided you are willing to contribute 
something.
In this case, you can contribute by coming and 
by asking questions.
Will be looking forward to seeing you in Dallas.

R. George Roesch 
General Chairman 
1068 S. Clinton St. 
Syracuse 4, NA.

Write today for complete technical information.
We can’t, as a rule, publish in toto publicity 

chairman’s reasons for attending such and such 
a conference. But because we are extremely in
terested in Mr. Roesch’s unusual efforts to im 
prove communications between speaker and lis
teners and all conference attendees in general, 
we’re printing this letter in full. Write Mr. Roesch 
to get advance conference papers.

Components Division
INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION

P. O. BOX 412 CLIFTON. NEW JERSEY
CIRCLE 14 ON READER-SERVICE CARD
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If there’s one thing that stood out in Electronic Design’s recent 
survey among users of industrial control equipment, it is this:

Three types of actuators led all the rest in popularity— 
solenoid valves, servomotors, and humans. Humans!
Mind you, this is in the day and age when many of us believe 

that the completely automatic factory is just around the corner; 
when our technology has advanced to the point where we can toss 
balls around the world; when we even consider pitching a few 
around Hie moon.

Y et we still need a man to close a valve, open a switch, or shove 
a lever. Why? For one thing, we simply don’t understand enough 
about some of our processes. Our chemists know what will happen 
if they mix some ingredients together and let them settle. They 
know sodium hydroxide and hydrochloric acid will y ield salt and 
water. But they re not quite sure what happens while they’re 
mixing.

Beyond that, the art of control still has a long way to go. There 
are still lots of things we don’t know how to do economically7—or 
how to do at all. For example, we’d like to
■ measure moisture in granular materials—in sugar, flour, wheat;
■ measure moisture in cloth;
■ measure pH under high pressure, high temperature conditions; 
■ measure liquid level in a closed tank in a radiation environment.

Yes, we can make these measurements in the laboratory. But 
that’s a far cry from measurements on the line—in flow processes.

More processes than not have a man someplace in the control 
loop. Often, it’s because we know of no other way of doing things. 
Often, it’s because we need a man’s judgment. Often, it’s because 
it’s cheaper to use a man than it is to use a machine. And very 
often, it’s because control equipment may not have the reliability7 
we need.

If you ask control equipment users what they7 need in their 
equipment above all else, they’ll cry out with one voice—“longer, 
trouble-free life.

So there’s much to be done. We need much more understanding 
of our basic processes. We need many more sophisticated instru
ments of control. And we need hardware we can trust a lot more. 
We’ve a long way to go.

ELECTRONIC DESIGN • October 29, 1958

Canoga Corporation has recently de
veloped and is now manufacturing a 
complete line of transmitting and 
receiving antennas for communication 
and telemetering in the 2200 me region.

The compact blade antenna has been de
signed for missiles and supersonic aircraft. 
It is less than 1 inch high, has very low 
drag, an all metal leading edge, and pro
vides an omni-directional pattern.

The 8 foot diameter horn fed paraboloid 
weighs only 82 pounds and provides a 4 
degree pencil beam for high gain require
ments. Polarization is readily changed 
from horizontal to vertical. The pedestal 
includes angle scales, a dual speed drive 
in azimuth and a single speed drive in 
elevation.

The conical scanner shown below is 
installed in 6, 8 or 10 foot diameter para
boloids. Optimum reception of telemeter
ing signals even at long range is obtained 
by automatic tracking with the narrow 
beam provided. Horizontal, vertical and 
circular polarization are available.

NAME AND TITLE
COMPANY

FOR ADDITIONAL IN
FORMATION COMPLETE 
THE COUPON BELOW 
AND RETURN TO 

CANOGA.

CANOGA
CORPORATION
OF CALIFORNIA

5 5 S E P U
N N U Y S ,

L V E D A BLVD 
CALIFORNIA

5 9
V A

ANTENNAS 
RECEIVERS 
RADAR SYSTEMS 
TEST EQUIPMENT 
MICROWAVE 
COMPONENTS 

DESIGN, DEVELOPMENT

ADDRESS
CITY STATE

AND MANUFACTURE TO YOUR SPECIFICATIONS
CIRCLE 15 ON READER-SERVICE CARD



Dr. Robert J. Jeffries, presi
dent of ISA speaking at Key

note Session.

MEETING REPORT

Reliability Accented

At Instrument-Automation

Conference

"\A/HEN an electronic component fails it is 
V V the fault of the design engineer nine 

times out of ten.” This observation was made by 
Kenneth Halrorsen speaking at one of the Data 
Handling Workshops of the 13th annual Instru
ment-Automation Conference and Exhibit. The 
Conference was held in Philadelphia from Sep
tember 14th through the 19th. It was sponsored 
by the Instrument Society of America.

Are Electronics Reliable?

Discussing the topic “Are Electronics Reliable 
in Control?” Mr. Halrorsen emphasized that re
liability is a nebulous term. “Any control sys
tem,” he said, “that failed every day but didn’t 
blow up the process or plant it monitored could 
be considered relatively reliable. However, the 
control system that failed every three years and 
destroyed every thing it monitored at that time 
would have to be considered less reliable.”

Summarizing, Laurence M. Silva, chairman of 
the Data Handling Workshop session on elec
tronic reliability, confirmed the findings of 
Electronic Design's staff report on Industrial 
Electronics in this issue. He said:

In considering reliability, the time it takes to

18

fix a failure must be evaluated along with the 
interval between failures.

Equipment should be designed for quick lo
cation of trouble, and test points should be liber
ally located in the equipment.

Mechanical failures are just as much a source 
of trouble as electronic failures in the' breakdown 
of complicated control systems.

Tubes should not be checked regularly. Pull
ing tubes can lead to socket failure.

Basic, proven circuits should be used. A multi
plicity of circuits only confuses troubleshooters.

How Good Transducers?

At another workshop session it was generally 
agreed that transducers have come a long way 
in the past year in meeting the need for accuracy. 
Manufacturers, though, are still pressed to pro
duce transducers to meet a wide variety of seem
ingly impossible conditions. In the past, units 
that operated within a two or three hundred de
gree range were considered satisfactory. But now 
there is need for transducers that will function 
properly from —300 to 4-600 C. And they have 
to stand rough and rugged handling too.

What would help the manufacturer a lot, 
stated one speaker, would be the user examining 

his requirements carefully, and determining over 
just what range his transducer must be accurate. 
Transducers that are accurate over a wide range 
are costly and often unnecessary’.

Whither Computers?

Computers are playing an ever increasing role 
in controlling industrial processes. Not everyone 
is fully sold on computers, though. Most expendi
tures for computer control equipment fall in the 
$25,000 bracket. Only a few companies want to 
take a $250,000 plunge into a computer that will 
fully control a process.

One reason that everyone is interested in com
puters today is that computers are relatively new 
and still a novelty. This partially explains the 
widespread purchase of small units which are, in 
effect, data loggers rather than control com
puters.

There is one basic reason why more companies 
aren’t buying the big, “closed-loop"’ control sys
tems. It is often very difficult to economically7 
justify controlling an industrial process by com
puters. Thomas Vickroy, an Instrument Con
sultant Group Supervisor at Du Pont admitted 
that computers are getting better every year. But 
the marginal increase in productivity, he said,
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that computers can provide in some processes 
doesn’t warrant their purchase. He illustrated 
his case by citing a chemical process that might 
be operating more efficiently if under the control 
of a computer. But. he explained, if someone 
came up with a better catalyst for the chemical 
process, the process might become efficient 
enough to operate without the aid of a computer.

It was generally agreed though, that if what 
has to be done in a given process can be rigidly 
defined, if an equation can be written for it, then 
a computer can outperform human operators and 
provide more safety and efficiency.

In the future, the big problem will lie in de
signing plants for control by computers. Present 
designs and plans are similar to those of the past. 
Plants are laid out for control by human beings. 
New philosophies and new techniques will have 
to be developed so plants can more easily be 
controlled by computers. Of course, the first 
question to be answered is whether computer 
control is desired or even necessary’ for a given 
process.

Instrumentation—Big Business

“Instruments are big business,” said Thomas R. 
Jones, president of Daystrom, Inc. “A recent re
port,” Ke continued, “states that the instrument 
industry is growing at a rate about five times 
greater than that of the entire economy.” Since 
the sundial—probably man’s first instrument, in
struments have developed until they are now the 
five senses of our industrial giant.

About half a billion dollars worth of equip
ment was on display at over five hundred ex
hibits. Units ranged from a butterfly valve that 
was over a yard in diameter and could handle 
12,000 gallons a minute to a transistor.

The Future

Kicking off the convention at the keynote ses
sion, Dr. Robert J. Jeffries, president of the In
strument Society of America took a look into the 
future and said that instrumentation would play 
a vital role in:
■ Increasing economic prosperity through in
creased productivity.
■ Developing new products and processes.
■ Improving world health through reducing the 
cost of medical drugs.
■ Providing more national security.
■ Bettering industrial management through im- 
p oved data gathering and analysis.

Dr. Gaylord P. Hamwell, president of the Uni- 
versity of Pennsylvania and another keynote 
speaker, urged the instrumentation engineer to 
a m for simplicity in the design of new equip- 
n ent.

Waldes Truarc Prong-Lock Ring Eliminates
' :

WALDES TRUARC
SERIES 5139 RETAINING RING*

application: external for shafts 
range: 3/32" through 7/16"

•U. S. Pat. No. 2,755,698

Rings replace cotter pins, 
spring-washers; save $68°%
Mason-Neilan Division of Worthington Corp., 
Norwood, Mass., uses two Waldes Truarc 
Series 5139 Prong-Lock rings on its pressure 
controller to secure pivots through which a 
right angle micrometer adjustment screw 
passes. Each ring replaces hairpin-type cot
ter pin and bowed washer, provides neces
sary tension to prevent adjustment screw 
from shifting. Manufacturing costs were re
duced by $68 per 1,000 units.

Whatever you make, there’s a Waldes Truarc Ring designed 
to save you material, machining and labor costs, and to 
improve the functioning of your product.
In Truarc, you get:
Statistically Controlled Quality from engineering and raw 
materials to the finished product. Every step in manufac
ture watched and checked in Waldes’ own modern plant.
Complete Selection: 36 functionally different types. As 
many as 97 standard sizes within a ring type. 5 metal 
specifications and 14 different finishes. All types available

WALDESminute
RETAINING RINGS

WALDES KOHINOOR, INC., LONG ISLAND CITY 1, N. Y.

Consult the Yellow Pages of your Telephone Directory for name of Local Truarc Factory Representative 

and Authorized Distributor. Look under “Retaining Rings” or “Rings, Retaining.” ®1958 waide* Kohinoor, inc.
CIRCLE 16 ON READER-SERVICE CARD

After radial application, the Waldes Truarc Prong-Lock 
retaining ring locks and holds securely in its groove by 
means of two prongs. Because of its resistance to radial 
displacement, the ring may be used as a shoulder for 
rotating parts. Thrust-load capacity ranges from 80 to 
700 lbs. for sizes from 3/32" to 7/16". Bowed con
struction provides end-play take-up, often eliminating 
springs, washers and accessory devices.

Ring replaces locknut, 
eases control 
calibration
On a differential pressure control 
mechanism, Taylor Instrument 
Companies, Rochester. N. Y., re
placed a locknut and eliminated a 
costly threading operation with a 
series 5139 Prong-Lock ring. Also 
eliminated is the loosening and 
tightening of the locknut before 
and after each calibration setting. 
Spring action of the ring securely 
holds the calibration setting.

quickly from leading OEM distributors in 90 stocking points 
throughout the U. S. and Canada.

Field Engineering Service: More than 30 engineering- 
minded factory representatives and 700 field men are at 
your call.

Design and Engineering Service not only helps you select 
the proper type of ring for your purpose, but also helps you 
use it most efficiently. Send us your blueprints today . .. 
let our Truarc engineers help you solve design, assembly 
and production problems ... without obligation.

Wald«* Kohinoor, Inc., Long Island City 1, N. Y.

Please send me additional information and engineer
ing data for the Truarc Prong-Lock Ring, Series 5139.

Name.

Title.

Company_______

Business Address

City Zone____ State-------------------
ED-100
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Magnetic Amplifiers

Magnetic

Amplifiers for

Process Control

Horace E. Darling
Foxboro Company 

Foxboro, Mass.

Here is a guide to the most useful mag
netic amplifiers for industrial electronic 
applications. Some of the circuits tabu
lated here, were revealed only recently 
(or the first time.

On the following page there is a discus
sion of these amplifiers, and a presentation 
of the four basic cores in general use— 
their advantages, their disadvantages, and 
their problems.

Amplifier
Type Schematic

Saturable 
Reactor

SR with 
Feedback

Self
Saturating 
Reactor

Bistable
SSR

Fast 
Response 
SSR

DC

WW- 
LOAD

Transfer 
Curve Reliability

Least complex of all mag 
netic amplifiers. Potential!/ 
most reliable.

' 1 -ft

CONTROL CURRENT

- CONTROL CURRENT I<

° CURRENT

CONTROL CURRENT V

Second 
Harmonic 
Magnettor

Balanced 
SSR

Reliability of rectifiers in 
bridge must be considered.

Only slightly more complex 
than SR. Potentially very reli
able. Reliability related to rec
tifiers used.

Basically simple. A very re
liable relay no moving con 
tacts; hence, indefinite life. 
With proper design, bias sys
tem normally used to adjust 
latching point does not detract 
appreciably from reliability.

Reliability and life (deter
mined largely by rectifiers in 
control circuit), comparable to 
any SSR.

Circuitry simple. Reliability 
very high

Horace Darling has »pent 14 years in research and 
development, mostly on solid state devices for Indus« 
trial control. The last 5 years have seen an accent on 
magnetic amplifiers. During this time, he developed 
a variety of new types, particularly for operation 
from extremely small power input.

No rectifiers in bias circuit 
Reliability comparable to any 
SR but probably not as great os 
magnettor.

wa



irs for Industrial Electronics
Response

Power Output Stage Gain Time Sensitivity Notes

aq 
all /

Milliwatts to kilo
watts.

Power gain to 40 db 
Current gain 10 to 30.

4 cycles or more. 
Varies with current gain 
and supply frequency. 
Cannot reproduce a step 
input

Not suitable below 
10'6 watts.

Output is distorted alternating current. Four-unit bridge 
rectifier required for de output, decreasing reliability. Output 
level varies directly with supply voltage.

Does not recognize control signal polarity.
Rarely used except where high current ond power levels 

make rectifiers impractical, impossible, or undesirable.

in
Milliwatts to kilowatts. With positive feed

back, more current and 
power gain than SR. 
Less with negative feed
back. Power gain to 50 
db. Current gain 100 
200.

Response time greater 
than SR. Increases di 
rectly with current gain. 
Decreases with negative 
feedback.

To 10 7 or 10 8 watts, 
but only with positive 
feedback, and at cost of 
long time constant.

Rectifier bridge required for feedback. Output can be ac or 
de. Becomes more polarity sensitive as feedback is increased. 
Otherwise similar to SR.

plex 
reli-
rec-

Limited only by cur
rent rating of available 
rectifiers—to kilowatts.

Power gain to 60 db 
at low power output; to 
40 db at high power 
output.

Current gain to 5000 
at low power output; to 
100 at high power out
put

4 cycles or more. In
creases with current 
gain.

To 10*8 amps and 
10'12 watts. Low levels 
demand matched cores 
ond rectifiers.

One of the most popular types.
Good recognition of control current polarity
Easy to control reaction on control circuit or driving stage.
If bias supply is derived from power mains, at least two 

additional rectifiers required.

( re
con- 
life, 
sys-

d just 
tract
V-

To kilowatts.

I

Power gain to 40 db. 
Current gain 10-100. De
pends on latching inter
val.

10 cycles or more. High current sensitiv
ity possible. Input power 
to 10-6 watts.

Limited to bistable use.
Pulsating de output often requires filter.
Operation possible from many control signals.

eter 
rs in 
Ie to

Fractions of a watt to 
kilowatts.

Power gain to 50 db. 
Voltage gain equals ra
tio of control to gate 
turns.

1 cycle. Not suited for low 
voltage or low current 
control circuits because 
of interaction. Input 
power to IO*6 watts un
der favorable conditions

Input can be de or ac for either de or ac output.
Control can be nc or de voltage, resistance, or reactance.
Low impedance source required for ac or de control.
Control current is from power source, not control source, so 

interaction always is present.
Matched cores recommended.

bility
Microwatts. Voltage gain (fre

quency sensitive) 100 or 
more (with tuned cir
cuit and high impedance 
load.) Power gain 20-30 
db.

Usually much greater 
than 10 cycles.

To IO-9 amps, IO'14 
watts or noise level of 
cores. Core design and 
matching critical for low 
level work.

Acts as static chopper and one stage amplifier.
Adaptable to any audio supply frequency.
With feedback, input impedance can be megohms. Most 

effective as voltage converter working into high impedance 
load. Works well with tubes or transistors. Difficult to drive 
other magnetic amplifiers.

Output has double the supply frequency.
Ideal for thermocouples or low impedance emf devices
Very low level work requires magnetic shielding against 

earth's field or stray fields. Altered physically, it can serve 
as flux detector or magnetometer.

rcuit.
any 

;at as

Microwatts to milli
watts.

electronic design

Current gain to 2000.
Power gain to 50 db.

• October 29, 1958

4 cycles or more. In
creases with current 
gain.

To IO-9 amps or less, 
10'12 watts or noise 
level of cores. Core de
sign and components 
critical for low levels.

Controlled by de signal, or ac signal at supply or twice 
supply frequency.

Rectifier pairs must be matched for forward conduction and 
temperature changes. (Only silicon junction rectifiers). 
Matched pairing required for load resistors and filter capaci
tors.

Choke isolating impedance required for high current ond 
power gain. Its time constant usually major factor in stage 
time constant.

Low level work demands magnetic shielding against stray 
fields and electrostatic shielding against ac pickup.

_____________________ 21
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THOMAS A.

model 260 miniature

JC

22

time
are

delay relays 
shock and

vibration resistant

As heater causes the expansion member to stretch, lever pivots on its hinge, 
compressing the bow spring at a high rate in the direction of contact 
closure. Matching expansion member compensates for external changes in 
temperature between —65 and 4-100°C.

Designed to meet military requirements, Edison’s line of miniature time delay relays 
are available for a wide range of electronic applications.
The 250 Series Time Delay Relays combine in one unit superior design, top work
manship and performance at lowest cost. Check these advantages

• Designed to withstand vibration frequencies to 500 CPS.
• Exceptionally high rate of contact closure.
• Permanent calibration and hermetic seal.
• Extremely rigid mechanical structure using high-strength, high-expansion alloys.

For bulletin #3046 showing timing ranges and operating performance write to:

Thomas A. Edison Industries 
INSTRUMENT DIVISION

LAKESIDE AVENUE, WEST ORANGE, N. J.
CIRCLE 17 ON READER-SERVICE CARD

Magnetic Amplifiers for 
Process Control continued

OF ALL THE magnetic amplifier types, those 
described in the table on the previous page 

are the most useful building blocks for contro 
systems. Each is treated as a single stage unit. A* 
such, its properties are quite well understood, 
and performance can be predicted with good 
accuracy.

But when stages are cascaded, they interact, 
and predictions are no longer easy. One often 
has to rely on instinct and experiment to solve 
interaction problems. Nevertheless, cascading of 
as many as four stages is now a practical reality. 
Happily, this is adequate for all control problems 
encountered to date.

Cascaded Magnetic Amplifiers
As the number of stages increases, expected 

reliability goes down rapidly. One has to build 
the maximum reliability into each component.

Years of work has shown that when the utmost 
in reliability is designed into each stage, a three 
or four stage amplifier can have virtually the 
same life expectancy as a single stage unit—ten 
years being very probable. Much of this per
formance and reliability can be attributed to the 
superior qualities of the silicon junction rectifier.

Cores
The heart of the magnetic amplifier is its core. 

It should be carefully selected for each individual 
application. There are four core types in general 
use, each with its advantages and disadvantages.

E-l Cores

Unsuited for low input power levels. For levels 
above one watt, core assembly is rugged, mod
erately reliable, and inexpensive, but rather 
bulky, and sensitive to external fields.

Rarely used in instrumentation work, except 
for power transformers and chokes.

('ore assemblies always have a temperature 
sensitive residual air gap. Poor square hysteresis 
loop results, along with low to moderate current 
gain per stage (10 to 30). Obtainable in many 
different alloys, but shape prevents effective use 
of grain orientation.

Production techniques assure uniformity of 
magnetic characteristics. Core matching is diffi
cult. Mass production winding techniques are 
adaptable, and provide maximum potential re
liability of windings.

Square loop properties are degraded by eddy 
current insulation, mechanical strains of assem
bly, impregnation, and mounting.
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ANTENNA
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ANTENNA

RECEIVER
1er

SHUTTER

ATR

RECEIVEResis
SHUTTER

MAGNET 7

/ MAGNET \

filled with paper separators between lams
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3DB HYBRID 
COUPLERS

any 
use

Microwave Associates is in a position 

to give you completely unbiased recom

mendations because we design and 

manufacture all types of gas tube and 

ferrite devicesfor duplexer applications.

3 DB HYBRID 
COUPIER*-

FERRITE 
SLABS

•FERRITE 
SLABS

DUMMY 
LOAD

DUMMY 
LOAD

DUMMY 
LOAD

DIODE 
PROTECTOR

FOLDED
MAGIC TEE

3 DR TOP 
WALL HYBRID

DIODC 
PROTECTOR

DIODE 
PROTECTOR

If you have a current problem in this 

field our application engineering ser

vice is at your disposal.

TECHNIQUES 
right 
for you•• •

To secure optimum performance and 

reliability in your duplexer system 

you now have a choice of five basic 

techniques.

BALANCED DUPLEXER: DUAL TR SHUTTER

DUAL 
PRE-TR

FERRITE DUPLEXER: DIODE PROTECTOR, SHUTTER
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ATR ATR

ATR ATR

BALANCED DUPLEXER: DUAL PRE-TR DIODE PROTECTOR, SHUTTER

MICRO WAVE ASSOCIATES, INC.
BURLINGTON, MASSACHUSETTS TELEPHONE BROWNING 2-3000
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hermetically sealed, and encapsulated. Most 
nearly strain free assembly of any core. Immune 
to shock, acceleration, corrosion, and mounting 
strains. Very stable with temperature.

For reprint, circle 103 on Reader-Service card.

Production techniques yield high uniformity. 
Balanced core pairs easily obtained. Differential 
temperature effects very small. Most stable cores 
known.

Special winding techniques required. Assem
bly is compact, and relatively immune to external 
fields.

Cores must be mounted in metal boxes, liquid

BRANCHED DUPLEXER: ATR, TR, SHUTTER
3 DB HYBRID 

COUPLER. . . OR 
do you need 
OUR NEW

Stamped Ring Cores
Useful to l(bu watts. Noise level can be less, 

depending on material. Current gains to 5000 
per stage. Power gains to 60 db.

Core assemblies have no air gap. They use 
grain orientation effectively, and have moder-

Tape Wound Cores
Useful to input levels of IO-8 watts or less 

(limited by noise level of cores). Current gains 
to 1000 per stage. Power gains to 50 db.

(.ore assemblies have the ultimate in grain 
orientation, squarest hysteresis loop, and a very 
small effective air gap.

Production techniques assure highest possible 
uniformity. Core matching to close tolerances is 
standard procedure.

Special winding required, \ssembly is com
pact, and relatively immune to external fields.

Cores, if properly packaged in metal boxes, 
liquid or grease filled, hermetically sealed, and 
encapsulated, are insensitive to shock and accel
eration, mounting strains, corrosion and tempera-

DU Cores
Useful to microwatt input levels, with current 

gains of 100 per stage, and power gains of 40 db.
Core assemblies have much lower effective air 

gap than equivalent E-I cores, so they are less 
temperature sensitive, and have a more1 nearly 
square hysteresis loop. They make better use of 
grain orientation and they approximate toroid 
properties.

Production techniques assure uniformity of 
magnetic characteristics. Core matching is diffi
cult. Mass production techniques apply.

\s with E-I cores, insulation and mechanical 
strains ot assembly, impregnation, and mounting 
detract from square loop properties. For best re
sults, great care is needed during assembly. 
Core is rugged, reliable, and inexpensive, but 
bulkv, and sensitive to external fields.

2 ANTENNA

BALANCED DUPLEXER: 4 ATR’s, DIODE PROTECTOR, SHUTTER



Fig. 1. The price of small 
components is negligible in 
comparison with the cost of 
developing the controls for 
a giant miller like this one. 
This electronic tracer-con
trolled profile mHler has all 
but eliminated hand finish
ing on B-52 wing spars. To
tal production time for wing 
ribs for a single B-52 part 
has been knocked down 
from 200 hours to 8.

Designing for Industrial Electronic

Equipment Reliability
W. H. Lesser

Specialty Control Department 
General Electric Co.

Waynesboro, Va.

Bill Lesser has spent most of his ten years with the General 
Electric Company in the fields of quality control and reli
ability engineering.

“Reliability,” he comments, “goes hand in hand with the 
design objectives of product leadership and customer accept
ance at optimum cost. Dependable equipment performance 
has always been the ticket to long range customer accept
ance.’’

In this article, Mr. Lesser shows how, with a division of 
responsibility, all parts of an organization can contribute to 
reliable equipment performance. This approach has been 
tested and found to work admirably.

IN CONTRAST with military reliability, deter
mined by combat conditions, industrial equip

ment reliability is determined in the economic 
balance with performance and price. Only the 
proper relative weights of these ingredients can 
assure customer acceptance and adequate profit 
margin.

Planned reliability must include the following 
activities:
■ Establishing overall reliability specifications 
early in product life in terms of per cent down 
time, expected product life, or average time be
tween service calls. Equipment performance re
quirements must be anticipated, often before the 
customer knows his own requirements. A sound 
market analysis, followed by calculated business 
risks early in product life, often save valuable 
months of development. They can result in a val
uable “market first.”
■ Allocating a proportionate share of overall re
liability to each assembly, subassembly, and 
component. Thus one quickly discovers weak 
links in the reliability chain. This, in turn, directs 
development effort to the area most needing at
tention.
■ Selecting component parts for adequate re
liability7. Ont* must use performance tests, field 
results, and derating curves to appraise compo
nents.
■ Monitoring decision making procedures that 
can change or degrade a reliable design.
■ Assuring information from field service organi
zation.

Table 1 shows some basic reliability functions 
of different departments in a typical organization. 
Notice that each department must contribute to 
product reliability. Feedback of information is 
essential for successful performance. Obviously 
such a decentralized program needs the full sup
port of top management. Reliability objectives 
must be emphasized, together with the more 
talked about management objectives of cost re
duction, inventory control, and profit margin.

Design Engineering

Faced with the problem of obtaining high 
equipment reliability and limited by inadequate 
component performance data, the design engineer 
must resort to conservative design practice. He 
prefers component derating to the practice in 
home radio-TV design of working components at 
rated loads or higher.

He doesn’t depend on random tube characteris
tics which are not a part of the general tube 
specification. For example, in a timing circuit 
which depends on abnormally low grid current 
for successful operation, reliability is impaired 
by grid current aging characteristics. Here, it is 
desirable to design for a charging current con
siderably larger than the grid current to minimize



the effect of grid current changes on timer per
formance.

In general, the wise engineer designs a circuit 
whose performance is not affected by component 
tolerance buildup or aging.
Cost. When conservative design calls for higher 
currents, the increased cost of components must 
be weighed against the improvement in reliabil
ity.

Often, component cost is negligible, as for ex
ample, in the expensive machine tool control 
shown in Fig. 1. Here, development expense is so 
high that small components can practically be 
given away to minimize customer complaints.

This type of industrial equipment is often over- 
designed at the start to protect against unknown 
duty cycles. Then, after operating conditions are 
better known, cost reductions can be made with
out degrading reliability.
Standardization. The value of standardization 
to reliability, both in components and circuits, 
must be emphasized. A recent survey by a large 
electronic equipment manufacturer revealed that 
81 types of power supplies were provided on 
equipment shipped over a five year period. Pre
liminary review showed that 9 preferred types 
would have been completely satisfactory.

Duplicated engineering effort can often be

Table 1. Basic Reliability Functions
Sales

1. Establish overall equipment reliability require
ments.

2. Sell equipment within capability limits.
3. Constantly evaluate competition's equipment 

performance.
Engineering

1. Allocate required reliability to assemblies, sub
assemblies and components.

2. Evaluate component reliability data.
3. Derate components to assure overall reliability.
4. Integrate component reliability into optimum 

system reliability in terms of performance— 
reliability—cost ratios.

Quality Control

1. Assure product conformance to established 
specifications.

2. Control decision making which would degrade 
design reliability, such as: changing component 
vendors, changing tooling and manufacturing 
methods.

3. Report quality assurance test results in terms 
of corrective action.

4. Feedback recommended improvements to En
gineering.

Field Service

1. Assure adequate installation of equipment.
2. Assure adequate operating instructions to cus

tomer personnel.
3. Adequately report customer complaints.
4. Feedback recommended improvements to En

gineering.

THE
HIGHER

THE
STAKES

THE MORE YOU NEED

Electra’s New Molded ' Precision Metal Film Resistor
IF YOU WANT . . .
• Low controlled tempera

ture coefficient
• Low noise level
• Combination of high sta

bility on load, in addition 
to low controlled tempera
ture coefficient

• Close tracking of the re
sistance values of two or 
more resistors over a wide 
range of temperature

• High stability under severe 
humidity conditions

• Special resistor combina
tions to produce accurate 
ratios.

YOU WANT NEW ELECTRA
MOLDED METAL FILM

RESISTORS

AVAILABLE IN THESE SIZES

Electra Resistance

Range

Maximum 
Rated 

VoltagePart Na. Wattage

MF 1/8 1/0 100 ohms 
300 K

250

MF 1/4 1/4 100 ohms 
500 K

300

MF 1/2 1/2 100 ohms 
1 meg

350

MF 1 1 100 ohms 
2 meg

500

MF 2 2 250 ohms 
5 meg

750

J MANUFACTURING COMPANY 
r Electronics Division

4051 Broadway. Kansas City, Mo.. U.S.A., Phone: WEstport 1-6864
CIRCLE 19 ON READER-SERVICE CARD

Razor Sharp Precision, plus Amazing Stability— 
Here is new and greater-than-ever accuracy, 
coupled with new and greater-than-ever 
stability ... the kind of a combination you 
need to meet the continuing demand for 
more and still more reliability. To give you 
this truly outstanding combination, a metal
lic resistive film is firmly bonded with exact
ing precision to an especially compounded 
ceramic core. This unit is them coated and 
molded in a compound of resins selected for 
the exceptional thermal stability it offers. 
The result is a metal film resistor that offers 
you performance which equals or surpasses 
that of a precision win* wound resistor, yet 
is smaller, lower in cost, also gives you 
better RF performance plus uniformity in 
size over wide resistance ranges. Here is a 
real “break-through" in resistor manufac
turing. Why not get all the facts, today.
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TYPICAL PERFORMANCE IN % OF CHANGE UNDER TEST

Typo
Temp. 
Cycle

Low Temp. 
Exposure

Short 
Time 

Overload
Solder 
Change Moisture

1000 
Hours 

® 125*C

MPA .025% .07% .035% .02% .03% .035%

TEMPERATURE COEFFICIENT — Available 
in three standard temperature 

coefficient tolerances:

T.C. CODE MARKINGS**
0 rt 100 PPM/«C.‘ T-1
0 ± 50 PPM/*C. T-2
0 i 25 PPM/’C- T-5

Proposed MIL-R-10509C specification calls for temperature coefficient measurements 
from 55 C to ¡165 C. The lowest temperature coefficient is 0 ± 50 PPM/°C. 
Code T-2 meets this requirement. Resistors in code T-5 are production tested over a 
range of :-25 C to t-105°C. Special temperature coefficients—Code T-3, 0 to 4 100 
PPM. and Code T-4, 0 to —100 PPM—are available for special applications.
’Parts Per Million Per Decree Centigrade <100 PPM equals 0.01%)

■’Th» T.C code marking is combined with the code for the date of manufacture
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WARD LEONARD ELECTRIC CO

Fig. 2. Load life test results on an industrial type 
relay.

LIFE-MILLION OPERATION

Fig. 3. Reliability curve for expected relay life.

Brand new, Type HR solenoid relays are Result-Engi
neered to function as the “heart” of any control system. 
The Type HR is designed as a multi-pole relay for pilot
ing machine and process control components where 
ultra-long life and hi-speed operation are mandatory.

Wiping action contacts insure high electrical reliabil
ity; nylon movable contact carriers and armature guides 
minimize operating friction.

Simple, fast, easy installation speeds assembly into 
your equipment, saves time, cuts cost. Accessible front 
connected coil and contact terminals equipped with 
pressure connectors ... no lead lugging needed!

Four basic models, up to eight unitized poles, con
vertible N.O. or n.c. contacts, completely enclosed, 
make the HR an unusually versatile relay line.

Write for Ward Leonard Bulletin 4470. Ward Leonard 
Electric Co., 77 South Street, Mount Vernon, New York. 
(In Canada: Ward Leonard of Canada Ltd.,Toronto.)

ENGINEERING DATA
CONTACT RATINGS : A.C.—10 amps., 600 V. max.; D.C.—6 amps., 
115 V., 1 amp., 230 V.

COILS: A.C. 110, 208-220, 440, or 550 V., 50 60 cps. D.C for 115 or 
230 V. Others on special order.

POLES: 2 to 3, in nil combinations of N.O. ond N.C. Contacts con* 
vertible from N.O. to N.C. and vice versa.

DIMENSIONS: Maximum, 4 pole 33b"W, 53a"H, 3^"D. S pole — 
5’/e"W, 5%"H, 3%"D. Mounting centers for all models identical.

LIVE BETTER ..Electrically

saved by an index and history of proven circuits. 
This can enable the designer to put more creative 
effort on new designs. Inexperienced people can 
be trained more quickly with less risk of design 
errors reaching the assembly floor.

Standardization, of course, imposes the respon
sibility of keeping circuits up to date. It also im
poses the need to watch the break-even point, 
where the cost of maintaining standards exceeds 
the savings realized.

Reliability Engineering
This new title has recently found its way into 

many organization charts. Previously known as 
component or parts engineering, its function is to 
evaluate parts for reliable performance and gen
eral acceptability. Here also, conservative design 
by derating can improve reliability. For example: 
■ Expected operating life of dry electrolytic ca
pacitors can often be doubled by reducing work
ing voltage to 70 per cent of rated value.
■ Expected life can double for each 10 deg C 
drop in ambient temperature within a nominal 
temperature range.

Such derating prolongs expected life and over
comes unavoidable drift.

One of the difficult problems is to specify the 

1.0

RiS ’S RHEOSTATS • PEIAYS • CONTROLS ■ PIMVERS
q
ai
ai

degree of reliability to expect for a given per
formance characteristic. This problem quickly be
comes statistical. Answers are based on the num
ber of performance tests, or on the amount of 
field data available.

Fig. 2 shows the results of many load life tests 
on a small industrial type relay. In this case, 
nominal life occurs at 50 to 60 million operations, 
but life can extend out to 100 million operations.

The corresponding reliability curve in Fig. 3 
is sometimes called a “survivor curve. Here the 
reliability at any point in life is equal to the 
number of survivors at that point divided by the 
number of units originally placed on test. Such a 
curve can reveal the magnitude of failures ex
pected over the range of relay operating life. 
Combined with reliability’ curves for other com
ponents, it can give a rough idea of overall 
equipment performance.

The reliability engineer can provide informa
tion valuable to purchasing agents in vendor se
lection. This can include:
■ Original component qualification and subse
quent comparative performance test results.
■ Vendor performance rating based on tests to 
verify component specifications.
■ Cost reduction as a result of working closely

CIRCLE 20 ON READER-SERVICE CARD
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with vendors on application and manufacturing 
problems.

Quality Control
Almost every design engineer has had the ex

perience of striving for the last bit of perform
ance from a design, only to see its reliability fall 
off due to subsequent degrading. This can be 
corrected by effective quality control. Established 
procedures, preferably documented, should con
trol the decision making functions wrhich can 
change the designed reliability. Look for those 
conditions where:
■ Quick changes are made in component vendors 
without adequate evaluation of production sam
ples and test results.
■ Repairs or replacements are made in high pro
duction tools.
■ Meters or calibration methods are changed.
■ Disposition is made of obsolete and defective 
production materials.
■ Selective assembly of component parts is the 
accepted practice to “make equipment work.”
■ Abnormal test conditions may occur, such as 
aging of test tubes, variations in line voltage, or 
mishandling of fragile equipment.

Poor control over any of these conditions guar
antees reduced product reliability.

Expansion by traditional electronic equipment 
manufacturers into the computer and machine 
tool control business requires learning how to 
deal with new mechanical problems. Methods of 
precision gaging, hydraulic testing, and accurate 
assembly methods demand new’ skills and quality 
control methods.

A NEW MEMBER

OF THE arzian SILICON RECTIFIER

LOW CURRENT FAMILY

100 to 600 PIV

RECTIFIERS ACTUAL SIZE

750 MA TO 55°C

Field Service
Reliable feedback of field information is vital, 

not only in making product improvements, but in 
evaluating the effectiveness of field service. An 
alert service organization can obtain corrective 
action to improve product reliability as follows: 
■ Instruction of customer’s repairmen on how to 
adjust for component variations rather than re
place expensive parts.
■ Teaching customers how to lengthen tube life 
by operating filaments continuously.
■ Instituting preventive maintenance with due 
care to avoid unnecessary tube testing.
■ Reporting minor and nuisance errors such as 
faded wire color codes, labels upside down to 
customer but right side up to factory tester, slid
ing replacement part trays that fall out. absence 
of lock washers in vital locations, etc.
■ Providing additional control cabinet ventila
tion.

A successful planned reliability program re
quires the coordinated effort of each function in 
an organization to obtain customer acceptance 
and maintain product reputation.

ELECTRICAL RATINGS Features
CAPACATIVE LOAD

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ • Hiffh Reliability—
Max. current ratings amperes Extra Heavy Duty Junction

S. T. Peak Max. Max. Recurrent Surge
Type Inverse RMS Max. D. C. Load Max. RMS Peak 4MS Max. • Hermetically Sealed

Volts Volt 55°c ioo°c i5o°c 55 c ioo°c i5o°c 55°c ioo°c i5o°c 55°c ioo°c i5o°c Welded Case
10H 100 70 .75 .5 .25 1.875 1.25 .625 7.5 5. 2.5 30 30 15 • Small Size
20H 200 140 .75 .5 .25 1.875 1.25 .625 7.5 5. 2.5 30 30 15

• Low Price30H 300 210 .75 .5 .25 1.875 1.25 .625 7.5 5. 2.5 30 30 15 Lunmuc

40H 400 280 .75 .5 .25 1.875 1.25 .625 7.5 5. 2.5 30 30 15 • Mass Production
50H 500 350 .75 .5 .25 1.875 1.25 .625 7.5 5. 2.5 03 30 15

_ .AA AA A AA . • Aval ab 6 from StocK in60H 600 420 .75 .5 .25 1.875 1.25 .625 7.5 5. 2.5 30 30 5_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _______ _ _ _ _ _ ____ Many Ratings

REu 1ER DIVISION 
DEPT. C 6, 415 N. COLLEGE AVE., BLOOMINGTON, IND.

IN CANADA: 700 WESTON RD.. TORONTO 9. TEL. ROGERS 2-7535 • EXPORT: AD AURIEMA, INC.. NEW YORK CITY 
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8.

9.

1/2 watt10.

Cooling Factors

4.
5.

6. Use heaw metal chassis to conduct heat.

7.Navy Electronic Laboratory

F IEELECTRONIC DESIGN • October 29, 1953

1-

5.
6.

1
2

radiation 
less than

out.
Isolate temperature-sensitive parts from

Forced-Air Cooling Factors:

1. Direct cool air on hot spots.
2. Cool hot parts with parallel air flow.
3. Do not use “second-hand ’air for cooling.

■ Natural Cooling Factors:

1. Specific heat-flow paths must be used.
2. Heat-flow paths should be as short as pos-

3.
4.

heat sources.
Use polished or unpainted 
shields to protect sensitive parts 
2 inches away from hot parts. 
All parts dissipating more than

100 Design
Suggestions

HE PURPOSE of the NEL* Relibality De
sign Handbook is to increase the reliability 

of electronic equipment. As a handy check list, 
it points out the need for techniques having low- 
failure rates. Most of our readers are already 
familiar with the 1957 edition. Here are some 
of the additional design suggestions that has 
been included in the 1958-59 edition. Request 
for copies of this booklet should be directed to 
the Commanding Officer and Director (Code 
3560) U. S. Navy Electronics Laboratory, San 
Diego 52. Calif.

sible.
Provide metal heat-flow paths.
Arrange hot parts to form a bank of mini
mum height.
If vertical stacking is used, the parts should 
be staggered.

7. Make good heat conducting joints through-

should be mounted on a metal chassis.
11. Plastic chassis must have metal heat con

ductors if its parts dissipate more than 
1/2 watt.

12. Heat sources should have high emissivity.
13. Provide metal heat conductors for em

bedded heat sources.
14. Louvers should be provided.

Maintain all air-flow paths free and un
obstructed.
Isolate intake port from exhaust.
Provide air passage and ducts of proper 
size.
Blower capacity must be adequate.

28



8. Air flow in equipment should be measured 
and mapped with smoke.

9. Design to utilize induced draft.
10. Provide adequate air filters, accessible for 

easy cleaning and replacement.
11. Cool blower motors.
12. Protection should be provided if a blower 

fails.
13. Measure critical temperatures.
14. Minimize air-flow noise.
15. Provide critical pow’er tubes with adequate 

air flow.
16. Protect fragile fins.
17. Pass air oxer seals of critical tubes first.

■ Liquid Cooling Factors:

1. Direct liquid cooling:
a. The coolant must be nonflammable 

and nontoxic.
b. The coolant must be chemically neu

tral to parts.
c. Provide for coolant expansion.
d. Design container to withstand expan

sion pressure.
e. Hermetically seal the unit.
f. Provide drain and filler plugs.
g. Design so that the coolant will not boil

• under maximum conditions.
h. Provide coolant maintenance placards.

2. Indirect liquid cooling:
a. Provide drains at system low points.
b. Provide bleed valve at the high point.
c. Use a check valve on each disconnect.
d. Provide for expansion of coolant.
e. Design so that coolant will not boil 

or freeze.
f. Provide adequate piping.
g. Select exchangers specifically for the 

system design.
h. Design to preclude condensation of 

moisture in the equipment.
i. Provide temperature control, if neces

sary.
j. Select design wherein air “locks” can

not form.
k. Provide coolant maintenance placards.
1. Coolant must be noncorrosive to ex

changers and piping.

■ Vaporization Cooling Factors:

1. Check all liquid cooling factors, preceding.
2. Expendable evaporative cooling:

a. Provide adequate quantity of coolant.
b. Install make-up reservoir if required.
c. Vent vapor to the atmosphere.
d. Prevent toxic fumes from contacting 

personnel.
e. Provide pressure control valve.

(Continued on following page)
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number source for the finest semiconductors made today I

■¡iss»:"»"»:» ■■■■■■i

General |
Instrument i—. II

Corporation -
for all your RECTIFIER and DIODE i
General Instrument for Silicon

AUTOMATIC SILICON POWER RECTIFIERS RECEPTOR SILICON DIODES

General Instrument for Germanium
RADIO RECEPTOR GERMANIUM DIODES

General Instrument for Selenium
RADIO RECEPTOR HIGH CURRENT DENSITY SELENIUM RECTIFIERS

Complete reliability, long life —along with dependable 
delivery and competitive prices! The General Instru
ment trademark assures you that these claims are valid.

Whether your requirements are for silicon power 
rectifiers, germanium or silicon signal diodes or selen
ium rectifiers, General Instrument is the only supplier 
that can meet all of your needs from a single source. 
Because of this, General Instrument can afford to be 
objective in making recommendations and you can be 
certain that your application will be reviewed in an 
unbiased manner —And that the device best suited for 
your needs will be offered.

AUTOMATIC MANUFACTURING 
DIVISION, 65 GOUVERNEUR STREET 
NEWARK. NEW JERSEY
TELEPHONE HUMBOLDT 5-2IOO

GENERAL INSTRUMENT DISTRIBUTORS: Baltimore: D & H Distributing Co. • Chicago.- Merquip Co. • Cleveland; Pioneer Electronic Supply • Los Angeles: 
Valley Electronics Supply Co., Burbank • Milwaukee: Radio Parts Co., Inc. • New York City: Hudson Radio & Television Corp., Sun Radio & Electronic Co. 
Philadelphia: Herbach & Rademan, Inc. • San Francisco: Pacific Wholesale Co. • Seattle: Seattle Radio Supply • Tulsa: Oil Capitol Electronics

CIRCLE 22 ON READER-SERVICE CARD
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The General Instrument team of semiconductor 
experts and its many years of production know-how 
assure you of superior products at competitive prices 
with on-time deliveries.

All General Instrument semiconductor products, sold 
under the Automatic and Radio Receptor trademarks, 
are available at strategically located distributor organ
izations— in many cases no further away from you than 
a local telephone call.

We solicit your inquiries and requests for technical 
data sheets pertaining to standard types.

GENERAL. INSTRUMENT CORPORATION INCLUDES AUTOMATIC MANUFACTURING 
DIVISION. F W SICKLES DIVISION • RADIO RECEPTOR COMPANY. INC. 
MICAMOLD ELECTRONICS MANUFACTURING CORPORATION (SUBSIDIARIES)

RADIO RECEPTOR COMPANY. INC 
240 WYTHE AVENUE 
BROOKLYN 11, NEW YORK
TELEPHONE EVERGREEN R6000



and High Purity Metals...
As o ie of the world’s largest primary producers, 
we are supplying TADANAC Brand Indium and 
Indium Alloys to leading American, European and 
Canadian electronic firms. We are in quantity 
production of the forms shown and are prepared 
to preform and alloy to your specifications. Our 
prices include customs duties and we handle all 
customs procedures. Our Technical Service Depart
ment, backed by the full facilities of our Research 
Division, is ready to assist you in the use of this 
versatile metal, available as
TADANAC High Purity Indium—99.999% (by diff.) 
TADANAC Standard Grade Indium—99.97 + %
TADANAC Indium Alloys—a wide range to customer 

specifications

Other TADANAC High Purity Metals
We can supply LEAD, CADMIUM, SILVER or BISMUTH with 
a total impurity content of less than 1 p.p.m.* or ZINC 
with a total impurity content of less than 2 p.p.m.*
* Total impurity content determined by spectrographic analysis

For further information and a new booklet on 
Indium Propertieê and Uses write:

The Consolidated Mining and Smelting Company of Canada Limited 

METAL SALES DIVISION—215 St James Street. W.
B7230 me Montreal 1, Quebec, Canada

100 Design Suggestions
f. Include a pressure relief valve.

3. Continuous vaporization cooling:
a. Test refrigeration system in its ulti

mate environment.

Parts Considerations

■ Electron Tubes:

1. Tubes and tube sockets should be free from 
discoloration.

2. No “glass-sucking" should occur.
3. The design must not allow the anodes to 

operate at red heat except for tantalum 
anode transmitting tubes.

4. Space unshielded tubes 1-1/2 diameters 
apart.

5. Prevent tubes from “seeing" each other.
6. Do not pot tubes in plastic.
7. Measure bulb temperatures.
8. Use thermatrons to investigate critical tube 

applications.

■ Tube Shields:

1. Use the correct shield.
2. Shields must fit tightly.
3. Shields should provide adequate protection 

from mechanical damage.
4. Blacken inner surface of shields.
5. Conduct heat to the chassis.
6. Provide low resistance metal joints.
7. The chassis must be able to dissipate the 

heat.
8. Conduct heat to the chassis.

■ Resistors (The following factors apply to re
sistors which dissipate more than 1/10 rated 
power.):

1. ('lamp resistors to a heat sink.
2. Use short leads.
3. Mount resistors in free-flowing air.
4. Mount power resistors in groups vertically.
5. A single resistor over 5 inches long should 

be mounted vertically.
6. Prevent power resistors from radiating heat 

to sensitive parts.

■ Capacitors (Capacitors are heat sensitive in the 
follow ing order of decreasing sensitivity: (1) elec
trolytic; (2) paper-tubular (wax impregnated);
(3) phenolic molded paper; (4) oil-filled, sealed, 
metal clad: (5) ceramic, barium titanate; (6) 
Teflon; and (7) glass and mica.):

a. Do not mount heat sensitive capaci
tors near hot parts.

b. Use radiation shields.
c. Capacitors must be free from bulgin; • 

and leaking.

■ Transformers and Iron-core Inductors:

1. Provide clean, low-resistance thermal join s 
to heat-conducting chassis.

2. Design magnetic power devices so that tie 
heat is conducted from the windings to the 
chassis.

3. Clean thermal joints of impregnant and 
paint.

4. Mount heat-sensitive inductors away from 
hot parts. *

5. Protect i-f and r-f coils from radiated heat.

■ Transistors and Semiconductors (These de
vices are temperature-sensitive, and thermal de
signs are critical.):

1. For power transistors, provide low thermal 
resistance path to heat-conducting chassis.

2. Liquid cool the chassis where feasible.
3. Provide constant temperature environment.
4. Transistors dissipating more than 100 mw 

should be clamped to a chassis.
5. Design circuitry to prevent performance 

deterioration with increasing temperature.

■ Semiconductor Power Rectifiers (These devices 
must be well cooled.):

1. Provide low thermal resistance to cooled 
chassis.

2. Use rectifiers with large fins.
3. Select cool spot to mount rectifiers.
4. Mount fins vertically.

Reliability

Failures in electronic equipment have been so 
numerous and so frequent that tactical operations 
have been impaired seriously. Failure data have 
indicated the following approximate mean-time- 
between-failure (MTBF) rates for existing elec
tron-tube-type equipments. (M (hours) = mean- 
time-between-failures, and X = total number of f 
electron tubes.):

1.4 x 104 For shipboard electronic equipment: Ai —
N

V R 1 . • t \f 2-5xl(F
For airborne electronic equipment; M

N

V 11.- • s 18X104
For ground electronic equipment: A/

A
Field studies have indicated that failures are 

distributed in time in a chance or random man
ner describable by a Poisson process. In this 
process, the time intervals between failures are 
exponentially distributed, and the probability,
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P„ of failure-free operation during time t is gi\ on 
by the expression:
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part mean-time-between-failures, and 
number of parts (a measure of complexity)

Designers must enhance reliability by every 
means available. Following are some suggestions: 
Simplify circuitry. Expressed in fashion similar 
to equation (1), above, the reliability of a multi
part equipment is:

probability of nonfailure, 
time m hours, 
mean-time-between-failure, and 
2.718 (natural base).

J. BISHOP & CO
platinum works

n so 
ions 
lave 
ime-

Thus, if part life is constant, the few er the parts, 
the longer will be the mean-time-between-fail- 
ii re.
Use safety factors. Most electronic parts have 
longer life if the applied stress is reduced below 
their ratings. If this stress (dissipation in compo
sition resistors is reduced to 60 per cent of rated, 
the mean-time-between-failures is increased two 
or three times. The excursions of primary and 
secondary stress factors must be minimized. 
These excursions are noted in powerline voltage 
and frequency, vibration resonance, high-impact 
shock, humidity, and temperature.
Reduce operating temperature, and position 
parts in equipments to minimize the effect of 
connection and radiation heat. The life of most 
parts can be improved by reducing the tempera
ture of parts (such as by reducing the internal 
ambient temperature in equipments). For one 
ty pe of equipment the MTBF was doubled when 
the internal ambient temperature was reduced 
20 C.
Use redundancy. When state-of-the-art limita
tions preclude achieving the reliability objective, 
the use of redundant parts, circuits, and equip
ments must be utilized.
Use techniques inherently reliable. The use of 
solid-state devices—magnetic circuits, transistors, 
dielectric amplifiers—will enhance reliability in 
some applications. Thermionic devices have high 
lailure rates—sometimes one order of magnitude 
greater than solid-state devices.
Use conservative circuit design. Check circuit 
function with transistors or tubes having life
test-end-point performance. Use prescribed de
rating factors and compensate in circuit design 
for known weaknesses of parts. Military pre
ferred parts should be used in all applications 
possible.

mce
ure.

That special tubing you need doesn’t have to be a frustrating prob
lem — Bishop delights in tackling tough specs. Bishop is uniquely 
equipped to handle specials—long on experience and capacity, short 
on delivery. You’ll get help within 24 hours from a Quick Service 
Team of sales, metallurgical and production experts -and unexcelled 
quality tubing . .. the finest made.
Briefly, the Bishop Line ...

Metals for Precision 
and Performance"

Send in your individual specs for prompt handling, thor 
ough analysis, prices, deliveries. Write, wire or phone 
Malvern 3100, or call your local steel service center.

STAINLESS STEEL TUBING 
Seamless, Welded & Drawn

Mechanical, Aircraft, Capillary, 
Hypodermic also NEW 
Stabilized and L grades, 
precipitation hardening alloys

U.008" to 1.000" 0D 
0.003" to 0.083" wall

NICKEL & NICKEL ALLOY 
TUBING All standard grades up to 1.000" 0D 

0.065" wall max
rUBULAR_FABR 1 CAT ED. PARTS
GLASS TO METAL 
SEALING ALLOYS

Flanged, flared, milled, slotted, swaged, threaded
Low expansion alloys for glass sealing applicat ons

CLAD METALS & 
COMPOSITE WIRES hase metals & precious metals in various combinations
PLATINUM GROUP METALS Fabricated products—chemicals
CATALOGS, DATA SHEETS ON THE ABOVE SENT PROMPTLY ON REQUEST



Keithley electrometers for 
every de laboratory test

High-Speed

Sampling

Model 610, line-operated, 59 ranges 
The Keithley 610 Electrometer is a laboratory workhorse, 
doing the work of several instruments. It covers the ex
treme spans of de voltage, current, and resistance tabu
lated below, and is a useful preamplifier as well. It has 
precise gains to 1000, a de to 500 cps bandwidth, and 
10-volt and 1-ma outputs. Input resistance of the 610 
is selectable from one ohm to over 1014 ohms. It checks 
its awn resistance and voltage supply standards. Zero drift 
is comfortably within 2 millivolts per hour after warmup.

Need a few specials?
Recent Keithley develop
ments include instruments 
for the Navy’s Vanguard, 
for Army research balloons, 
and for Air Force research 
missiles. Your special prob
lem will receive a prompt 
reply.

Model 600, battery-operated, 53 ranges 
The Model 600 is a small, portable, battery-operated 
sister of the 610. Its many ranges also arc tabulated 
below. Like the 610, its input resistance may be varied 
from one ohm to over 1014 ohms, permitting an opti
mum balance of low circuit loading verus minimum pick
up Output is sufficient to drive potentiometric recorders 
directly, with a de to 100 cps band-width, and zero 
drift is within 2 millivolts per hour. The 600 will check 
its own batteries; minimum battery life is 500 hours.

MODEL
FULL SCALE RANGES PRICE

VOLTAGE CURRENT RESISTANCE

610 10 mv to 
100 volts

I013 amp. to 
3 amperes

10 ohms to 
IOU ohms $465.00

600 10 mv to
10 volts

I013 amp. to 
3 amperes

10,000 ohms 
to 1013 ohms $380.00

three accessory probes are available to facilitate measurements and extend the 
measuring range to 30 kv (Model 610) or 10 kv (Model 600). A convenient accessory test 
shield permits rapid checks of small components. Write today for more details.

KEITHLEY INSTRUMENTS, INC.
12415 EUCLID AVENUE • CLEVELAND 6, OHIO

HIGH-SPEED sampling of low-level signals 
is accomplished by a new all-transistor elec

tronic commutator. Designed by Radiation Inc. 
P. O. Box 37, Melbourne, Fla., the device is ca
pable of operating at rates up to 24,000 samples 
per second. It contains 50 diode gates which en
able the commutator to sample up to 50 chan
nels. Distortion and losses are negligible.

Called Radiplex, the unit may be controlled 
by synchronizing signals or commanded from an 
external source computer. An important feature 
is the ability of the commutator to mix signals of 
full scale amplitudes as high as ±10 v with sig
nals at levels as low as ±10 mv. Output may be 
connected to analog-digital converters to obtain 
coded outputs for storage or computation. Input 
can be obtained from accelerometers, thermo
couples, etc. without a preamplifier.

Reliable operation at the extreme sampling 
speeds has been made possible by new sample 
and hold circuitry. Sequential output of the 
diode bridge is sampled over a period of 4 mi
croseconds. Then the output information is held,
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Switch

hysteresis synchronous

hysteresis synchronous

GLOBE A.C. MOTORS GEAR REDUCERS PACKAGES
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49 standard gear ratios 
from 2 56 1 to 36.873 1

129 standard gear ratios 
from 2.564 to 46.656 1

GLOBE BASIC AC MOTOR PACKAGES

ELECTRONIC DESIGN • October 29, 1958

102 standard gear retios 
from 4 1 to 3,000.000 1

right angle gear units

im rc
60^ 400— or variable frequency

1 2 or 3 phase

2 4 or t. pole

New high-speed electronic 
commutator can be prepro
grammed to perimit sampling 
of any logical arrangement of 
channels and switching rates. 
Patch plugs are at the rear 
(bottom photo).

1 YPf MC
60* 400* or variable frequency

1. 2 of 3 phase

2 or 4 pole

TYPE SC

60* 400* or variable frequency 

]. 2 or 3 phase

2. 4 or 6 pole

In precision miniature motors, gear reducers, and 
small-package devices using clutches, brakes, 
and other components. Globe Industries has the 
hardware to meet your requirement. From a 
single source you can get fast 2 to 4 week pro
totype delivery of standard units. Modular 
design, interchangeable precision parts, and an 
efficient special order department are specific, 
unique reasons why you get what you need be
fore your design grows cold.

Three basic A C. motors are shown above. 
With their integral gear reducers they reliably 
span the torque range to more than 2000 in. 
oz. Custom modifications are a specialty.

Globe motor packages were chosen for the 
Army’s Jupiter C, and as you read this, at least 
one such package is circling the earth. Ask the 
largest precision miniature motor manufacturer 
first. Request the Globe A C. Motor Catalog now. 
GLOBE INDUSTRIES. INC , 1784 Stanley Avenue, 
Dayton 4. Ohio. BAIdwin 2 3741.

or remembered for 40 microseconds.
Flexibility is provided to enable the operator 

to program a variety of sampling rates. Often it 
is necessary to sample different channels at dif
ferent rates. With Radiplex, the operator may 
preprogram the unit for almost any combination 
of channels (one to fifty), and sampling rates. For 
example, it is possible to program the unit to use 
two channels, sampling each at 12,000 per sec
ond. Or all 50 channels mayr be sampled at 480 
per second.

Fifty channels are available; sampling rate is 
from 0-24 kc. Input is ±10 mv to ±10 v full scale 
with an input impedance of 30,000 ohms. Recom
mended driving source impedance should be less 
than 1000 ohms.

Lipearity is within 0.1 per cent with inter
channel modulation of 10-4 for a source imped
ance less than 1000 ohms. Power supply is built 
in and will operate from 60-400 cps ac sources.

For more information about this high-speed 
electronic commutator, turn to Readers Service 
Card and circle 101.

I EIE



Stock onNow, Immediate Delivery from
MEETING REPORTGENERAL CERAMICS SPECIAL

PURPOSE FERRITE CORES
F926 F278 F439F260 F671

F670 F825 F289 F622

F672

2

F610-2 F366

F610-3 F189 F167

2 6

Rush designers
this handy materials selector chart

F243/F242

5
F6101 F612-1 F612-2

3 4

F927 F261

F610-6

Inches

F749

F625 F303 F717

Ferrite Cores available 
in various materials for 
development and design 
engineers to cover 
specific frequency bands 
of operation from 1 KC 
to 50 megacycles. General 
Ceramics provides extra
fast service on sample 
quantities for develop
ment and will make 
prompt delivery on pro
duction parts in reason
able quantities. Call, 
wire or write General 
Ceramics Corporation, 
Keasbey, New Jersey. 
Please direct inquiries 
to Dept. ED.

F731

F875

F188/F187

First Insulation

Conference

Probes Material

Problems

L. N. Tolopko
Assistant Editor 

ELECTRONIC DESIGN
F784

J
F754

0
F607-2 F607 1

APPLICATION DESIRED PROPERTIES FREQUENCY FERRAMIC BODY SHAPES
Filter Inductors High HQ, magnetic stability, 

sometimes adjustable
up to 200 kcs 
200 kcs-10 mcs 
10 mcs-80 mcs

”O-3"."T1" 
“Q-l" 
“Q-2"

Cup cores, toroids, 
C-cores, E-cores, 
slugs

IF Transformers Moderate Q, high p, 
magnetic stability, 
adjustable

465 mcs
40 mcs 

other

"Q-l"
"Q-2”
Materials for filter 
inductors apply

Cup cores, threaded 
cores, toroids

Antennae Cores Moderate Q, high p, 
magnetic stability

.5-10 mcs 
10.50 mcs

..q-1» 
••Q-2”

Rods, flat strips

Wide Band 
Transformers

High p, moderately 
low loss

1 kc- 400 kcs
1 kc-l me 
200 kcs-30 fncs
10 mcs-100 mcs

”0-3”, "T-l” 
“H” 
“Q-l” 
“Q-2”

Cup cores, toroids, 
C-cores, E-cores

Adjustable Inductors Highp, moderately 
low loss

Same as Wide 
Band Transformers

Same as Wide 
Band Transformers

Rods, threaded 
cores, tunable cup 
cores

Tuners Highp, moderate to high Q, 
magnetic stability, as much 
as 10 to 1 adjustability with 
mechanical or biasing 
methods

Upto 100 mcs For high Q selective 
circuits, materials under 
filter inductors apply. 
For others, materials 
under wide band 
transformers apply

Threaded cores or 
rods for mechanical 
tuning. Toroids, 
C-cores, E-cores for 
biasing methods

Pulse Transformers Highp, low loss, high 
saturation

Pulse Materials under wide 
band transformers apply

Cup cores, toroids, 
C-cores, E-cores

Recording Heads High Lt, low loss, high 
saturation, resistance 
to wear

Audio, pulse “H”
• 0 3”. "T-l”

GENERAL CERAMICS

DEMANDS being made on insulation mate
rial today are similar to those being made 

on electronic components and equipment: it 
must be able to stand up to higher and higher 
temperatures, occupy less volume, and weigh 
less. z

This trend was made clear at the first Na
tional Conference on the Application of Elec
trical Insulation. The conference, cosponsored 
by the American Institute of Electrical Engineers 
and the National Electrical Manufacturers As
sociation, was held in Cleveland on September 
3, 4 and 5. Over one hundred papers were de
livered at the sessions which were divided into 
four groups: rotating equipment, transformers, 
controls and instrumentations, and electronics. In 
addition, an exhibition provided the opportunity' 
for displaying the latest advances in insulation 
and a meeting ground where manufacturer and 
user could thrash out common problems.

Undoubtedly the greatest advances in recent 
years have been the development of the silicones 
and fluorocarbon materials. To meet today’s 
ultrahigh temperature requirements these sub
stances, along with the newer plastics, are being 
combined successfully with the traditional in
sulating materials.

I
I

A
bIndustrial Ceramics for Industrial Progress.. Since 1906
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DIFILM METALLIZED CAPACITORS

1er

i 18P

ers

ion

nés

Type 1 18P DIFILM capacitors may also be 
used at extremely low voltages. Capacitors in 
typical applications have been operated up to 
5000 hours with only 2 volts applied without 
the non-clearable short circuits which have 
been typical of earlier metallized paper designs. 
The vibration and shock resistance of DIFILM

capacitors are the same as those for standard 
paper capacitors—140% oj rated voltage for 
2 50 hours at full rated temperature. 125°C. 
Dielectric tests, too, are the same as for com
parable paper capacitors—twice the rated

H rite for Engineering Bulletin 2211A to Tech
nical Literature Section, Sprague Electric Company, 
347 Marshall Street. North Adams, Massachusetts.

For fast deliveries of popular ratings, call your 
local Sprague Industrial Distributor.
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The Work Ahead

Incoming chairman of the AIEE Committee on 
Electrical Insulation, K. N. Mathes of General 
Electric, and other members of the committee, 
hope to bring peace into the area of insulation. 
At a dinner meeting, ambitious plans to define 
basic insulation terms, and methods of testing to

The Manufacturer’s Side . . .

The trouble, a representative of the manu
facturer explained, is that there are no standards 
regarding the testing of material. Everyone 
seems to be testing dielectric strength, flexure 
strength and what have y ou their own way*. The 
ground rules have not been laid down. He 
related how his company had been asked to de
velop a material that would remain noncombust
ible in the presence of a Bunsen flame. The ma
terial had been developed and tested satisfac
torily in the manufacturer’s laboratory. However, 
when submitted to the user, the material was 
turned down because it burned when touched 
w ith the flame of a Bunsen burner. After exten
sive studies it was discovered that the BTU value 
of the user’s gas flame was much higher than 
that of the manufacturer’s. The representative of 
the manufacturer said that the most useful out
come of the conference would be everyone 
agreeing to a set of common ground rules and 
definitions. This, he admitted, might take several 
years. But this first conference was a good start, 
he concluded.

UNMATCHED for reliability in high temper
ature operation, Sprague’s Type 118P DIFILM 
Metallized Capacitors have the highest insu
lation resistance of any metallized paper capac

itors. Their unusual reliability is largely attrib
uted to the dual dielectric, a unique combi
nation of polyester film and metallized paper 
impregnated with a special high-temperature 
mineral wax. They’re designed for operation 
at 125 C without voltage derating.

Spurring today’s demands are the require
ments of military aircraft. As airplane speeds in
crease so do the ambient temperatures, if any 
useful load can be carried, permissible conductor 
temperature.: must be raised to 1000 F. and

Metallized Capacitors make them well-suited 
to missile electronics and similar applications.

The improved, quality of these capacitors is 
the result of advanced manufacturing tech
niques combined with the development of 
new and better materials . all under strict 
quality control. Sprague is the only commer
cial capacitor manufacturer to metallize its 
own condenser tissue . .. the only manufac
turer to continuously inspect all plastic film 
used to see that it meets rigorous Sprague 
standards. No wonder Sprague is first in 
quality metallized paper capacitors!

SPRAGUE COMPONENTS:

CAPACITORS • RESISTORS • MAGNETIC COMPONENTS • TRANSISTORS • INTERFERENCE

FILTERS • PULSE NETWORKS • HIGH TEMPERATURE MAGNET WIRE • PRINTED CIRCUITS 
CIRCLE 28 ON READER-SERVICE CARD

The User's Gripe

Chief complaint from the users of insulation 
material, as sampled in the corridors and various 
forums, was that they were never quite sure of 
quality of the material they were receiv mg. As 
a result, virtually every user talked to admitted 
to testing the material they purchased before us
ing it. One user complained that generally the 
manufacturer’s data sheet is correct but suffers 
from incompleteness. He related how he had 
taken used wire which was supposed to maintain 
its insulation at 130 C. After using the material 
he discovered this to be true. What they had 
forgotten to tell him was that the insulation 
shrunk by three per cent. Another user sup
ported this contention. He said the data sheets 
he received gave the characteristics of the ma
terials, but that how the characteristics were ob
tained was never given. The data sheets were 
therefore meaningless to him.

the most 
reliable 
metallized 
capacitors

SPRAGUE
the mark of reliability

I ■



Storage Unit containing its own core memory of 1,000 positions w hich allows 
central processing to continue in the 705 w hile other data are being printed. 
Helping the 760 remember what information is to be printed is a job for 
Phenoim “ Laminated Plastic. Phenolite’s unique combination of prop
erties makes it ideal for this application.

KEEPING "ELECTRONIC BRAINS” FROM LOSS OF MEMORY. One of science’s 
greater marvels is IBM's 705 Electronic Data Processing Machine—which 
makes intricate calculations and logical decisions in millionths of a second. 
I ieart of this electronic “w izard” is its main magnetic core memory. Designed 
for use with the machine's high-speed printer is the IBM 7(>0 Control and

MOST ADVANCED FORM OF ELECTRONIC STORAGE. The 1,000-position core 
memory lor the IBM 760 Control and Storage Unit— a portion of which is shown 
here—consists of pinhead size cores strung on copper-w ired frames of Phenolite. 
Electrical impulses, passing through wires, alter the magnetic state of cores so 
that a group of them stands for a word or figure. Reversing the process recalls 
information from storage. Phenolite frames safeguard the circuit and permit 
stacking of core planes as show n.

PHENOLITE MEETS CRITICAL STANDARDS. Core frames like the one 
shown are punched out of laminated Pm nolite bv IBM. Each frame 
has printed circuit tvpc terminal strips anti soldered connections. 
Phenolite proves an ideal material for this application because it is 
mechanically strong and stiff, punches cleanly, etches well, remains 
flat, has high dielectric properties and withstands the heat of dip 
soldering.

NATIONAL CAN HELP YOU reduce unit product cost or improve product per
formance at no added cost. Here's why . . . You can select the “one best material" from 
over 100 grades of Phenolite. Vulcanized Fibre and National Nylon -without 
compromise in properties or cost. You can simplify production and purchasing with the 
timed delivery of 100% usable parts—from a single reliable source. You gain competi
tively with National's new materials and grades the direct result of programmed 
materials-research.

You benefit by calling National first. Check Sweet's PD File 2b Na. the Telephone 
Directory Yellow Pages, or write Wilmington 99. Delaware. Dept. E-10,
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$ 1VATIOJVAI
/ VULCANIZED FBBKK co

WILMINGTON 99, DELAWARE
In Canada:

NATIONAL FIBRE CO. OF CANADA, LTD.. Toronto 3. Ont

determine insulation to everyone’s satisfaction 
were laid out for the coming year.

Roundup of Papers

Some of the papers delivered at the conference 
and of value to the electronic design engineer 
are abstracted in the following paragraphs.

In discussing “Dielectric Papers for Electronic 
Applications," S. W. Pease* of the Crocker Bur
bank & Co. Asson., told how to select the best 
paper for a particular application.

“If a unit is in production using a particular 
grade of paper, but improvement is desired, the 
following factors should be considered:

“1. To improve dielectric strength: Use a 
greater number of thinner sheets or change to 
a higher density, better formed paper. In either 
case, the cost of the paper will be higher, but 
the cost of the unit may or may not be affected 
since production losses may be lowered.

“2. To lower the dissipation factor: Use a lower 
density paper. If a drop in the 30 to 60 C range 
is desired, use a modified kraft pulp paper.

“3. To lower cost: Since thicker papers usually 
cost less per pound, using a few thicker sheets 
will be cheaper than a greater number of thin 
sheets. If some latitude in properties is avail
able, examine the cost figures of the different 
density sheets. The price per pound of the paper 
is not a good indication of the cost of using a 
particular grade in any specific application.

“If a paper grade is to be chosen for a new 
unit of a completely different design, it is neces
sary to analyze the properties desired and make a 
well-educated guess at the grade of paper to 
start with. Having established the properties of 
the units, one may proceed as above. In either 
case, the suggestions of the paper company will 
be helpful.

“A word of caution should be added to the 
engineer evaluating a new grade of paper. Var
ious grades of paper need to be handled in dif
ferent ways. The winding, drying, and impregna
tion processes suitable for one grade may prove 
entirely unsatisfactory for a grade with com
pletely different properties.

Characteristics the design engineer should 
consider in selecting and insulating material was 
covered in “What Every Engineer Should Know 
About High Temperature Wire and Cable,” a 
paper prepared by F. X. Buschman, Tensolite 
Insulated Wire Co., Inc.

“1. Temperature Rating. That is, the maximum 
temperature at which the material may be used 
in operation continuously without loss of its basic 
properties.

“2. Dielectric Constant which is a measurement 
of its insulating efficiency. Dielectric constant is 
in itself a comparison of the insulating effective 
ness of a material as compared to a vacuum
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in new

Truly sub-miniature, these capacitors were devised especially for printed circuits and automatic assembly. 
Since they retain all the properties of larger, pig- tail capacitors, they are well suited to general circuitry as well.
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Rugged • These capacitors, when 
mounted, successfully withstand a 
standard five-hour vibration cycling 
test at 10 to 55 cycles, 15G Max.

Known as W1.-4 capacitors, these 
units are in mass production. Your in
quiries concerning data and prices are 
welcome.

1. to MIL C-11272A except smaller
2. 1 to 1,000 uuf
3. 300 volts
4 125 C. full rating
5. .010 cubic inches

These new capacitors measure only 
x ’%4 x .115, yet have capacitances 

up to 1000 uuf at a full 300 V. rating 
at 125°C. Such exceptional thinness 
makes these capacitors particularly well 
suited for vertical mounting in small, 
high-rated units.

The capacitors have high tempera
ture soldered leads which allow direct 
connection to circuit hoards. The leads 
are .100 inches long, fitting most cir
cuit board thicknesses and eliminating 
any trimming.
Reliable • Since the new construction 
is extremely simple, reliability is cor
respondingly high.

Packing up to 1.000 uuf at 300 V . 
and 125°C. into 0.010 cubic inches, 
these new capacitors are designed 
for use on printed circuit boards 
and all applications requiring high- 
quality components. Advantages in
clude fixed temperature coefficient, 
high insulation resistance, low die
lectric absorption, the ability to op
erate under high humidity and high 
temperature conditions, plus the 
added advantage of increased min
iaturization.

You can now up-grade your specs 
tor miniature capacitors used on 
printed circuits.

CORNING GLASS WORKS, Bradford, Pennsylvan
Electronic Components Department
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which is arbitrarily assigned a constant of unity.
“3. Chemical Resistance. If the finished wire 

will operate in or around presence of materials 
which can corrode or otherwise deteriorate a 
conductor, or if penetrable to the conductor can 
cause dielectric loss, an insulating medium must 
be chosen to present these actions.

“4. Flexibility. Particularly in electronics and 
aircraft or missile installation where assemblies 
of flexibility must be maintained.

“5. Moisture Absorption. Where conditions of 
high humidity or the presence of water are an
ticipated, a resistance to the absorption of mois
ture becomes critical in the selection of insulat
ing materials.

“6. Effects of Soldering. Since many wire 
terminations in electronics and aircraft assem
blies are accomplished by soldering the con
ductor to a termination point, and this is fre
quently done in confined spaces, an insulating 
material which is not affected by the heat present 
in the soldering operation is very frequently a 
must.”

“Analysis of Soldering and Conductor Break
age in High Temperature Hook-Up Wire” was 
the title of a paper prepared by Messrs. W. Nold 
and C. Brown of the Laboratory For Electronics. 
Boston, Mass. The following points were made:

“Good flexibility of the1 conductor is necessary 
to reduce breakage due to repeated bending, and 
individual strands of high-temperature wire can 
not be tin-coated as in the usual hook-up wire, 
because tin-coated strands would fuse together 
at the temperatures used in curing the high
temperature insulations on the wire.

The composition of the solder and the tem
perature at which it is used greatly affects the 
amount of bending that the soldered connection 
w ill stand. In general, the higher the tin content 
of the solder and the higher the temperature at 
which the soldering is done, the poorer the bend 
endurance of the soldered connection. The best 
results were had from a solder which was com
posed of equal parts of tin and lead with 1-1/2 
per cent copper; this solder melts and flows as 
freely as ordinary 50/50 tin-lead solder.

' Soldering which is done at temperatures be
low 550 F usually produce lumpy-looking con
nections and the long time required to heat up 
the wire and the termination may actually result 
in heating up adjacent areas to an undesirable 
degree, even to the extent of melting previously 
soldered connections.”

After testing wire for bend endurance it 
was found that: As might be expected, very 
large angles of bend caused greatly reduced 
bend-endurance. All breaks occurred within the 
soldered area of the wire, sometimes between the 
end of the insulation and the connector pin, 
sometimes within the insulation.”
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ELECTRONIC MEASUREMENTS CO., Inc.
EATONTOWN NEW JERSEY

Circuit assembly (above) with 
tors—ready for use. (Sippican)

Instrument stick (above) with soldered con
nections by Lind Corp.

super regulated...
No derating ever! Specified regulation is valid over the 
entire range of input and load . . . 0.1% or 0.01 \ .

all popular ranges . . .
Available in narrow or wide range models. Narrow range 
models cover all standard battery voltages. Wide range 
models start at 0 to 7 volts and are available up to 0 to 
60 volts. Various current ratings up to 15 amperes.

remote sensing.. .
Brings votage regulation to the load where it’s needed. 
Eliminates the effect of voltage drops in power leads.

short circuit proof...
An exclusive electronic (no moving parts) circuit 
breaker fully protects transistors against burnout.

Instrument Sticks For Tomorrows

• I

regaTRAN

Transistorized Power Supplies 
Turn Claims Into Specs!

. . . plus all the other features you’d expect in an E/M 
Power Supply: low output impedance (approx. 0.001 
ohm at 1 kc); ripple free (less than .001 volt); negative, 
positive or ungrounded output; front panel calibration 
and null balance controls . . . and the extras too, like 
printed circuitry; removable subassemblies . . . but why 
not get all the facts. II rite for Preliminary Bulletin T.

CIRCLE 31 ON READER-SERVICE CARD

38

Rigid plastic foam (right) cushions against 
shock in this Lind assembly.

Back-to-back power tran
sistors are flanked by di

odes, resistors, and capaci
tors to form a fragment of 
computer logic. In this Sip 

pican unit, all interconnec
tions are resistance spot 
welded.

Three sticks (right) ready for assembly. (Sippicar'
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Packages

EXTREMELY high component densities, to 
71 per cent, are featured in “instrument 

sticks, a new packaging concept. Almost at the 
same time, two companies, working independ
ently, announced this new packaging service. 
Unbeknownst to each other, both companies 
coined the same term for their packages—“instru
ment sticks.”

Available from Sippican Corp., Marion, Mass, 
(an affiliate and licensee of Francis Associates), 
and from Lind Corp., Research Park, Prince
ton, N.J., the sticks are similar in appearance and 
basic concept, yet they have important differ
ences.

Units Are The Same . . .

In both cases, each component is in close physi
cal contact with its neighbors and no supporting 
structure is normally required. Sticks of compo
nents are normally encapsulated in a suitable 
potting resin, and individual modules may be 
strapped together and stacked. The potting pro
tects against humidity, fungus, and salt spray.

Packages are very strong and rigid. Lind lists 
typical specifications for vibration of 25 to 2500 
cycles at 25 g; 150 g for 11 msec, for shock; and 
150 g of continuous acceleration.

Since leads are very short and well insulated 
cross-talk and interference are very low.

Thin sheets of metal can be interleaved in 
parallel planes among the sticks assembled in a 
cube for high thermal conductivity, or thermal 
problems can be eliminated with an aluminum 
“sandwich.”

Surgery can be performed on either unit to re
place defective components—but the operation is 
a ticklish one.

. . . Yet Different

fhe outstanding difference between the pack
ages is that interconnections are made by resist
ance spot welding in the Sippican models, and 
by soldering or electroplating in the Lind units.

Sippican uses structural engineering principles 
—depending on the natural compressive strength 
of the components packed so densely, and the 
tensile strength of the interconnecting wiring. If 
the assembly is potted in a suitable casting resin 
—its strength is roughly analogous to a steel rein
forced concrete beam.

Lind casts the individual modules in an epoxy 
stick, straps them together, then uses a rigid plas
tic foam to hold the members together.

For further information on both techniques, 
turn to the Reader-Sen ice Card and Circle 102.
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You have no 
size barrier 

with ARNOLD 
MOLYBDENUM 
PERMALLOY 
POWDER CORES

Starting with the smallest up to the largest, Arnold leads 
the way in offering you a full range of Molybdenum 
Permalloy Powder cores for greater design flexibility . . . 
from 0.500" O.D. to 5.218" O.D.

As long ago as 1953 Arnold pioneered and developed 
for production use the small "Cheerio” core illustrated 
above. Today, hundreds of thousands of Arnold "Cheerio” 
cores are filling the requirement for miniaturization in 
circuit design in industrial and military applications. And 
even smaller sizes have been developed by the Arnold 
Engineering Company and are available.

Arnold also is the exclusive producer of the largest 125 
Mu core commercially available. A huge 2,000 ton press

is required for its manufacture and insures its uni « 
physical and magnetic properties. This big core is 
offered in the other three standard permeabilities <> 
26 and 14 Mu.

Most core sizes can be furnished with a c<mtr« . ; 
temperature coefficient of inductance in the range of • I 
to 130° F. Many can be supplied temperature stabi 
over the wide range covered by the MIL-T-27 specific; 
of —55° C to 4-85° C . . . another of the special fea' » 
only Arnold provides. • Let us handle all your mag 
materials requirements from the most extensive line n • 
industry: Powder cores, tape cores, cast or sintered Al 
permanent magnets, and special magnetic materials

For more information write for 
Bulletin PC-104B

Lists complete line of Mo-Permalloy Powder 
cores . . . available in 23 sizes from 0.500" O.D. 
to 5.218" O.D. Furnished also with various tyi»es
of temperature stability from Tyi>e un-
stabilized to Type “W” stabilized over the tem
perature range of —65° F to -f-185° F.

ADDRESS DEPT. ED-810.

The Arnold Engineering Company
Main Office & Plant: Marengo, Illinois 

Repath Pacific Division Plants 641 last 61st Street, Los Angeles, Caff.

District Sales Offices:
Boston: 49 Waltham St., Lexington Lot Angolot 3450 Wilshire *hrCl 

New York: 350 Fifth Ave. Washington, D.C.- 1001 -1 Sth St«, N.W,
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Instrument Sticks For Tomorrow s

Transistorized Power Supplies 
Turn Claims Into Specs!

• super regulated...
No derating ever! Specified regulation is valid over the 
entire range of input and load . . . 0.1% or 0.01 V.

• short circuit proof. ..
An exclusive electronic (no moving parts) circuit 
breaker fully protects transistors against burnout.

• remote sensing. . .
Brings votage regulation to the load where it’s needed. 
Eliminates the effect of voltage drops in power leads.

• all popular ranges . . .
Available in narrow or wide range models. Narrow range 
models cover all standard battery voltages. Vi ide range 
models start at 0 to 7 volts and are available up to 0 to 
60 volts. Various current ratings up to 15 amperes.

. . . plus all the other features you’d expect in an E/M 
Power Supply: low output impedance (approx. 0.001 
ohm at 1 kc) ; ripple free (less than .001 volt); negative, 
positive or ungrounded output; front panel calibration 
and null balance controls . . . and the extras too, like 
printed circuitry; removable subassemblies . . . but why 
not get all the facts. W rite jor Preliminary Bulletin T.

ELECTRONIC MEASUREMENTS CO., Inc.
EATONTOWN • NEW JERSEY
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Circuit assembly (above) with end connec-
tors—ready for use. (Sippican)

Back-to-back power tran
sistors are flanked by di
odes, resistors, and capaci
tors to form a fragment of 
computer logic. In this Sip 
pican unit, all interconnec
tions are resistance spot 
welded.
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Three sticks (right) ready for assembly. (Sippican
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Packages

EXTREMEIA high component densities, to 
74 per cent, are featured in “instrument 

sticks,’ a new packaging concept. Almost at the 
same time, two companies, working independ
ently, announced this new packaging service. 
Unbeknownst to each other, both companies 
coined the same term for their packages—“instru
ment sticks.”

Available from Sippican Corp., Marion, Mass, 
(an affiliate and licensee of Francis Associates), 
and from Lind Corp., Research Park, Prince
ton, NJ., the sticks are similar in appearance and 
basic concept, yet they have important differ
ences.

Units Are The Same . . .

In both cases, each component is in close physi
cal contact with its neighbors and no supporting 
structure is normally required. Sticks of compo
nents arc normally encapsulated in a suitable 
potting resin, and individual modules may be 
strapped together and stacked. The potting pro
tects against humidity, fungus, and salt spray.

Packages are very strong and rigid. Lind lists 
typical specifications for vibration of 25 to 2500 
cycles at 25 g; 150 g for 11 msec, for shock; and 
150 g of continuous acceleration.

Since leads are very short and well insulated 
cross-talk and interference are very low.

Thin sheets of metal can be interleaved in 
parallel planes among the sticks assembled in a 
cube for high thermal conductivity, or thermal 
problems can be eliminated with an aluminum 
“sandwich.”

Surgery can be performed on either unit to re
place defective components—but the operation is 
a ticklish one.

... Yet Different

The outstanding difference between the pack
ages is that interconnections are made by resist
ance spot welding in the Sippican models, and 
by soldering or electroplating in the Lind units.

Sippican uses structural engineering principles 
—depending on the natural compressive strength 
of the components packed so densely, and the 
tensile strength of the interconnecting wiring. If 
the assembly’ is potted in a suitable casting resin 
—its strength is roughly analogous to a steel rein
forced concrete beam.

Lind casts the individual modules in an epoxy’ 
stick, straps them together, then uses a rigid plas
tic foam to hold the members together.

For further information on both techniques, 
turn to the Reader-Sen ice Card and Circle 102.
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is required for its manufacture and insures its uniform 
physical and magnetic properties. This big core is also 
offered in the other three standard permeabilities of 60, 
26 and 14 Mu.

Most core sizes can be furnished with a controlled 
temperature coefficient of inductance in the range of 30° F 
to 130° F. Many can be supplied temperature stabilized 
over the wide range covered oy the MIL-T-27 specification 
of —55° C to +85° C . . . another of the special features 
only Arnold provides. • Let us handle all your magnetic 
materials requirements from the most extensive line in the 
industry. Powder cores, tape cores, cast or sintered Alnico 
permanent magnets, and special magnetic materials.

Starting with the smallest up to the largest, Arnold leads 
the way in offering you a full range of Molybdenum 
Permalloy Powder cores for greater design flexibility . . . 
from 0.500" O.D. to 5.218" O.D.

As long ago as 1953 Arnold pioneered and developed 
for production use the small ''Cheerio“ core illustrated 
above. Today, hundreds of thousands of Arnold “Cheerio” 
cores are filling the requirement for miniaturization in 
circuit design in industrial and military applications. Ami 
even smaller sizes have been developed by the Arnold 
Engineering Company and are available.

Arnold also is the exclusive producer of the largest 125 
Mu core commercially available. A huge 2,000 ton press

You have no 
size barrier 

with ARNOLD 
MOLYBDENUM 
PERMALLOY 
POWDER CORES

For more Information write for 
Bulletin PC-1O4B

Lists complete line of Mo-Permalloy Powder 
cores . . . available in 23 sizes from 0.500" O.D. 
to 5.218" O.D. Furnished also with various tyjres 
of temperature stability from Type "A" un
stabilized to Type “W” stabilized over the tem
perature range of —65° F to +185° F.

ADDRESS DEPT. ED-810.

The Arnold Engineering Company
Main Office & Plant: Marengo, Illinois

ReP®*** Pacific Division Plant: 641 East 61st Street, las Angeles, Calif.

•grOtV District Sales Offices:
totfon: 49 Waltham St, Lexington Lot Angeles: 3450 Wilshire Blvd. ' 

New York: 350 Fifth Ave. Washington, D.C.: 1001-15th St., N.W.
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NEW PRODUCTS
Covering all new products that might gener
ally he specified hy an electronics engineer 
engaged in the design of original equipment.

TRANSDUCERS
o

Transducers do one thing: change energy of one form into another form. Shown on 
this page are three of the newest transducers available. All are designed for use in
converting pressure variations into frequency variations. The next issue of 
tronic Design will describe several transducers which were unearthed at the 
National Symposium on Telemetering.

Elec- 
recent

0$

Pressure-to-frequency

IHlhl

I

Input pressures of 0 to 1000 psi arc converted into a direct 
electrical output in terms of frequency by this transducer. Out
put of the unit is in the form of an audio (fm) signal, with a fre
quency inversely proportional to applied pressure. In the model 
8815 the frequency output is achieved by means of a vibrating 
wire which is stretched between an anchor point and a pressure- 
sensitive metal diaphragm. The stretched wire is set into motion 
in a permanent magnetic field by an alternating current through 
the wire. Current is supplied by an associated amplifier con
nected in an oscillator circuit. Frequency of oscillation is con
trolled by the vibrating frequency of the stretched wire. Featur
ing accuracy, linearity, and ruggedness, the unit can be used 
in military or industrial airborne or ground equipment.

BJ Electronics, Borg-Warner Corp., Dept. ED, 3300 Newport 
Blvd., Santa Ana, Calif.

CIRCLE 33 ON READER-SERVICE CARD

Model S-60 is a single coil, variable reluctance, 
diaphragm type transducer. It is designed for 
use as the variable inductor in commercially 
available inductance and reactance controlled 
fm fm subcarrier oscillator systems. Differential, 
gage, and absolute models are offered with a 
selection of pressure ranges between 0 to 10 and 
0 to 5000 psi. Its sensitivity to shock, vibration, 
and acceleration is 0.001 to 0.01 per cent per g, 
or less, depending on pressure range. Rise time 
is 75 to 150 usee. Basic size is 7/8 in. diam and 
7/8 in. long. Operating temperature range is 
from —85 to -|-240 F. Units are suited for a 
wide variety of telemetering applications.

Ultradyne, Inc., Dept. ED, P.O. Box 3308, 
Albuquerque, N. Mex.
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converter OS-1000 can be used in missile, aircraft, and indus-
trial telemetering. The unit combines a variable inductance diaphragm type trans
ducer and a temperature stabilized transistor oscillator. It needs three connections: 
28 v de at 2 ma, ground, and output. For all IRIG channels, units are diaphragm and 
flush-type with ranges from 5 to 5000 psi differential, absolute, or gage.

Solid State Electronics Co., Dept. ED, 8158 Orion Ave., Van Nuys, Calif.
CIRCLE 35 ON READER-SERVICE CARD
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PHONE DEWEY 1-1OOO

1462 62nd Street, Brooklyn, New York
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JFD International 
15 Moore Street 
New York, New York

JFD Canada Ltd. 
51 McCormack St. 
Toronto, Ontario, Canada
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TRIMMER POTENTIOMETERS

Measuring 1/4 in. sq by 3/8 in. long, these trim
mer potentiometers are designed for horizontal 
mounting applications. Model MS-4 can be 
stud mounted and MS-5 is lead-mounted on 
printed wiring boards. Units are rated at 1/4 w 
and are available in standard resistance values 
from 100 to 10,000 ohms. Weight of unit is 0.05 
oz and wiper is made of palladium alloy.

Miniature Electronic Components Corp., 
Dept. ED, Holbrook, Mass.
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RHEOSTAT

Capable of 12.5 w dissipation at 40 C, the 
model E rheostat is 7/8 in. in diam and extends 
11 16 in. behind the mounting panel. Unit has 
a ceramic hub, independent contact arm pres
sure, and a vitreous enamel coating. Rheostat is 
available in 23 different resistance values with 
linear winding. Nonlinear taper, tandem or 
other types can be provided.

Ohmite Mfg. Co., Dept. ED, 3698 Howard 
St., Skokie, Ill.
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DELAY LINES
An outstanding new component series in the JFD tradition of uncompromising quality.

Now . . . after extensive laboratory research — JFD dis
tributed constant Delay Lines to meet today’s challenging 
reliability demands!

Designed for applications calling for short delay intervals, 
the new lines offer a high ratio of delay to pulse rise time, 
in minimum space. Available for printed circuit assembly 
or for conventional mounting, JFD Delay Lines meet all 
military requirements. They can also be modified or cus
tom-designed to meet your most rigid specifications.

Call or write today for Bulletin 213 providing complete 
electrical and mechanical data. Better yet, tell us your
delay network problem — distributed or lumped constant. 
Our engineering staff will promptly recommend the solu
tion with detailed specifications for your particular applica
tion.

Pioneers in electronics since 1929

»ELECTRONICS CORPORATION

MODEL DL1O1OP 
(actual size)

MODEL DL1O1O 
(actual size)

Characteristics

• Precise pulse fidelity
• Operating temperature range of —55°C to +125°C

• Excellent temperature stability
Rugged encapsulated construction resists environmental 

moisture, humidity, shock and vibration
• Linear phase shift

• 0.1 inch grid sparing for printed board types
• Attenuation of approximately 1 db per a sec.
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DIVISION OF SPERRY RAND CORPORATION

lectronic Engineers—With BS, MS and PhD degrees for Develop- 
ent Engineering Experience in radar, servo-mechanisms, communi- 
itions data processing desirable but not necessary.
3 s. Mathematicians and Physicists —With BS, MS and PhD 
agrees for Systems Engineering. Two or more years' experience on 
ectronic data processing systems.
echanical Engineers—With BS or MS degree for electro-mechanical 
jvelopment associated with data processing equipment. (South 
orwalk only.)
pecification and Standards Engineers—For top positions in elec- 
□nic component and systems standards and evaluation programs, 
ectrical Engineers or Physicists with heavy experience in applica- 
>ns development or standards.
uality Control Engineers—With EE degree and two or more years' 
iperience in quality control of electronic equipment.
uman Engineer—With degree in Industrial Psychology and ex- 
jrience in man-machine relationships.

AREER OPPORTUNITIES AT ALL LEVELS

Replies will be held in strict confidence.
Address complete resume to the location you prefer.

Mr. James Drumm, Remington Rand Univac 
1900 West Allegheny Avenue, Philadelphia, Pennsylvania 

Mr. R. K. Patterson, Remington Rand Univac 
Univac Park, St. Paul 16, Minnesota

Mr. Robert Martin, Remington Rand Univac 
Wilson Avenue, South Norwalk, Connecticut

UNIVAC® COMPUTER 
GUIDES
TITAN MISSILE

The Air Force ICBM Titan 
Missile, traveling at speeds up to 15,000 
miles per hour, is controlled by a 
ground-based guidance system.

The Missile takes directions from 
Athena, the ultra-reliable Univac 
computer. Operating in milliseconds, 
Athena performs the prodigiously 
complex computations involved in 
controlling and correcting the flight of 
the missile during its initial powered 
phase. The computer determines where 
the warhead ultimately will fall.

The Athena is the latest achievement 
of the scientists and engineers of 
Remington Rand’s Univac Division, a 
worthy member of the distinguished line 
of electronic computers which includes the 
Univac I, Univac II, the Univac 
Scientific and the Univac File 
Computer. Remington Rand is proud of 
the work its Univac staff has done in both 
the commercial and military fields and 
offers them, and other engineers and 
scientists, full recognition and an unlimited 
future in the field of automatic data 
processing.

NEW PRODUCTS

Silicon Rectifier
Can stand short circuits

Short circuits can be withstood 
by these rectifiers while protected 
by commercially available fuses. 
Recommended fuse rating is ap
proximately 160 per cent of rms 
current. The rectifier stacks are 
available in half-wave or full-wave 
configurations from one to several 
hundred amperes, with peak in
verse ratings in 50 volt multiples to 
thousands of volts. They are her
metically sealed cells for magnetic 
amplifier and power supply appli
cations. Providing a regulation 
characteristic of less than one volt 
per cell forward drop, they can be 
used without derating from —65 to 
4-150 C. Up to 99 per cent effi
ciency is possible with these units.

Trans-Sil Corp., Dept. ED, 55 
Honeck St., Englewood, N.J.
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Constant Current Source
1 to 100 ma range

Model 5900 constant current 
source can be used to test semi
conductors, thermistors, clutches, 
magnetic cores, and other current 
sensitive devices. Output is 0 to 100 
v. 1 to 100 ma. Line regulation is 
0.5 per cent and load regulation is 
0.25 per cent.

Measurements Research Co., 
Dept. ED, 3801 Castor Ave., Phila
delphia 24, Pa.
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eep; 0.5 to 10 psec pulse widths
ind 0 to
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IMPORTANT JOB OPPORTUNITIES

economical • reliable • fast • Telemeter Magnetics Modular Memory 
Systems are designed and manufactured for absolute dependability

Signal Sources
Provide 10 w output

memory stack for 
a 20-microsecond system 

2048 words of 22 bits each

Stepping Motors
Rotate control mechanisms

40 to 4000 pps31T2 prov

me fm deviations

positions with 
accuracy at a 
rate of 15 per 
MIL-E-5272A
from —55 to 4-80 C up to 90,000 
ft. Load capacity for series 2 units 
is 13 oz-in. For series 3 units, it is

adjustable from center frequency. 
For 4 to 8 and 8 to 11 kmc, models 
231T3 and 231T4 offer: 10 to 
10.000 pps sweep; 0.2 to 10 psec 
pulse widths; and 5 me min devia
tions. Accuracy for all units is ±1 
per cent; output vswr, 2 to 1.

Levinthal Electronic Products, 
Inc., Dept. ED, Stanford Industrial 
Park, Palo Alto. Calif.

Translating pulses into incremen
tal shaft positions, series 2 and 3 
motors rotate control mechanisms, 
potentiometers, counters, and 
switches. A 36 degree angular in
crement per pulse gives 10 indexing

±0.5 degree detent 
maximum stepping 
sec. The units meet 
tests and operate

Covering 1 to 11 kmc, these 10 w 
signal sources have internal modu
lation facilities for pulse, square- 
wave, and fm operation. For 1 to 2 
and 2 to 4 kmc, models 231T and

Because TELEMETER MAGNETICS manufactures the memory system complete from core pro
duction through array wiring to finished units... and because TELEMETER MAGNETICS tests 
each phase of production thoroughly... you can be that much surer when you specify memory 
systems designed and engineered by TMI.
Modular design permits production of custom memory systems to satisfy practically any 
desired configuration. Units of from 100 to 1,000,000 bits are common... memories can be 
supplied incorporating several million bits. In addition, TMI offers you a selection of memory 
units with cycle times of 24 microseconds, 6 to 8 microseconds, and 3 microseconds.
Electronic circuits in TELEMETER MAGNETICS memory systems employ solid state elements 
throughout... transistors, diodes and ferrite cores. Amplifiers, registers, drivers, and logic 
are on plug-in cards for compactness and maintenance ease.

u rite for specifications and complete information.
Manufacturers of ferrite cores • core arrays • buffers • memories

G. H. Leland, Inc., Dept. ED, 
123 Webster St., Dayton 2, Ohio.
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THIS

quality control series no. 1

STRENGTH TESTTELEMETER

MAGNETICS

MEMORY CORE

SUPPORTS

THE WEIGHT Z

OF ONE

YOUNG

ELEPHANT

Expansion to handle our increasing business activity 

plus research and development in new areas have 

created openings for qualified computer engineers 

Investigate the wonderful opportunities offered by 

TMI in Southern California

has a faster, more reliable memory, too

SILLY TEST

but we hope it attracts your 
attention to the thorough 
three-stage inspection and testing 
given every TELEMETER MAGNETICS 
memory product — from core to 
array to buffers and memory systems.



imimiiîï MIbucd superior engineering know-how ... 
combine to build in El-Menco 
Dur-Mica Capacitors the highest 
reliability ... to give long, ever-ready, 
powerful service in electronic equipment 
— from lightning-fast giant brains to 
tiny transistor receivers.

IS
the

word

Ellüenco

DM42DM20

L

634 0Ctl%

ACTUAL 
SIZE

■

CAPACITORS
• Specially-selected, highest-grade 
India Ruby mica films ... pre-tested to 
have highest insulation resistance . .. 
greatest dielectric strength ... lowest 
dissipation factor. Specially developed 
dipped coating retains the superior 
properties of India Ruby mica.

TWO WAYS
! • High*st*Grad* INDIA 

RUBY Mica Films . .
I • TOTAL DEBUGGING . 

Guarantee Super 
Dependability

• Debugging — the removal of early 
failures by subjecting mica capacitors to 
short hfe tests at elevated voltages and 
temperatures ... THE SCORE .. . 
DM30, 10,000 MMF, “Debugged" 
El-Menco Dur-Mica Capacitors . . . 
subjected to 257,000 hours of life at 
85°C with 100% of the rated DC 
voltage applied . . . turned in a record 
computed reliability performance — 
APPROX. 0.6% CUMULATIVE FAILURES 
OR ONLY 1 FAILURE PER 43 MILLION 
UNIT-HOURS.

El Menco “Dur-Micas”
have proved their tremendous power 
and ability under accelerated conditions 
of I 'A times rated voltage at ambient 
temperatures of 125 C and 150 C, 
winning out over all others in longest 
life, most powerful performance, 
smallest size, greatest stability.

Avoid Co»tly Breakdowns

Write for 
FREE sample and catalog 
on your Firm's letterhead.

ElIHenco

NEW PRODUCTS
Pulse Generator

Offers multiple pulse code trains

Modules of the B3-2A pulse generator are con
nected through a patch panel so that multiple 
pulse code trains can be set up. The generator 
provides repetition rates from 10 cps to 1 me. 
Four variable delay circuits have delays from 0 
to 10,000 psec for controlling pulse position or 
u idth. The two pulse forming units produce 
positive or negative pulses with 0.02 psec rise 
and fall times and 25 v amplitude. Output im
pedance is 50 ohms, and the duty factor of the 
output pulse is 25 per cent. Rise time can be 
degraded to 1 psec.

Rutherford Electronics Co., Dept. ED, 8944 
I.indblade St., Culver City, Calif.

CIRCLE 45 ON READER-SERVICE CARD

Temperature Recorder-Controllers
Ranges between —100 and -j-100 F

DM15, DM16, DM19, DM20, 
DM30, DM40, DM42, DM43 . . . 
perfect for extreme miniaturization, 
ideal for new miniatured designs and 
printed wiring circuits. New "hairpin” 
parallel leads insure easy applications 
in radio, television, guided missiles. 
El-Menco Dur-Micas meet all humidity, 
temperature and electronic 
requirements, including military specs.

THE ELECTRO MOTIVE MFG. CO., INC
Manufacturers of

WILLIMANTIC
El-Menco Capacitors

CONNECTICUT

• molded mica mica ♦rimmer dipped paper

tubular paper ceramic feed-thrus silvered mica films ceramic discs

Areo Electronics, Inc., 64 White St., New York 13, N, Y.
Exclusive Supplier To Jobbers and Distributors <n the U.S. and Canada

1 hese temperature recorder-controllers cover 
the full range of filled systems. Model 7815 is a 
single pen recorder; models 7816 and 7817 are 
two pen, two control and one control units 
Charts arc 12 in., and ranges are between —100 
and -¡-100 F. A universal controller can be used 
for proportional, on-off, or differential gap con
trol.

Daystrom, Inc., Daystrom-Weston Industrial 
Div., Dept. ED, Newark 12, N.J.

CIRCLE 46 ON READER-SERVICE CARD
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TUBE PRODUCTION IS A SCIENCE XT VARIAN
Resistance Bridge

Range of 1 K to 110 million meg

Voltage Regulators
In sizes to 7.5 kw

Full dress inspection
• i

VA 203 8

THE
MARK Of

LEADERSHIP

Digital Voltmeter
Modular construction

VARIAN associates

For calibrating high megohm 
resistors, this standard bridge cov
ers the range from 1 K to 1.1 x 10" 
ohms. Accuracy is 0.2 per cent up 
to 10,:{ ohms. The test potential is 
continuously variable up to 1 kv, 
permitting accurate voltage coeffi
cient analysis of components.

Mid-Eastern Electronics, Inc., 
Dept. ED, 32 B Commerce St.. 
Springfield, N.J.

CIRCLE 47 ON READER-SERVICE CARD

W ith these primary voltage reg
ulators, 10 to 20 per cent regulation 
in existing systems can be im
proved to 1 per cent for all condi
tions of line and load variation. In 
sizes to 7.5 kw, and 3 and 1 phase 
at 50 and 60 cps.

Gemco Electric Co., Dept. ED, 
25685 Wr. Eight Mile Rd., Detroit 
40, Mich.
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Composed of a universal power 
module and a four-digit switch 
module, the D\ A-400 transistorized 
digital voltmeter measures de volt
ages from 0.0001 to 1100 v. The 
unit is accurate to :±0.01 per cent 
and 1 digit.

Electro Instruments, Inc., Dept. 
ED, 3540 Aero Court, San Diego 
11, Calif.

CIRCLE 49 ON READER-SERVICE CARD
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This Optical Comparator with magnifications up to 50 times provides an extremely accurate check on 
component parts dimensions — particularly those of complex hole relationships. And only those that 
meet the most rigid tolerances find their way into Varian Klystrons and Wave Tubes.

This is typical of the care involved in the manufacture of Varian Tubes... and one of the reasons why 
they consistently-'give the finest performance. Over 100 of these tubes are described and illustrated 
in our latest catalog. Write for your copy today.

Representatives fhruoul the world

KLYSTRONS, TRAVELING WAVE TUBES. BACKWARD WAVE OSCILLATORS
LINEAR ACCELERATORS. MICROWAVE SYSTEM COMPONENTS. R f SPECTROMETERS MAGNETS.

MAGNETOMETERS. STALOS POWER AMPLIFIERS. GRAPHIC RECORDERS, RESEARCH AND DEVELOPMENT SERVICES



NEW PRODUCTS

Null-Balance Indicator
Utilizes occumulative reading

To obtain high readability and 
accuracy, this miniature null-bal
ance potentiometer indicator uti
lizes an accumulative reading. Sup
plied with a remotely mounted 
servo amplifier, the unit has 0.25 
per cent accuracy and 0.1 per cent 
sensitivity.

Westronics, Inc., Dept. ED, 3605 
McCart St., Fort Worth, Tex.
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Memory Processor
Has two recording modes

An 8-in. diameter hermetically 
sealed disc, this memory processor 

I has two recording modes. One uses 
fixed channels for digital computa
tion and control; the other uses a 
scanning head channel for data 
processing and correlative control.

Genesys Corp., Dept. ED, 10131 
National Blvd., Los Angeles, Calif.

CIRCLE 52 ON READER-SERVICE CARD
I
I

Not So Fast!
‘ Consolidated Electrodynamics’ 
¡type 5-680 recorder/reproducer 
|starts and stops in under 3 msec— 
|not 3 itsec, as reported in the Sept. 
|3 Electronic Design

YOUR INDUSTRIAL ELECTRONICS GUIDE

SILICON 
ANP 

SELENIUM

LOW 
CURRENT 

TYPES
TO 1 AMP.

MIMTARY
TYPO
Special config
urations and 
high reliability 
rectifier« for 
'nllltary eppIHa 
Hone may be 
obtained tpndor 
our “Prescribed 
Retiebllity*’ Pro
gram. Address 
your inquiry to;
Military Prod-
wets Dept

■■
- - ■'

SILICON 
AND 

SELENIUM

HIGH 
VOLTAGE 

TYPES

TO SEMICONDUCTOR

A PARTIAL LISTING OF INTERNATIONAL F

...THE MOST EXTENSIVE L

ELECTRONIC TYPES FOR INDUSTRIAL AND MILITARY APPLICATIONS

SUB MINIATURE SELENIUM DIODESSTUD MOUNTED SILICON POWER DIODESMINIATURE SILICON POWER DIODES

Ratings 100 to 600 PIV, Up to 500 ma.
Specifically designer! for missile and airborne 
equipment applications where miniaturization 
and reliability are prime factors. Hermeli 
cally sealed, all-welded, pigtail lead construc
tion Manufactured to meet the most rigid mil 
itary requirements. Keque.t Bulletin SR-2O3

Ratings. 50 to 600 volts PIV • 250 to 750 ma.
An extensive line of silicon power diodes for 
military and industrial applications featuring 
all weldei hermetically sealed construction. AU 
designed and manufactured to meet the most 
rigid military requirements. For information 
on types for your application Contact Factory

Ratings 50 to 600 volts PIV • 400 mo to 1 amp 
Industrial and military types including the 
1N253, 1N254 and 1N255. Stud mounted, het 
metically sealed, ail.welded construction Oper 
ating temperature rang. -55°C to + 150oC. 
Designed and manufactured to meet most 
rigid military specifications. Bulletin SR-13SC

Ratings. 20 to 160 volts • 100^8 to 11 RM.
Ideal components for bias supplies, sensitive 
relays, computers etc High resistance. (10 
megohms and higher at -10 volts). Excellent 
linear forward characteristics Extremely small, 
low in cost Encapsulated to resist adverse 
environmental extremes Specify Bulletin SD*1B.

Ratings: From 100 ma to 50 Amps.
Low forward voltage drop and low leakage characteristics make this series ideal for a wide variety of power applications For details request Bulletin C-439 (26 volt cells ); Bulletin 
SR-160, (45 to 52 volts per cell) and Bulletin 
SR-152, on high current density cells.

HIGH VOLTAGE SILICON POWER DIODES

Rating: 600 to 2400 volts PIV • 100 to t25 mo 
Three types available Hermetically sealed 
pigtail construction Style J rated at 600 to 
1000 volt* PIV at 125 ma Bulletin SR-1386 
Style» K and L with PIV ratings from 600 to 
2400 volts at 100 ma dc output current are 
described in technical detail — Bulletin SR-157.

Ratings 25 ta 156 volts AC, 50 to 1,200 ma. 0C 
Th< widest range in tin industry' Designed for 
Radio Television TV booster. UHF converter 
and experimental applications Input ratings 
from 25 to 156 volts AC and up. DC output 
current 50 to 1,200 MA Write for applica'ion 
information. Bulletin ER-178-A

Ratings 1500 to 16 0000 volts PIV @ 45 to 440 ma 
Especially suited for miniaturized military 
equipment where optimum reliability 1» a prime 
factor. Standard types for normal convection 
cooling and high current types for forced air 
or oil cooling. Hermetically sealed, metallized 
ceramic housing Request Bulletin SR-225

Ratings: 400 PIV, up to 750 ma
SD-500. A hermetically ealed. all-welded sil
icon junction rectifier offering maximum relia
bility in the high temperatures encountered in 
TV implications. Pigtail leads eliminate the 
need for brackets, blocks, etc . simplify instal
lation. For complete data: Contact Factory

Ratings: 0 of 1000, 200 PiV 0C
Stmicap’s small size, light weight, high reliability and low power requirements make it ideal for automatic frequency control, frequency modulation oscillators and filter networks All-welded hermetically scaled shock-proof housing. Request Bulletin SR-205

Ratings: 20 to 20,000 volts • 02 to 195 ma.
Designed for long life and reliability in half
wave, voltage doubler, bridge, center-tap cir 
cults, and 3 ph.w circuit types. Phenolic 
cartridges and hermetically sealed types avail 
able Operating temperature rangi -65°C to 
+ 100*C For details specify Bulletin H-2

Rating: 12,500 volts PIV at 5 Amps.
Illustrated above is a typical rectifier of ad
vanced design produced by International Rec
tifier Corporation for military application. 
Data on ruggedized silicon substitutes for 
many stan tara vacuum tubes may be obtained 
from our Military Products Department

Internation al
EXECUTIVE OFFICES: EL SEGUNDO, CALIF

The World’s Largest Supplier of Industrial Metallic Rectifiers • Selenium • Germanium • Silicon

NEW 
CHIC 
NEW 
•ENh



FROM MICROWATTS TO ME6AWATTS I

ELECTRONIC TYPES

(301)

(302)

(303)
Sub Miniature Selenium Diodes (304)

(305)

(308)

Volt-

(309)

(310)

POWER TYPES
Silicon and Selenium Medium

150 Amp. Silicon Power Diodes (316)

(317)
250 Amp. Silicon Power Diodes (318)

(319)

(320)

(322)

. (323)

(324)
Please have representative call (325)

REPRESENTATIVES THROUGHOUT THE WORLD

t

RECTIFIER CORPORATION PRODUCTS

LINE OF QUALITY RECTIFIERS ON EARTH!

All designed and manufactured to meet the most rigid military requirements!

POWER TYPES FOR INDUSTRIAL AND MILITARY APPLICATIONS

NIUM

F *.

«

Rectifier Corp
• OREGON 8-6281 • CABLE ADDRESS: RECTUSA

SELENIUM HEAVY POWER RECTIFIERS

SELENIUM CONTACT PROTECTORS

SPECIAL
SEMI

DEVICES
CONDUCTOR

HIGH 
CURRENT 

TYPES

TO 670 AMPS. 
PER JUNCTION

Utilizing junction* rated te 1.25 amp* DC output 
These stacks consist of hermetically sealed 
junction diodes mounted on copper cooling 
fin.«, stacked to include the interconnections 
required for specific circuits. Junction rat 
ing» 1.25 amps. IX? output: 70 to 350 AC 
input volts rms. Bequest Bulletin SB 137*

Conservatively rated to provide a substantial 
safety factor in industrial applications Her
metically sealed, all-welded case construction 
provides reliability over a long life. Types 
available in a wide voltage range. For details 
Contact Factory.

Rating: 50 to 500 volt* PIV • 25 to 45 Ampt.
Advanced ceramic techniques assuring excel 
lent thermal characteristics and mechanical 
stability are used in the production of these 
highly reliable, hermetically sealed rectifiera 
for military or industrial applications. For com 
plete technical data, request Bulletin SR-30*

Rating*: 50 to SOO volt* PIV • 45 te 150 Ampt.
An extensive series of standard and reverse 
polarity types. Optional mounting bases in 
eluding machine thread and pipe thread types. 
Machine thread base types: Bulletin SB-300, 
Pipe thread base types. Buliotln SR-3O1, 
Complete stack assemblies: Bulletin SR-3O3

GERMANIUM POWER RECTIFIER JUNCTIONS

Ruting*: 45 to 150 Ampere* per Junction 
Consisting of hermetically sealed junction diodes 
mounted on aluminum or copper cooling fins, 
stacked to include the interconnections required 
for specific circuits. Junction ratings: 45 to 150 
tunpa average DC. Write for application data

Rating*: 50 to 500 volts PIV • 75 to 250 Ampt. 
Standard and reverse polarity types offered in 
a series of machine thread and pipe thread 
mounting styles. Complete assemblies in all 
circuit configurations also available Rugged 
construction and hermetic sealing assure long 
life and reliability. Ask for Bulletin SR-3OS

Rating*: 6 to 30,000 volt* • 50 to 2.300 Amp*.
Specifically designed for industrial DC power 
needs Patented construction features assure 
long life. Descriptive bulletins available are: 
Bulletin C-349, (26 volt cells). Bulletin SR-160 
(45 to 52 volts per cell) and Bulletin SR-152, 
on high current density cells.

Rating*: 500 amporo* • 26 to 66 volt* rm*
High capacity junctions especially designed 
for high-current, low-voltage electrochemical 
installations. Air cooled, these hermetically 
sealed junctions provide efficiency to 98.5%. 
Cast aluminum airfoil housing effects maxi- 
mum heat transfer. For details Contact Factory

Complete soriot of AC and 0C type*.
Designed to eliminate arcing and erosion 
across the contacts of relays, switches, etc. 
A complete series in each of three basic 
types: diode type, cartridge type and her 
metically sealed types for industrial appli 
cation. For complete data Bulletin SR-ISO-A

Rating*: From 600 milliwatt* to 10 watt*
A complete series in 6 types. Miniature single 
junction types, multiple junction types and 
double anode units. 750 milliwatt and 1 watt 
types Bulletin SR-251, 3.5 and 10 watt types 
Bulletin SR-252, Multiple junction 5 watt 
types SR-253. Double anode type- SR-254

NEW YORK AREA OFFICE: 132 E. 70th St., TRafalgar 9-3330
CHICAGO AREA OFFICE: 205 W. Wacker Dr., FRanklin 2-3888
NEW ENGLAND AREA OFFICE: 17 Dunster St., Cambridge, Mass., UNiversity 4-6520 
*ENNSYLVANIA AREA OFFICE: Suburban Square Building, Ardmore, Penn., Midway 9-1428

Temperature compensated for liability 
to ±.001 % °C

Extremely precise units for power supplies and 
voltage sources. Temperature compensated for 
excellent stability over a temperature range of 
from-55°C to -f-15O°C. Manufactured to meet 
the most rigid military requirements. Types 
1N430, 1N430A. 1N430B. Bulletin SR-25S

(Wide range of silicen and selenium types.)
Self generating cells available in standard and 
custom sizes, mounted or unmounted. For 
details on wide selection of selenium types, 
request Bulletin FC-449. Silicon solar cells in 
mounted and unmounted types are described 
in technical detail —specify Bulletin SU-154

For Complete Engineering 
Data on International 
Rectifier Corporation 
Products Described in the 
Advertisement USE THESE 
READER-SERVICE CARD 
NUMBERS

Silicon and Selenium Low Cur
rent Types to 1 amp.

Circle Numbers 
Indicated Below 
on Reader-Serv
ice Card

Miniature Silicon Power Diodes 
Pigtail Type Silicon Power

Diodes
Stud Mounted Silicon Power 

Diodes

Selenium Rectifier Stacks
Selenium TV and Radio

Rectifiers
Silicon TV Rectifiers
High Q Voltage Variable

Capacitor

Silicon and Selenium High 
age Types
High Voltage Silicon Power 

Diodes
High Voltage Silicon Cartridge 

Rectifiers
Selenium High Voltage 

Cartridge Rectifiers
Special High Voltage Types

Current Types to 150 amps
Silicon Rectifier Stacks
12 Amp. Silicon Power Diodes
25 Amp. Silicon Power Diodes

(306)
(307)

(3ll)
(312)

(313)
(314)
(315)

Silicon, Selenium and German
ium High Current Types to 670
Amps, per Junction
Silicon Rectifier Stacks

Selenium Heavy Power 
Rectifiers

Germanium Power Rectifier 
Junctions

Special Semi-Conductor
Selenium Contact Protectors
Silicon Voltage Regulator

Zener Diodes
Silicon Zener Voltage

Reference Elements
Photoelectric Cells and Sun 

Batteries

Devices
(321)



NEW PRODUCTS
Transistor Circuit Tester

Checks designs without soldered wires

With this synthesizer, designers can check 
transistor circuit performance without a bread
board of soldered wires. Common base, common 
emitter, and common collector circuits may be 
asst mbled. The tester has a master meter panel 
and four independent, transistor stage panels. 
These may be combined for amplifier, flip-flop, 
oscillator, gate, and other circuit assemblies. 
Either pnp or npn transistors may be used. The 
metering panel has a curve tracer which, with 
an external oscilloscope, allows a display of the 
collector voltage versus collector current plot.

National Electronics Labs., Inc., Dept. ED. 
1713 Kalorama Rd., N.W., Washington, D.C.

CIRCLE 54 ON READER-SERVICE CARD

Power Supply
Series regulated

For highly accurate measurements
at all microwave and UHF frequencies... 

SPERRY’S MODEL 296C 
MICROWAVE RECEIVER

This Sperry Microlinc Receiver is a precision instrument of 
great accuracy enabling measurements at all microwave and 
UHF frequencies.

Model 296C can be used for measuring coupling and 
directivity of directional couplers, relative field strength, very 
high and very low VSWR. antenna patterns and as a general- 
purpose microwave laboratory receiver. In addition, this 
receiver was designed for use as a good secondary standard 
of attenuation.

A completely self-contained unit, it includes a 30-mc pre
amplifier. 30-mc IF amplifier, 30-mc calibrated attenuator, 
local oscillator power supply and AFC circuits. The 296C 

requires only the use of a local oscillator and an appropriate 
mixer for operation at any microwave or UHF frequency.

*TM Fey. L S. Pat. Olì.

MICROWAVE ELECTRONICS 
COMPANY

CL EA R WA TER. FL OR ID A
SP®
Division of Sperry Rand Corporation

ADDRESS ALL INQUIRIES to Clearwater, Florida or Sperry 
Gyroscope offices in New York, Cleveland, New Orleans, Los 
Angeles, San Francisco, Seattle.

Regulation is better than 0.1 per cent in two 
models of series regulated ac to dc power sup
plies. Model PS S001 has a current rating of 0 to 
1.5 amp, and the PS 8002 is rated at 0 to 0 15 
amp. Both models can be factory preset to any 
specified output voltage between 100 and 200 v. 
Output is adjustable by potentiometer to ±5 per 
cent. Weight is 7 oz and it measures 1.875 x 1 5 
x 3.0 inches. Operates from —50 to -j-125 C.

Power Sources, Inc., Dept. ED, Burlingtoi 
Mass.

CIRCLE 55 ON READER-SERVICE CARD
CIRCLE 53 ON READER-SERVICE CARD



wot for nearsighted design engineers

WILL 
SHARE ITS 

PROFITS 
L with À

NW ESC MICRO-MINIATURE PULSE TRANSFORMER
Fractional Micro-Seconcl Pulse Width

ENGINEERS...
Experienced 

Computer
Components.

Where space and weight limitations are precious, 
ESC's new Micro-Miniature Pulse Transformer fills 
a vital need in missiles, computersand other elec
tronic equipment ESC Micro-Miniature Pulse 
Transformers can be custom built to your specifi
cations for both military and commercial applica
tions. Write for complete technical data today!

ESC MICRO-MINIATURE
PULSE TRANSFORMER 0 300

4 Leids-0 017" dit 
spaced on 0 115” die

0 217

Appro« Weight 0 85 grams 
003u.

electronic components division /

ESC CORPORATION • 534 BERGEN BOULEVARD • PALISADES PARK. NEW JERSEY

exceptional employment opportunities for engineer» experienced in pulse techniques

Pulse v.i ’ dormer • Medium and low p< .ver tran^mmer 3 • I ters of ar types • Pulse forming networks • Miniature plug in encapsulated circuit assemblies • 
Distributed constant delav line • Lumped-constant de ay lines • Variable delay networks * Continuously variable delay lines • Pushbutton decade delay lines

CIRCLE 56 ON READER-SERVICE CARD

ELECTRONIC DESIGN • October 29, 1958
CIRCLE 551 ON READER-SERVICE CARD
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NEW PRODUCTS
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Oscillograph Recorder
Mobile 12 channel unit

This 12-channel mobile oscillograph recorder 
has interchangeable plug-in preamplifiers, sepa
rately mounted driver amplifiers and a multi
channel recorder. Write-out is by ink, electric or 
heated stylus. The direct-writing galvanometers 
are protected from signal overload damage and 
are mounted in a compact array for minimum 
recording table width.

Edin Co., Div. of Epsco, Inc., Dept. ED, 207 
Main Street, Worcester 8, Mass.

CIRCLE 58 ON READER-SERVICE CARD

Stepper Motor
Offers reliability

co 
an 
ari 
55

11

ou Mont
INDUSTRIAL TUBES SALES

Again, it’s Du Mont with the biggest news first...Through advanced 
production techniques, plus new quality control concepts, Du Mont now 
guarantees a minimum of 50 ua/iumen cathode luminous sensitivity in 
these standard multiplier phototubes at no extra cost. This 25% 
increase in sensitivity results in a higher signal-to-noise ratio 
in the overall system. Design with the best—design with Du Mont 
Multiplier Phototubes—they give you more to start with...
Write for complete technical details.

•Types 6467, 6291, 6292, 6363, 6364

Precise PHOTOELECTRONICS
• ALIEN B. DUMONT LABORATORIES, INC. • 750 Bioomfield Ave., Clifton, NJ., U.S.A.

This stepper motor has a hfe that exceeds 24,- 
000,000 steps. It will meet MIL specifications on 
vibration, temperature, shock and acceleration. 
The unit steps 9 times per revolution and weighs 
4.5 oz. At 17.5 w input it will produce 2.5 oz in. 
of torque and follow a 25 cps pulse with a low 
torque, low inertia load. Higher pulse rates arc 
possible if torque requirements are reduced.

Globe Industries, Inc., Dept. ED, 1784 Stanley 
Ave., Dayton 4, Ohio.

CIRCLE 59 ON READER-SERVICE CARD

ELECTRONIC DESIGN • October 29, 195:
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Sinusoidal Oscillator
25 cps to 100 kc range

Successful Vanguard
equipped with Union

and third stages in the first stage propulsion
CIRCLE 60 ON READER-SERVICE CARD

Silicon Rectifiers
Low current units for their simple, rotary design and for the

100 to 600 50 ma to

COMPLETE FACTS
CIRCLE 61 ON READER-SERVICE CARD

Miniature Blower Please send information on the following

Delivers 165 cfm

PositionName

**)!»*< I Address

The Martin Company, builders of the Vanguard, 
chose these outstanding relays for their reliability

Union Switch & Signal, Adv. Dept. 
Pittsburgh 18, Pennsylvania

New 4PD3 relay which meets every requirement of MIL-R-25018.
Catalog of other miniature de and ac relays.
Digital and Alpha-Numerical Indicators for data display.

March 17, 1958—Union Switch & Signal 6 PDT 
miniature relays functioned perfectly in the separa
tion controls between the first and second and second

expert quality control associated with the established 
leader in electrical relay design—Union Switch & 
Signal.

CIRCLE 62 ON READER-SERVICE CARD

CIRCLE 63 ON READER-SERVICE CARD >

The 6 PDT relay used in the Vanguard is just one 
of a complete line of dependable relays designed by 
Union Switch & Signal—“Pioneers in Push-Button 
Science.’’ Send the coupon for complete technical 
information.

DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY 
PITTSBURGH IB, PENNSYLVANIA

Zone State

unit . . . and in the third stage spin control assembly 
of the satellite-bearing Vanguard.

Sarkes Tarzian, Inc., Dept. EI) 
415 N. College Ave., Bloomington

Hermetically sealed series H sili
con rectifiers have a welded case 
and heavy duty junction. Ratings

delivers 165 cfm. For cooling elec
tronic gear in missiles, it is 2.S in 
in diameter, 2.3 in. deep.

Rotron Mfg. Co., Inc., Dept. ED 
Woodstock, N.Y.

Epoxy encapsulated, the S-100 
silicon transistor oscillator creates 
a sine wave signal source. It stands 
500 g shock for 11 msec, 30 g vibra
tion to 2500 cps, and 700 g acceler
ation. Frequency range is 25 cps 
to 100 kc.

Solid State Electronics Co., Dept. 
ED, 8158 Orion Ave., Van Nuys, 
Calif.



NEW PRODUCTS

spectrum

Spectrum Analyzer
10 me to 44 kmc range

Power Resistors
5 to 50 w units

covers fre-

sm

\
it

Ik

Time Delay Relay
Instant recycling

Using any standard ac or de op
erating voltage, the MTRII-8 time 
delay relay offers instant recycling 
and accurate timing, independent 
of voltage variation, for 15 to 180 
sec fixed delays. The spst unit 
weighs 3 oz.

Branson Corp., Dept. ED, 41 S. 
Jefferson Rd., Whippany, N.J.

CIRCLE 64 ON READER-SERVICE CARD

With one tuning head, the SPA-4 

S(] 
( <i 
in

quencies from 10 me to 44 kmc. 
Amplitude scales are calibrated for 
voltage and power as well as log.

Panoramic Radio Products, Inc., 
Dept. ED, 514 S. Fulton Ave., 
Mount Vernon, N.Y.

CIRCLE 65 ON READER-SERVICE CARD

th

Powerpack silicone sealed minia
ture power resistors have anodized 
radiator finned aluminum housing 
and come in 5 to 50 w sizes. Toler
ances are from 0.05 to 5 per cent; 
resistances, from 0.1 ohms to 100 K.

Tech-Ohm Resistor Corp., Dept. 
ED, 36-11 33rd St., Long Island 
City, N.Y.

CIRCLE 66 ON READER-SERVICE CARD
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------- RECTANGULAR

Filled with inert gas, these vi
brating capacitors drift less than 

1 0.2 mv in 24 hours at constant 
temperatures. Capacitance is 20 J 
ppf, and excitation voltage is 4 v ; 
rms, 50 to 200 cps. i

Tracerlab, Inc., Dept. ED, 1601 J 
Trapelo Rd., Waltham 54, Mass.

CIRCLE 68 ON READER-SERVICE CARD

LIVI MUIR

First polyester high-temperature 
magnet wire in full range of sizes

FOR

SEE THE MAN FROM ANACONDA

Ohmmeter
Measures 1 microhm

This portable low resistance test 
set combines model 151-S microhm 
meter and model SM rectifier for 
supplying both a 10 and 100 amp 
de current source. It measures re
sistances down to 1 microhm with 
2 per cent accuracy.

J. W. Dice Co., Dept. ED. Engle
wood, N.J.

CIRCLE 67 ON READER-SERVICE CARD

Vibrating Capacitor
0.2 mv drift in 24 hours

Frequency ranges of these direct 
reading microwave attenuators are 
from 2.6 to 3.95 kmc to 12.4 to 18 
kmc. Units in each range have 20 
or 40 db maximum attenuation. 
They have a maximum vswr of 1.15 
and feature accurate attenuation 
settings.

Polytechnic Research & Develop
ment Co., Inc., Dept. ED, 202 Til- 
lary St, Brooklyn 1, N.Y.

CIRCLE 69 ON READER-SERVICE CARD 
CIRCLE 70 ON READER-SERVICE CARD

-------ROUND

-------SQUARE

Anatherm. Anaconda's Class 155 C polyester film- 
coated magnet wire is now available in single, 
heavy, triple and quadruple grades of round wires 
( sizes 8 through 46 ) and in a full range of sizes of 
squares and rectangulars. This is the first time a 
complete range of sizes and shapes has been offered 
in this type wire.

Fully tested for use at temperatures up to 155 C, 
Anatherm was also the first film-coated wire to meet 
the newlv adopted AIEE 155 C (Class F) rating.

Anatherm gives you greater thermal stability- 
plus excellent abrasion-resistance, chemical stabil
ity and dielectric strength. Thus Anatherm is ideally 
suited for manufacturers seeking maximum per-

Write for free Anatherm technical bulletin: 
Anaconda W ire & Cable Co., 25 Broadway, 
New’ y ork 4, New York.

FROM ANACONDA... THIS WIDE VARIETY OF TOP-QUALITY MAGNET WIRES—

ANALAC I' io A-\5 C) 
solderable magnet wire

VITROTEX (Class B-130 C) 
glass-insulated, high heat resistance

PLAIN ENAMEL a A I 
low-cost enameled magnet wire

L A*

NYFORM (Co". A- 105 Cl 
hign resistance to winding hazards

EPOXY (Class B-130 C) 
all-round compatibility

formance and reliability from smaller and smaller 
equipment operating at higher and higher tem
peratures.

As a polyester magnet wire, Anatherm can be 
used equally successfully at any “hottest-spot" tem
peratures over the range of 105 C to 155 C. If 
you're on the spot about high-temperature magnet 
wire, ask the Man from Anaconda about Anatherm. Microwave Attenuators

Direct reading



NEW PRODUCTS

Y'esterday it wasn’t there. Today, he picks it 
up and wonders: why did it ¿row like tha t?

The miracle of growth! Whether it’s a “toad
stool” that springs up overnight or a cancer cell 
that suddenly comes into being, we’ve a lot to 
learn about the whole beautiful process of or
derly growth . . . and the dreadful, senseless 
growth that is cancer.
The cancer puzzle is tied up in growth 
—growth of body cells smaller than the periods 
on this page.

Scientists, working under grants from the 
American Cancer Society, are ceaselessly study
ing cells—normal and cancer cells. And they 
too are asking: Why9

Why do cells suddenly change from normal 
growth to uncontrolled, disorderly growth? This 
question can be answered only by the most 
probing, painstaking and costly research.
Your contributions to the American 
Cancer Society will support hundreds of scien
tific studies necessary to save lives today and 
tomorrow.

Remember: Cancer 
can strike anyone. But 
you can strike back 
hard with your dol
lars. Send your gift to 
CANCER in care of 
your local post office.

AMERICAN 
CANCER II society"

Breadboard Kit
For transistors

Model BP-31TR transistor mounting kit con
tains twenty push-in type lugs for component 
wiring, four no. 3304 round sockets and rings 
for mounting, four no. 799BC rectangular sockets 
and four clamps for mounting in flat position.

Specific Products, Dept. ED. 21051 Costanso 
St, Woodland Hills, Calif.
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Waveguide Components
For Q and Ka bands

These Hilger & Watts waveguide components 
are for use in Q and Ka bands. The Q band 
equipment includes mechanically tuned reflex 
klystrons, swr indicators, wavemeters, thermistors 
with mounts, and precision attenuators.

British Industries Corp., Dept. ED. Port Wash
ington, N.Y.
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Inverter
All transistorized

Transistorized model 4309 is a 9.5 lb, 250 va 
static inverter that produces both 1 and 3 phase 
400 cps power from 28 v dc input. Single phase 
power is 170 to 200 va; 3 phase, about 50 w.

Varo Mfg. Co., Inc., Dept. ED. 2201 Walnut 
St.. Garland, Tex.
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Combination 
Potentiometer and 

Milliammeter
Two voltage ranges

The MV-1 potentiometer section 
has two voltage ranges: 0 to 60 mv 
and also 95 to 105 mv. Its am
meters are scaled from 0 up to 5.0 
ma de.

Technique Associates Inc., Dept. 
ED, P.O. Box 91, Indianapolis 6, 
Ind.
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Pressure Transducer
For airborne telemetering use

For airborne telemetering and 
control, the P21 pressure trans
ducer comes in ranges from 1 to 
1000 psi gage, differential, and 
absolute. Accuracy is ±0.5 per 
cent full scale.

Pace Engineering Co., Dept. 
ED, 6914 Beck Ave., North Holly
wood, Calif.
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Microwave Filter
0.5 db insertion loss

With a power rating of 300 w cw, 
model 210 tunable uhf cavity filter 
• overs the 200 to 420 me range. In
sertion loss is about 0.5 db; Q fac
tor, about 150; and vswr, 1.3.

Adams-Russell Co., Inc., Dept. 
ED, 292 Main St., Cambridge 42, 
Mass.
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PERFECT SURFACE EXTREME HARDNESS LOW COST
— all this and more, with Linde Sapphire!

Linde and Union Carbide 
are registered trademarks 
of Union Carbide C arpoi arion.

To assure dependability under the most severe conditions, 
tiny valve poppets and seats of pilot relief valves for space 
vehicle tanks built by Whittaker Controls are made from 
LlNDE Sapphire. Linde Sapphire was selected over other 
materials for this critical use because of its perfectly 
smooth surface, extreme hardness, and relatively low cost. 
Other advantages are resistance to corrosion and fast 
deliveries from LlNDE.

Among other properties of LlNDE Sapphire are zero 
porosity, great strength at elevated temperatures, and a 
high melting point of 2040 C. LlNDE Sapphire is trans
parent, may be clear or red. It is easily sealed to metals or 
ceramics and has excellent IR transmission characteristics.

LlNDE Sapphire is supplied in the form of balls, rods, 
tubes, domes, and special shapes to order. For more in 
formation, write Crystals Department, LlNDE COMPANY, 
Division of Union Carbide Corporation, 30 East 42nd 
Street, New York 17, N. Y. In Canada: Linde Company. 
Division of Union Carbide Canada Limited.

Pilot section of this 
pressure relief valve has 
poppet ball (red) and 

seat of LlNDE Sapphire. 
Valve was designed and 
manufactured by Whittaker 
Controls Division of 
Telecomputing Corporation

ON
DE



SYLVANIA-npn switching transistors new products

Q Meter
Range of 100 kc to 100 me 1 

(

For use at frequencies between 100 kc and 
100 me. Oscillator is modulated at 60 cps 50 per 
cent, so that de amplifiers need not be used in 
the voltmeter.

North Hills Electric Co., Inc., Dept. ED, 402 
Sagamore Ave., Mineola, N.Y.
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...still holding the line at 2000 hours
Telemetering Transmitter

Highly stable

Eight new high stability NPN switching transistors 
designed for wide application in low and medium power 
switching circuits, are now available from Sylvania. 
They increase to 15, the total number of NPN switching 
types in the Sylvania line. Most of the units now have 
passed 2,000-hour evaluations and are continuing to 
maintain the high Beta stability and fast rise time so 
important in switching applications.

The fifteen NPN germanium transistors include both 
base-on-the-can types with 150 mw and 200 mtv dissipa
tion and base-off-the-can types with 100 mw dissipation.

Each of the types features the Sylvania welded 
hermetic seal for full protection against humidity and 
other environmental conditions and meets JETEC TO-5 
and TO-9 dimensions. For further particulars on the 
entire line, contact your Sylvania representative or 
write Sylvania direct.

•Base internally connected to the case

Type

Max. 
Dissipation 

at 25° Ambient

Max. 
Junction 

Temp (°C)
Max.
•t (mo)

Current 
Gain 

hFE

Max.
Rise 
Time, t

100 Mw 100 40 2.5 uset
2NS56 100 Mw 85 200 SO 3.5
»557 100 Mw 85 200 30 6.5
2NS58 100 Mw 75 200 75 3 5
2h 200 Mw 100 400 40 2.0
2h s ’ a» • 700 Mw 100 MO 60 2.0

: 1 ? Mw 85 200 30 2 0
2N679* ISO Mw 85 100 20 3.»
2N312 100 Mw 85 200 20 1.5
2N356 100 Mw 85 500 30 2.0
2N3S7 100 Mw 85 500 30 1.2
2N35I 100 Mw 85 500 30 0.8
2N377* ISO Mw 100 200 40 2.S
2N385* ISO Mw 100 200 70 mw
2N388« 150 Mw 100 200 110 1.0

T SYLVANIA Sylvania Electric Products Inc. 
1740 Broadway, New York 19, N. Y. 

In Canada: Sylvania Electric (Canada) Ltd., 
P. O. Box 1190, Station “O,” Montreal 9

n
11

t<

Crystal stabilized, the TR-12 telemetering 
transmitter offers a 225 to 260 me tuning range . 
and up to 4 w output with a plate supply of 
250 v. Its true fm design permits a 125 kc 
deviation over a 300 cps to 80 kc modulation i 
range with 1 per cent distortion.

Dorsett Labs, Inc., Dept. El), 401 E. Boyd St., 
Norman, Okla.
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Miniature Connectors
Have removable contacts

Snap-in DS connectors have removable con 
tacts, silicone inserts, and crimp-type solderless 
terminations. W ire depth can be checked after 
crimping through an inspection hole. The units 
withstand temperatures from —100 to -|-300 I

The Deutsch Co., Dept. ED, 7000 Avalon 
Blvd., Los Angeles 3, Calif.
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Filtors, the leading specialists in the development and manu
facture of sub-miniature relays is proud to announce the addition 
of the new Powrmite micro-miniature relay to its existing line 
of traditionally outstanding relays.

In every field of achievement there is always one leader. In

relays with highest available reliability the leader is Filtors, 
Incorporated. All of the experience and know how gained in 
attaining its position of leadership have gone into making 
Filtors new Powrmite micro-miniature relay truly reliable — 
again the leader in a field of many.

Silicon Transistor
For switching and transmission

i Ì 
'T
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Flexible Coupling
Weight 1.5 g

Gear Grip 5-G is a flexible cou
pling 0.74 in. long with a 0.4 in. 
OD. It weighs 1.5 g. End fittings 
are available with or without 4-40 
set screws. Standard shafts are 1/8. 
3/16, and 1/4 in.

Guardian Products Corp., Dept. 
ED, 1215 E. Second St., Michigan 
( ity, Ind.

CIRCLE 83 ON READER-SERVICE CARD

Multipoint Control
Nonindicating

Adjustable for one through six- 
point operation, model 6134 is a 
continuous control for use where 
no chart record is needed. The de
vice needs no batteries, standard 
cell and standardizing mechanisms, 
or periodic standardization. Scan
ning cycle is adjustable to 2, 5, or 
10 sec per point.

Daystrom, Inc., Daystrom-Wes- 
ton Industrial Div., Dept. ED. 
Newark 12, N.J.
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A vacuum-sealed npn unit, the 
2N560 double diffused silicon tran
sistor is for low power, high gain 
switching and transmission appli
cations. Maximum collector voltage 
is 60 v; maximum collector satura
tion current. 0.1 ua at 20 v; and 
maximum collector capacitance 12 
uuf at 5 \.

Western Electric Co., Inc., Dept. 
ED, 120 Broadwav, New York 5, 
N.Y.
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Leading manufacturers of hermetically sealed micro and sub-miniature relays. FILTORS, INC.

I
Main office and plant: Port Washington, N. Y., POrt Washington 7-8220

West coast office: 13273 Ventura Blvd., Studio City, Cal., STanley 3-2770

VIBRATION UP TO 30 G's AT 2000 CPS. 
70 G's SHOCK.2 AMP OR DRY CIRCUIT 

-65°C. TO + 125°C.



NEW PRODUCTS INDUSTRY’S BROADEST LINE OF
Time Delay Relay

60 msec to 600 sec
TYPICAL SWITCHING CIRCUIT AT 25*C

This time delay relay is a 6pdt, 
5 amp type with delays from 60 
msec to 600 sec. Either delay-on- 
make or delay-on-break configura
tions are available. Accuracy from 
—62 to -|-72 C at constant 28 v de 
is ±4 per cent. Shock, acceleration, 
and vibration meet M1L-E-4970.

Voi-Shan Mfg. Co., Dept. ED, 
8463 Higuera St., Culver City, 
Calif.
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Audio Oscillator
r* 0.002 per cent frequency stability

bII 
A 
H 
II

Frequency stability of the TCO 
300-OC transistorized crystal oscil
lator is ±0.002 per cent from —55 
to -|-85 C. The unit has oven con
trol and square-wave type output. 
It stands 100 g shock and 10 g 
vibration to 2000 cps.

Dynamics Corp, of America, 
Reeves-Hoffman Div., Dept. ED, 
Carlisle, Pa.
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Miniature Motor
Weighs 3 oz

Producing 0.2 oz-in. tonpie at 
10,200 rpm, the 65JG1 blower mo
tor is 1.07 in. in diameter, 1.32 in. 
long, and weighs 3 oz. The 27 v ac,

Tl
(ACTUAL SIZE)

NEW P-N-P germanium power 
switching transistors guarantee 5.5 W 
dissipation at 25°C with voltage rat
ings of 40, 60, 80, and 100 volts for 
optimum design flexibility. The func
tional design of the heat sink assures
rapid installation requiring only one 
mounting hole through the chassis.

You get guaranteed 20-to-60 beta spread and a low 0.16 
ohm saturation resistance at the 3A maximum collector 
rating. In addition, a maximum 125 /iA collector reverse 
current is guaranteed at one-half rated breakdown volt- 
tage with TI 2N1042, 2N1043, 2N1044, and 2N1045 
alloy junction transistors.
These new devices are well suited for your switching
circuits . . . relay drivers .. . audio and pulse amplifiers.TYPICAL SOLENOID RELAY DRIVER

O mA Off
= 4» OHMS MINIMUM

= 1A MAXIMUM

-50mA IMAX)

OA OFF

ÎN10W

when lr««uh»*r is

NEW MED

NEW 
power

I U M

P-N-P germanium medium 
transistors give you switching

times as low as 1.1 /¿sec. TI 2N1038, 
2N1039, 2N1040, and 2N1041 alloy 
junction transistors provide 800 mW 
dissipation in free air at 25°C,450 mW 

at 55°C... with voltage ratings of 40,60,80, and 100 volts. 
In addition, guaranteed 20-to-60 beta spread and low 
0.2 ohm saturation resistance assure reliable perform
ance for your high speed switching circuits ... relay 
drivers .. . low power audio and pulse amplifiers.

Type

Dissipation 
at 25’C

Collector
Voltage-V 

max

Collector 
Current A 

max

Beta Collector Reverse Current 
Ln max

Saturation 
Resistance 

Ohmmin max mA V

computer power pnp 2N1046 15W -80 -3 40 70 (Avg) —1mA -40 0 75
medium power 2N1038 800m W -40 -1 20 60 -125 -20 0 2

pnp 2N1039 800 mW -60 -1 20 60 -125 -30 0.2
2N1040 800mW -80 -1 20 60 -125 -40 0 2
2N1041 800mW -100;^ -1 20 60 -125 -50 0 2

power 2N456 50W -40 -5 30 («5 A avg. -2mA -40 Ò 048
pnp 2N457 50W -60 -5 30@5A avg. -2mA -60 0 048

2N458 50W -80 -5 30 (a. 5 A avg. -2mA -80 0 048
2N1021 50W -100 -5 23 @5A avg. -2mA -100 0.08
2N1022 50W -120 -5 23<§j5A avg. -2mA -120 0 08
2N1042 5.5W -40 -3 20 60 -125 -20 0 16
2N1043 5 5W -60 -3 20 60 -125 -30 0 Ì6
2N1044 5 5W -80 -3 20 60 -125 -40 0 16
2N1045 5 5W -100 -3 20 60 -125 -50 0 16

IMMEDIATELY AVAILABLE IN PRODUCTION QUANTITIES OR...

Texas
OF

WORLD’S LARGEST SEMICONDUCTOR PLANT
58 I 39

POi



TYPICAL SWITCHING CHARACTERISTICS

33 n

100 n

2NW46

IN539 : r
35V (ACTUAL SIZE)

TYPICAL SWITCHING TIMES

90%

10%

TEST CURRENTS

ICollettoi Current!

211022

(ACTUAL SIZE)

OFF THE SHELF IN 1-99 QUANTITIES FROM YOUR NEARBY Tl DISTRIBUTOR

OUTPUT 
PULSE

INPUT 
PULSE

600 n 
AW-

Oelay Time

Rise Time

Storage Time

Fall Time

NEW TI 2N1046 combines high power, high fre
quency and high voltage performance in a single 
transistor package! This P-N-P diffused base germa
nium transistor has guaranteed dissipation to 15 
watts and collector breakdown voltage to 80 volts 
with 12 me typical alpha cutoff. Extremely low col
lector reverse current averaging 0.2 ma at 40 volts 
and a low 0.75 ohm saturation resistance assure reli
able operating characteristics.
Designed for your deflection circuits and computer 
core driving applications, the 2N1046 has a typical 
lOmc internal cutoff frequency, fT (point at which 
forward current transfer ratio equals unity).

3 phase, 400 cps unit meets MIL-M 
13787 specifications.

Western Gear Corp., Dept. ED 
P. O. Box 182, Lynwood, Calif.
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(Turn-off Current) = + 30mA

Series 130 amplifiers are high gain 
dc differential units with two inputs 
and two outputs. They offer a wide 
variety of performance character
istics which can be obtained by se
lection of feedback elements. Open 
loop gains from 60 to 85 db are 
available.

Burr-Brown Research Corp., 
Dept. ED, Box 6444, Tuscon, Ariz.
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Quarter Square Multipl
For analog computers

NEW TI 2N1021 and 2N1022 germanium transistors, 
with maximum operating voltages of 100 V and 120 V 
respectively, provide typical betas of 70 at 1A . .. 
23 at 5A!
You get guaranteed 700 pA maximum collector re
verse current at one-half rated voltage and 2mA 
maximum at full rated voltage in addition to ex
tremely low saturation resistance ... 0.08 ohm RCs- 
For your audio, servo and power applications, con
sider these outstanding performance characteristics 
and specify TI germanium transistors.

(Tum-on Current) = — 30mA

Instruments
INCORPORATED
SEMICONDUCTOR - COMPONENTS DIVISION 
I35OO N CENTRAL EXPRESSWAY 
POST OFFICE BOX 312 • DALLAS, TEXAS

DC Differential Amplifiers 
Transistorized

For use with analog computers, 
model 7007 multiplier utilizes a 
variation of the quarter square 
multiplication technique and avoids 
the need for internal amplifiers. Be
sides improving the frequency 
response of any analog computing 
facility, the unit offers low noise 
and infinite resolution.

Electronic Associates, Inc., Dept. 
ED, Long Branch, N.J.
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DALLAS • NEW YORK • CHICAGO • LOS ANGELES 

CAMDEN • DAYTON • DENVER 

DETROIT • OTTAWA • PALO ALTO • SYRACUSE 

SAN DIEGO • WALTHAM • WASHINGTON D C.

GERMANIUM POWER TRANSISTORS!

TYPICAL 20 WATT AMPLIFIER

TRANSISTOR EFFICIENCY

2N1021

2N1022 -100

HEAT SINK

INPUT 
230 O

DISTORTION 
20 WATTS

POWER GAIN = 23 db



NEW PRODUCTS
Power Transistors

A Complete Line of

First from

COMPUTER TRANSISTORS
Only Philco offers a complete line of specially designed 
computer transistors. Here are the best transistors for 
all phases of logic circuitry, read-in and read-out equip
ment, core-drivers, storage and switching devices.

Philco transistors are being used by all leading com
puter manufacturers, especially where millimicrosecond 
speeds are needed. A leading University has proven 
Philco transistor reliability in actual computer circuits

over tens of millions of transistor service hours.

All Philco transistors are hermetically sealed to insure 
maximum service life. Available in production quantities 
from the factory. Also available "off the shelf” in quanti
ties 1 to 99 from your local Philco transistor distributor. 
When you think of TRANSISTORS . . . think of 
PHILCO FIRST.

MEDIUM FREQUENCY, MEDIUM POWER ALLOY 
JUNCTION TRANSISTORS (250 mw) (in TO-9 package) 
2N597...........for use in 200-300 kc computers, fab over 3 me 
2NS98 . . for use in 300-400 kc computers, f<xb over 5 me 
2NS99 . . for use in switching circuits faster than 400 kc, fab over 

12 me

MICRO ALLOY DIFFUSED-BASE TRANSISTOR (MADT)
2N5O1 extremely high speed switch; typical rise time 12 mp 

sec, fall time 4 mp sec

BILATERAL ALLOY JUNCTION TRANSISTOR
2N462

MICRO-MINIATURE TRANSISTOR
2N536 . high gain switching transistor, 20v maximum VCE DC

beta typically 150

high gain (hEE = 45 in both directions), high voltage 
(40v) unitforapplicationswherecurrentreversalisdesired

HIGH FREQUENCY, HIGH GAIN (MICRO ALLOY) 
TRANSISTOR (MAT)

2N393 combines high frequency response with high gain for 
general purpose, high frequency applications and

2N353
2N386
2N387
2N589

POWER TRANSISTORS
40 volt, 30 watt power transistor 

. . 60 volt, 37.5 watt power transistor
80 volt, 37.5 watt power transistor
100 volt, 37.5 watt power transistor

switching circuits, typical fmax 60 me

HIGH FREQUENCY SILICON TRANSISTOR (SAT)
2N670 
2N671

2N496 .. .. high speed silicon switch for speeds up to 5 me charac
terized by extremely low saturation resistance.

2N672

2N673
HIGH FREQUENCY SURFACE BARRIER 

TRANSISTOR (SBT)
2N6OO

2N6O1
2N24O switching transistor, typical f = 60 me

PHILCO'S NEWEST FAMILY OF MEDIUM- AND 
HIGH-POWER SWITCHING TRANSISTORS

. 300 mw, 2 amp pulse amplifier, in TO-9 type package 
40 volt, 1 watt pulse amplifier in case with mounting 
stud and JETEC E3-51 base

.40 volt, 0.75 microsecond high frequency switching 
transistor

. 40 volt, 1 watt, stud mounted switching transistor 
stud mounted % watt high speed power switch (f<xc 
and 5 MC)
stud mounted % watt high speed power switch (fac 
and 12 MC)

Make Philco Your Prime Source For All Transistor Information And Prices. Write Dept. ED-1058

PHILCO CORPORATION
LANSDALE TUBE COMPANY DIVISION

LANSDALE, PENNSYLVANIA

Maximum ratings of 65 w and 
13 amp

Germanium pnp types, power 
transistors CTP 1511 through 1514 
are capable of a current gain of 60 
to 120 at 5 amp and 50 at 10 amp. 
Collector to base breakdown volt
age ranges from 40 in the CTP 
1514 to 100 in the CTP 1511. Ab
solute maximum ratings are 13 
amp of collector current. 90 C 
junction temperature, and 65 w 
collector dissipation. Total power 
dissipation at 70 deg and mounting 
base temperature is 20 w.

Clevite Transistor Products, Div. 
of Clevite Corp.. Dept. ED, Wal
tham 54, Mass.
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Panel Meter
Has many faces

V variety of panel meters in one. 
the Unimeter has a basic move
ment section to which any number 
ol dial components can be fitted in 
seconds. Dustproof and accurate, it 
has self-shielded bar-ring move
ments and ac and dc linear scales.

The Triplett Electrical Instru
ment Co., Dept. ED, Bluffton, 
Ohio.
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Waveguide Tube
Has sharp corners

Sharp radii permit critical wave
guide dimensions to be held into 
the corners of this stainless steel 
rectangular tubing. Standard tubes 
are 5 ft long with inside dimensions 
from 0.311 x 0.622 ±0.002 in. to 
0.0 x 0.9 ±0.003 in.

Superior Tube Co., Dept. ED, 
1521 Germantown Axe., Norris
town, Pa.
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Process 

and 

Machine Control 
in Action

Lithium Corp.’s processing plant uses both 
pneumatic and electrical instrumentation, pro

vided by The Bristol Company.

" A NYTHING you want done, we can do with 
electronics.’ This old saw has worked out 

so well in military applications that we lose sight 
of the fact that there are other ways of doing 
things. The electronics engineer, on his first tour 
through a chemical processing plant, or an oil re
finery might be quite surprised to see how much 
control is in the hands of pneumatics, or hy
draulics, or mechanical gear.

He may well wonder: “Can’t we do these 
things with electronics? Why don’t we?” And 
therein lies a tale.

Decisions, Decisions, Decisions
From the very start, an engineer on a plant 

automation project must make far-reaching de
cisions—many of them by no means clear cut. 
He’ll have to decide:
■ Is automation worthwhile? Will production 
economies, increased production, a superior prod
uct, or tougher competition justify the expense 
of automatic control?
■ How extensive should the system be? Should 
we control one machine, one line or process, or 
an entire plant? Shall control be open-loop or 
closed-loop?
■ How reliable will it be? How much will re
liability cost? What will down-time cost?
■ How many measurements are necessary and 
how important are they?
■ How accurate and how must the system be? 
be?
■ Shall instrumentation be electronic, pneumatic, 
hydraulic, mechanical—or a combination?
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The business end of a giant tracer-con
trolled profile milling machine. Electronic con

trols are by GE’s Specialty Control Dept.

Fingertip control for Northrop Aircraft s 
giant Kearney and Trecker profile and con

tour milling machine.

Chips fly as a deep cut is made in stainless 
steel by a numerically-controlled machine sys
tem with controls by Northrop.

■ If electronic—shall it be vacuum tubes, transis
tors, or magnetic amplifiers.
■ Shall information be analog or digital?

Some Typical Installations
Our engineer might want to look into some in

stallations to see just how things have worked 
out. He’d want to know what headaches others 
have had as well as the successes they’ve had. 
Here’s what he’d probably note.
Oil Refining. Tidewater’s Delaware Refinery' is 
the largest ever planned and constructed as one 
overall effort. C. F. Braun & Co. designed and 
constructed the refinery, but many other compa
nies provided systems, instruments, and hard
ware. Panellit, Inc. designed thirteen data han
dling systems to process information from 4700 
points throughout the refinery.

Most of the instrumentation is pneumatic. This 
was motivated by several factors:
• Since control houses are centrally located, the 
average distance of signal transmission is no more 
than about 250 feet.
• Response speed is not particularly critical for 
controlling most of the processes.
• Many employees were already familiar with 
pneumatic instruments.
• There was no electronic signal standard among 
manufacturers, while there is a pneumatic signal 
standard (3 to 15 psi to represent zero to full 
range).

Tidewater insisted on a high degree of equip
ment standardization to cut inventories and ease 

maintenance. Redundancy was one of the keys 
to reliability. Almost every motor, for example, 
can be powered via two distinct paths.
■ At the de-waxing plant of Esso Standard Oil 
Co.’s Bayonne, N. J. Refinery, our engineer would 
find a sticky problem automatically controlled. 
An electro-pneumatic system controls filter wash
ing. Before its installation, filters were cleaned by 
manually operating a sequence of valves. Now, a 
battery of electrical timers is energized when the 
system detects too low a filter feed rate, indicat
ing a dirty filter cloth.

Relays connect time-controlled contacts to 
electro-pneumatic actuators for the filter control 
valves. Then feed, vacuum, and cold solvent 
valves are closed. The valve for hot solvent filter 
wash is opened and the filter is cleaned. Hot 
solvent is then closed off automatically, and feed 
and cold solvent returned to service.

In addition to automatic and semi-automatic 
control, the system provides visual indication of 
the cycle progress on a pane! and warns of ab
normal conditions.
■ An installation where computers are especially 
helpful is at the Baton Rouge Refinery of Esso 
Standard Oil Company. Here, a field trial system 
installed by' Leeds & Northrup has been operat
ing round-the-clock since Jul\ 1, 1958. 

One hundred sixty process variables are
scanned at about a point a second. A Speedo
max Type “H” indicator, equipped with a
Giannini shaft position encoder, digitizes the
millivolt-level analog signals. On command from
the computer, the digital information is se-

quenced into a Royal Precision LGP-30, general 
purpose, small-sized digital computer.

Operations including averaging readings on an 
hourly and daily basis, checking for “off-normal” 
points, preparing information for print-out, 
scaling, and linearizing are performed by the 
computer. In addition, the computer solves com
plex equations and prepares 27 operating guides 
including catalyst circulation rate, carbon burn
ing rate, and material balance.

Though the computer doesn’t automatically 
control the system, it guides the operator in 
changing control loop set points. Closed-loop 
control may follow when the operator’s knowl
edge and experience can be reduced to equa
tions which can be programmed into the com
puter, and when equipment is added which can 
adjust control set points based on information 
from the computer.
Chemical Processing. Pneumatic controls are far 
in the lead over other types in the chemical 
industry. Only now, with newer requirements 
for faster and more complex control, and with the 
need for rapid computer processing of informa
tion, are the chemical industries beginning to 
turn to electronic control. But they have many 
qualms which must be overcome.

At the Bessemer City, N. C. plant of the 
Lithium Corp, of America, the production of 
vital lithium compounds is controlled over every 
step from the first kiln heating to the final con
tinuous crystallizer. Normally in operation 168 
hours a week, the instrumentation provided by 
The Bristol Company had to withstand corrosive
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V isicorder Record— % actual size

These welder phase-shift heat-control patterns were 
directly recorded with a Honeywell 906 Visicorder at 
Bristol Aircraft (Western) Limited in Winnipeg.

Since the welding heat generated is proportional to 
the square of the current value, phase shift must he accu
rately controlled in order to determine the heat value. 
If the phase shift dial is not accurately calibrated, the 
result is too much or too little heat, and a poor weld.

In this application, the Visicorder is an essential 
guide to accurate calibration, since ink-type recorders 
do not cover the sensitivities and frequencies needed and 
an oscilloscope would present a continually changing 
pattern since most recording periods are less than 10 
cycles. The directly-recorded Visicorder patterns allow 
a convenient study of the exact time when the current 
wave form was being cut off.

Here is the circuit used in this test.
Input Circuit for Oscillogram of D C. Welding Current

Lower Arm 
of Welder

Welder Arm
Calibrated 2.16 x 10'^ 
Ohms between I 
Connections

H 
series

To V450-55B 
Ga/vo A shunt 
(No amplification!)

Honeywell

¡ //c
i J / a oi / tre r tu h.

Model 906.1 Visicorder 

pictured with 

Record Takeup and 

Latensifier I nit.

The Honeywell Visicorder is the first high-fre
quency, high-sensitivity direct recording oscillo
graph. In laboratories and in the field everywhere, 
instantly-readable Visicorder records are pointing 
the way to new advances in product design, 
rocketry, computing, control, nucleonics ... in any 
field where high speed variables are under study.

The new Model 906A Visicorder, now avail
able in 8- and 14-channel models, produces 
longitudinal grid lines simultaneously with the 
dynamic traces, time lines, and trace identification 
by means of new Accessory units.

To record high frequency variables—and moni
tor them as they are recorded—use the Visicorder 
Oscillograph. Call your nearest Minneapolis- 
Honeywell Industrial Sales Office for a demon
stration.

INDUSTRIAL ELECTRONICS

I

Input control console of Daystrom Systems’ solid 
state computer, controlling 350 point alarm-scanning 
system at the new steam electric station of the Louisi
ana Power and Light Co., Monroe, La.

attacks of excessive moisture, abrasive effects of 
dust, and interference from vibration.

Though temperature, pH, pressure, and flow 
are measured and controlled with pneumatics 
and electronics, all the instrument-directed 
automatic controls are pneumatic.
Steel Processing. Steel mills throughout the 
country have been using electronics extensively 
for measurement and control, and electrical, 
mechanical, and hydraulic devices for actuation. 
X-ray thickness gages detect steel thickness and 
relay information to remote indicators and re
corders. Infra-red width gages, in closed loop 
systems, help keep strip width within tolerances. 
Industrial television allows a close view of diffi- 
cult-to-get-near processes.
Metal Working. Here, electronic sensing, and 
control by magnetic or punched tape are married 
to electro-mechanical or hydraulic-mechanical 
actuation. Companies like General Electric’s 
Specialty Control Dept., Bendix Aviation Corp.’s 
Industrial Controls Section, Magnasync Mfg. 
Co., Electronic Control Systems, Northrop Air
craft. and many others have developed controls 
for milling machines, drill presses, jig borers, 
stampers, welders, and a host of other machine 
tools. These controls insure greater precision 
and speed as well as dollar economies.
Lamp Making. Here is an industry where a very 
large variety of measurements must be made; 
where many types of action must be controlled; 
where high speed and accuracy are the rule 
rather than the exception. At Westinghouse 
Electric Corp.’s Lamp Division in Bloomfield, 
N. J., one might see measurements with photo
cells, ultrasonics, geiger counters, optical sys
tems, and microphones.
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Reference Data: Write for Visicorder Bulletin
Minneapolis Honeywell Regulator Co., Industrial Products Group, Heiland Division, 5200 E. Evans Avenue, Denver 22, Colorado
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crates a voltage proportional to shaft speed. It 
is fed back to the magnetic coupler to keep slip 
speed constant.
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A small tachometer on

THE 1 LI ABI LI of Sprague 
Pulse Transformers is no "extra”. 
Designed to meet military specifi
cations, such as MIL-T-27, these 
hermetically sealed transformers 
serve the demands of high-speed 
computer circuits, pulse inversion 
circuits, impedance matching cir
cuits, blocking oscillator circuits, 
memory core current drivers, cur
rent transformers, and many others.

Special designs for high accele
ration, high ambient temperatures 
(abose 8 5° ( ), or minified circuits 
can be furnished to suit specific 
requirements. For typical commer
cial applications, units are available 
in lower cost housings. Special kits 
to aid prototype work and selection 
are also available.

Resistance of photoflash lamps (less than 1/2 
ohm) must be measured to within one per cent 
at speeds faster than 3000 per hour. Thermo
couples measure oven temperatures; waxes, 
stains, and radiation devices measure tempera
tures of moving parts. Temperatures to be meas
ured vary from minus 40 C to 2400 C.

Measuring rates vary over the wide range 
from one per minute to 1000 per second. Re
quired actuator response varies from a milli
second to five minutes. Instruments often have 
to tolerate tough environments—humidity’, heat, 
and corrosion.
Electric Power Generation. Here is an area 
where electronic control is a natural. At the 
Sterlington Station of the Louisiana Power and 
Light Company, Daystrom Systems has installed 
a solid state, general purpose digital computer 
for alarm scanning and print-out. This versatile 
equipment replaces conventional historical re
corders, scan recorders, bearing monitors, inte
grators, and hand logging.
Automobile Assembly. Assembly line speed con
trol is very’ important in any mass production 
industry’. Ford Motor Company’s assembly plant 
in Mahwah, N J. uses an adjustable speed motor 
control to regulate assembly line speed. An eddy
current coupling transmits power to the line from 
a constant speed synchronous motor through a 
magnetic coupling.

All That Glitters . . .
Armed with just a glimpse of a few installa

tions, and knoyving the monumental effort and 
planning behind them, our engineer may want 
to probe more deeply. He may want to see just 
why one installation used electronic control 
rather than pneumatic; yvhy one company’ pre
ferred transistors, another vacuum tubes, and 
another magnetic amplifiers.

What he would learn appears on the tolloyy ing 
pages of this report, a free reprint of which is 
available if you turn to the Reader-Sen ice card 
and circle 100.

l or complete engineering data and 
application information on pulse trans
formers, su itching transformers, and 
magnetic shift registers, write the 
Technical Literature Section, Sprague 
Electric Company, Ì17 Marshall St., 
North Adams, Massachusetts.

SPRAGUE COMPONENTS'

MAGNETIC COMPONENTS • TRANSISTORS • RESISTORS • CAPACITORS * INTERFERENCE 

FILTERS • PULSE NETWORKS • HIGH TEMPERATURE MAGNET WIRE • PRINTED CIRCUITS 
CIRCLE 107 ON READER-SERVICE CARD
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INDUSTRY measures almost everything. An 
Electronic Design survey among users of in

dustrial control equipment revealed a wide va
riety of measurement requirements in addition to 
the usual flow, pressure, temperature, liquid 
level, and displacement.

Even within individual companies, types of 
measurements might include diameters, speed, 
pH, viscosity, humidity, presence of parts, posi
tion, and weight. Transducers run the gamut 
from bourdon tubes, strain gages and thermo
couples to photocells, pyrometers, microphones, 
Rayotubes,* differential transformers, and a va
riety of resistive, capacitive, and magnetic de
vices.

The range of measurements is very wide in
deed. Pressures vary from 1 to 20,000 psi, tem
peratures from minus 65 to 2400 C, weight from 
less than a milligram to more than 500 lb.

Designing For Industry
Accuracy requirements fall between 0.1 and 10 

per cent with the dominant requirement for 1.0 
per cent accuracy (or repeatability).

Preference for amplify ing dev ices vv as split al
most evenly among electron tubes, magnetic am
plifiers, and transistors, with tubes leading by a 
small margin. Most users preferred line operation 
to batteries; and most didn’t rate equipment size 
an important consideration.

Results of our survey’ and of many personal 
interviews revealed many of the motivations un
derlying the decisions designers have to make. 
They show clearly why designers grey too soon.

Electronics?
Pneumatics? Hydraulics?

No doubt the first decision the sy stems man 
I ices is what type of energy lie wants to handle. 

what type of signal he wants to transmit. Each 
has merits. Each has drawbacks.
Pneumatics. In the chemical and petroleum in
dustries (largest users of process control instru
mentation), pneumatic signal transmission is far 
and away the most popular form—for many' rea
sons. For one thing, pneumatics came first. By 
now pneumatic signal levels and impedance 
levels are well standardized. All manufacturers 
use signal levels of 3 to 15 psi to represent zero 
to full range for transducers, actuators, and re
cording instruments. This makes it easy to build 
integrated systems with equipment supplied by 
different manufacturers. (Electronic equipment 
manufacturers, on the other hand, are too shy to 
publicly disclose what signal levels they re using.)

For simple process controls, pneumatic hard
ware is fine. Pneumatic circuits are fast enough 
for short transmission distances, yet they can 
provide long time constants Simple logical cir
cuitry ( WD. OB, etc.) can be designed. And
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vith minimum maintenance, pneumatic equip- 
nent can work for years.

But for control over long distances, pneumatic 
systems are sluggish. Response is slow for trans- 
nission distances much in excess of 200 feet. For 
•omplex controls, pneumatics becomes cumber
some, if not impossible.

Pneumatic power supplies require very careful 
design. The equipment just can’t work on dirty 
oily air.
Hydraulics. For servo control of machine slides, 
probably nothing is more popular than the hy
draulic piston. It provides high dynamic re
sponse and stiffness; accurate, rapid, position 
control; and very smooth, short, straight-line 
strokes. And it's fine for heavy duty cycles with 
lots of start-stop action.

Offering repeatability to better than 0.001 in., 
hydraulic actuators are smaller than electrical 
ones, and they7 have less inertia.

Faster even than pistons, are the rotary hy
draulic motors which, with preloaded ball-bear
ing leadscrews, provide fast, rigid, straight-line 
drives. And happily, high gain, highly stable sys
tems are easy to design.

On the other sick1 of the ledger—hydraulics is 
almost never justified for fractional horsepower 
applications, and the compressibility of oil limits 
frequency7 response. Hydraulic power supplies 
are large, and almost always dirty and greasy’. And 
though some units boast very low leakage, they 
are rare. Leakage is a constant problem.
Mechanics. Particularly in machine control, it’s 
almost always necessary7 to convert the rotary 
motion of a prime mover to a linear machine mo
tion. This mechanical link is usually a leadscrew.

’l’he conventional leadscrew7 has a high me
chanical advantage. That’s good. It’s rigid. That’s 
good too. But to minimize backlash and elas
ticity, friction and stiction, a leadscrew requires 
very exacting design. And for motion beyond 
about eight to ten feet, the leadscrew must be 
displaced by a rack and pinion, which suffer 
from backlash even more. The machine designer 
has to fight with deflection, weight, and inertia, 
backlash and elasticity, friction anil stiction. And 
he has to keep the price down too.
Electronics. For very complex control, where 
there are many interdependent variables; for the 
most rapid control over long distances; for accu
racy, flexibility , and versatility ; for handling lots 
of data; and for the fastest computation—nothing 
beats electronics. Even the chemical companies, 
traditional users of pneumatic equipment, even 
they’ are “looking electronic

’l’he costs for pneumatic and electronic equip
ment are comparable. Though first costs of elec
tronic equipment are somewhat higher, installa
tion costs are somewhat lower. Electronics can

Proved by over 16,000,000
printings without repairing,

The adding machine in the Digit-Matic has been tested 
with over 16,000,000 continuous printings, with no fail
ure, no service other than periodic oiling. Forty years 
of experience in producing 1,500,000 adding machines 
as well as precision instruments such as the Norden 
Bombsight has given Victor Adding Machine Co. out
standing qualifications for producing rugged and reli
able digital printers.

V*

VICTOR DIGIT-MATIC PRINTERS

adjusting or cleaning!

CHECK THESE 4 VICTOR ADVANTAGES

Reliability: Examine the rugged construction of 
a Victor machine. Each part is conservatively 
designed to provide extended life and reliability. 
Wearing surfaces heat treated, cyanide hard
ened to stand up under constant use. All steel 
parts cadmium plated to prevent rusting.

Immediate Service: Factory-trained servicemen 
(and parts) are on call in more than 725 cities 
coast to coast.
Flexibility: At least 500,000 different combina
tions available, with speeds up to 33 characters 
per second. With Victor Digit-Matics you have 
your choice of listers, accumulators, or calcula
tors plus an almost infinite number of other 
variations ranging from electrical noise filters to 
upside-down printing.
Fast Delivery, Low Price: Because of Victor’s con
tinuous high volume of adding machine produc
tion, we can ship almost any quantity of Digit- 
Matics—built specifically to your order—within 
30 days. Victor Digit-Matics, from only $425.00. 
are the value buy in the digital printer field

VICTOR SERIAL ENTRY DIGIT-MATIC PRINTER
10 Digit solenoids. Digits are entered in sequence with 
most significant digit first. Accepts digits at a rate up 
to 20 per second. Print cycle: listers 0.27 seconds; ac
cumulators 0.35 seconds. Available in up to 11 column 
entry capacity.

k COIL DATA

Voltage 21-28VDC 42-54 VDC 125-160VDC
Resistance, ohms

Digit solenoid 25.5 75.0 490.
+ or — Print solenoid 25.5 75.0 450.

Minimum on time, seconds .02 .02 .02
Maximum on time, seconds .05 .05 .05

(continuous printing)

Minimum off time between digits—all serial entry machines—.025 
seconds.

COVER REMOVED

VICTOR PARALLEL ENTRY DIGIT-MATIC PRINTER
All digits 1 through 9 of each column equipped with 
solenoids. Digit and print command solenoids may be 

< simultaneously energized. Print cycle:—listers 0.30
ip seconds; accumulators 0.35 seconds. Available in up

. to 10 columns entry capacity.

SrL COIL DATA
Voltage 2T-28VDC 35-56VDC 125-160VDC I05-125VAC

Resistance, ohms
Digit solenoid 17.6 53.0 700. 125.
+ Print solenoid 17.6 89.0 375. 125.
— Print solenoid 17.6 53.0 375. 125.

Minimum on time, seconds .020 .020 .015 .025
Maximum on time, seconds 

(continuous printing)
.050 .050 .035 .050

A few popular model variations:—columnar spacing; 
right side of machine accumulating and left side list
ing data identification; Non-Add printing; Non
printing adding; MIL-I-17623 Electrical Motor 
Noise elimination; Induction Motors; Manual Keys 
over the solenoids; “digit key depressed” switch 
(serial entry Digit-Matics); tag and label printing; 
and all kinds of alphabetic and special types.

r 9
Write today! Victor’s electronics-trained staff 
will gladly help you solve any digital printing 
or calculating problem.
Write for technical manual No. D 10-71

Electronics Division

F VICTOR ADDING MACHINE CO.
3900 N. Rockwell Street, Chicago 18, III.
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Mechanical rotation is converted to digital electronic 
form by magnetic proximity pickup in Beckman’s automatic 
coil winder.
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Hydraulic servo on Bendix punched tape controlled milling 
machine.
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Analog. Almost every* process or machine control 
system starts vv ith analog information. A trans-

ing future. Newer production methods promise 
even better transistors and diodes. Silicon units

now. tube m

sider how a tube is used in a circuit.
But tubes do fail. And it’s hard to pr 

they ’ll fail.
Transistors. These ten-vear-olds have

vas
UK

Their principal weakness is that a magnetic 
plifier is no better than the diodes it uses, 
proved techniques of diode manufacture, 
very conservative design can correct this.

Harry Palmer, Manager of Engineering at GE s 
Specialty Control Department, these tubes arc

mo
\ ai

moving into industry—and at an ever increasing 
pace. Some magnetic amplifier types can operate 
from infinitesimal signal levels. Others can con
trol power levels unthinkable with most tubes. 
They can be designed for very long life (10 to 20 
vears). And they can do many jobs that relays

But they are expensive. Each one must be de
signed for a specific job. Companies like West
inghouse and Control, Div. of Magnetics, Inc., 
have made a valuable contribution by introduc
ing lines of standard control reactors as stock

nance people distrust them. They don’t realize 
that many of their premature failures w ere caused

shelf life) is nothing to look forward to. 
Magnetic Amplifiers. Magnetic amp

especially, with their tolerance to high tempera
tures, will establish a firmer foothold in industry 
—when their price comes down more.

In contrast to tubes, marginal operations of 
transistors and semiconductor rectifiers can be 
checked. End of life can be predicted, so un
scheduled down-time can be avoided.

Perhaps the most exciting development in the 
semiconductor field is GE s new silicon controlled 
rectifiers. These “semiconductor thyratrons” can 
be controlled with very small powder levels. They 
can deliver heavy currents to a load. And they 
should last many times longer than the relays and 
gas-tube thyratrons they can replace. Unfor
tunately, they usually require special drive cir
cuitry. Most bitter complaint about them: “Can’t 
buy enough of them for adequate tests.”

To industry, the most attractive aspect of tran
sistors is their potentially indefinite life. The 
most troublesome aspects are their sensitivity to 
temperature variation, their low’ voltage ratings, 
and their low power dissipation. Their gain drift 
with temperature can be tolerated in operational 
amplifiers and a few’ other circuits, but in most 
applications it must be compensated for at the 
cost of added circuit complexity.

Their small size, a boon to the military’, is no 
powerful consideration for industry. Battery op
eration is something industrial users are a bit 
chilly about. Keeping a stock room supplied with 
a large assortment of batteries (with limited

points to considerable < 
if a tube of this type has 
cation for 15 or 30 davs
probability of lasting 3 to 5 vears—if undisturbed 
and not subjected to abnormal operating condi
tions.

Disturbing a tube for testing serves no purpose. 
Conventional tube testers have little value in 
testing for deterioration. 1 hey just fail to con-

items.
Their usual time constant of 8 to 10 cycle? 

makes them too slow for most plants which are 
limited to 60 cps current. They ’re fine for con
trolling temperatures—a slow process anyway

now match pneumatic performance. Until re
cently, electronic equipment couldn't provide1 the 
long time constants (minutes or even hours) re
quired in some applications. But now it can. Im
proved materials (like Mylar), have enabled the 
design of capacitors with very low leakage, and 
with reasonable size and cost.

Electronics has a long way to go to win the 
field. Its complexity can frighten a man who 
works with pipes and tubes that carry stuff you 
can touch. Electronics must overcome his preju
dices. This man s attitude on the reliability of 
electronic equipment may have been formed 
when his television receiver at home conked out 
in the middle of a World Series game.

Electronic equipment manufacturers have not 
standardized their signal levels, as have pneu
matics companies. And they have not yet fully 
convinced the rest of the industry that electronic 
equipment can be as safe (explosion-proof, for 
example), and as reliable as any’ other.
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ucer measures some process variable, and pro
ides a signal proportional to the variable. In 
nany cases, the signal is quite feeble, so ampli- 
iers are needed. The more amplification re- 
piired, the more likely it is that the system will 
differ from jitter, instability, or drift. These am
plifiers demand excellently regulated power sup
plies.

Usually less expensive, less rapid, and less ac
curate than digital computers, analog computers 
serve admirably in simulating complex processes, 
md thus lay the groundwork for optimum con
trol.
Digital. For fastest computations, or computa- 

। (ions where large volumes of data must be han
dled, digital computers are the answer. They’re 
highly flexible, and most accurate.

However, since transducer signals are analog, 
these signals must be digitized for computer use. 
\nd if the results of computation are to be used 
directly to control actuators, the computer’s out
put must be converted back to analog form.

Analog to digital, and digital to analog con
verters are weak links. They lose accuracy in the 
system, and they’re less reliable than other parts. 
I he solution is obvious: Somebody must invent 
transducers w ith digital output and actuators for 
digital input.

JOURNAL OF APPLIED CONTROL DEVICES THAT NEVER WEAR OUT
For Control Engineers Who Are Wearing Out Before Their Time

HIGH SPEED STATIC SWITCHING (at half the price)!
Sylvania Electric Products Co. engineers have just re
placed an electronic relay, two small mechanical relays, 
a limit switch, and a separate power supply with a single 
CONTROL switching reactor which costs only half as 
much! They did it by taking advantage of the multiple 
windings on a CONTROL switching reactor—equipment 
which, because of its static operation, never wears out. 
Seems a high speed assembly operation on one of Syl
vania’s complex, highly automated vacuum tube produc
tion machines calls for a magnetic clutch to drive an in
dex table. The clutch orients the work part by rotating 
it until current flows through two properly located con
tacts. Our CONTROL switching reactors not only cut 
costs in half, but do a job that the relays couldn’t do: pro
vide the ultra high speed signal necessary for proper 
switching in the automated assembly. It worked so well 
Sylvania said, “I'll be switched!” We said, “With a 10,000 
to one switching ratio, and ratings of 15, 75,150 and 300 
VA, most anything for control can be!”

Proportional? Discontinuous?
There are always processes that almost cry 

aloud for one specific type of control action. But 
more often, it’s necessary to weigh relative ad- 
\ antages.

Discontinuous action is usually less expensive 
and potentially much faster. Actuators work at 
top speed, with full power applied, for a larger 
portion of their duty cycle. But discontinuous 
action usually demands very exacting start-stop 
control and complex computing circuitry. That’s 
why proportional servos are the usual choice for 
rapid response. Furthermore, proportional cir
cuitry can often be used to correct for certain 
errors in the controlled machine.

Versatile, we are too! The same type of CONTROL switching reactors that 
work so well for this high speed switching also are used by Sylvania engineers 
to eliminate production breakdowns caused by relay failures in time delay 
circuits. Many pneumatic time delay relays on their production machines were 
dying young (three months of age or less). CONTROL switching reactors 
(which, naturally, never wear out) not only have no moving parts, but do a 
dandy job with time delay relaying, easily handling 6,000 closures per hour. 
Sylvania happily expects its CONTROL reactors to last twenty years. “Right 
now,” Sylvania says, “we're not too worried about what will happen after 
that.” Need you be any more worried than they?

Problems With Recorders
Written records of process variables will be re

quired at almost any installation. Control centers 
for any sizeable process are always marked by 
vast panel areas covered with indicating devices 
md a multitude of recorders. This has gone about 
as far as it can go.

The trend today is away from w alls full of re
corders. Replacing them are smaller, less expen- 
dve indicators, and a handful of portable plug-in 
• ecorders. Even these are being replaced by data 
loggers.

LOGIC, MY DEAR WATSON (... is elementary)
Our educated switching reactors are masters at logic—the kind that gets % 
built into automatic control operations. AND, OR, NOT, MEMORY and 
TIME DELAY—all are built into these high IQ reactors. By employing 
several isolated control windings, one reactor can translate many inputs 
(from push buttons, limit switches or other reactors, for instance) to any 
logic needed to switch very appreciable loads. And are they easy to use! 
Order standard units right from the catalog. You need no high falutin’ 
systems engineering or auxiliary hardware (single purpose logic units, 
preamplifiers or transformers). No wonder logical people order our logic
providing switching reactors. Can we send complete details to you?



INDUSTRIAL ELECTRONICS
When you wanf'em ...youVe got em!

CAPACITORS

GOOD-ALL ELECTRIC MFG. CO
Distributors' Div.

26 Rittenhouse PI. Ardmore, Po.

Gua U(

NOW AVAILABLE AT
LOCAL 

DISTRIBUTORS
MINEOLA NEW YORK

Arrow Electronics, Inc.
NEW YORK, NEW YORK

Arrow Electronics, Inc.
WATERBURY, CONN

Bond Radio Supply Co , Inc.
KANSAS CITY 6, MO

Burstein Applebee Co.
SPRINGFIELD, MASS

T. F. Cushing, Inc.
WILMINGTON, DELAWARE

Delaware Electronics Supply 
Co., Inc.

CLIFTON, NEW JERSEY
Eastern Radio Corp.

CAMBRIDGE 38, MASS
Electrical Supply Corp.

NEW YORK 11, NEW YORK
Electronics Center, Inc.

MIAMI, FLORIDA
Electronic Eguipment Co., Inc.

BATTLE CREEK. MICHIGAN
Electronic Supply Corp

DALLAS 35, TEXAS
Engineering Supply Co.

FT. WAYNE
Ft. Wayne 

Inc.
CAMDEN 2,

I, INDIANA 
Electronics Supply,

NEW JERSEY
General Radio Supply Co.

INDIANAPOLIS 4, INDIANA
Graham Electronics Supply,

HOUSTON, TEXAS
Harrison Equipment Co ,

ARLINGTON 6, VIRGINIA
Industry Services, Inc.
Key Electronics Division

SI LOUIS 16, MO.
Interstate Supply Carp,

BALTIMORE 1, MARYLAND
Kann-Ellert Electronics, Inc.

LAFAYETTE, INDIANA
Lafayette Radio Supply, Inc.

CHICAGO 41, ILLINOIS
Lukko Sales Corp.

MUNCIE, INDIANA
Muncie Electronic Supply, I n<.

CHICAGO 6, ILLINOIS
Newark Electric Co.

TULSA 10, OKLAHOMA
Oil Capitol Electronics Corp

CLEVELAND 15, OHIO
Pioneer Electronic Supply Co.

SOUTH BEND 24, INDIANA
Radio Distributing Co.

LOS ANGELES 15, CALIFORNIA
Radio Product Sales, Inc.

SAN DIEGO 12, CALIFORNIA
Shonks

DAYTON
Srepcn,

and Wright
4, OHIO
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Recorders have problems. The same instru
ment may have to follow very slowly varying 
curves or extremely rapid pulses.

Writing on paper is tough. Almost all pens skip 
at one time or another—or they pour. Inks are a 
headache. Fast drying inks evaporate too fast and 
can leave pigment all over the inside of the 
equipment. If ink dries too slowly, it may run 
oxer the paper or smudge.

Remington Rand’s “round hole" punched tape (top) and 90 
column punched cards (center) and IBM s “square hole’ punched 
card (bottom). Cards and tapes like these are the information and 
control center for a vast array of industrial control applications. 
In modern industrial control, they are perhaps the most popular 
forms of storing information.

Paper must be very carefully designed. It must 
be neither too slick nor too absorbent. It must re
sist the effects of temperature and humidity 
variations. Pressure sensitive paper is good, but 
it must be shielded from ambient light.

Print wheels, used instead of pens, can alle- 
\ iatc many problems—but they’re often not as 
fast, and seldom plot as closely.

Everybody Wants Reliability
Industry’ wants reliability’. Not the same kind 

the military needs—nor at the same price. A 
thousand hours of dependable life for a resolver, 
synchro, or selsx n xvill usually keep the military 
happy. But that’s not enough for industry.

The military will often sacrifice long compo
nent life for small size and optimum shape; and 
xvill pay top dollar for the package. Even “com
mercial grade'’ rotary inductive components are 
basically in a military package. This max be sat
isfactory. say for commercial airlines, xxhere 
everything is overhauled ex ery 500 hours. But it’s 
not good enough for industrial environments.

Industry needs less costly, longer-lived com
ponents. and xx ill accept larger, oxer-designed 
parts (a luxury the military usually can’t afford).

Some manufacturers boast of millions of opera
tions for their relay s, contactors, solenoids, and 
other components xx ith moving parts. But for fast 
moving production lines this is not enough.

At Westinghouse Electrics Bloomfield, N.J., 
Lamp Division, Dave Bogdan, in charge of elec
trical equipment design, points to requirements 
for 3000 operations an hour, 16 hours a day, for a 
year at least, preferably fixe years—xx ithout re
placement. \ irtually nothing on the market 
meets xvith such requirements. Many relays fail 
at pixots before contacts go. Coils burn out be
fore other parts fail. And solenoid valves stick. 
The Plug-In Dilemma. I .oxx -cost, plug-in compo
nents (even resolvers and synchros) xvould find 
a ready market. Many companies designing con
trol systems can’t afford to design and manufac
ture their own components. Standard plug-in 
components, designed for long life, high accu
racy, easx maintenance, and xvide adaptability, 
can be a boon to designers of industrial control 
systems.

But many engineers don t trust plug-ins. 
3 hey re suspicions of any sliding or pressure 
contact. They feel that the only truly reliable 
electrical connection is the soldered joint.

This may be so, but it certainly makes for 
problems. If a resistor fails in a large complex 
assemble, hoxx’ much doxvn-time will it cost be
fore it can be found and replaced?

Hoxvever reliable the soldered joint may be 
fexv’ engineers would risk installing complex gem 
in an industrial environment without provisic

or
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SPECIFICATIONS

¿«»mi

Where Do We Go From Here?
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Designed to provide EXTENDED LIFE 
at high temjjeratures. Rugged, military con
struction throughout. I hose lines include a 
50-volt series for transistor applications.

Full rating fo 1 ? 5' C , 
50‘a derrating 
at 150°C

. . . 50, ISO, 400

Two thoroughbreds 
and a workhorse!

Type 663UW is an ideal choice for min
iaturized and transistorized products. The 
space-saving possibilities are amazing.

There’s plenty of room for progress in con
trolling processes and machine tools. We still 
need transducers with huskier output signals, 
and more accurate position transducers for ma
chine control. We still would like to improve 
machine accuracy without sacrificing speed or 
stability. We still would like to get around the 
limitations imposed by moving parts. The speed 
of many control systems is limited by the time 
it takes to move a piston, close a relay, open a 
solenoid or stop a motor.

The host of problems besetting the control en
gineer testify to the fact that the ideal control 
system is not yet with us.

LEADING MANUFACTURER OF TUBULAR, 

CERAMIC DISC AND 

ELECTROLYTIC CAPACITORS

or plug-in subassemblies.
he Servicing Dilemma. Everybody wants re- 

iability. But it’s not an unmixed blessing— 
specially with complex equipment. How do we 
icquire servicing experience with equipment 
hat rarely gives trouble? What happens if, after 

iwo or three years of uninterrupted service, the 
equipment fails? Who knows how to fix it?

One chemical company spokesman told Elec- 
ironic Design of a recently installed piece of 
electronic control equipment that performed 
superbly. Nobody at the chemical plant knew 
how to service this complex apparatus. It never 
needed service.

If it ever broke down, the manufacturer would 
send the original design engineer to repair it. He, 
and only he, understood the equipment thor
oughly. “If he should leave that company—or 
die,’ commented the chemical man, “. . . we 
shudder to think.”
The Cost Dilemma. Reliability is expensive. It 
often involves overdesigned components and re
dundant circuitry. But the cost of one unsched
uled shutdown can by far exceed the additional 
expense of reliable equipment. In one case, six
teen hours of down time for a data logger cost 
a company a month’s savings that the logger had 
accrued.

Costs can often be cut without sacrificing re
liability. Where components will live in a pro
tected environment (inside a cabinet), protective 
component housings can often be eliminated. 
Costs go down when open transformers, induc
tors, and relays are used instead of sealed and 
potted units.

But extra design care is required with exposed 
components. Moisture, dust, and other contami
nants can impair their reliability). (Purified cool
ing air may often be required.) Even noncon
ducting particles can spoil bearings, pivots of 
contactors and relays, and create severe leakage 
problems in high impedance circuits.

Dielectric . . . Mylar F.lm

Cate . . Hermetically Sealed 

Winding . . Extended FoJ

The “workhorse’ of military electron
ics. Good-All specializes in Types CP04, 
CP05, CP08, CP09, CP10 and CPU. Ap
provals are listed by ASESA in the current 
issue of the QPL.

L ‘ DuPonta trademark for polyrater film

Volfoge Ronge . . ■ 100-600 VDC
Temp. Range 55° tu t 1 25*C
IR at 2 3 C . 100,000 Meg « Mfd
Humidity Resistance - Superior

CAPACITORS

METAL INCLOSED Tubulars per MIL-C-2SA

Good-All Type 663 UW SPACE-SAVING 
Sub-Miniature with a SKIN-TIGHT Case

GOOD-ALL Types 616 G and 617 C 
Sub-Miniature Metal Enclosed Mylar Designs



THE NEW
CONCEPT

IN C ' ''
DISCONNECT 

SPLICING..

CON

Here is a totally new method for attaching disconnect splices to coaxial 
cables that will create new standards of performance ... on chassis connec
tions, computers, test equipment—in fact, anywhere that two coaxial cables 
need fast and reliable disconnect splicing.

Easily attached to coaxial cables by AMP’s modern compression method, 
the all new A-MP COAXICON assures you of uniformity, absolute reliability 
and new low cost—in either free-hanging or through-panel units. In addition, 
the COAXICON supports cable shielding against vibration while offering fully 
insulated positive electrical performance.

Production rates easily exceed any method you’re now using. With a sim
plified wire stripping method, it takes just one stroke of the matching A-MP 
tool to permanently crimp COAXICON to your coaxial cable.

Think of it—no more burned or melted insulation, no doubtful, sloppy 
connections, no time consuming, high-cost assembly methods. Once you’ve seen 
the all new COAXICON, you won’t settle for less.

Send for a sample and complete product information today.

INDUSTRIAL ELECTRONICS

CREDITS

Our many thanks to the following companies and the r 
engineers who supplied information for this report.

American Cyanamid Co. 
30 Rockefeller Plaza 
New York 20, N.Y. 

Beckman Instruments, Inc. 
Berkeley Div. 
2200 Wright Ave. 
Richmond 3, Calif.

Bendix Aviation Corp. 
Industrial Controls Section 
Detroit 37, Mich. 

The Bristol Co.
Waterbury 20, Conn.

Corning Glass Works 
Corning, N.Y. 

Daystrom Systems 
Div. of Daystrom, Inc. 
La Jolla, Calif.

E. I. du Pont de Nemours & Co., Inc. 
Engineering Services Div. 
Louviers Bldg. 
Wilmington 98, Del.

Electro Products Labs. 
4501 N. Ravenswood Ave. 
Chicago 40, III.

Electronic Control Systems 
Div. of Stromberg-Carlson 
2231 S. Barrington Ave. 
Los Angeles 64, Calif. 

Esso Standard Oil Co. 
Baton Rouge Refinery 
Baton Rouge, La. 

Esso Standard Oil Co. 
Bayonne Refinery 
Bayonne, N.J.

Feedback Controls, Inc. 
899 Main St. 
Waltham 54, Mass. 

Ford Motor Co. 
Assembly Plant 
Mahwah, N.J. 

Ford Motor Co. 
Automatic Transmission Div. 
36200 Plymouth Rd. 
Livonia, Mich.

The Foxboro Co. 
Foxboro, Mass. 

General Electric Co. 
Specialty Control Dept. 
Waynesboro, Va. 

Globe-Union, Inc. 
Centralab Div. 
900 E. Keefe Ave. 
Milwaukee 1, Wis.

Industrial Electronic Engineers 
3973 Lankershim Blvd. 
N. Hollywood, Calif. 

Ketay Dept. 
Norden 
Div. of United Aircraft Corp. 
Commack, N.Y.

Arthur D. Little, Inc. 
Acorn Park 
Cambridge, Mass.

Magnasync Mfg. Co., Ltd. 
5546 Satsuma Ave. 
N. Hollywood, Calif.

Minneapolis-Honeywell Regulator Co. 
Brown Instrument Div. 
Wayne & Windrim Aves. 
Philadelphia 44, Pa.

Northrop Aircraft, Inc. 
Hawthorne, Calif. 

The Swartwout Co.
18511 Euclid Ave. 
Cleveland 12, Ohio 

Tidewater Oil Co. 
Wilmington, Del.

Westinghouse Electric Corp. 
Lamp Div. 
Bloomfield, N.J.
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AMF Incorporated
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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andSINGLE DUAL

me

RF Transmission Cables
Foamed and solid dielectric

both
Tl will custom manufacture 'recti/ritef

CIRCLE 115 ON READER-SERVICE CARD
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1958

ght rf 
cables

assistance in OEM or end uses. Here are a few of the

systems, this line of

type interstage and output 
25 to 38 db for the line ty pe;

AUTOMATIC COMPUTERS
—tor studying stability of electrical 
parameters that affect accuracy.

P.O. Box

AIR NAVIGATION
—used to monitor ILS beams . . 
also used lo monitor LORAN signals

transmission and distribution coaxial

ELECTRONIC DESIGN • October 29

ATOMIC TESTING
— used to measure radiation 
fall-out at test centers and nuclear 
installations.

RADAR SPEED METERS
—used in police vehicles to visually 
record speed of passing motorists.

MISSILE TESTING
--a bank of “recti/riter” units record 
oltage frequencies and currents.

Entrón, Inc., Dept, 
Bladensburg, Md.

includes single and double shield types in 
foamed and solid dielectric.

QUALITY CONTROL
—used on numerous production lines 
to check sizes and contours of parts, 
as well as assembly rates.

recorders to your specifications for OEM 
use. Write for complete information.

OIL EXPLORATION
—used in well logging as well as 
airborne magnetometers and 
scintillometers.

a 3 to 
cavitv

Rectilinear Galvanometric Recorders, with a wide choice of sensitivities and “recti liter 
accessories, offer the most complete ranges available for recording electrical parameter 
from many types of transducers.

METEOROLOGICAL
—iecords wind directions and veloci
ties . . . also used in studies of 
Aurora and air glow through scin
tillometer counters.

LN \ series two-stage grounded-grid ampli
fiers have a 250 to 1000 me frequency range and

MEDICAL RESEARCH
—used with rate meters and nuclear 
scanners . . also used to monitor 
rate of impurities in vaccines.

Measurement regions may be set up accurate 
to 0.01 per cent with these de comparators. The 
units permit go, no-go regions to be established 
lor any measurement which may be expressed in 
de voltage terms. Detectable differences are 1 inv, 
and drift is less than 1 per day. All models

Precision Comparator 
For go, no-go measurements

OCEANOGRAPHY
—records wave frequency and mag
nitude . . . also monitors underwater 
pressures.

UHF Amplifiers
3 to 7 db noise figure

INDUSTRIAL INSTRUMENTATION DIVISION
3*09 BUFFALO SPEEDWAY • HOUSTON.TEXAS * CABLE HOULAS

8 Gedney Station, White Plains, N.Y.
CIRCLE 113 ON READER-SERVICE CARD

>3 to 38 db for the cav ity type.
Ewen Knight Corp., Dept. ED, Needham 

Heights 94, Mass.
CIRCLE 114 ON READER-SERVICE CARD



MEW PRODUCTS TODAYS TY-

For further information, phone nearest office of the G-E Receiving Tube Department below:

Hall Generator
Flat frequency response to 1 me

Useful in instruments and as an 
nalog computer element, the Hall 
generator can multiply two elec- 
rical quantities if they are ex
tressed as current and magnetic 
ield. This is because its voltage 
utput is proportional to the 
»roduct of the control current pass- 
□g through it and the magnetic 
eld perpendicular to its major 
ace. Owing to its fast response, 
his semiconductor device can also 
•e used to measure the power con- 
mt of transients. Maximum value 
f control current is 500 ma; in- 
?rnal resistance for control cur
ent, 1 ohm; and flux density range, 

to 10 kilogauss. Frequency re
ponse is flat up to 1 me.
Westinghouse Electric Corp., 

)ept. ED, P.O. Box 2099, Pitts- 
urgh, Pa.
CIRCLE 117 ON READER-SERVICE CARD

RF Coaxial Connectors
Have aluminum shells

With aluminum shells, ALN and 
LSC connectors are 35 to 40 per 
mt lighter than comparable stand- 
*d rf coaxials. The plugs have a 
lack anodic coating for corrosion 
distance.
Cannon Electric Co., Dept. ED, 

208 Humboldt St., Los Angeles 31, 
alif.
CIRCLE 118 ON READER-SERVICE CARD

Oscillator-Mixer
For fm data systems

For fm data systems, oscillator- 
ixer GRO-2 generates a reference 
equency and mixes it with an 
n/fm telemetering multiplex. It 
so de-emphasizes the multiplex 
»ectrum for recording and matches 
ference and signal amplitudes. A 
ug-in frequency unit adapts it to 
ly reference frequency to 100 kc 
• to tape speed.
Data-Control Systems, Inc., Dept.
D, Danbury, Conn.
CIRCLE 119 ON READER-SERVICE CARD

CENTRAL REGION

3800 North Milwaukee Avenue 

Chicago 41, Illinois 

Phone- SPring 7-1600

EASTERN REGION

200 Main Avenue, Clifton, New Jersey 

Phones (Clifton) GRegory 3-6387 

(N.Y.C.) Wisconsin 7-4065, 6 7. 8

WESTERN REGION

11840 West Olympic Boulevard 

Los Angeles 64, California 

Phones: GRanite 9-7765; BRadshaw 2-8566
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MARKET REMANO-

Progress Is Our Most Important Product

GENERAL

Consumers now want reliability in addition to good reception, quoity pictures, and 
advanced sryling.

General Electric meets this need with new, complete line of Service Designed reliable 
tubes for TV—dependable, backed by experience in military tube design and manufacture.

Production and field failures reduced, costs cut for set manufacturers.

1 oday s market for television sets calls for high stand
ards of receiver performance. Having experienced, over 
the years, the benefits of a constantly improv ing product, 
buyers are accustomed to the best in picture reception. 
Now they are adding reliability to their demands.

As a leading supplier of receiving tubes, we at General 
Electric have been aware of the television buying public’s 
increasing insistence on quality performance all the time. 
Moreover, there is a growing awareness on the part of TV 
manufacturers that tube reliability is fundamental to good 
set performance—that, as sometimes is said, “a receiver 
is as good as the tubes that are in it.”

Charged with helping manufacturers supply superior 
sets to an exacting market, General Electric now has ap
plied its resources, skills, and equipment to building 
greater reliability into 70 G-E Service-Designed lubes 
for television. Ihe range of these 70 types encompasses 
virtually every socket requirement.

5-STAR HIGH-RELIABILITY EXPERIENCE APPLIED

Ely ing safety, fire-control accuracy, missile dependability : 
these and other critical needs for military tube reliability 
have given General Electric wide experience in high- 
reliability manufacturing techniques.

Ihe methods found essential for reducing military 
tube inoperatives and stabilizing tube performance have 
been heavily drawn on to increase the reliability of 
General Electric tubes for television.

An example of such methods is “Snow White manu
facture. G-E workers who assemble tubes for TV now 
wear lint-free dacron and nylon garments. Air is filtered 
and conditioned to keep out dust and lint, the most 
frequent causes of short-circuits throughout tube life.

NINE ACROSS-THE-BOARD RELIABILITY ADVANCES

Besides lint-free, dust-free manufacture, eight important 
across-the-board steps are being taken to promote in
creased reliability in G-E tubes for television. Many more 
improvements are being made to individual types.

New tests are more exacting than any before applied to 
tubes for TV. An accelerated heater-cycling test assures 
that tubes will perform properly under wide variations 
in household line voltage. A new G-E-developed direct
current testing method for shorts and opens has 500% 
greater sensitivity and eliminates human-operator error.

Glass-strain specification tests have been tightened to 
a point where they match strict military-tube require
ments. G-E life tests now are twice as rigid as the JAN 
specifications for tubes in the entertainment class.

Other important across-the-board advancements are 
being made in materials and manufacturing processes. 
On individual tubes, as many as 20 specific improvements 
bring higher dependability than ever before.

SAVINGS TO TV MANUFACTURERS

In addition to entrenching set manufacturers in a TV 
market that demands quality performance at all times. 
General Electric’s new Service-Designed tube program 
offers cost savings that are direct and apparent.

First: fewer production-line slowdowns from tube fail
ures. Second: less “dead inventon ' of receivers in the 
factory that won t pass final inspection and must be re
worked. Third: lower warranty costs, once sets have been 
shipped and delivered.

GET THE FULL RELIABILITY STORY!

I he complete account of what G.E. has done to increase 
lube reliability is far too comprehensive to appear here. 
Among the many improvements, however, are specific steps 
that will interest every member of vour designing staff.

I recommend, therefore, that you contact your nearest 
G-E Receiving lube Department office at left, and ask 
for a G-E tube engineer to call at your convenience.

Besides posting you fully on the over-all General Elec
tric reliability program, he will be glad to review with 
you the details of this program, tube by tube, as they 
affect TV circuits now in production, in the breadboard 
stage, or on your designers* drawing-boards.

ELECTRIC
12-1 1 103

Power Supplies
Low voltage

Transistorized ae 
supplies, types 550 
rated at 0 to 1.1 and

to (le powei
and 551 are 
0 to 2.5 amp,

respectively. Designed for energiz
ing resistance type transducers and 
for transistor circuitry, they pro- 
v ide I to 40 v dc, continuously 
variable, with 0.005 per cent regu
lation. |

Owen Labs, Inc., Dept. ED, 55 
Beacon Place, Pasadena, Calif.
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Accelerometer
Self amplifying

Effects of humidity and rf radia 
tion arc eliminated in these sell 
amplifying accelerometer systems 
Designated 2806-2807 and 2808
2809, the systems combine twe 
units, one for vertical, one for hori 
zontal vibration measurement. Sen 
sitivity up to 300 mv per g is pre
set to user specifications. First ac
celerometer resonances are above. 
35 kc with frequency range 
per cent from 10 cps to 2 kc.

Endevco Corp., Dept. ED, 161 
E. California St., Pasadena, Calif

CIRCLE 121 ON READER-SERVICE CARD

Phototube
For scintillation counters

Designed for scintillation count 
ers, the 7264 is a 14-stage, head-or 
multiplier phototube. Its spectra 
response is 3000 to 6500 angstroms

Radio Corporation of America 
Electron Tube Div., Dept. ED 
Harrison, N. J.

CIRCLE 122 ON READER-SERVICE CARD 
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NEW PRODUCTS
Recorder

Displays two thirds of data

Coaxial Terminations

ELEC

record data 
xhice helical 

Linearity is

recorder can handle
■hart, two-thirds of

Metal Film Resistors
Tolerance of ±1 per cent

ELECTRONIC DESIGN • October 29, 19 8

dc to 10 kmc frequency range

Series SC 50-ohm coaxial connectors have a 
maximum vswr of 1.1 to 1.3 with 2 to 5 per cent 
accuracy from dc to 10 kmc. Input is 1 w average, 
1 kw peak.

Weinschel Engineering, Dept. ED, 10503 
Metropolitan Ave., Kensington, Md.
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±2 per cent up to 3 in. deflection. Sensitivity 
15 ma (52 v) per in., peak to peak.

The Geotechnical Corp., Dept. ED, 3712 II; 
gar Drive, Dallas 9, Tex.
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Rack mounted Model 2484 
up to three channels. The < 
which is continually visible 
from 8 to 72 hours. Heated s

Standard tolerances of series 77 low cost metal 
film precision resistors are ±1 per cent, but 
tolerances of ±0.1 per cent can be furnished. 
Resistance range of the line is 25 ohms to 400 K.

Ohmite Mfg. Co., Dept. ED, 3695 Howard 
St., Skokie, Ill.

CIRCLE 125 ON READER-SERVICE CARD



makes it easy to select the right
SCOTCHCAST”BRAND RESIN!

. U.S. PAÎ . Of r.Scotchcast

Latching Relay
Stands 30 g shock

“Scotchcast'’ Brand electrical insulating epoxy 
resins are pre-formulated, pre-measured, re
sin-hardener systems—complete, ready to mix 
and use right on the job. They have excellent 
electrical properties, minimum shrinkage dur
ing cure, high adhesion to most materials and 
remarkable resistance to oils, acids and alka-

Which resin is right for your need? Room
curing or heat curing? Rigid or flexible? Filled 
or unfilled?

You'll find the answers to these questions— 
and many more—in our convenient new 6- 
page data folder. Its simplified classification 

system makes selection of the right “Scotch
cast" Resin a fast, easy job.

lies. There is a “Scotchcast” Brand Resin 
that’s right for every need.

“Scotchcast” Resins are production-designed 
and extensively tested and proved in actual 
applications. Formulated in one-part systems, 

and two-part systems using simple mixing 
ratios such as 2-to-l or 1-to-l, they reduce 
the need for extensive mixing and dispens
ing equipment and highly-trained personnel.

Microwave Absorber
Absorbs up to 400 w

on “Scotchcast” Resins, 
and how to choose the 
right resin for your need, 
write on your letterhead 
to 3M, Dept. ON-108, 
St. Paul 6. Minnesota.

A broadband, power absorbing waveguide 
waterload, the BL-570 can absorb up to 400 w of 
cw power over the 4.95 to 10.5 kmc range. Vswr 
is under 1.2 over the same range.

Bomac Labs, Inc., Dept. ED, 1 Salem Rd., 
Beverly, Mass.
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Optical 
Transducer

Works in broad daylight

CIRCLE 127 ON READER-SERVICE CARD
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A 1.5 w pulse for 10 msec transfers the con
tacts in the KE series miniature relay. The 6pdt 
dc unit operates under 30 g shocks and 10 g 
vibration at 55 cps. Contact rating is 2 amp. 
115 v, 60 cps for resistive loads.

Potter & Brumfield, Inc., Dept. ED, Prince
ton, Ind.
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Model 701 vibration, motion, and displace
ment transducer is a noncontacting optical unit 
that operates in broad daylight. It measures 
from 100 micro-inch resolution to 1 inch full 
scale with different lenses. Frequency response 
is 0 to 5 kc.

Option Corp., Dept. ED, 3526 State St., Santa 
Barbara, Calif.
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NEW PRODUCTS
Relay Control

Requires 1/4 pw to switch

WESTINGHOUSE TAKES A GIANT STEP 
IN SILICON POWER TRANSISTORS

Through major improvements in silicon purification and transistor fabrication, Westinghouse has 
broken down the previous limitations of Silicon Power Transistors. The result is a new series of
Westinghouse Power Transistors which can operate at high efficiencies in the “true power range.”

LIFE-SIZE DRAWING 
shows how 
Westinghouse Silicon 
Power Transistor is 
designed for 
attachment to heat 
sink with a screw 
stud. All leads are 
in the base.

Thermal resistance—Junction to case, 0.7°C/watt typical. Current ratings 
based on the current at which current gain is equal to or greater than 10. It is 
possible to switch higher collector currents with some sacrifice in gain.

CURRENT 
RATING VCBO *ce (veb=oj RS

WX1015 2 AMPERES 30-300V 30-300V 0.5 OHMS TYPICAL
WX1016 5 AMPERES 30-300V 30-300V 0.4 OHMS TYPICAL

A self-contained unit w ith power relay, thyra
tron amplifier, and power supply, this sensitive 
miniature relay control requires 1/4 pw for 
switching. The unit contains printed circuitry 
and has an edge-type plug-in arrangement. It 
mounts vertically or horizontally. Output, one 
to three poles, is 5 amp each at 250 v ac.

Victory Engineering Corp., Dept. ED, 523C 
Springfield Rd., Union, N.J.
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Magnetic Amplifier Relays
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These are the first members of an entirely new family of 
Westinghouse Silicon Power Transistors, which have 
the advantages associated with silicon (high voltages 
and high operating temperature) without the disadvan
tages (high losses). As you can see from the chart below, 
these units possess exceptionally low saturation resist
ance—less than one half ohm This low saturation 
resistance results in low internal dissipation. Coupled 
with high power handling capacity, it makes possible 
silicon transistors which can efficiently handle 1000 or 
1500 watts. For example, as a DC switch, handling 
1.5 kw (300 volts at 5 amperes) the internal dissipation 
of the units is about 12.5 watts with a resulting efficiency 
of better than 99%.

Like other silicon devices, these transistors can 
operate in ambient temperatures up to and exceeding 
150°C while germanium units are limited to 85°C. Thus, 
where the higher power rating is not required these units 
may be used for their high temperature capabilities. It 
also follows that wherever germanium power units are 
presently employed, a switch to silicon transistors will 
result in higher reliability of operation, because of the 
greater margin of safety with respect to operating 
temperature.

There are a great many circuits for which this new 
type of silicon power transistor is made to order. It will

you CAN BE SURE...IF ITS

Westinghouse
CIRCLE 131 ON
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find use in inverters or converters (AC to AC, AC to 
DC, DC to AC, DC to DC), to control frequencies for 
data processing, servo output, and other aircraft in
formation applications. It will serve as a low frequency 
switch, as mentioned above; it will operate efficiently 
with low power supply voltages; and it will find a 
number of uses in class A amplifiers. There are also 
many additional applications—too numerous to list here.

These Westinghouse Silicon Power Transistors are 
available in sample quantities for your testing and imme
diate application. Call your W'estinghouse representa
tive or write directly to Westinghouse Electric Cor
poration, Semiconductor Dept., Youngwood, Penna.

LOW saturation resistance is exhibited in this graph 
showing values for a typical Westinghouse Silicon Power 
Transistor driven to 5 amperes. The values are fractions of 
those observed in other silicon transistors.

READER-SERVICE CARD

40 to 150 pw sensitivities

For missile and other military and industrial 
uses, this magnetic amplifier relay series includes 
three types: 15 amp RL-101 with 0.5 sec response 
time and 140 pwr sensitivity; 2 amp RL-102 with 
0.4 sec response and 40 pw sensitivity; and 2 amp 
RL-103 with 0.6 sec response and 80 pw sensitiv
ity. All units are dpdt.

Ad-Yu Elect* ics Lab, Inc., Dept. ED, 249 
Terhune Ave., 1 ssaic, N.J.
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Hydraulic Servovalve
1 per cent hysteresis

Miniature model 410 hydraulic servovalve has 
1 per cent hysteresis and 0.1 per cent resolution. 
Its first and second stages can pass 200 micron 
particles without malfunctioning. Maximum flow 
ranges from 0.5 to 5 gpm with 1000 psi drop.

Raymond Atchley, Inc., Dept. ED, 23*1 
Sawtelle Blvd., Los Angeles 6*1, Calif.
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ZENER MAGNETIC LOGIC MODULE

ZERO

CIRCLE 135 ON READER-SERVICE CARD

ONE

AND

FEATURES:

Recorders
Circular chart type

f i..............

CIRCLE 138

Rotary Switch
Has plastic rotor

• 100 KC information rate
• High Temperature Operation
• Silicon Zener Diodes
• Miniature Size
• 7 pin, miniature plug-in cases
• Synchronous Operation
• All Static Components
• Low Cost
• Flexibility of Use
• Versatility of Application

NOT" functions.

Typical applications include: bistable; binary half and full adder, 

shift register; binary counters; decimal counters; ' one' generator,

Miniaturization of this rotary switch was ac

ELECTRONIC DESIGN • October 29, 1958

complished through the use
Used for multiple circuit selection, the switch 
has a 1-3. 32 in. diam and a switch section 1/16 
in. thick. The rotor is chemically inert, resists 
thermal shock and has high impact strength.

Oak Manufacturing Co., Dept. ED, Chicago,

Metallized-Paper Capacitors
Rated at 50 v de

Huffman a
Electronics •
CORPORATION

SEMICONDUCTOR DIVISION
930 Pitner Avenue • Evanston. III. • UNiversity C-985O

Regional Offices: WASHINGTON, DC... CHICAGO ... LOS ANGELES

LEADING THE FIELD IN SILICON ZENER SEMICONDUCTOR DEVICES 
READER-SERVICE CARD

Logic Design
Huffman

Magnalog System 
featuring

Type P1232NNG metallized-paper capacitors 
are rated at 50 v de and were designed for 
transistor applications. The units, sealed in a 
metal tubular case, operate from —65 to -J-85 C 
at full voltage rating.

Aerovox Corp., Dept. ED, New Bedford, Mass.
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SWfor

pneumatic or electric control, these units come 
in two types: The 6836 are potentiometer devices 
and the 6856 arc Wheatstone bridge instruments. 
All have a 12-in circular chart mounted on a 
rotating plate that prevents slippage. Pneumatic 
control is proportional, on-off, or differential gap; 
electric control is on-off and proportioning, with 
and without relays.

Daystrom, Inc.. Daystrom-Weston Industrial 
Div., Dept. ED, Newark 12, N.J.
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NEW PRODUCTSSave this
Guide to Oak Choppers

ACTUAL SIZE 
OF TYPICAL 

UNIT

Lightweight side 
contacts

Leaf spring damp
ing members

Side contact 
snubbers

Lightweight armature and pat
ented amplitude limiter give re
markable phase angle stability 
and adjustment in any mounting 
and at low temperatures

MINIATURE SERIES 600-MOST STABLE IN ITS CLASS

METICULOUS ENGINEERING combined with exhaustive test
ing provides a line of SPDT choppers which exhibit unusual 
stability and low noise. While the specifications shown here 
are necessarily abbreviated, they will help you make a pre
liminary appraisal. For complete details on any unit, send us 
the type number and a description of your application with 
its circuitry.

STANDARD MOUNTING AND TERMINAL STYLES—Modifications Available on Special Order

FOR 7-PIN MN. 
ELECTRON TUBE SOCKET

FOR 7-PIN MIN. 
ELECTRON TUBE SOCKET

FOR 7-PIN MIN. WITH BRACKET FOR PARALLEL- WITH COLLAR FOR PERPENDICULAR
ELECTRON TUBE SOCKET TO-SURFACE MOUNTING TO-SURFACE MOUNTING

SERIES 600
SERIES M 

For Shock and 
Vibration Conditions

tvpei

(607 
1NC-600 
j 602 
( 603

Type 610 Type 604 Type 612 Type 605
(608

Types< 609 
( NC-600A

(m5-1

Types <M5-2 
(M5-3

Nominal Drive 
Freq, and Voltage 400 ±20 cps 

at 6.3 v
400 ± 20 cps 

at 6.3 v

380-500 
cps at 
6.3 v

400 ± 20 cps 
at 6.3 v

400 
at

±20 cps 
6.3 v

60 ±5 cps 
at 6.3 v 

Aperiodic from 
10*100 cps

4-8 Volts, 10-1000 
cps. Aperiodic.Coil 
Current 60 ma at 

400 cps 
Coil Res. 85 Ohms

Phase Lag at 
Nominal Drive 

Freq, and Voltage

65° ±5° 
at 400 cps 

(25° C)

65° ±5f 
at 400 cps 

(25° C)

75° ±10° 
at 400 cps 

(25° C)

90° ±10’ 
at 400 cps

(25° Cl

180° 4-10° 
-0° 

at 400 cps 
(25° C)

20° ±5° 
at 60 cps 
(25° C)

10 cps: 10° ±5°
60 cps: 15° ±5° 

400 cps: 55cl±10° 
1000 cps: 110cJ- 0°

(25 C)

Contact Dwell 
Time a* Nominal 

Drive Freq, 
and Voltage

150° min 
(25° C)

140° max 
(25° C)

150° min 
(25° C)

150° min 
(25° C)

160° ±10° 
{25° C)

165° to 170° 
at 60 cps

i60c to 170° 
(25 °C)

Contact Rating 
Into Resistive 

Load (Maximum)

CONTINUOUS: 
10 v at 2 mo 

INTERMITTENT 
15 v at 2 ma

CONTINUOUS. 
50 v at 2 mu 
INTERMITTENT: 
100 v at 2 ma

CONTINUOUS: 
10 v at 2 ma 

INTERMITTENT: 
15 v cf 2 ma

CONTINUOUS: 
10 v at 2 ma 

INTERMITTENT: 
15 v at 2 ma

CONTINUOUS 
50 v at 2 ma 
INTERMITTENT: 
100 v nt 2 ma

CONTINUOUS: 
1 5 v at 2 ma 
INTERMITTENT 
50 v at 2 ma

CONTINUOUS: 
10 v at 1 ma 

INTERMITTENT:
1 2 v at 2 ma

Life Expectancy 
(Optimum 

Conditions)
Up to 

5000 hours
Up to 

1000 hours
Up to 

5000 hours
Up to 

5000 hours
Up to 

5000 hours
Up to 

10,000 hours
Up to 

10.000 hours

Switching Speed 
With DC in Coil

Less than 
1 Millisecond

Less than 
1 Millisecond

Less than 
1 Millisecond

Less than 
1 Millisecond

Less than 
1 Millisecond

Less than 
800 Microseconds

Less than 
200 Microseconds

M FG.
SWITCHES CHOPPERS VIBRATORSco. Al

ROTARY SOLENOIDS TUNERS
PACKAGED CIRCUITRY1260 Clybourn Ave., Dept. D, Chicago 10, Illinois

Phnna- MDhnwL 4-9999
CIRCLE 139 ON READER-SERVICE CARD

No organic materials 
other than Teflon are 
used in switch unit

contact insulation and 
supports are metal-to* 
glass construction

Oriented ceramic 
magnet (patented de* 
sign) eliminates parts, 
gives remarkable sim
plicity and ruggedness

MINIATURE SERIES M-
SMALLEST, MOST RUGGED IN ITS CLASS

SERIES 600—MIL C4856, Class B, Type 1. Capacity between 
switch terminals and ground, 15 uuf average. Contact synv 
metry, within 10°. Weight, less than 1 oz.
SERIES M—MIL C4856, Class B, Type 1, Grade 2. Capacity 
between switch terminals and ground, 3*5 uuf. Contact sym
metry: 0-500 cps, within 10°; at 1000 cps, within 20°. 
Weight, less than % oz.

Counting Dial
Sealed unit construction

Used with ten turn potentiometers, these 
Migit-Mite counting dials have sealed unit con
struction. Numerals are held in place until com
pletion of the next full rotation of the dial. The 
dials provide continuous operation in either di
rection, and come in sizes up to 2 in. OD.

S. A. Asquith Co., Dept. ED, 427 W. Chevy 
( hase Drive, Glendale, Calif.
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Silicon Voltage Reference
High accuracy to 200 C

A temperature coefficient of 0.0005 per cent 
per deg C over a temperature range of —65 to 
—200 (.' is featured in this diffused silicon volt
age reference. A silicon wafer construction makes 
possible the small size. Available in both axial 
lead and lug terminal styles for use in compu
ters, measuring instruments and controls.

U.S. Semiconductor Products, Inc., Dept. ED. 
Phoenix, Ariz.
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Magnetic Frequency Detector
0 to 500 pa output

I sing only static components, the 510 mag
netic frequency detector measures audio frequen
cies directly. It delivers 0 to 500 pa of de output 
for 0 to 500 cps input and needs no external 
power sources. Accuracy is 1 per cent.

Acromag, Inc., Dept. ED, 22519 Telegrap' 
Rd., Detroit 11, Mich.
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Phase-Lock Receivers
215 to 260 me range

MEMO TO THE ENGINEER/DESIGNER

a theoretical
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BECAUSE
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Pressure Switch

Transistor Closures 
and Diode Bases

End Seals Including 
Threaded Types

Compression 
Multiple Headers

Plug-in Type 
Multiple Headers

Single Lead 
Terminals

AS ONLY A SPECIALIST CAN! E-I has 
sealing experience you can use! Almost 
two decades devoted exclusively to the 
design, development and manufacture 
of glass-to-metal seals means you can 

depend on E-I for a practical solution 
to your hermetic sealing problems.
Available are a complete line of 
standard seals, facilities for the 
design and production of special 
types, and custom service for 
sealing components of your 
manufacture. Call or write for 
catalog or quotations, today.

Capacitors
Variety of terminals

A Division of 
Philips 

Electronics, Inc

* Patented in Canada, No 523,390; in United Kingdom,
—- No. 734,583; licensed in US. under Patent No. 2561520
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irriers are used, res

ELECTRICAL 
Industries 
» MURRAY HILL, NEW JERSEY
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Qsh ike peopfe at 
Steihiccd JwW/iied !

These bathtub-style capacitors come in a vari
ety of terminals and have optional mountings. 

1 he terminals may be on any side of the unit and 
may be plug-in or solder-lug type. Produced in a 
w ide range of capacities, the line offers a choice 
of dielectric materials.

Condenser Research Corp., Dept. ED, P.O 
Box 161, Sevmour, Ind.

Series 1400 phase-lock receivers cover a fre
quency range of 215 to 260 me. In the case of 
I BIG fm/fm telemetry using standard receivers 
el 500 kc bandwidth, noise bandwidth can be

For aircraft hydraulic systems

The 6512 is a snap action, spdt switch for 
aircraft and other hydraulic systems that need a 
pressure sensor to actuate electrical apparatus. 
Operating point is adjustable from 500 to 2000 
psi and 2000 to 3500 psi.

Consolidated Controls Corp., Dept. ED, 
Bethel, Conn.
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improvement of nearly 7.96 db both in reduction 
of receiver threshold and in improved signal-to
noise ratio above threshold.

Nems-Clarke Co., Div. of Vitro Corp, of 
\merica, Dept. ED, 919 Jesup-Blair Drive, Silver 
Spring, Md.

Mr



Coil Assemblies
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First Miniaturized Power Packs.
First Transistorized Power Supplies.

First Automatic Transistor Test Equipment.
First Dual Output Tubeless Supplies. 

First Packaged Transistor Circuits.

For 
tion! 
ask 
tron 
Aut 
Be i 
on t

Aw Solid Stute

Power Supply Catalogue

JEFFERS ELECTRONICS 
DIVISION

Additional stock models, special designs made to customers specifications also available.

Pioneers in Semi-Conductor and Transistorized Products.

SPEER CARBON COMPANY 
Du Bois, Pennsylvania

Other Speer Divitionx: 
Speer Resistor, Speer Carbon Products, 

International Graphite & Electrode

First Transistor Application Power Supplies.
First Constant Current Generators.

First High Current Semi-Conductor Regulated Supplies.
First "E” Core Transistorized Converters/lnverters.

First High Power Semi Conductor Frequency Changers.
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ERA PACIFIC INCORPORATED • SANTA MONICA, CALIFORNIA 
ERA ELECTRIC CORPORATION • NUTLEY, NEW JERSEY

ELECTRONIC RESEARCH ASSOCIATES 
67 Factory Place, Cedar Grove, N. J.

CEnter 9-3000

RATES HIGH

NEW PRODUCTS

availableSTOCK Why do it 
"Vöurself ?

IN CURRENT EVENTS!
ERA'S TRANSISTORIZED HIGH CURRENT

REGULATED
FEATURES:

• Continuously Variable Output
• Vernier Voltage Control
• Fast Transient Response
• Low output Ripple
• Positive, Negative, Zero % 

Regulation Control
• Line Frequency Insensitive
• Remote Sensing
• Constant Current Overload Limit 

Control
• Positive or Negative Outputs. 

Ungrounded
• Terminals On Front and Rear
• Hinged Panel For Full Accessibility
• High Efficiency
• Low Heat Dissipation
• Compact, Light Weight
• Instant Warm-up Time

POWER SUPPLIES
Models listed are designed for 105-125 VAC in
put, 60 cycles. Continuously adjustable output. 
Line and load regulation is within ± 0.5% full 
range (or less for any given output). Front panel 
regulation control. Frequency response of regu
lator extends into high audio frequencies. Ripple 
less than 0.05% or 5 mv. Current limiter con
trol on front panel for full overload and cir
cuit protection. Vernier voltage control. Units 
are for bench or standard 19" rack mounting.

*F.O.B. Cedar Grove, N. J. or Santa Monica, Cal. 
Prices subject to change without notice.

TYPICAL STOCK MODELS
Model 

No.
Voltage 

VDC
Current 
Amps.

Output DC 
R(Ohms) Price*

TR32-4 4-32 0-4 0.01 $455.00
TR32-8 4-32 0-8 0.005 495.00
TR32-12 4-32 0-12 0.002 575.00
TR150-1 20-150 0-1 0.5 455.00
TR300-1 170-300 0-1 0.5 605.00

Silicon Rectifier
Low reverse leakage

Type T encapsulated silicon rectifier is a dif
fused junction unit designed for 85 C ambient. 
The design allows low reverse leakage current 
and low forward voltage drop. Maximum piv is 
400 v. Maximum dc load current is 500 ma. For
ward voltage drop at max dc load is 0.5 v. Maxi
mum reverse leakage current is 0.2 ma.

P. R. Mallory & Co., Inc., Dept. ED, Indian
apolis, Ind.

Two versions of the 2 to 300 power supply 
prox ide 1 or 3 amp at 5, 10, or 15 v. Output volt
age varies less than ±0.1 per cent for line varia
tions of ±0.1 per cent from —55 to -1-85 C. The 
unit will operate to these specifications under 20 
g vibration and 50 g shock up to 70,000 ft.

Neff Instrument Corp., Dept. ED, 2211 East 
Foothill Blvd., Pasadena, Calif.
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1-1/4 tn. long

Ceramic coil forms 2480 through 2485 arc 1-1 4 
in. long and come with adjustable ring terminals 
or silicon Fiberglas terminal collars.

Cambridge Thermionic Corp., Dept. ED, 445 
Concord Ave., Cambridge 38, Mass.
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Standardize on

Jeffers
• Choice Coilso
• You can save time, labor, and • 
• money by stocking the wide range • 
o of Jeffers R.F. choke coils just as • 
• you do resistors, capacitors, and • 
• other similar components. You can • 
• forget tedious, expensive hand • 
• assembly from miscellaneous* 
• forms, wires, and coatings by using • 
• standardized Jeffers coils, com- * 
• pletely assembled for use. e 
o Jeffers coils are well made, using • 
• insulated copper wire windings... • 
• husky molded jackets. All windings • 
• are soldered to leads... shorted end • 
• turns are completely eliminated. * 
• Put these advantages to work in • 
• your circuits! Jeffers Electronics • 
• offers you . . . ready for delivery • 
g . . . a complete line of R.F. choke • 
• coils with a complete range of • 
• inductance values. Write today for • 
• our specification sheets.
• Other Jeffers Products •
• fixed composition capacitors •
* Other Speer Products •

for the Electronics Industry 
anodes • contacts • resistors

G discs • brushes • molded notched* coil forms * 
• battery carbon • graphite plates and rods • 
G ।------ 1 *Patenfed •

JUHAS i □;
Na 
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Ad,
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Silicon Rectifie
1500 v at 150 C

SP®

Eliminate external wiring

1958

Call Speer for 
a complete line

Address.
City___

ELECTRONICS ASSOCIATES, INC.
99 Dover Street. Somerville 44. Mats.

SOmerMt 4-5130 TAAX SMVL 181 Wett. Union WUX

Spectrum Analyzer 
0.5 cps to 300 kc range

SPEER RESISTOR DIVISION r’jTM SPEER CARBON COMPANY 
Bradford, Pennsylvania

□ Send the Speer Resistor Catalog 
t' Send Automation Soldering Bulletin
Name

Title________________________________
Com pan y____________________________

Looking 
for the right 

resistor?
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fixed composition 
resistors, 

phenolic coil 
forms

In 1, 2, and 3, row units, these solderless 
terminal blocks accept standard AMP 53 taper 
pins. With internal buss connections to eliminate 
external wiring, units come in any combination 
of feed-through individual or shorting terminals.

Dejur-Amsco Corp., Dept. ED, 45-01 Northern 
Blvd., Long Island City 1, N.Y.
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ike X-500 Acepot. From ~55°, up to 150°C, with special heat

resistant elements. Excellent resolution, ±0.5% linearity. V2” size, 
V4-ounce. Prompt delivery.

Designated TM155, this silicon rectifier offers 
1500 v, 400 ma ratings at 150 C. It may be used 
in high voltage power supplies requiring 600 v 
output or higher. Hermetically sealed, it comes 
in the standard 7/16 in. hex package.

Transitron Electronic Corp., Dept. ED, Wake
field, Mass.
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Fordetailed information on specifica
tions, characteristics and applications 
ask for this catalog of Speer Elec
tronic Components!
Automation Soldering your concern ? 
Be sure to send for Speer’s Bulletin 
on this subject.

Othei Sp**r Product* 
for th* Electronic* Industry

R F coil* • choke* • Fixed composition 
capacitor* • Speer PAC made by Jeffers Electronics, 

• Also electronic tube anode* • 
contact* • rocket and missile parts • brushes • 
battery carbon* • graphite plales and rods and 

graphite products for the steel and chemical 
________ industries.

.Zone______ State. Acepot® Acetrtnr* Acetet® Aceohm® *808. Appi, for 
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The S-2 series makes possible spectrum and 
power density analysis of both discrete and 
random data from 0.5 cps to 300 kc. The system 
consists of a Panoramic spectral power density
analyzer model PDA-1 plus a spectrum analyzer 
and chart recorder. Four different modes of 
analysis are selectable through front panel 
switching.

Panoramic Radio Products, Inc., Dept. ED, 
520 South Fulton Ave., Mt. Vernon, N.Y.
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Why take pot luck , when Ace has all these special 
high-temperature design features — neatly packaged in 
the Acepot X-500! Our exclusive design dissipates 
internal heat to the mounts, allowing greater dissipa
tion at high temperature. So put away your chef s hat 
— and rely on Ace's four years of testing. For high 
temperature performance — the X-500 s your answer. 
See your A( Erep!

So you did huild your own pot? Now — will it function at 150 °C? 
It might, if you made sure to use some real cool winding wire (say, 
with no more than 20 parts per million temperature coefficient)! A 
specially-designed heat-resistant element card would also he handy to 
keep things cool! But you don't have to huild- em-yourseh and then 
go through all this harhecue-hroil testing, to he assured of pots with 
good high-temperature characteristics!



NEW PRODUCTS

DC Electrometer
Has 53 ranges

ress

Snip tl

can
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Your copy of Catalog 105 
it available upon request.

to stO( 
inique

our vi 
allow I 
lenera

Registered Trademark of Elgin 
Metalformers Corporation

Rotary Solenoid
Has ratchet drive

Providence, R. 1.
JAckson 1-4200
Chicago Office

7001 North Clark St.
355-8 _________

an improvement
by TECHNIC

Time Delay 
Relay

Saves panel 
space

torque curve, and their rotation 
varied by stop adjustment.

new missile test panels 
i H feature
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Model 600 de electrometer has 53 ranges. It 
measures voltage from 10 mv to 10 v full scale; 
current from IO-14 to 3 amp full scale; and re
sistance from 200 to 1013 ohms full scale. It also 
serves as a de preamplifier with precise gains 
from 0.1 to 100.

Keithley Instruments, Inc., Dept. ED, 12415 
Euclid Ave., Cleveland 6, Ohio.
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Motoroid ratchet drive solenoids provide 
rotary output without the use of linkages. Output 
torques can be selected from any part of their

Technic developed this superior 
Rhodium concentrate to meet 
today’s electroplating specifi
cations with —

ELGIN METALFORMERS 
CORPORATION

630 CONGDON, DEPT. 1221 
ELGIN, ILLINOIS

Test panels designed and instrumented by test equipment 
engineers and builders of Lear, Inc., Grand Rapids, Michigan, 
assure reliability standards of the Lear Stable Platform being 
used in the initial guidance system of Boeing’s long-range 
IM-99 Bomarc missile. The test panels feature the flexibility 
of EMC OR s most modern concept in metal cabinetry... THE 
EMCOR MODULAR ENCLOSURE SYSTEM. Of uniform size, 
the test panel frames can easily be bolted, unbolted and 
rearranged to quickly meet changing production demands. 
EMCOR's engineering mastery of the design in metal cabi
netry makes possible the arrangement of groups of intricately 
wired instruments, indicators, dials and electronic scopes 
for easy visual and manual operation while reducing 
environmental fatigue and strain.

Leetronics, Inc., Dept. ED, 30 Main St 
Brooklyn 1, N.Y.

CIRCLE 160 ON READER-SERVICE CARD

Wailable in 32 variations of five basic models, 
the type PMT time delay relay needs no extra 
vertical space for latch and timing mechanisms. 
Time delays up to 3 min are offered in some of 
these pneumatic, 10 amp units. Using modular 
construction, the relays have universal poles with 
isolated contacts so that two circuits per pole 
mav be used, even at opposite polarity.

Clark Controller Co., Dept. ED, Cleveland 10, 
Ohio.
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ODIUM

* * C' ,NC-

/lestthis \ 
NW Rhodium/ 
Concentrate f <

Testing is easy because of high 
compatibility with existing Rhod
ium baths. Ask for complete data 
on characteristicsand applications. 
When you adopt Technic solu
tions or methods, our technical 
staff is yours until optimum per
formance is assured. Write or 
phone todav.

TECHNIC,INC
39 Snow Street

THE LARGEST ENTERPRISE Of ITS KINO IN THE *0fl0



VITREOUS-ENAMELED

RESISTORS

Environmental 
Test Chamber

Has wide 
temperature range

Having a temperature range from —100 to 
+800 F, this test chamber is accurate to ±2 F. 
The Freon 13-Freon 22 cascade type unit can 
dissipate 1600 BTU/hr at —85 F and 500 BTU/ 
hr at —100 F. Internal capacity is 3.4 cu ft. 
Fiberglass is used as insulator.

Associated Testing Labs, Inc., Dept. ED, 112 
(flinton Rd., Caldwell, N.J.
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Rotary Joint
Handles 100 kw

This rotary joint, used in antenna systems, can 
handle 100 kw average power. Its operating 
frequency is 400 to 450 me. The unit has a vswr 
of 1:15 (max). Size: WR2100 to 9 in. coaxial.

G. B. Electronics Corp., Dept. ED, 711 Stew
art Ave., Garden City, N.Y.
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“SNIP OR CLIP”
TAB TERMINALS

Snip the lead, or clip the tab . . . get 
the exact terminal type you need! 
Save space and eliminate the need 
to stock two types of resistors. This 
inique feature is on General Electric 

10-, and 20-watt resistors. For 
your vitreous-enameled resistor catalog, 
foil >w reader service instructions below. 
General Electric Co., Roanoke, Va.

784-12

GENERAL© ELECTRIC
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Tube Tester
Offers multiplicity of peak conditions

For electronic and TV picture tubes, the 10-40 
tube tester affords functional testing of voltage 
regulator tubes, ultrasensitive gas testing for 
amplifier tubes, and beam-current testing of TV 
tubes. Because the tubes under test are dynami
cally swept oxer a path of operation, on a 
sinusoidal time base, encompassing a wide range 
of plate family characteristic curves, they show 
their ability to operate at a multiplicity of peak 
conditions.

Precision Apparatus Co., Inc., Dept. ED, 70-31 
S4th St., Glendale, N.Y.
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BENDIX
TRANSISTOR 

BEST
Tibi* HE JOB •

TYPICAL OPERATION AND MAXIMUM RATINGS OF BENDIX GERMANIUM PNP POWER TRANSISTORS

'a) Vce rating Equivalent Vcb’s are 20-50% higher ib) Collector dissipation h the difference between the maximum function temperature and the 
mounting base temperature divided by the thermal resistance (a) hfe, AC current gain as noted with (•). All others represent HFE, OC current gain. 
d> Square wave output power ret Push-pull output (f) ?N 1031. 2N1032 series have lugs 2N677, 2N678 senes have straight pins 2N1029, 2NIO3O 

series have flying leads

TYPE 
NUMBER

PRIMARY 
APPLICATIONS MAXIMUM RATINGS TYPICAL OPERATIONS

Audio Push- 
Pull Switch Power 

Supply

Col
lector 

Voltage 
< a»

Col
lector 

Current

Thermal 
Resist
ance 
(b)

lunc- 
tion 

Temp.

Current 
Gain 

(c) I Ic

Cir
cuit 
Gain

Power 
Output

Vdc Ade °C/W °C - 1 Ade db Watts

2N234A X 30 3 2.2 90 25’ 0.5 30 2
2N235A X 40 3 2.2 90 40* 0.5 33 2
2N235B X 40 3 2 2 90 60* 0.5 36 2
2N236A X 40 3 2.0 95 40* 0.75 33 4
2N236B X X 40 3 2.0 95 60* 0.75 36 4
2N285A X X 40 3 2.2 95 150* 0.5 39 2
2N399 X X 40 3 22 90 40* 0.75 33 8 (e)
2N400 X X 40 3 2.2 95 50* 1.0 36 6
2N401 X X 40 3 2.2 90 40* 0.5 30 5 (e)
2N418 X X R0 5 2.2 100 50 4.0 — 100 (d)
2N419 X 45 3 2.2 95 60* 0.5 — 5
2N420 X X 40 5 2.2 100 50 4.0 — —
2N420A X X 70 5 2.2 100 50 4.0 — —
2N637 X X X 40 5 2.0 100 45 3.0 — 35 <d)
2N637A X X X 70 5 2.0 100 45 3.0 — 70 rd)
2N637B X X 80 5 2.0 100 45 3.0 70 (d)
2N638 X X X 40 5 2.0 100 30 3.0 - 35 id)
2N638A X X X 70 5 2.0 100 30 3.0 - 70 (d)
2N638B X X 80 5 2.0 100 30 3.0 - 70 (d)
2N639 X X X 40 5 2.0 100 23 3.0 — 35 <d>
2N639A X X X 70 5 2.0 100 23 3.0 70 (d)
2N639B X X 80 5 2.0 100 23 3.0 70 (d>
2N103I X X X 30 15 1.5 100 40 10 — 75 id)
2N1031A X X X 40 15 1.5 100 40 10 — 125 (d)
2N1031B X X X 70 15 1.5 100 40 10 250 (d)
2N1031C X X 80 15 1.5 100 40 10 250 (d)
2N1032 X X X 30 15 1.5 100 75 10 — 75 (d)
2N1032A X X X 40 15 1.5 100 75 10 — 125 (d)
2N1032B X X X 70 15 IS 100 75 10 — 250 rd)
2N1032C X X 80 15 1.5 100 75 10 250 rd)

There is a Bendix power transistor to help you get the right 
power and gain on your job. When you buy Bendix you enjoy 
extra quality at no extra cost: low leakage, life stability, high 
breakdown voltage, low thermal resistance, and controlled 
temperature variation. Our volume production enables imme
diate delivery on most models. For details or help on circuitry 
problems, write: semiconductor products, bendix aviation 

CORPORATION, I.ONG BRANCH, NEW JERSEY.

West Coast Sales and Service: 117 E. Providencia Ave., Burbank, Calif.
Canadian Affiliate Computing Devices of Canada, Ltd., P.O. Box 508, Ottawa 4, Ont. 

Export Sales & Service- Bendix International, 205 E. 42nd St., New York, 17, N.Y.

Division
AVIATION CORPORATION
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ALLIED'S NCW
General Purpose Relay*

FOR D-C OPERATION

Long life, stability and high reliability are the 
features of this new general purpose relay.

Allied’s type GK relay uses twin contacts with 
bifurcated stationary contact arms. Designed 
for a wide variety of Industrial and Military 
applications, Allied’s type GK relay has a 
capacity of 20 springs which can be assembled 
in a variety of combinations of A, B, C and D 
contact forms.

Here 
are 
the 
facts:

Operating Voltage: 
up to 220 volts d-c
Contact Rating:
up to 4 amperes at 150 watts
Temperature Range:
up to —55°C to +85°C
Vibration:
up to 10 to 55 cps at .062 inch 
double amplitude
Operating Shock: 
up to 30 g

*For complete details send for Allied's GK catalog sheet.

^ALLIED CONTROL^
ALLIED CONTROL COMPANY. INC., X1BF
2 East End Avonus, Now York 21, N. Y.

A110I

NEW PRODUCTS
SPRAY CLEANER.—Vythene-E, purified grade of 
Vythene, 20 times less toxic than carbon tetrachlo
ride. Has no Hash point and is highly stabilized to all 
metals.

Tect, Inc., Dept. ED, Northvale, N. J.
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CENTRIFUGAL BLOWERS.-Series LP low pres
sure units with diameters from 2 to 9 in. Deliver 20 
to 2000 cfm.

The Torrington Mfg. Co., Dept. EI), Torrington, 
Conn.
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ROTARY INVERTER.—Model 4617 for inertial 
guidance systems. Delivers 750 va from 28 v de in
put. Voltage controlled to ±=0.2 per cent, frequency 
to =±=0.01 per cent.

Varo Mfg. Co., Inc., Dept. ED. 2201 Walnut St., 
Garland, Tex.
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POTTING COMPOUND.—Temporell No. 1500 ad
heres to metal, paper, and wood, but not to rubber. 
Temperature range of —65 to -{-1500 F.

Orell, Inc., Dept. ED, Box 527, South Gate, 
Calif.
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PHOTOJUNCTION CELL.-Miniature type 7224 
for sound movie projector and computer use. Covers 
3500 to 19.000 angstrom range and has illumination 
sensitivity of 0.7 ua per ft-c. Dissipates 0.03 w.

Radio Corporation of America, Electron Tube 
Div., Dept. ED, Harrison, \. J.

CIRCLE 172 ON READER-SERVICE CARD

MINIATURE CIRCUIT BREAKER.—Klixon 7274-1 
manual reset thermal breaker 1.42 x 0.75 x 0.56 m. 
Ratings from 0.5 to 5 amp.

Metals 6c Controls Corp., Dept. ED, Attleboro. 
Mass.
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TANTALUM CAPACITORS.-Foil type electrolytic 
units that withstand 2000 hr life test. End seal of 
TFE-fluorocarbon resin is virtually leakproof.

Sprague Electric Co., Dept. ED, North Adams, 
Mass.
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ACCELEROMETER.—Gas damped model A501 for 
accurate measurement of acceleration changes flat 
up to 500 cps. Operates from —65 to -{-200 F with
out heater jacket.

Statham Instruments, Inc., Dept. El), 12401 \\.
Oly mpic Blvd., Los Angeles 64, Calif.
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Now! Elastic Stop® Nut
Miniatures to NAS 696-7-8, NAS 1067-8

LHTE

LHTM
NAS 679

LHTA2900
NAS 1068

LHTA57M
NAS 696 NAS 687

LHTA517 LHTA55M 
NAS 698

These new miniature self-locking nut series added to 
the full lines of counterbored, low height NAS 679-695 
parts previously announced, offer avionic engineers a 
wide variety of 550° F. fasteners to meet the severest 
application problems imposed by the space limitations 
of new missile and electronic designs. All of these new 
Elastic Stop nuts use ESNA’s AN-approved offset lock
ing closure which exerts locking torque radially and 
elastically for vibration-proof tightness and extended 
re-usability. Write Dept. S4-1057 for specification sheets 
on the new LHTA51 and LHTA51M series.

ELASTIC STOP NUT CORPORATION 
OF AMERICA

2330 Vauxhall Road, Union, New Jersey
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ELECTRICAL PROPERTIES
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CIRCLE 186 ON READER-SERVICE CARD

PRICE

ide at speeds up

Dept. ED. 1342 58th LAMICOID® LAMINATES &MICANITE® AND ISQMICA® PRODUCTS
SIL'CONI 6 TEFLON COATED CLOTHS TAPESFABRICATED PARTS
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0 003 

0.004 

0 006

FOR DATA on MICO Teflon coated glass fabrics, 
write to Mica Insulator, 2724 Broadway, Schenectady

750

800

900

0 0006

0 0006

0 0006

REGULATED 
model SC-32-5

Power Factor 
60 Cycles to 
1 megacycle

MEASURES
★ RDB Channels 1-18
★ RPM
* Mass Flow Rate
★ Frequencies
★ Ito 100.000 Periods

FOR OPERATION AT 250°C INSULATE 
ELECTRICAL EQUIPMENT WITH MICO 

TEFLON* COATED GLASS CLOTH
Heat resistance is just one of the outstanding char
acteristics of MICO’s Teflon coated glass insulation. 
The exceptionally uniform coating permits close 
thickness tolerances. It also has . . .

1, N. Y, See how 
efficient electrical 
ricated parts.

to 8 columns on tapes up to 1 
to 27 cps.

Precision Specialties, Inc., 
St., Kansas City, Mo.

I. DuPont de Nemours & C j
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0 to 5 amp. Under 
ir load.

they can help you design more 
equipment, longer lasting fab-

TWX: BURL WIS 426
Burlington, Wisconsin

POWER SUPPLY.—Transistorized

Kepco Labs, Inc., Dept. ED. 131-38 Sanford Ave 
usbing 55, N. Y.

Req. Trade Mork. E

CIRCLE

• High dielectric strength, which minimizes dielectric 
failures even at temperatures up to 250°C

® Extreme chemical resistance. It is unaffected by 
solvents, moisture and chemicals commonly en
countered in electncal equipment.

• High flexibility, extreme toughness and abrasion 
resistance.

APPLICATIONS INCLUDE: tapes and wrappers 
for motor or generator coils, leads or cables. Slot 
liners for motors and generators. Gaskets, washers, 
seals and diaphragms for mechanical applications.

MOTORIZED TAPE PUNCH.-For computers, 
data handlers, communication Systems. Punches up

ROckwell 3-7155 

372 Wilmot Avenue

DIVISION 0F MINNESOTA MINING & MFG C0
SCHENECTADY 1, NEW YORK

Grenier Field

Finished Thickness, Dielectric Strength,
in V M, (S.T.)

TEMPERATURE CONTROL SYSTEM.-Model 
TLC-3297 3-channel warning and control system to 
monitor process-tube temperatures in nuclear reac
tors. Adaptable to any remote temperature monitor
ing application.

Arnoux Corp., Dept. ED, 11924 W. Washington 
Blvd., Los Angeles 66, Calif.
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PUSHBUTTON SWITCH.-Tri-Lite monitors three 
conditions with a three-color light assembly. Dual
purpose unit is for flush or subpanel mounting.

Electrosnap Corp., Dept. ED, 4230 W. Lake St., 
Chicago 24, Ill.
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IN SUL ATION.—Stanpreg Pl all-purpose glass fabric 
for use under MIL-R-7575A. Polyester resin preim
pregnated. Supplied in roll form.

Standard Insulation Co., Dept. ED, 74 Paterson 
Ave., East Rutherford, N. J.

RF CONNECTORS.—Type 3000 cable plug, 3001 
cable jack, 3002 panel receptacle, 3003 panel jack, 
3004 cable feed-through, and 3005 right-angle plug 
are added to ConheX miniature hexagonal line.

Sealectro Corp., Dept. ED, 610 Fayette Ave.. 
Mamaroneck, N. Y.

950 GALINDO STREET ------- CONCORD, CALIFORNIA

REPRESENTATIVES IN PRINCIPAL CITIES

FREQUENCY RANGE 5 CPS to 100 KC
ACCURACY . ± 1 count, ± 1 part in 105
READOUT . Nixie, to 99,999
SENSITIVITY 5 Millivolts rms
TIME BASES:

ELAPSED TIME INDICATORS.-Series 53 units 
have self-starting synchronous motors and standard 
5-digit registers. They are 3.5 in. round or square.

Marion Electrical Instrument Co., Dept. ED,

MICA 
INSULATOR

Exceptionally uniform coating on 
this MICO Teflon coated glass cluth 
is free from picks or bumps, is 
extremely tough ond resistant to 
abrasion and cut through

DIGITAL VOLTMETER.-Model DVA-410 ac-dc 
4-digit unit has a range of 0.0001 to 999.9 v; ac ac
curacy of 0.1 per cent or two digits: and dc accuracy 
of ±1 digit. Transistorized; modular construction.

Electro Instruments, Inc., Dept. ED, 3540 Aero 
Court, San Diego 11, Calif.
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designed for 
the most severe 

environmental conditions
The new NE-71 Oven has 
been developed for our T-7 
Series of Glass Sealed 
Crystals in the 10 to 350 
KC range. Utilizing a close 

differential, hermetically sealed, 
snap-action thermostat. NE-71 main
tains dependable close control under 
high vibration conditions. Recovery 
to proper temperature after non-oper
ating exposure to low temperature is 
one of the outstanding features of 
this unit. Available in 6 to 115 volt 
range. For technical information, 
write for bulletin No. 7158, and for 
Low Frequency Crystal Catalog.

RDB ......................... 1/5 second
CPS 1 & 10 seconds
RATE Selectable 0.1ms increments 

to 10 secs.
PERIOD 1 to 100,000 cycles of input 

$1,550 F.O B. Concord

Count on SYSTRON 
RDB COUNTER 
with in-line readout

1YSTRUN
CORPORA TIUN



CIRCUITRY

for hand

boards per

circuit con-

7447 W. Wilson Ave., Chicago 31,111.

problem in management organization, 
engineering coordination, and produc*

too many 
means.
39 printed 
kH.
31 different 
figurations.

tion skill...............

Problems:
1 82 Kits of Parts, too few 
1 for production tooling,

METHODE
has the same solutions for YOU . . . 
for further information address: 

_—MILITARY CONTRACTS
/COORDINATOR

O ßöÄC»

Custom Printed

MISSILE

4 Close mechanical toler
ances.

5 Duo-metal electroplat
ing, gold and solder.

0 Running changes.

Solutions:
1 A separate precision cir- 
1 cuit organization.

2 Close customer liaison.

_ Personnel and know-how 3 geared to military qual
ity requirements.

4 Outstanding plant and 
equipment.

5 Large tooling and pro
duction resources.

6 High production momen
tum.

NEW PRODUCTS
MINIATURE AMPLIFIER—Model 2618 lor use 
with the company’s piezoelectric aeceleimeters. Com
pletely scaled, it provides variable gain, 6 to 20, and 
operates continuously at 250 F. Distortion and non
linearity are under 1 per cent gain; stability is — 1 
per cent.

Endevco Corp., Dept. ED, 161 E. California St., 
Pasadena, Calif.
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LIMIT SWITCHES.-Scries Hll for am exposed con
trol or indicating application on aircraft or industrial 
machines. In 12 variations.

Electrosnap Corp., Dept. ED, 4230 Lake St., 
Chicago 24, 111.
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LOW-TEMPERATURE PROBES.-Semiconductor 
7.XXXL units provide output in volts for a 20 F span 
in the LOX range. Can be used with almost any 
liquefied gas in the —240 to —320 F range.

Arnoux Corp., Dept. ED, 11924 W. Washington 
Blvd., Los Angeles 66, Calif.
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ELECTROSTATIC PROBES.-For use with the 
company’s absorption analyzer. Envelope, T, straight, 
and miniature types trace signals through hard-to- 
reach circuits.

Kingston Electronic Corp., Dept. ED, Medfield, 
Mass.
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ENVIRONMENT CHAMBERS.—Dry ice operated 
subzero cabinets with i 200 to —120 F range. Con
stancy within units is 0.5 at —100 F, — 1 F at 
4-200 F.

American Instrument Co., Dept. ED, 8030 
Georgia Ave., Silver Spring, Md.
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RF FILTER.—Bandpass band-suppression unit for 
simultaneous ATC transmissions on adjacent channels 
in the lower kmc range from a single antenna. Chan
nels are separated better than 30 db, and loss in the 
pass frequencies is under 1 db.

Microphase Corp., Dept. ED, Box 1166, Green- 
v\ ieh, Conn.
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MINIATURE TUBES.—Types 6DT5 and 12DT5 
9 pin beam pow er pentodes conservatively drive 110 
deg vertical deflection systems. Units feature con
trolled high zero-bias plate current and low zero
bias screen current at a specified low plate voltage.

Westinghouse Electric Corp., Electron Tube Div., 
Dept. ED, P. O. Box 284, Elmira, N. Y.
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Stainless Stan 
Star screws have cli 

bright n shiny heat

STAINLESS STEEL
300 & 400 Series
• AN Drilled 

Fillisters
• Bolt*
• Cap Screws
• Cap, Socket 

Head
• Cotter Pins
• Dowel Pins
• Hinges
• Machine Screws
• Nuts
• Set Socket
• Sheet Metal 

Screws
• Stud Bolts
• Taper Pins
• Washers
• Wood Screws

STAR’S CATALOG OF
Right-off-the-Shelf ®

STAINLESS STEEL
FASTENERS
Save time . . . save money. This book lists over 
7,000 stainless steel fastenings available for 
immediate delivery RIGHT OFF THE SHELF®! 

Write for catalog on your letterhead TODAY.
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STAR STAINLESS SCREW CO.
663 Union Blvd., Paterson 2, N.J.

s*- Telephone CLifford 6-2300
»» j— Direct New York City phone: Wisconsin 7-9041 

Direct Philadelphia phone: WAInut 5 3660

CORROSION 
RESISTANT

Kester Solderforms 
will give you today’s 
demanded economy 
plus end product 
quality greater than 
ever before.
Write For Complete Information

KESTER SOLDER
COMPANY

4M« WrlebtWMf Avi. • CAImr 39. III.
■mrtS, ■. J. RraBtfard. Cm.
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'NOW . FOR HIGH TEMPERATURE

JI <1 »
t

t

AMBIENT ABSOLUTE PRESSURE

)F
»

MILE-5272A

o.
ADVANTAGES

LAMICOÍD® LAMINATES &

SILICONE Ä TEFLON COATED CLOTHS & TAPES
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9 8 77

I

NEW MICO ISOMICA
AND SAMICA® DIELECTRICS

fitters, compound slides, name 
plates and all required acces- 
'ones. For complete infor- A 
nation, write to

ISOMICA continuous sheet is available in virtu
ally any size at a fraction of the cost of im
ported mica films.
Both are production-proved and readily avail
able.
WRITE FOR COMPLETE DATA OR SAM
PLES to the nearest Minnesota Mining & Manu
facturing Company sales office or to Mica In
sulator Division, Minnesota Mining & Manu
facturing Company, 3714 Broadway, Schenectady

Now you can design more efficient rolled and 
stacked capacitors at lower cost. Capacitor 
Grade SAMICA sheet can be rolled and handled 
like paper, yet will withstand operation up to 
1000 F.

over 
for 

_F®!

DIVISION OF MINNESOTA MINING & MFG CO.
SCHENECTADY 1, NEW YORK

The Model 106 has proven incomparable for 
speed and accuracy . . yet reasonably 
priced A
• utter grinders, rotary tables, master

New Design Possibilities 
Cut Material Costs 
Eliminate Pin Holes and Voids 
Uniform Thickness and Properties 
Mica Component Stable Up to 1OOO F

MICANITE® AND ISOMICA® PRODUCTS 
Fabricated parts

MODEL D2 
HEAVY-DUTY 

2-DIMENSIONAL 
575 pounds rigid.

GREEN Pantograph Engravers 
ELIMINATE DELAYS!

Keep the work in your own plant.

9

check 
the spec

on this GORN
MINIATURE ALTITUDE SWITCH

SW/TCH (type GB300*)

1 8 ox.

5000 to 
60,000 feet or 
25 to I PSIA

SPDT 18-30
VDC 2.5A Ind.

-65 to 160F
-65 to 275F
—65 to 40vF‘*

5-500
5-2000 CPS

Z WEIGHT

✓ ACTUATION SETTING 
RANGE OF TESTED 
AVAILABLE MODELS

Z ELECTRICAL 
RATING

✓ TEMPERATURE 
RATINGS 
AVAILABLE

Z VIBRATION RATINGS 
UP TO 25G

Z EXPLOSION RATINGS 
TO SPECIFICATION

‘Switches can bt supplied either lottery pre 
set er with means for eiternal adjustment.

ter further reformation, write:

"Presently undergoing test.

EST. 1923

GORN ELECTRIC CO.
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• Ratios 2 to 1 to infinity
GREEN 
INSTRUMENT 
COMPANY, INC

• Spindle speeds up to 26.000 rpm for 
engraving or machining modern 

materials

master copy area 
26’ x 10'

• Vertical range 
over 10’

F large work
• Micromi t< adjustment for depth of cut 

• Balt bearing construction throughout 
super precision ball bearing spindle

361 PUTNAM AVENUE, CAMBRIDGE 39, MASS.
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PORTABLE 
40-POUND 
BENCH-MODEL 106
Famous 2 or 3-dimensional 
engraver, successfully used by 
thousands, features 5 positive, ac
curate pantograph ratios. Versatile ball bearing spindle 
has three speeds up *o 14,000 rpm; height of pantograph 
and position of cutter are continuously adjustable; 
cne copy carrier (supplied। accepts all standard A 
master type sizes.

r sturdy, precise
• Vertical adjustment of copy 

table automatic with Pantograph 
• Unobstructed on three sides to take 

RF CONNECTORS.—Series designed to prevent 
cable assembly contacts from disengaging in rapidly 
fluctuating ambient temperature.

kings Electronics Co., Dept. ED, 40 Marbledale 
Rd., Tuckahoe, N. Y.
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RADIO TELESCOPE RECEIVER.-X hand radio
meter EKZHII-X2C sensitive to noise radiation levels 
down to 0.01 Kelvin, with integration time constants 
down to 100 sec. Has 8 kmc operating frequency, 1 
kmc bandwidth, 10 db noise figure, 86 db rf gain.

Ewen Knight Corp., Dept. ED, 206 A St., Need
ham Heights 94, Mass.
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DIGITAL VOLTMETER SYSTEM.-Model DVA- 
412 automatically measures ac-dc voltages and types 
results on electric typewriter. Over 0.0001 to 999.9 
range, accuracy ac is 0.1 per cent or two digits; de, 
± 1 digit.

Electro Instruments, Inc., Dept. ED, 3540 Aero 
Court, San Diego 11, Calif.
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CAPACITORS

TRANSISTORIZED POWER SUPPLIES.-From a 
6 or 12 v battery, units provide outputs from 150 to 
400 v de up to 265 ma for operating radio receivers, 
transmitters, and mobile communication equipment. 
No moving parts.

Arnold Magnetics Corp., Dept. ED, 4613 W. Jef
ferson Blvd., Los Angeles 16, Calif.
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PHOTOCELLS.—Thirteen miniature cells together 
cover all the visible spectrum and more. Sensitivity 
to light flux is about 1 million times that of high- 
vacuum photoemissive tubes. Each has rectangular 
sensitive surface 3/16 x 3/64 in. Supplied with end 
or side view.

Clairex Corp., Dept. ED, 19 W. 26th St., New 
York, N.Y.

CIRCLE 205 ON READER-SERVICE CARD

POWER OSCILLATOR.-Model 150 supplies 160 
va at a fixed frequency of 400 cps ±0.25 per cent 
or a variable frequency of 350 to 450 cps. Output is 
0 to 120 v continuously variable; regulation is 1 per 
cent no load to full load.

Industrial Test Equipment Co., Dept. ED, 55 E. 
11th St., New York 3, N. Y.
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PUSHBUTTON SWITCHES.-Series 850 normally 
off switches for alarm devices, high fidelity equip
ment, and relays. Rated at 3 amp, 120 v ac or 1.5 
amp, 240 v ac.

Alcor Mfg. Co., Dept. ED, 4444 W. Roosevelt 
Rd., Chicago 24, Ill.

CIRCLE 207 ON READER-SERVICE CARD

MICA 
INSULATOR
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Custom Printed 

MISSILE 
CIRCUITRY

problem in management organisation, 
engineering coordination, and produc> ,

tion skill...............

Problems:
1 82 Kits of Parts, too few
1 for production tooling,

too many 
means.

2 39 printed 
kit.

3 31 different 
figurations.

for hand

boards per

circuit con-

4 Close mechanical toler
ances.

5 Duo-metal electroplat
ing, gold and solder.

0 Running changes.

Solutions:
1 A separate precision cir
’ cuit organization.

2 Close customer liaison.

_ Personnel and know-how 3 geared to military qual
ity requirements.

♦ Outstanding plant and 
equipment.

5 Large tooling and pro
duction resources.

6 High production momen
tum.

METHODE
has the same solutions for YOU . . . 
for further information address: 

MILITARY CONTRACTS 
COORDINATOR

IkJ (ETHODE
p / Manufacturing Corp.

" 7W W. Wilson Ave., Chicago 31, lit
CIRCLE 189 ON READER-SERVICE CARD

MINIATURE AMPLIFIER.—Model 2618 lor use 
with the company’s piezoelectric accelermeters. Com
pletely sealed, it prov ides variable gain, 6 to 20, and 
operates continuously at 250 F. Distortion and non
linearity are under 1 per cent gain; stability is — 1 
per cent.

Endevco Corp., Dept. ED, 161 E. California St., 
Pasadena, Calif.
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UMIT SWITCHES.-Series H1I for any exposed con
trol or indicating application on aircraft or industrial 
machines. In 12 variations.

Electrosnap Corp., Dept. ED. 4230 W Lake St., 
( hicago 24, Ill.
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Stainless Stc ;c. 
Star screws have te- 

bright n shiny ht as

STAR'S CATALOG OF

LOW-TEMPERATURE PROBES.-Semiconductor 
7XXXL units provide output in volts for a 20 F span 
in the LOX range. Can be used with almost any 
liquefied gas in the —240 to —320 I range.

Arnoux Corp., Dept. ED, 11924 W. Washington 
Blvd., Los Angeles 66, Calif.
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ELECTROSTATIC PROBES.-For use with the 
company s absorption analyzer. Envelope, T, straight, 
and miniature types trace signals through hard-to- 
reach circuits.

Kingston Electronic C orp., Dept. ED, Medfield, 
Mass.

STAINLESS STEEL
300 & 400 Series
• AN Drilled 

Fillisters
• Bolts
• Cap Screws
• Cap, Socket 

Head
• Cotter Pins
• Dowel Pins
• Hinges
• Machine Screws
• Nuts
• Set Socket
• Sheet Metal 

Screws
• Stud Holts
• Taper Pins
• Washers
• Wood Screws

Rig ht-off-th e-Shelf ®

STAINLESS STEEL
FASTENERS
Save time . . . save money. This book lists over 
7,000 stainless steel fastenings available for 
immediate delivery RIGHT OFF THE SHELF®! 

Write for catalog on your letterhead TODAY.

2-
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ENVIRONMENT CHAMBERS.-Dry ice operated 
subzero cabinets with 200 to —120 F range. Con
stancy within units is 0.5 at —100 F, — 1 F at 
+200 F.

American Instrument Co., Dept. ED, 8030 
(Georgia Ave., Silver Spring, Md.
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RF FILTER.—Bandpass band-suppression unit for 
simultaneous \TC transmissions on adjacent channels 
in the lower kmc range from a single antenna. Chan
nels are separated better than 30 db, and loss in the 
pass frequencies is under 1 db.

Microphase Corp., Dept. ED, Box 1166, Green- 
vv ich, Conn.
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MINIATURE TUBES.—Types 6DT5 and 12DT5 
9 pin beam power pentodes conservatively drive 110 
deg vertical deflection systems. Units feature con
trolled high zero-bias plate current and low zero
bias screen current at a specified low plate voltage.

Westinghouse Electric Corp., Electron Tube Div., 
Dept. ED, P. O. Box 284, Elmira, N. Y.

CIRCLE 196 ON READER-SERVICE CARD

W7IÄ STAINLESS SCREW CO.
663 Union Blvd., Paterson 2, N.J.

t»- Telephone- CLifford 6-2300
Direct New York City phone: Wisconsin 7 9041

_ Direct Philadelphia phone; WAInut 5-3660

CIRCLE 197 ON READER-SERVICE CARD

CORROSION 
RESISTANT

CIKCU 19« ON KtADER-SERVICE CARD
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Kester Solderforms 
will give you today’s 
demanded economy 
plus end product 
quality greater than 
ever before.
Write For Complete Information

KESTER SOLDER
COMPANY

4666 WrlfktvMl An. • CAImw 39. III. 
■avart3. R. J. • Rraottari, Cm.



is Sto 
have 
iny h

AMBIENT ABSOLUTE PRESSURE SWITCH (type GB300*)

S WEIGHT 1.8 oz.

SPDT 18-30 
VDC 2.5A Ind

Z ACTUATION SETTING 
RANGE OF TESTED 
AVAILABLE MODELS

✓ ELECTRICAL 
RATING

5000 to 
60,000 feet or 
25 to 1 PSIA

Z TEMPERATURE 
RATINGS 
AVAILABLE

-65 to 160F
-65 to 275F
-65 to 400F**

MIL-E-5272AEXPLOSION RATINGS 
TO SPECIFICATION

✓ VIBRATION RATINGS 
UP TO 25G

5-500
5-2000 CPS

•Switch«« can b* supplied either factary pr«- ••Prewntly undergoing test, 
set er with means far external adjustment.

for formation, wriM

GORN A.ECTRIC
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►------- »h--------4

n"Z-
AH /.V . .. . .

check
the spec

on this GORN
MINIATURE ALTITUDE SWITCH

lists over 
lable for

SHELF®!

‘ODAY.

vco.

7-9041
0

GREEN Pantograph Engravers
ELIMINATE DELAYS!

Keep the work in your own plant.

CIRCLE 200 ON READER-SERVICE CARD

EUCTRONIC DESIGN • October 29, 1958

361 PUTNAM AVENUE, CAMBRIDGE 39, MASS.

• 575 pounds rigid, 
sturdy, precise

• Vertical adjustment of copy 
table automatic with Pantograph 

• Unobstructed on three sides to take 
large work

• Micrometer adjustment for depth of cut
• Ball bearing construction throughout 
super precision ball bearing spindle

• Spindle speeds up to 26,000 rpm for 
engraving or machining modern 

materials
• Ratios 2 to 1 to infinity 

master copy area 
26“ x 10'

• Vertical range 
over 10'

MODEL D2 
r HEAVYDUTY 

2-DIMENSIONAL

PORTABLE 
40-POUND 
BENCH-MODEL 106
Famous 2 or 3-dimensional 
engraver, successfully used by 
thousands, features 5 positive, ac
curate pantograph ratios. Versatile ball bearing spindle 
has three speeds up to 14,000 rpm; height of pantograph 
and position of cutter are continuously adjustable; 
one copy carrier (supplied) accepts all standard A 
master type sizes. J-
The Model 106 has proven incomparable for 
soeed and accuracy ... yet reasonably 
priced
( utter grinders, rotary tables, master 
letters, compound slides, name 
F ates and all required accès- 
sunes. For complete infor- Æ 
( ahon, write to

GREEN 
INSTRUMENT 
COMPANY, INC

RF CONNECTORS.—Series designed to prevent 
cable assembly contacts from disengaging in rapidly 
fluctuating ambient temperature.

Kings Electronics Co., Dept. ED, 40 Marbledale 
Rd., Tuckahoe, N. Y.
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RADIO TELESCOPE RECEIVER.—X-band radio
meter EKZHII-X2C sensitive to noise radiation levels 
down to 0.01 Kelvin, with integration time constants 
down to 100 sec. Has 8 kmc operating frequency, 1 
kmc bandwidth, 10 db noise figure, 86 db rf gain.

Ewen Knight Corp., Dept. ED, 206 A St., Need
ham Heights 94, Mass.

CIRCLE 202 ON READER-SERVICE CARD

DIGITAL VOLTMETER SYSTEM.-Model DVA- 
412 automatically measures ac-dc voltages and types 
results on electric typewriter. Over 0.0001 to 999.9 
range, accuracy ac is 0.1 per cent or two digits; de, 
±1 digit.

Electro Instruments, Inc., Dept. ED, 3540 Aero 
Court, San Diego 11, Calif.
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TRANSISTORIZED POWER SUPPLIES.-From a 
6 or 12 v battery, units provide outputs from 150 to 
400 v de up to 265 ma for operating radio receivers, 
transmitters, and mobile communication equipment. 
No moving parts.

Arnold Magnetics Corp., Dept. ED, 4613 W. Jef
ferson Blvd., Los Angeles 16, Calif.

CIRCLE 204 ON READER-SERVICE CARD

PHOTOCELLS.—Thirteen miniature cells together 
cover all the visible spectrum and more. Sensitivity 
to light flux is about 1 million times that of high- 
vacuum photoemissive tubes. Each has rectangular 
sensitive surface 3/16 x 3/64 in. Supplied with end 
or side view'.

Clairex Corp., Dept. ED, 19 W. 26th St., New 
York, N.Y.

CIRCLE 205 ON READER-SERVICE CARD

POWER OSCILLATOR.—Model 150 supplies 160 
va at a fixed frequency of 400 cps =t0.25 per cent 
or a variable frequency of 350 to 450 cps. Output is 
0 to 120 v continuously variable; regulation is 1 per 
cent no load to full load.

Industrial Test Equipment Co., Dept. ED, 55 E. 
11th St., New York 3, N. Y.

CIRCLE 206 ON READER-SERVICE CARD

PUSHBUTTON SWITCHES.-Series 850 normally 
off switches for alarm devices, high fidelity equip
ment, and relays. Rated at 3 amp, 120 v ac or 1.5 
amp, 240 v ac.

Alcor Mfg. Co., Dept. ED, 4444 W. Roosevelt 
Rd., Chicago 24, Ill.
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... FOR HIGH TEMPERATURE

CAPACITORS

NEW MICO ISOMICA® 
AND SAMICA® DIELECTRICS
ADVANTAGES

New Design Possibilities 
Cut Material Costs 
Eliminate Pin Holes and Voids 
Uniform Thickness and Properties 
Mica Component Stable Up to 1000F

Now you can design more efficient rolled and 
stacked capacitors at lower cost. Capacitor 
Grade SAMICA sheet can be rolled and handled 
like paper, yet will withstand operation up to 
1000 F.
ISOMICA continuous sheet is available in virtu
ally any size at a fraction of the cost of im
ported mica films.
Both are production-proved and readily avail
able.
WRITE FOR COMPLETE DATA OR SAM
PLES to the nearest Minnesota Mining & Manu
facturing Company sales office or to Mica In
sulator Division, Minnesota Mining & Manu
facturing Company, 3714 Broadway, Schenectady 
1, N. Y.

MICA 
INSULATOR

DIVISION OF MINNESOTA MINING & MFG. CO.
SCHENECTADY 1, NEW YORK

IC AN ITE® AND ISOMICA® PRODUCTS LAMICOÍD® LAMINATES &

ABRICATED PARTS SILICONE & TEFLON COATED CLOTHS & TAPES

CIRCLE 208 ON READER-SERVICE CARD



NEW PRODUCTSIDEAS FOR DESIGN—entryblank

STATEMENT OF THE PROBLEM-

Here is my design idea for possible publications in your Ideas For Design department. I can expect $10 for this idea if accepted for publication.
To the Ideas-For-Design Editor of ELECTRONIC DESIGN —

830 3rd Ave., New York 22, N.Y. • PLaza 1-5530

(Ideas suitable include: 1. new circuits or circuit modifications, 2. new design techniques, 3. designs for new 
production methods, 4. clever use of new materials or new components in design, 5. design or drafting aids, 
6. new methods of packaging, 7. design short cuts, or 8. cost saving dps)

ILF POWER TRANSISTOR.—Diffused base j ip 
germanium type 2N1046 for horizontal and verti al 
crt deflection circuits. Provides 15 w dissipation ; ic 
a typical 12 me alpha cutoff frequency.

Texas Instruments Incorporated, Dept. ED, P 0 
Box 312, Dallas, Tex.

CIRCLE 209 ON READER-SERVICE CARD

HAND PYROMETER.-Portable model B measures 
temperatures of convex, rotating, or flat surfaces. 
For plastics, semifluids, liquids, gases, molten soft 
metals. Needs no power source.

West Instrument Corp., Dept. ED, 4363 W. Mon
trose Ave., Chicago, Ill.

CIRCLE 210 ON READER-SERVICE CARD

INDICATING LIGHT.—Incandescent type 855RE 
for edge-lighting Lucite panels. Jelly bean in size, it 
projects 0.125 in. in front of the panel.

The Sloan Co., Dept. ED, 4101 Burbank Blvd., 
Burbank, Calif.
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MY SOLUTION AND WHY_ (^ease explicit. Include sketches or photos that 
*___________________will help the idea across)

PAPER ELECTRICAL TAPE.-For identification of 
leads in stick wound coils, tape P comes in range of 
colors and standard widths.

Pee Cee Tape & Label Co., Dept. ED, 521 N. 
La Brea Ave., Los Angeles 36, Calif.
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GEIGER-MUELLER TUBES.-Range of alpha- 
beta-gamma end-window tubes with varying window 
thicknesses.

Nucleonic Corporation of America, Dept. ED, 196 
Degraw St., Brooklyn 31, N.Y.

CIRCLE 213 ON READER-SERVICE CARD

AIRCRAFT CIRCUIT BREAKER.—Rated at 225 
amp, 480 v ac, 400 cps, 3 phase; 500 amp, 250 v dc. 
Functions from —65 to -j 600 F up to 75,000 ft.

Westinghouse Electric Corp., Dept. ED. Lima. 
Ohio.

CIRCLE 214 ON READER-SERVICE CARD

Signed________________________  
Title______________________

Company________________________  
Address_______________________

(Place illustrations on separate sheet if necessary)

COMMUNICATION RECEIVER.-Type 13A1 for 
high performance in the 55 to 260 me range.

General Electronic Labs, Inc., Dept. ED, 195 
Massachusetts Ave., Cambridge 39, Mass.

CIRCLE 215 ON READER-SERVICE CARD

POWER SUPPLY.—Transistorized model HY-C AL 
10-10 is chopper stabilized with 1 mv regulation for 
line or load variation. Input, 105 to 125 v; output 1 
to 10 v dc, 10 amp.

Hyperion, Inc., Dept. ED, 1447 Washington St., 
West Newton, Mass.

CIRCLE 216 ON READER-SERVICE CARD
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D, PO.

least) res 
urfaces. 
en soft

I. Mon-

855RE 
size, it

Blvd.,

No. 2-6
Plug

No. 2-4
Threaded stud with 
insulating washer I

No. 2-0 
Threaded 

Stud

No. 2-1 
Banana 

Plug

Also 
Available
No. 2-2
Test Clip* Adapter— 
2 clips mounted on 
molded base with 
banana plugs on 
std. 34" centers.
No 2-7
Adjustable Test Clip
Adapter—banana plugs ad
justable from %" to 1!4" centers.

, Write for complete details

Fast, Positive, 
Test Connections 

always

(all clips are 
shown 

actual

—with these Grayhill Spring Tensional 
Test Clips. Hex nut allows for ten- 

sion adjustment of each clip. 
Rk Clips are nickel plated brass 

■k Length (excluding mount- 
ing base) is I’s".

ition of 
inge of

521 N.

Telephone Fleetwood 4-1040

La Grange, Illinois565 Hillgrove Avenue
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NEW CATALOG
Aid to successful 
Miniaturization

Read MPB’s new catalog to learn how MPB miniature 
hearings heighten precision performance . . . how they reduce 
weight, space, friction. Nomograph, torque conversion, toler
ance and clearance charts aid in selection.

Complete specifications for over 500 different kinds of bearings 
radial retainer, radial retainer single or double shield, radial, 

nigh speed, all also available with flanged design -pivot, angu- 
ar contact, thrust—new duplex bearings with specially ground 
nner and outer ring 
aces. Specials when 
iccessary. For your 
,opy of the new MPB 
catalog write Minia- 
i ure Precision Bear
ings, 9 Precision 
1‘ark, Keene, N. H.
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CONTROL STATIONS.-Metagraphic type for use 
with process computer systems. Continuously’ re
cord and indicate controlled variable.

The Bristol Co., Dept. ED, Waterbury 20, Conn.
CIRCLE 219 ON READER-SERVICE CARD

TRANSISTORIZED POWER SOPPLY.-Model SC- 
18-1 delivers 0 to 18 v, 0 to 1 amp. Regulation is less 
than 0.1 per cent.

Kepco Labs, Inc., Dept. ED, 131-38 Sanford Ave., 
blushing 55, N.Y.
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DECADE COUNTERS.—Types DC-106-A and DC- 
106-B low cost, 110 kc units have 10 electrical out
puts. Modular printed circuit construction.

Burroughs Corp., Electronic Tube Div., Dept. 
ED, P.O. Box 1226, Plainfield, N.J.
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CAPACITOR.—High voltage, low inductance units 
for thermonuclear equipment and fast discharge 
and energy storage applications.

General Electric Co., Capacitor Dept., Dept. ED, 
Hudson Falls, N.Y.
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BANANA PLUGS.—Silver plated swage 2000 and 
screw ty pe 2020 plugs to fit 0.104 diameter holes.

Goe Engineering Co., Dept. ED, 219 S. Mcdnik 
Ave., Los Angeles 22, Calif.
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SELF-INSULATING FASTENERS. Have plastic 
heads molded on threaded metal fasteners, combin
ing mechanical advantages of metal with plastic 
insulation.

Gries Reproducer Corp., Dept. ED, 400 Beech- 
wood Ave., New Rochelle, N.Y.
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TRANSMISSION BALANCER.-Symmctrapeak net
work SP-58-1A symmetrizes unequal audio wave 
peak energy about the zero axis. For am and fm 
transmitters, it improves power by 4 db.

Kahn Research Labs, Inc., Dept. ED, 22 Pine St., 
Freeport, N.Y.
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POWER TRANSISTORS.—Types 2N1021, 100 v, 
and 2N1022, 120 v. Germanium pnp alloy junction 
units that dissipate 50 w at 25 C.

Texas Instruments Incorporated, Dept. ED, P.O. 
Box. 312, Dallas, Tex.
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PANEL METERS.— Ruggedized ac and de sealed 
indicating meters with external zero adjusters.

WacLine, Inc., Dept. ED, 35 S. St. Clair St., 
Day ton 2, Ohio.
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What do YOU need in a
Laminate?

permanen ^^7
r piate, ^9
Rugged^

There is e
MICO LAMICOID LAMINATE 

to meet all your requirements
Designing switchgear or a motor? A meter or a 
transformer? Dial plates or instrument panels? In 
these and hundreds of other products, MICO LAMI
COID components provide outstanding mechanical 
and electrical characteristics. 27 years of laminates 
manufacture, continuous research on new and exist
ing grades and complete facilities are your assurance 
of top quality products, engineered to your require
ments.
FORMS AVAILABLE
Lamicoid laminates are available in sheet, rod or 
tube form in all standard NEMA paper, fabric and 
glass base grades. In addition, Mica Insulator has 
one of the most fully eqipped sections for fabricated 
parts in the country. Two shops — one in Schenec
tady and one in Monrovia, Cal. — are maintained to 
provide you with prompt deliveries.
DECORATIVE LAMICOID
Mica Insulator specializes in graphic and engraved 
decorative laminates too. Opaque or translucent 
types in a wide variety of color combinations or 
wood grain materials are available.
2-DAY SERVICE
Ample stocks of standard grades of LAMICOID 
laminates are maintained in Schenectady, Chicago 
and Los Angeles. You can be assured of 2-day — 
frequently overnight — shipment of your orders for 
standard material.

MICA 
INSULATOR

DIVISION OF MINNESOTA MINING & MFG. CO.
1744 Broadway Schenectady, N. Y.

MICANITE® AND ISOMICA® PRODUCTS LAMICOID® LAMINATES 4
FABRICATED PARTS SILICONE & TEFLON COATED CLOTHS 4 TAPES
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DESIGNED BY U.S. RADIUM

UNITED STATES RADIUM CORPORATION
from prototype to mass productionMORRISTOWN, N. )

ALPHA " WIRE
Offices Chicago, Illinois and No. Hollyword, Calif Subsidiaries' Radelin Ltd., 
Toronto, Canada and United States Radium Corp. (Europe), Geneva, Switzerland

CIRCLE 229 ON READER-SERVICE CARD CIRCLE 233 ON READER-SERVICE CARD
ELECTRONIC DESIGN • October 29, 1958

The new Douglas DC-8 jet airliner reflects many of 
tomorrow’s advanced aeronautical engineering con
cepts. Typical of the design refinements in the 
DC-8 is a new-type, integral edge-lighted curved 
instrument panel developed especially for Douglas 
by United States Radium Corporation.

Since introduction of the integral edge-lighted 
panel a short time ago, USR has developed a 
number of special-purpose units of this type for 
airborne application. The curved panel for the 
DC-8 is one example of compact design obtainable 
with a combination of unusual panel configurations 
and a flush-mounted printed circuit light assembly. 
Light assemblies can be oriented flush with either 
front or rear panel surface for conservation of vital 
control space. Additional advantages of USR- 
engineered panels include savings in light circuit 
wiring time; clearly-legible, optically-accurate 
markings; uniformity of lighting within the indi
vidual panel as well as between different panels; and 
stability and durability under operating conditions.

United States Radium Corporation remains a 
leader in development and production of regular 
edge-lighted dials and panels by Lackon ® as well as 
various types of instrument and control panels for 
military and industrial application. The company’s 
engineering staff is available to consult on design 
of dials and panels to meet your specifications.

Write for Bulletin 10.30D10.

Wire Cutter and Stripper
Processes over 9000 pieces per hour

All automatic, from unreeling insulated wire 
to stacking pieces in a trough, the Acme wire 
cutter and stripper processes over 9000 pieces an 
hour in 1 to 40 in. wire lengths. Rate for 80 to 
120 in. lengths is 3000 pieces per hour. The ma
chine handles stranded wires up to 10 gauge 
and solid wires to 12 gauge.

Jennings Machine Corp., Dept. ED, 3452 
Ludlow St., Philadelphia 4, Pa.
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THE LATEST IN
INSTRUMENT PANELS i 

FOR THE NEWEST ’ 
IN JETS I

Screen Printing Machines
Automatic and Semiautomatic

In automatic and semiautomatic models, these 
accurate machines screen print ceramics and 
mica for capacitors, small printed circuit boards, 
dials, thermistors, and other small parts. Print 
areas and speeds vary with the model and the 
type of part to be handled. The maximum area 
is 8.5 x 15 in.; top speed is 15,000 cycles per hour.

Automation Equipment, Inc., Dept. ED, Pine 
at Forest St., Manchester, Conn.
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Zone Scanner
For metal purification

This vertical floating zone scanner is designed 
for high purity semiconductor and metal produc
tion. With top and bottom holders horizontally 
and vertically adjustable, the mechanism allows 
easy material and seed centering. It handles 
quartz protection tubes with OD’s up to 35 mm.

Lindberg Engineering Co., Dept. ED, 2450 
W. Hubbard St., Chicago 12, Ill.
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by Alpha Wire

any jacket

no minimum

Alpha has the unique advantages of

Write for free Facilities Brochure

38 years creative engineering 
specially engineered equipment 
4000 item warehouse stock —

any
termination

to offer you custom wire and 
cable fabrication with

CUSTOM 
CABLES

ALPHA WIRE CORPORATION
200 Vanek St New York 14, N

no minimum order 
practically overnight delivery 
maximum economy



Transformer Core Winder
Semiautomatic

002 IN283

Typical Transistor Blocking-Oscillator Circuit

29, 1958

Input Tt gu* 
(-2 volti)

Output 
Pulse

Commercial grades -20' to 85’C • Military grades -55 t<- 105 C • Military high trinp. grades -55° to 130*C

murn of 10

NOBODY ..BUT NOBODY—makes a more comprehensive line of low-power pulse 
transformers than Aladdin

1157 lait 23rd Street, Indfanapoll« 7, Indiana 
CIRCLE 234 ON READER-SERVICE CARD

E ECTRONIC DESIGN • October

' 715 Murfreesboro Road • Nashville 10, Tennettee
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SPECIALISTS IN 
MAGNETIC MATERIALS

Transformer core winder model 151, semiauto 
atic, winds cores in variable lengths to a maxi

Don't DO-IT-YOURSELF Look it up in Aladdin’s encyclopedia. We’ll bet we’ve 
already designed the transformer you need—and that we’ve got it in stock

Here’s a sample of what we’ve got for this typical blocking oscillator circuit, 
tn our 105'’C (94-series) micro-miniature line:

Thomas & Skinner’s Orthosil® 
Wound Cores are ideal for 
special applications and can be 
specially tested to customer re
quirements prior to shipment.

These T&S Wound Cores meet 
and exceed customer require
ments in respect to all magnetic 
characteristics.

Besides complete assurance of 
quality and specification con
formity. T&S offers its highly 
qualified engineering assistance 
—based on more than 50 years 
of experience in the magnetic 
materials industry—to help you 
select the core best suited for any 
given application.

T&S’s entire organization 
prides itself in anticipating a cus
tomer’s problems in advance and 
providing the correct engineering 
recommendations to prevent such 
problems from materializing.

Automatic Sealing Machine
Mass-produces glass inner terminal units

Mass production of glass inner terminal units 
for electron tubes is possible with the 13844 
8-position, 8-head automatic sealing machine. 
Besides completing the glassing sequence, the 
machine positions a pin. Normal production is 
480 units per hour, but the machine can produce 
1700 units an hour if parts can be loaded that 
fast.

Kahle Engineering Co., Dept. ED, 1310 7th 
St., North Bergen, N.J.
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core ()D is 25 in.
Geo. Stevens Mfg. Co., Inc., Dept. ED, Pulaski 

Rd. at Peterson, Chicago 46, Ill.
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Free Aladdin Pulse 
Transformer Encyclopedia 
gives detailed engineering 
Information on pulse 
transformers Engineering 
bulletins also available on IF 
and encapsulated inductors 
Write on company letterhead

350
!+ 01 5

ORDER THE PULSE TRANSFORMERS 
YOU WANT FROM STOCK

ALADDIN 
MICRO-MINIATURE 

TRANSFORMERS

Puls* 
Width 
M tec.

Rite Time 
g tec. 
Max.

Max.
Rep.

Rate KC

Minimum 
Load 

Impedance 
OHMS (Rl)

Output 
Volft

f 
Veltt

R 
OHMS

Trantittor
Aladdin 

Pulte 
Trantformer 

Number

0.2 0.025 250 1000 6.5 — 5 1000 2N346 94-672
0.2 0.025 250 120 2.0 — 5 1000 2N346 94-675

♦0.3 0.025 150 1000 6.5 — 5 1000 2N346 ♦94-677
03 0.025 150 33 1.0 — 5 1000 2N346 94-681
04 0.025 100 360 3.5 — 5 1000 2N346 94-684

05 0.025 70 680 5.0 — 5 1000 2N346 94-688
♦0 5 0 025 70 120 2.0 — 5 1000 2N346 ♦94-690
0 5 0.10 40 2200 18.0 — 15 470 2N123 94-737

♦1 0 0 10 20 2200 18.0 — 15 470 2N123 ♦94-742
1.0 0.10 20 33 2.0 — 15 470 2N123 94 746

1.0 0.04 45 680 5.0 — 5 50 2N345 94-693
1 5 0.04 30 1000 6 5 — 5 50 2N345 94-697
1.5 0.04 30 33 1 0 — 5 50 2N345 94-701
1.5 0 10 15 1000 12.0 — 15 470 2N123 94-748
2.0 0.10 10 470 80 — 15 470 2N123 94-754

♦2.0 0.04 20 1000 6 5 — 5 50 2N345 •94-702
30 3 04 15 360 3 5 — 5 50 2N345 94 709

*3 0 0 12 7 >000 12.0 — 15 470 2N123 ♦94-758
4.0 0 12 4 2200 18.0 — 15 470 2N123 94-762
4 0 0.12 4 470 8.0 — 15 470 2N123 94-764

♦4,0 0.05 10 680 5.0 — 5 50 2N345 ♦94-713
5.0 0.06 ? 1000 6.5 — 5 50 2N345 94-717
5.0 0.06 9 33 1.0 — 5 50 2N345 94-721
5.0 0 12 3 2200 18.0 — 15 470 2N123 V4-767

♦5.0 0.12 3 470 8.0 — 15 470 2N123 ♦94-769

6,0 0.07 7 680 5 0 — 5 50 2N345 94-723
♦6.0 0.07 7 120 2.0 — 5 50 2N345 *94-725
8.0 0.09 5 680 5.0 — 5 50 2N345 94-728

♦8.0 0.09 5 33 1 0 — 5 50 2N345 »94-731
*10.0 0.09 4 1000 65 — 5 50 2N345 *94-732

♦For lab 
asterisk-

use, you can 
— $49.95 com

buy a kit 
plefe.

containing one each of the ten micro-miniatvre transformers marked with an



for SSEI transmissions: 
a new rapid test instrument

• incredibly simple to operate
A complete unit occupies only• CUmpdCL 19 %" of panel height 

e exceptionally low-priced

SERVICES FOR DESIGNERS

Radiation for Rent

■ w

CUSTOM £

Now, Panoramic has incorporated in one 
convenient package the equipment you 
need to set up . . . adjust . . . monitor . . . 
trouble-shoot SSB and AM transmissions.

Two Tone Test*
Fixed «weep width 2000 
cp». Full «cole log «ideband 
tone« 1.5 kc end /.I kc 
from carrier (not shown). 
Odd order I. M. distortion 
product» down 37 db.

Hum Test* 
Indication of one »ideband 
in above photo increased 
20 db. Sweep width »et to 
150 cp» reveal* hum side
band» down 53 db and 60 
db.

Delay Lines
Control Electronics Co. Inc. is a leading 
designer and mass producer of electromap 
netic Delay Lines. A representative group i 
shown here with the available ranges of 
delays, bandwidths and impedances. Furthe 
information is readily available from ou* 
Engineering Dept.

BUI LT TO MIL SPECS. FAST PROTOTYPE
SERVICE . . . DELIVERY 1 TO 3 WEEKS

Distributed Constant 
Delay Lines

a sensitive 
spectrum 
analyzer
Panoramic’s Model 

SB-12a Panalyzor

• pre-set sweep widths of 150, 500, 2000, 
10,000 and 30,000 cps with automatic optimum 
resolution for fast, easy operation
• continuously variable sweep width up to 100 
kc for additional flexibility
• 60 db dynamic range
• 60 cps hum sidebands measurable fo —60 db
• high order sweep stability thru AFC network
• precisely calibrated lin and log amplitude 
scales
• standard 5" CRT with camera mount bezel
• two auxiliary outputs for chart recorder or 
large screen CRT

a stable 
tuning head

e 2 me to 39 me range with direct reading dial 
free of hum modulation

a two-tone 
generator

e two separate audio oscillators with independ
ent frequency and amplitude controls
• output 2 volts max. per tone into 600 ohm 
load, combined in linear mixer
• I.M. of two tones less than —60 db

At the Midwest Irradiation Center in Rock
ford, 111., an 8 million volt linear electron accele
rator can be rented by the hour. Available for 
both research and commercial radiation process
ing, the machine emits high energy electrons, 
X-rays, and neutrons. It can accommodate ob
jects both thick and thin. It w ill irradiate mate
rials of unit density up to 1 inch thick from one 
side, or sections over 2 inches thick from two 
sides. The picture shows polyethylene bottles 
passing under the accelerator w indow' for irradi
ation that will increase their temperature re
sistance.

The installation is jointly operated by W. F. 
and John Barnes Co. and Applied Radiation 
Corp.

Applied Radiation Corp., Dept. ED, 2404 N. 
Main St., Walnut Creek, Calif.
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CEC DISTRIBUTED CONSTANT DELAY LINE 
FEATURES

• Lowest cost — reliable performance
• Maximum delay to rise time ratios
• Maximum delay per cubic inch
• Delays to 30//sees
• Impedances: 200 to 10,000 ii
• Bandwidths to 20 mcs
• Linear phase shift

Variable 
Delay 
Lines

Infinite, incremental 
or decade variable 
delay lines available 
in any range of de
lays and impedances.

Lumped
Constant Delay Lines
DELAYS TO 20,000 MICROSECONDS.
BANDWIDTHS to 500 MCS.
Zo FROM 50 TO 10,000 OHMS.

internal 
calibrating 
circuitry

• two RF signal sources simulate two-tone test 
and check internal distortion and hum of analyzer 
O center frequency marker with external AM pro
visions for sweep width calibrations

dependable '
( CERTIFIED > 

SPECIFICATIONS
X for accurate /

V- See Panoramic Analyzer No. 3 describing 
testing techniques, etc., for single 
sidebands. A copy Is yours for the asking.

Write, wire, phone RIGHT NOW for technical 
bulletin and price» on the new SSB-3.
Panoramic in»trument» are PROVED _  
PERFORMERS in laboratorie», plant» 
and military installation» all over .

RADIO PRODUIS. IM.
the world. Send our new
CATALOG DIGEST and a»k to be 
put on our regular mailing li»t for 
The PANORAMIC ANALYZER featuring 
application data.

524 So. Fulton Ave., Mount Vernon, N. Y. • Phone: OWens 9-4600 
Cables: Panoramic, Mount Vernon, N Y. State 
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Air Gage Tooling
West Coast precision part manufacturers now 

have a nearby source for air gage tooling equip
ment. The Dahl-Harvey Corp, in Pasadena is 
producing a complete line. The company has lab 
equipment that can make measurements inter
nally or externally directly to 5 millionths of an 
inch. It also is equipped to design and build spe
cial application tooling. The equipment now be
ing produced meets all the requirements and is 
guaranteed to work on dial and column type 
amplifiers.

Dahl-Harvey Corp., Dept. ED, 1145 S. Fair 
Oaks Ave., Pasadena, Calif.

CIRCLE 240 ON READER-SERVICE

Multi
tapped 
Lumped 

Constants 
available 
in many 

configurations

System Delay Lines

Complete 

delay and 

pulse 

systems 

designed to 

your needs.

NOTE: Data Sheets on request

CARD

CIRCLE 241 ON READER-SERVICE CARD
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MOTOR
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WEEKS

PROVIDES«
Sí- 'Ditect<a"a(

Ovens f

PROPORTIONAL SHAFTLINE features Closely controlled vacuum

ROTATION FOR A GIVEN PULSED INPUTe

4

SPECIFICATIONS

Write or phone for literature

quest
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STEPPER MOTORS corporation
NICS

Subsidiary of California Eastern Aviation, Inc.

4

ilti- 
iped 
nped 
¡tants 
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:aro

1 °58

... a regulated 
lightweight 
inverter, 
built to 
aircraft 
and missile specs.

ole
y
5
»mental 
triable 
sanable 
of de

dances. • Weight — 8 oz.
• Shock — 15 G's for 11 milliseconds duration each way along 

three major axes.

• Reliability — shall not fail to convert more than one pulse in 
1,000,000 into equivalent angular rotation.

OTHER MODELS AVAILABLE WITH VARIATIONS FROM THE
ABOVE SM-300-1 SPECIFICATIONS.

MODEL SM-300-1
• Angular increment per pulse — 36 .

• Stepping rate — up to 15/second.
• Voltage requirement — 28 V. D.C.

D. C. OUTPUT Model 591 A
Input Voltage: 24-30 VDC
"utput Voltage: Any from 25-1200 VDC 

output Power: 60 watts regulated

Regulation: Line ±0 5% for 6V variations 
Load: ± 1.0% for V2 I to FL

Ripple: 0.3% RMS

Size S Weight: 3" 0D x 3^" high; 22 oz.

A. C. OUTPUT Model 591-AC
Input Voltage: 24-30 VDC
Output Voltage: 115 VAC, 400 cps, 1 phase

Output Power: 50 V. A. square wave

Regulation: Frequency: ± 0.5%
(line & load) Voltage: ±2 r.%

Size t Weight: 3" 0D x 3’/i6" high; 22 oz

leadin ; 
'trema; 
,ioup j 
nges c'
Furthe 

om ou*

■ Constant output voltage as 
battery discharges.
■ 1/5 weight, 1/2 size of 
comparable dynamotors.
■ Withstands short circuit 
indefinitely.
■ Withstands input voltage transients 
of 70 volts for 0.1 sec. and 60 volts, 
indefinitely
■ Output voltage drift only
1.5% from —55e to +71 °C.

ARNOLD 
MAGNETICS 
CORPORATION
4-613 W. Jefferson Blvd. 
Los Angeles 16, Calif. 
REpublic 1-6344
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_ i / on tirne
Duty cycle — (——- — ) 56% max,

on time & off time

STEPPERARNOLD 
transistorized 
power supply

Cine-Radiography Probes Sealed 
Packages

Rototest has a cine-radiographic facility that 
gives engineers an inside look at sealed packages 
undergoing en\ iromnental tests. The X-ray mov
ies often save weeks of failure analysis, and 
sometimes they are the only way to solve a prob
lem at all. So that users may be sure an assembly 
will X-ray clearly, they are given a tree still of 
it in advance. Thus the y need spend nothing 
until they are satisfied the method will succeed.

Rototest Labs., Inc., Dept. ED, 2803 Los 
Flores Blvd., Lynwood, Calif.
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Semiconductor components can be outgassed 
and brazed or fused under closely controlled 
\ acuum conditions in this oven. The vacuum bak
ing oven has its own vacuum pumping system, 
heating equipment, and temperature regulating 
and indicating instrumentation. ’Ihe vacuum 
chamber can be evacuated to a pressure of 10G 
mm and heated to approximately 450 C. Upon 
completion of the bake, vacuum is broken to the 
inert-gas atmosphere of the dry-box.

F. J. Stokes Corp., Vacuum Equipment Div., 
Dept. ED, Philadelphia 20, Pa.
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Servo Components in A Hurry
A 24-hour shipment program for standard 

servo components is announced by the Daystrom 
Transicoil Corp. The service applies to 100 servo 
motors and motor generators listed in the com
pany’s new catalog. All units, available either 
with plain or hobbed shafts, are supplied with 
Teflon insulated leads 8 inches long. Stock List 
158 details the program.

Daystrom Transicoil Corp., Dept. ED, Worces
ter, Montgomery Co., Pa.
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The two rotary solenoids contained in each motor produce the incre
mental motion of the output shaft in either direction. Energizing either 
of these solenoids produces a combination of linear and rotational 
motion which moves a ratchet gear axially into engagement with its 
mating ratchet gear and thus imparts a constant amount of rotation to 
the output shaft. The detent roller assembly insures constant, reproduc
ible angular shaft rotation increments in either direction and main
tains the output-shaft position while the motor is ot rest with the 
power off.

Stepper Motors are adaptable to routine jobs such as driving me
chanical counters. They also find excellent use in positioning devices 
that will set up a controlling voltage and/or a phase shift such as 
potentiometers and autosyns. They are widely used as a positioner 
for guided missiles to adjust heading, fuel flow, altitude, and circuit 
sampling for telemetering purposes. In one adaptation as a heading 
controller, two Stepper Motors are used to position a differential auto- 
syn in steps of either vernier degree or coarse degrees per input 
pulse, bi-directionally, through a suitable gear train.

Write for more details—available upon request.

29, 1958 83
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249Shaft Couplings

Precision Finishes 250

Thermal Elements 251

Construction Styles:

a

252Tough Bolts

253Resistance Winder
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CAPACITORS-RECTIFIERS 
FOR ORIGINAL EQUIPMENT- 
FOR REPLACEMENT

A 20-page brochure on precision finishes on 
metals is now available. Particular emphasis is 
placed on the “Hardas Process” which is one 
method of hard anodizing. Anachrome Corp., 
10647 Garfield St., So. Gate, Calif.

Couplings that are used where units are 
spaced apart and one bearing only is provided 
for one of the units are described in a 4-page 
brochure (Form No. 99), now available. Thomas 
Flexible Coupling Co., Warren, Pa.

insulation Resistance Temperature
25° C
85° C 
125° C

1 345 NEW YORK AVENUE 
Huntington Station, L I., N. Y. 
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Maximum IR Requirements 
15,000 megohms 
6,000 “

300 “
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Pyramid Research and Development Department

PTEAMID
ELECTRIC COMPANY

I*™ iWllUt! MW1WWV9 WBO" HOW

IR x mfd 
50,000 

1,000 
50

INSTRUMENTS 
LABORATORY

A DIVISION OF CUTLER-HAMMER, INC

NEW LITERATURE
Plug-In Limit Switch 248

A precision limit switch which can be replaced 
in seconds is described in Bulletin No. 20, now 
released. All five actuator types available are 
included. Dimension drawings, mounting infor
mation, and prices are covered. Minneapolis- 
Honeywell Regulator Co., Micro-Switch Div., 
Freeport, Ill.

TEST
INSTRUMENTS 
for

al i

cha

loci 
sat

abl 
ASI

D-l
Spi 
Mei

measurement

automatic 
continuous AC

STI

Smallest film capacitors made... Pyramid Mylar capacitors have extremely high insulation 
resistance, high dielectric strength and resistance to moisture penetration.

Commercially available immediately, Pyramid Mylar capacitors have an operating range 
between -30° C to +125° C with voltage de-ratings above +85° C. Pyramid wrapped Mylar 
capacitors—Series No. :101,103,106 and 107 have the following characteristics:

ShapiBasic No. Type Winding
101 Inserted Tabs Flat
103 Extended Foil Flat
106 Inserted Tabs Round
107 Extended Foil Round

Tolerance: The standard capacitance tolerance is * 20%. Closer tolerances can be specified.
Electrical Characteristics: Operating range for Mylar capacitors—from -55° C to +85° C 

and to +125°C.with voltage de-rating.
Dissipation Factor: The dissipation factor is less than 1% when measured at 25° C and 1000 

CPS or referred to 1000 CPS.

Selection of thermal elements for maximum 
resistance to corrosive atmospheres is made easy 
with a folder recently published. Called “Ther
mal Element Selection Guide for Corrosive At
mospheres,” it lists more than 400 separate cor
rosive atmospheres into which temperature con
trol elements are often immersed. Partlow Corp., 
505 Campion Rd., New Hartford, N.Y.

Pyramid Mylar capacitors are subject to the following tests:
Test Voltage- -Mylar capacitors shall withstand 200% of rated D.C. voltage for 1 minute 

at 25° C.
Ufa Tost—Mylar capacitors shall withstand an accelerated life test of 250 hours with 140% 

of the voltage rating for the test temperature. 1 failure out of 12 is permitted.
Humidity Test—Mylar capacitors shall meet the humidity requirements of M1L-C-91A 

specifications.
Complete engineering data and prices for Pyramid Mylar Capacitors may be obtained from

The fastener described in this brochure com
bines simplicity of design with superior strength 
and endurance. It was specifically designed for 
use in high performance aircraft and missiles. 
The brochure is well illustrated and gives de
tailed information on this bolt. Rivet Tool Co., 
2600 W. 247 St., Torrance, Calif.

Technical details on Model 209 Fully Auto
matic Continuous Resistance Winder which re
quires no operator are given on catalog page 
now released. Included are dimensions, types of 
windings, typical applications for round and 
flat material, and provision for adhesive appli
cation. George Stevens Mfg. Co., Pulaski Rd. at 
Peterson, Chicago 30, III.

The AIL Type 72 Automatic 
Noise-Figure Indicator per
mits rapid and accurate evalu
ation of parameters that effect 
receiver noise figure. This 
equipment finds wide use in 
the laboratory as well as on 
the production line. Noise 
figure can be measured over 
the 30 to 26,000 Me range 
when either an AIL Type 
70A Coaxial or an AIL Type 
70B Waveguide Gas-Dis
charge Noise Generator is 
used. Accuracy of measure
ment is ± 0.5 db over a 0 to 
20 db range. The Noise Gen
erator furnishes an excess 
noise output of 15.3 ± 0.25 db.

Detailed literature is avail
able on request.
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Price: Model ART-1 $2475.00 CONTACI' 
IX X Vtx

COIL
* OHMS 
h!VDC

Industrial Instruments .»c
I 89 Commerce Road, Cedar Grove. 

Essex County, N J

‘Diamond H’ Aircraft
type Relays Go to Sea 

in the Nautilus

Selenium Rectifier Ratings 256
High current density Petti-Sel industrial type 

selenium rectifiers are described in bulletin No. 
248A. The bulletin gives the ratings and dimen
sions, as well as data on uprating the rectifiers 
when cooled by forced air. Radio Receptor Co., 
Iuc.. Semiconductor Div., 240 Wythe Ave., 
Brooklyn 11. N.Y.

Clutch Catalog 257
This 28-page, illustrated catalog covers a com

plete line of miniature and sub-miniature electro
magnetic clutches and brakes. Information on 
each type of clutch and brake produced includes 
cutaway drawings, engineering data, schematic 
diagrams, dimensional data, minimum perform
ance’ curves, oscilloscope readings, and other 
technical information. Autotronics, Inc., Rt. 1, 
Box 812. Florissant, Mo.

The 100-page Powerstat variable transformer 
Bulletin P258G, an invaluable reference manual
catalog, is designed for those who specify or who 
want to know more about variable transformers. 
This comprehensive, easy-to-read, file-fitting 
guide is filled with product information, engi
neering data, outline drawings, connections, rat
ings, charts, and illustrations on all standard 
50/60 cycle autotransformers plus some special 
use types. The Superior Electric Co., Dept. 
P258G, Bristol, Conn.

Officia! U. S. Navy Photograph

MODEL RANGE PRICE

An illustrated 6-page brochure describes the 
physical and chemical properties of six special 
clear plastic materials, and a coating material for 
emergency repairs. The products offer many 
advantages including superior resistance to cor
rosion, abrasion, crazing, temperature, and shat
tering, as well as machinability. They can be 
used for television faces, instrument dial covers, 
and plotting boards. One type is permanently 
antistatic; another will not support combustion. 
The Homalite Corp., Wilmington 4, Del.

Variable Transformers 259

PA-5-152 '

PA-5-155

PA 5-252

PA-5-255

PA-5-502

PA-5-505

PA-50-1005

1600.00

1950.00

1650.00

2020.00

1675.00

2050.00

4500 00

Plastics 258

Their reliability proven in such critical land and air applica
tions as guided missiles, jet engine controls and fire control 
systems, “Diamond H” miniature, hermetically-sealed, air- 
craft-type relays were chosen by Westinghouse for an im
portant role in the world’s first atomic-powered submarine. 
They’re used in the reactor control system of the Nautilus.

but no 

danger!

AC DIELECTRIC 
STRENGTH TESTER
• Conforms to ASTM 
0-149 and Federal 
Specification LP-406 
Method 4031.
• Plug-in interchange
able test jigs for all 
ASTM tests.
• Automatic or manu
al increase of voltage.
• Completely inter
locked for personnel 
safety.
• Self-contained test 
chamber.

15,000 V rms.

15,000 V rms.

25,000 V rms.

25,000 V rms.

50,000 V rms.

50,000 V rms.

100,000 V rms.

2KVA 

5KVA

2KVA

5KVA

2KVA

5 KVA

5KVA

Possible performance characteristics of 
“Diamond H” Series R 4 PDT relays 
span such broad ranges that the modifi
cations which can be arranged to meet 
particular sets of requirements are almost 
endless. They’re fully described in Bul
letin R250, a copy of which is yours for 
the asking. Our engineers will gladly 
work with you to develop a variation 
for your specific need.

ARC RESISTANCE
TEST SET

• Conforms to ASTM 
D-495 and Federal 
Specification LP-406 
Method 4011.2.
• Simplified opera
tion, includes auto
matic stepping and 
timing.
• Improved electrode 
holder for test jig.
• Operable by un« 
skilled personnel.

«r.
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Engineering data on Rayonic cathode ray 
tubes, including applications, characteristics and 
general information, is available. Complete elec
trical and mechanical data is supplied and a 
large variety of popular types and custom de
signs. Waterman Products Company, Inc., 2445 
Emerald St., Philadelphia 25, a.

THE HART MAHUFACTURIHG COMPANY



PATENTS

OUTPUTINPUT

OPERATING CONDITIONS, AMPLIFIER, CLASS C, FM

2x27.5

2x2.1

5894

866AX Mercury vapor rectifier

CCS 
500 
180 
180

Transistor Trigger with Tube 
Controlling Emitter

ELECTRONIC DESIGN • October 29, 1958

0.001 ua. This is achieved by maintain
ing the tube current at about 60 ua and 
by restricting variations in the instan
taneous operating point within a very 
small area.

As shown, plate II is tied to cathode 
23 such that voltage changes in load 
impedance 24 are fed back. The plate 
and cathode of tube 10 change in the

at collector 2c and a more negative bias 
at electrode 6. Again the action is rapid, 
causing a fast trigger. In this instance, 
however, both tube and transistor are 
triggered to “off”.

ICAS 
500 Me 
200 volts 
200 volts 
—20 volts 
2x30 ma 
13 ma 
2x1 ma 
1.0 watts 
2x6 watts 
2x2.25 watts 
2.6 watts 
7.5 watts 
5.5 watts

High-sensitivity VHF/UHF twin tetrode 
40 watts anode dissipation 

High-sensitivity VHF/UHF twin tetrode 
14 watts anode dissipation 

High-sensitivity beam power tube

usk your distributor 
about oxtra-qualHy 

Amperex 
replaçaient tubos

Patent No. 2,825,806. Carl A. Bergfors. 
(Assigned to International Business Ma
chines Corp.)

A transistor and a vacuum tube con
nected in series are used to scale high 
frequency pulses in a binary counter. 
The circuit is particularly designed so 
that when the transistor and tube are 
both “onthe tube will respond to nega
tive pulses to cut both off; when both 
devices are “off”, the transistor can be 
triggered by negative pulses to make 
both tube and transistor conductive. 
Scaling or frequency division is thereby 
achieved.

To illustrate the operation, assume the 
tube and transistor are both “off”. A neg
ative impulse applied to the input will be 
coupled to base 2b, and, since emitter 2e 
is clamped to ground potential by con
denser 26, the transistor will conduct and 
make the voltage on electrode 6 less 
negative. The tube will conduct through 
emitter 2e and cause the transistor to 
conduct more current and thus bias the 
tube for increased conduction. The ac
tion is cumulative to saturation with both 
tube and transistor quickly triggered to 
“on”. A second negative impulse does not 
effect the emitter-base current since the 
transistor is at saturation. However, the 
negative voltage applied to electrode 6 
causes the tube to conduct less, causing 
the emitter-base current of the transistor 
to be reduced. This results in less current

Amperex electronic corp, 
230 Duffy Avenue, Hicksville, L. 1., N. Y. 
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Frequency
Plate Voltage 
Screen Grid Voltage 
Control Grid Bias 
Plate Current 
Screen Grid Current 
Control Grid Current 
Driving Power 
Plate Input Power 
Plate Dissipation 
Screen Grid Dissipation 
Output Power
Useful Power In Load

same sense with the input voltage. In 
effect the plate to cathode voltage re
mains at the quiescent value.

Cathode 23 is tied back to cathode 13 
through resistor 14 and the voltage at 
either end of this resistor is the same. 
This insures constant current in tube 10 
with high dynamic input impedance over 
a wide range of input voltages.

Output Stages for Low-Frequency 
Amplifiers Comprising Two Loudspeakers

Patent No. 2,846,503. Johann Kump. (As
signed to North American Philips Com
pany)

The circuit applies to advantage known 
concepts that triodes inherently produce 
less distortion, that a If speaker will not 
reproduce harmonic distortion and that 
the subjective impression of sound is un
affected if the low and intermediate 
frequencies are reproduced satisfactorily. 
Accordingly, the invention lies in a power 
output stage in which the amplifier tube 
is driven as a pentode for low frequen-

6360

6146

High Input Impedance Signal
Monitoring Apparatus

Patent No. 2,839,618. William J. Hcacock 
Jr. (Assigned to Hazeltine Research, Inc.) 

Cathode followers in cascade with cur
rent and voltage feedback comprise an 
impedance converter having an input 
impedance of 1,000,000 meg. 12AT7 in 
the circuit measures 100 v with negligible 
loading on the signal source.

The circuit is designed to select an 
operating point such that the grid cur
rent (input current) is of the order of

MINIATURE UHF TWIN TETRODE

with these Amperex EXTRAS: 

frame grid construction
5 watts total anode dissipation in 
miniature envelope
SMt watts useful power in load (ICAS} 
maximum ratings to 500 Me 
gold-plated grid for low grid emission



RECTIFIER FILTER

AMPLIFIER LOAD

AMPLIFIER

Hea

Pulse Generator

Bakers

quen

Weight

1958

o. (As-
Com-

FREQUENCY 
STANDARDS

impedance of primary

400 CPS 

± 0.002%

tage since

Write for data sheet or information on 
your specific requirements.
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w inding 13 is low. Speaker 12 does not 
reproduce hf distortion. At high frequen
cies, primary winding 9 is shorted by 
capacitor 17 and the tube operates as a 
triode to deliver low distortion hf power 
to speaker 16.

alternating- 
current 
SOURCE .

Output Frequency . 

Frequency Accuracy 

Under the following 
conditions: 

temperature. • . 

voltage variation 

vibration ....

Output Power... 

Output Impedance.

Input Voltage ... 

Input Power ...

Heater Voltage • • 

Heater Power . • • 

Size ..•••••

IgC. Il 
ige re

Provide stable frequency 

source for missile requirements

Light weight—small size

Ruggedized for missile service

emitter-collector paths in series with the 
transformer winding. The junction of 
emitter 22 and collector 14 are grounded. 
A positive signal applied simultaneously 
to bases 16 and 26 causes collector 24 
current to decrease while emitter 12 cur
rent increases. With change in polarity 
of the input signal, collector 24 and 
enitter 12 currents reverse. Resistor 56 
ij required to reduce the voltage gain of 
t ansistor 18 and to stabilize the circuit 
operation.

0 lo +60’C
25 to 30 VDC 

0 to 2000 CPS 10G

50 Milliwatts

80 Ohms

28 Volts DC
1 Waff

28 Volts DC
3 Watts DC

414" long x 1%** 

diameter

11 Ounces

Compact, rugged. completely tran
sistorized units . . . consisting of 
crystal controlled oscillator,six 
binary counter stages and tuned 
power output stage. Provides preci
sion time and frequency reference. 
Proved out in current missile proj
ects by all three armed services. 
Various frequencies and accuracies 
are available as required.

Patent No. 2,831,972. Howard L. Foote. 
(Assigned to General Dynamics Corp.) 

('old cathode discharge tubes con
nected in cascade geneiate a train of 
pulses in response to a single initiating

The circuit uses three tubes in cascade 
having a common output connection to 
the transformer primary. Each stage has 
an individual cathode load comprising 
integrating resistor 17 and condenser 18.

An impulse to stage 1 causes this stage 
to fire and the change in current in the 
transformer primary induces an impulse 
in the secondary. Stage 2 is fired after 
the predetermined delay in the cathode 
coupling integrator and a second impulse 
appears in the transformer secondary. 
Similarly, stage 3 is fired subsequent to 
the second delay and a third impulse 
couples to the output. However, conduc
tion of stage 3 lowers the plate voltage 
common to all stages such that conduc
tion can no longer be sustained. All tubes 
cut off and the circuit is reset to multiply 
the next impulse from the pulse source.

lator are unaffected by the voltage drop 
across resistor R, since the voltage across 
the output condenser C is coupled di
rectly to the amplifier input through re
sistor R2.

JJEAuanm (pn^nduAinii 
. I Incorporated 1935

4241 Fulton Parkway • Cleveland 9,0.
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cock, Jr. (Assigned to Hazeltine Re
search, Inc.)

The circuit is designed to prevent 
high frequency oscillation of a de volt
age regulator which has circuit capaci
tance coupled across the output termi
nals.

In the conventional regulator, the high 
gain amplifier degeneratively couples 
back to the regulator a signal propor
tional to the difference of the reference 
voltage and the actual output voltage. 
At high frequencies, however, the phase 
of the voltage of the capacitance across 
the output may shift sufficiently to 
cause regenerative feedback, resulting 
in circuit oscillation.

The equivalent circuit indicates that 
since, at higher frequencies, the react
ance of condenser C2 is low, the amplifier 
input is the resultant of the voltages of 
the resistor R; and condenser C in series. 
This reduces the phase of the amplifier 
voltage such that even a high gain am
plifier will not oscillate. In addition, the 
inductance L/ contributes a leading 
phase shift to reduce the tendency of 
the circuit to oscillate at still higher fre
quencies.

It is to be noted that the normal low 
frequency characteristics of the regu-
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ill not 
1 that 

is un- 
sdiate 
torik.

Tower

TYPICAL SPECIFICATIONS
Type TFS-400-28D

ode 13 
age at 

same.
iibe 10
?e over

Voltage Regulator Circuit

Patent No. 2,826,735. William J.

Transistor Amplifier Circuits

Patent No. 2,839,620. Frederick D. Wald- 
hauer (Assigned to Radio Corporation of 
America.)

Complementary symmetry transistors 
directly produce amplified push-pull 
power output from a single phase volt
age input.

In the circuit shown a single phase 
voltage is applied at input terminals 48 
producing a push-pull output across 
transformer 40. Npn transistor 18 and 
pnp transistor 8 are connected with their

cie and as a triode for the high frequen
cies.

The illustration circuit consists of pen
tode power amplifier tube 1 connected 
in series with the primary of If speaker 
12 and the primary of hf speaker 16. At 
low and intermediate frequencies, the 
tube operates as a pentode with the 
screen electrode at the plate supply vol-
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Don't worry, Mac, the Oscillator is built to take it!

NEW AUDIO FREQUENCY OSCILLATOR
HAS ±.002% STABILITY AT 100 G’s
Reeves-Hoffman's new audio frequency oscillator provides exceptionally 
reliable performance under high shock and vibration Rugged construction 
and highly dependable oven control enables it to withstand as much as 
100 G’s while maintaining frequency stability of 2: .002% over a tempera
ture range of from —55° to -|- 85OC. Equally reliable operation is assured 
under vibration of 2000 cycles at 10 G’s! This new, hermetically sealed

mm
oscillator has a frequency range of 400 to 2000 cps, is com
pact, low in weight and meets applicable portions of speci
fications MIL-E-5272A. Available in transistor or tube 
types. Write for Bulletin TCO/300-OC

DIVISION OF DYNAMICS CORPORATION OF AMERICA
CARLISLE. PENNSYLVANIA
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Physics and Mathematics in 
Electrical Communication

Dr. James Owen Perrine, John F. Rider 
Publisher, Ine., 116 West 14 St., N.Y. 11,
N.Y., 268 pp, $7.50.

This book offers a probing explanation 
of what happens in electrical circuits. 
The text contains numerous explanatory 
diagrams. On a foundation of associated 
mathematics made completely under
standable and replete with numerical ex
amples, the author ties together physical 
concepts and electrical communication. 
An entirely new approach is used in 
analyzing hyperbolic functions, exponen
tial equations, and related functions.

Machlett ML-7120, 7121, 7124, and 7125
New Low-Mu Triodes with Improved Electrode Geometry

Machlett Laboratories announces the avail
ability of a new line of low-mu triodes 
designed to deliver uniformly high power in 
Class ABI operation. Increased requirements 
of high-power, wide-band, linear amplifiers 
demand an electrode structure which com
bines proper electrical characteristics with 
mechanical sturdiness. This demand has been 
met in these new’ tubes by a novel application 
of a beam triode geometry. Relatively high 
perveance, sharp cut-off and low interelec
trode capacitances have been achieved with
out resorting to extremely fine wires or 
unusually close spacings. The result is a 
rugged, reliable electrode geometry which 
can be adapted for use in low-mu triodes 
throughout a wride range of pow’er levels.

Applications of these tubes include:
ML-7120 (water-cooled) and ML-7121 (forced-air-cooled) 
Capable of 20 KW output per pair as amplifiers or mod

ulators in broadcast transmitters
Capable of 25 KW output per pair when used in Sonar 

equipments
Capable of 12.5 KW output per pair into a matched load 

in random noise amplifiers
ML-7124 (water-cooled) and ML-7125 (forced-air-cooled) 
Capable of 60 KW per pair as amplifiers or modulators in 

broadcast transmitters
Capable of 75 KW per pair when used in Sonar equipments 
ML-7124 capable of 50 KW output per pair and ML-7125 

of 25 KW per pair into a matched load in random noise 
amplifiers.

For full technical data on this or any other Machlett tube type, write: 
Machlett Laboratories, Inc., 1063 Hope Street, Springdale, Connecticut
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Transistor Technology Vol. 2

F. J. Biondi, Editor, D. Van Nostrand 
Co., Inc., 120 Alexander St., Princeton, 
N. J., 701 pp, $17.50.

This volume brings together much of 
the recent literature on the technology 
of materials and principles of transistoi 
design through the efforts of many con
tributors. The technology of materials 
focuses on the basic physical properties, 
the preparation of material, and the ef
fects of processing treatment on mate
rials properties. A number of papers 
take up the control of lifetime in ger
manium and silicon, and the removal of 
impurities from silicon. They introduce 
work on recombination centers in silicon, 
methods for growing germanium, and 
present a discussion of a chemical etch
ing technique for finding dislocations in 
silicon.

Transistor design topics include a dis
cussion of diodes emphasizing avalanche 
mechanism, large-signal behavior and 
switching design as well as principles re
lated to frequency response of transis
tors in junction triodes. Other aspects 
covered are: base-layer design; complex 
switching devices; tetrodes; and radia
tion sensitivity device design including a 
discussion of the silicon solar energy 
converters.

Engineering Electromagnetics

William H. Hayt, Jr., McGraw-Hill Book 

Co., 330 West 42nd St., New York 36 
N.Y. 328 pp, $8.50.

This book offers an introduction to 
electric and magnetic fields. The mate
rial includes electrostatics, the steady 
magnetic field, time-varying fields and 
Maxwell’s equations, and includes a 
number of examples illustrating the ap
plications of Maxwell’s equations. Vector 
analysis is used throughout.

In order to illustrate and clarify the 
use of Maxwell’s equations, the final two 
chapters provide an introduction to skin 
effect, wave motion, circuit concepts, ra
diation, and relativistic effects. The sec
tions on relaxation and iteration methods 
of experimental mapping are another 
unique feature of this book.

Oscilloscope Techniques

Alfred Haas, Gernsback Library Book 

Co., 154 West 14th St., New York 11. 
N. Y. 224 pp, $2.90 paper, $4.60 bound.

The book features photographs of 
’scope patterns—manyT uncommon—ex
plaining how to obtain these waveforms 
and what they indicate. It is handy ref
erence for anyone who uses the ’scope 
professionally or experimentally, and will 
suggest many new and varied use' 
beyond those in routine bench work.

Better Report Writing

Willis II. Waldo, Reinhold Publishing 
Corp., 430 Park Ave., New York 22, N. I 
231 pp, $4.75.

This desk guide presents ideas on 
scientific composition, style, division ot 
reports, tables, illustrations, and use ot 
words. It is written as a reference instead 
of a classical exposition of technical Eng
lish. Three appendices condense infor
mation on abbreviations, symbols, and 
hyphenation. This is a guide in book 
form for anyone concerned with scien
tific report writing.
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new line with acrylic case

yicGraw-Hill Book Co 330 West

Color TV Principles and Practices MILLIAMPERES

custom
produced

equipment manufacturers’ specifications

Canada.- Alla» Radio Corp
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PRECISE FIXED FREQUENCY
THREE PHASE

POWER SUPPLY

lishin

Typical Room Temperature Characteristics
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f J Applications
' / of the HS-51
/ HALLTRON

y include: 
f • Gyrators 

• Transducers 
• Circulators

• Power meters
• Control applications

• Computer applications
• DC to AC converters

• Magnetic field measurementmagnetic circuit. 1 he 
thin encapsulated unit j 
provides the strength A 
and durability nec*y 
essary for circuit 
applications,

ill B wk 

'ork 3f).

Electronic Components Handbook, 
Volume Two
Keith Henney and Craig Walsh

lethod: 
motht i

I Book 

irk 11. 
bound 
ihs of

if y the 
nal two 
to skin A Division of PRECISION Apparatus Co., Inc.

70-31 84th Street, Glendale 27, L. I., N. Y.
Export: Morhan Exporting Corp., 458 Broadway, New York 13, N Y

Catalog ’ M describing this unit as well 
as other CML generators in the power 
range of from 50 VA to 80 KVA in single 
and three phase units and frequency 
range of 2C cps to 60 KC with all speci
fications listed, is yours on request.
Our design engineering department is at 
your service to design and custom-build 
a power supply unit for your specific need.

Operating from 115V, 60 cps power, the 
Model 1452C is one of a series of CML 
Electronic Generators designed for pro
duction testing of gyro spin motors and 
similar devices.

or industrial specifications are available. 
A digest of the military specifications 
covering each kind of each component is 
given.

'tion to 
e mate

steady 
Ids and 
udes a

The HS-51 HALLTRON is based 
upon the Hall effect. Its output 
characteristics are related to the 
product of the input current and J 
magnetic field, hence are use- A 
ful in many new applications, j 
The HS-51 Halltron is a fully D ■ 
developed production unit y y 
utilizing indium antimo- y y 
mde and is designed to y y 
work in the customer’s ¿T a

42nd Street, New York 36, N. Y. 368 pp, 
312.50.

The second volume of the handbook 
for designers of military and commercial 
electronic equipment furnishes data on: 
power sources and converters; fuses and 
circuit breakers; electrical indicating in
struments; printed wiring boards; solder 
and fluxes; choppers; blowers; rf trans
mission lines and waveguides. It is in
tended as an aid in selecting and apply
ing the best unit for a particular job so 
that maximum reliability of the end 
product results.

The book lists the effect on each of 
unfavorable environment such as heat, 
humidity, altitude, pressure, shock, vi
bration, etc. Like Volume One, which 
covered resistors, capacitors, relays, and 
switches, this book concentrates on those 
kinds of component parts for which a 
coordinated tri-service military specifi
cation has been written. In addition, it 
also covers other component types for 
which only single-service specifications

Prepared by General Electric Co., Ow
ensboro, Ky. 135 pp, $5.00.

Here are the three fundamentals nec
essary’ to service color: Colorimentry, the 
science of measuring and analyzing 
color; the standard color specifications 
of the National Television System Com
mittee adopted by the FCC; and special 
receiver circuitry which translates color
imentry into electronics. The book cov
ers the basic concepts of hue, saturation, 
luminosity, and the use of a chromaticity’ 
diagram—and clearly explains how rela
tively simple sub-circuits implement 
those principles.

The text is profusely illustrated with 
clearly-arranged diagrams explaining 
circuitry; humorous but pointed draw
ings which illustrate functions without 
tedious technical written explanations; 
and 18 color plates demonstrating serv
ice problems.

circuit Hall out
put voltage of 

cm HS-51 HALL
TRON vs. mag

netic field strength 
for various values 

of control current Ic

book 
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MICONDUCTORS, INC.
1035 W. THIRL AVENUE • COLUMBUS 8, OHIO

‘forms. 
Jy ref- 
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PACE meters are custom produced in production quantities to meet 
individual OEM specifications Rigid quality control and closely main
tained atmospheric conditions assure the highest order of commercial 
panel instrument performance and reliability.
«Illustrated: Model 45-P clear plastic 4^" meter, one of a family of 
acrylic-cased instruments, directly interchangeable with standard 
phenolic-cased units of similar size. PACE also offers a wide range 
of phenolic-cased meters in 2^" to 7" sizes.

Write for latest technical catalog. Prices quoted 
promptly upon receipt of your specifications.

PACE)ELECTRICAL INSTRUMENTS CO.,INC

TINY KEY TO TOMORROW’S FUTURE
NEW SEMICONDUCTOR DEVICE

IS OF PRIME
CONCERN

WHERE 
DEPENDABILITY

COMMUNICATION MEASUREMENTS LABORATORY, INC
350 LELAND AVENUE. PLAINFIELD, NEW JERSEY

OUTPUT - 250 V.A. 
DISTORTION - 2% 
REGULATION • 1% 
FREQ. STABILITY - .001% 

SIZE: 23" W X 18’’ D X 22 
ALSO AVAILABLE 
AS A VARIABLE 
FREQUENCY UNIT.



Part 4 of Professor Kharkevich’s nomograph includes his 
Sections 6 and 7. In these sections, he discusses frequency 
multiplication, linearization, and nonlinear distortion. Elec
tronic Design’s serial translation of this work has been a 
hi-weekly presentation since September 17th.

Nonlinear and Parametric 

Phenomena in 

Radio Engineering

left of the bend in the characteristic. When the 
operating point is in this position and if the ap
plied grid voltage is sinusoidal, only short cur
rent pulses will flow in the plate circuit. The re
maining portion of the sinusoidal current (shown 
dotted) will be cut off—hence the name of this 
operating mode. The mode is fully characterized 
by the cutoff angle, i.e., by the value of the 
argument Mt, at which the current vanishes 
(reckoned from the instant of time when the 
plate current is maximum). Knowing the cutoff 
angle, it is possible to expand the expression for 
the plate current into a Fourier series. The plate 
current can be represented as a function of time 
in the form

/„ = /„ (cos ut vos 0} > 0|

(The symbols are shown in Fig. 10). For the 
amplitude of the n'th harmonic we have, from 
the known relation

Part 4 TV

/ /„ fw/)’cos nut dut —
A. A. Kharkevich

(Translated by J. George Adashko)

Chapter 1

Nonlinear Circuits and Fundamental Nonlinear Processes sin + + 1)0 sin (><-1)0 9 cos 0 sin nO

Fig. 9. A typical frequency multiplier. The tank circuit 
is tuned to the n th harmonic of the signal applied to 
the grid.

6. Frequency Multiplication
V nonlinear system can be used for frequency 

multiplication, to obtain a frequency that is a 
multiple of an available one. Frequency multi
plication is resorted to when direct generation of 
the required frequency is for some reason not 
feasible.

Multiplication is based on an exceedingly 
simple scheme. Voltage of the original frequency 
is applied to a nonlinear network to produce a 
current of high harmonic content. The harmonic 
of the desired frequency is separated by a filter.

One such circuit is shown in Fig. 9. A sinu
soidal voltage of radian frequency co is applied 
to the grid of the triode; the tank in the plate 
circuit is tuned to the n'th harmonic, which is 
selected by the tank circuit. T he remaining har
monics, to which the tank-circuit presents little 
impedance, are filtered out. An adjustable nega
tive bias, sufficient to cut off the triode, is applied 
to the grid. The result is the so-called “cut-off 
mode.”

Let us approximate the characteristic of the 
triode by means of a broken line, as shown in 
Fig. 10. This approximation is sufficient for our 
purpose. We choose the operating point to the

n+1

= ImFM.

In practice one can specify not Im (determined 
by the amplitude of the grid voltage) but I mar 
the peak value of the plate current. These two 
quantities are obviously related by

I max Im (1 COS 0).

Expressing now the amplitude of the n'th har
monic of the plate current in terms of the peak 
value of the plate current, we have

l\ (91
1 — cos 9

maxfn (^)•

Functions of the cutoff angle for various values 
of n are shown graphically in Fig. 11. These 
curves show how to select the cutoff angle to 
obtain the maximum amplitude of the desired 
harmonic. Thus, for example, we must use 0 = 
40 deg for frequency tripling, and so on.

7. Linearization and Nnnlinear 
Distortion

Nonlinear relations play a double role in radio 
engineering. In many cases the nonlinearity de
termines the very nature of the process and is

Fig. 10. An approximation of the characteristics of
the triode used for the frequency multiplier in Fig. 9.
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Fig. 11. Functions of the frequency multiplier cutoff 
angle for various harmonics.

used to obtain the desirable result. This takes 
place, for example, in frequency multiplication, 
in detection, and in many other important appli
cations. But sometimes nonlinearity is not only 
unnecessary, but is harmful and undesirable. 
This occurs, for example, in amplification.

Waveform distortion and the resultant spec
trum enrichment which are typical of a non
linear system, are essential for frequency multi
plication. In amplification, however, we deal 
with the inverse problem, that of retaining the 
initial waveform of the oscillations as much as 
possible. Any change in the waveform, resulting 
from the nonlinearity of any circuit element, is 
called nonlinear distortion. It is necessary to re
duce this distortion, i.e., to eliminate the non
linearity effect.

Strictly speaking, no system is linear. So-called 
"linear” systems are merely those whose non
linearity can be neglected under the circum
stances. The possibility of neglecting nonlinearity 
depends not only on the characteristic of the 
system, but also on the operating conditions. For 
example, in the case of amplification, the oper
ating point is best placed at the center of the 
straight-line section of the tube characteristic, 
and the amplitude of the control voltage is best 
held within the limits of its straight portion. Ac
tually, the characteristic is always curved, and 
v hen we speak of a straight portion, we mean 
one having a sufficiently small curvature.

Replacing a nonlinear relation by an approxi
mate one, together with any measure aimed at 
improving the approximation, is generally called 
linearization.

The linearization concept will be explained 
irst with a particular example. Consider the 
juadratic characteristic

I =
rhis nonlinear relation cannot be represented by 
m approximate linear one in any manner what- 
ver. But suppose that the voltage V consists of
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NEW Automatic Electronic 
Cable-making Machine Announced

(Los Angeles. California) After years of development, The 
Zippertubing Company announces production of a machine 
which automatically makes cables at speeds up to 900 feet 
per hour. This machine, occupy ing only 24 square feet of 
floor space, produces cables w ith up to 108 conductors and 
is so simple to operate that inexperienced personnel can make 
cables to any specification.

This new equipment utilizes the revolutionary Zipper
tubing cable jacketing, which is fed into the machine along 
with the required number of conductors. The Zippertubing 
then is automatically wrapped around the conductors, zipped 
closed and. if required, permanenth fused with a chemical 
sealer, The completed cable automaticalh is wound on the 
take-up reel for storage or shipping. The machine w ill pro
duce cable from V' to 2' 2' O. D. with larger sizes on special 
order.

MEET MIL SPECS
Cables produced on this new equipment meet all necessary 

MIL specs, depending on the jacketing material and the pur
pose for which it is to be used.

Close-up of head showing Zippertubing jacketing and con
ductors being formed into cable and automatically sealed.

Complete unit with wire reels in place.

MULTI-JACKETED CABLES IN ONE STEP

By using Zippertubing laminated materials, cables which 
require jackets of several different materials can be made 
in one step without costly re-handling. Available jackets 
include copper, aluminum or Co-netic steel in combination 
with such materials as vinyl, Mylar,' or fiber glass. Other 
laminates for high temperature exposure, abrasion protec
tion, etc., also may be used in the machine.

SUBSTANTIAL SAVINGS

I p to 90S of the labor costs formerly involved in fabri
cating cables are eliminated through the use of the Zipper- 
tubing Cable Machine. Only limited floor space is necessary 
for long-run continuous lengths, and material waste, skilled 
labor investment and expensive extruding equipment no 
longer are required. Expensive “minimum” orders for cus
tom extruded cabling as well as delay in deliveries also are 
eliminated. Because of the flexibility of Zippertubing, small

cable runs for R & 1) work are economically' feasible. Zipper
tubing cables can be re-opened for additional work on con
ductors. \ irtualh eliminating the great costs formerly 
incurred in correcting mistakes in prototype development.

CABLE MACHINE FREE

One of the purposes of this new machine is to help manu
facturers reduce their capital investment and inventory in 
electronic cables. A special plan has been developed whereby* 
manufacturers who use 19.000 feet or more of Zippertubing 
jacketing per month will be provided with one of these 
machines at no cost. For those with more modest require
ments. the machine may be leased very inexpensively with 
option to buy, or it may be purchased outright. A 100' o 

lifetime guarantee is available under all plans. When order
ing. allow three weeks for delivery.

AVAILABLE IN THREE PARTS

fhe Zippertubing cable machine mav be ordered in three 
units: basic unit, whi< h indudes the head and sealing dex ice; 
wire payoff unit, which contains the “tree” and spindles for 
holding the w ire reels: power unit, which has the take-up reel 
spindle, frame and 115 V AC/ DC motor that pull- the cable 
through the complete process.
For complete catalog information or field engineering service, write to 
tin- manufacturer: I In* Zippertubing Company, 752 So. S in I’edro St., 
Lo> \ngeles 1 I, (California. I U X LA BIO. Sales offices and warehou-cs 
an- loc ated in all principal c ities.

( adiertisement)

91

Trademark of duPont. 
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uD
Fig. 12. In this parabola, as Al/ decreases,
or I/,, increases, the Al/AU relationship be
comes more linear.

- BUD IMLOK a dc component Uo and an ac component \U. 
We are interested in the latter only. Then

EXTRUSIONS AND CONNECTORS The current thus has three components: a dc 
component

ter
Bit 

bai 
coi 

qii 

Hit

a linear component
/1 = 2a ( 0 A/

and a quadratic component

/2 = aAl

The dc component is usually of no interest to 
us. We write the increment of the current in the 
form

2a1 nA I -j- aAl ~

The tangent to the characteristic at the opera
tive point may turn out to be horizontal, i.e., 
f'(U„) = 0. In this case it is necessary to shift 
the operating point by changing Uo. Thus, in the 
quadratic example above we had

YOU CAN QUICKLY AND ECONOMICALLY 
ASSEMBLE A VARIETY OF 

CABINETS, CASES AND RACKS

WITHOUT TOOLING COSTS

The IMLOK system of metal 
cabinet construction is ideal for 
’osearch and prototype work. 
With the simplest of tools, 
precision cases, cabinets and 
rocks can all be quickly 
and economically built, to 
your own design. Assembling connector 

and extrusion

Mora than 50 different styles 
of connectors, extrusions and 
accessories are readily locked 
together to form the framework 
of any type of housing. 
Standard gauge aluminum 
sheets are cut and fitted to 
complete the enclosure.

The Bud Imlok system can 
solve your special housing 
need. For complete details, 
parts list and prices write for 
Bulletin 1858 ... or better 
still—see the Bud Imlok 
products at your distributors.

Locking connector 
and extrusions

Completed framework

BUD RADIO CORP.
2118 East 55th Street 
Cleveland 3, Ohio 
Dept. ECD

= 2a f I Al
I AU

2 Uo

We are justified in discarding the second term 
provided

Af ’ 
— « I, 

I o

i.e., the smaller AU and the greater Uo, the bet
ter the linearization approximation. This result 
is illustrated graphically in Fig- 12, from which 
it is seen that by increasing Uo, the working 
point is shifted towards a section of the para
bola with a smaller curvature, and at the same 
time, with a greater slope.

Reduction of AU permits linearization of any 
nonlinear dependence.*

To demonstrate this, let us assume that we are 
given a nonlinear characteristic in general form

/ = f(U).

Let us expand the expression for the current 
in a Taylor series about the point Uo:

Al -

Al ’’
+ /"' (0) — + . . .

If \t is sufficiently small, the higher-order terms 
can be neglected, and the linearized expression 
for the current becomes

The dc component is determined by the ordinate 
of the characteristic at the operating point, and 
the slope is determined by the derivative at this 
point.
^However, a linearized description of phenomena oc
curring in certain systems, has no physical meaning.
We shall not encounter these exceptional cases.

j (< ; — a ( j of — zai o

and had we taken Uo — 0 we would have ob
tained f(0, = 0.

Nonlinear distortion in an almost-linear system 
must be estimated and measured by several 
methods, all based on the spectrum enrichment 
due to the nonlinearity. The first method con
sists of apply ing a sinusoidal voltage to the input 
of the system and determining the effective 
values of all output harmonics but the first. The 
ratio of this quantity to the effective value of the 
first harmonic (fundamental frequency) is called 
the harmonic distortion 

where /j, Ij, etc. denote the amplitudes of the 
harmonics. Nonlinear distortion is assumed neg
ligible if the harmonic distortion does noth ex
ceed one per cent. Commercial apparatus usually 
is specified to contain a harmonic distortion not 
exceeding five per cent.

The second method consists of applying simul
taneously to the input of the system two sinu
soidal voltages of different frequencies. In this 
case, as shown in Section 5, a rich spectrum of 
combination frequencies is formed. The coeffi
cient characterizing the nonlinear distortion is 
determined in the same manner as the harmonic 
distortion.

Fig. 13. A nonlinear two- 
port network with a second 
two-port correcting net
work.

CIRCLE 270 ON READER-SERVICE CARD
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With these relations we obtain

Let us recall the definition of an inverse function. If

ELECTRICGENERAL
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network, serving 
characteristic

• High flexural strength—over 26,000 psi, twice the 
NEMA standard for XXXP grades.

Consult Sweet’s Product Design File, Cat. 2b/Gen, 
for technical data on the complete line of Textolite 
laminates. Or for additional information—or expert 
help with special problems—call or write: Technical 
Service, Laminated Products Department, Section 
ED-810. General Electric Company, Coshocton, Ohio.

is condition yields

L CTRONIC DESIGN • October 29, 1958

then, solving this equation for we get

X = <£ +).

Tbe function $ is the inverse of the function f. Fu 
thf rniore

I 2 = f> dW

,et us add to this two-port network a second

General Electric Textolite Grade 11574 will not 
support combustion... has unsurpassed 

punchability at room temperatures
Textolite Grade 11574 was specifically designed for 
computer applications where very high reliability is 
demanded. Its superior electrical and mechanical 
properties easily outperform NEMA standards with
out the high cost and difficult fabrication problems 
of glass-based laminates. Some of the outstanding 
properties of Grade 11574 include:
• Self-extinguishing—flame dies within 1 second.
• Cold punches best—pierced and blanked holes are 

cleaner, more precise than any laminate tested in 
G-E laboratories.

• Cyanide resistant —maximum reliability in all etch
ing and plating processes.

• High insulation resistance—1,000,000 megohms IR 
after 96 hours at 90% humidity and 35°C.

I m rl i li O I I o m I n otoc from the company that really knows the electricalI I I G U S ll I d I Ld II I | 11 d ICO and e|ectronic$ industry—General Electric

A [A (LT)] = ALT,
i.e., the function f2 should be the inverse* of the 
unction fj.

Self-extinguishing epoxy paper laminate 
for high-reliability computer circuits

should be'chosen in such a way as to eliminate 
the nonlinear distortion, i.e., as to make

l ecently a new method was proposed for de
ten lining the1 nonlinear distortion. It is based on 
measuring the total powder in a certain frequency 
band, produced in response to an input with a 
continuous spectrum, from which the same fre- 
queiicy band is first eliminated by means of a 
filter. If the tested system is linear, the fre
quencies eliminated from the input are absent 
from the output. Owing to nonlinearity, how
ex er. combination frequencies and harmonics, 
the so-called nonlinearity products, are produced 
within the eliminated band. It is this product that 
is measured. The new method corresponds more 
closely to actual operating conditions of the 
apparatus and gives a more correct estimate of 
the nonlinear distortion.

It should be ¡jointed out that nonlinear dis
tortion can be corrected in the same manner as 
frequency distortion. Let us assume that there 
is a nonlinear two-port network with a charac
teristic

LT LT 
ltTt

Textolite*
INDUSTRIAL. LAMINATES



• COMPACTNESS

•PROVISION FOR EASYthe key factors in design
AngularSPEEDY MAINTENANCE

AND COMPONENT

REPLACEMENT to

GRANT INDUSTRIAL SLIDES provide
• ACCESSIBILITY

0
1
2
3

Important 
Working 
Data

Moro 
Than 
1OO 
Pages

Grant Industrial Slides are essential to the solution of most 
problems centering on these design factors—so highly 
emphasized in this automation era. Grant Slides 
provide skillfully developed, competently engineered 
sliding, pivoting mountings for nearly all types of 
assemblies—electronic, hydraulic, pneumatic, mechanical.

Digital

Conversions

Daniel Levine
Consulting Engineer 

Glendale, Ariz.

HESE TWO tables are handy com
pilations of data for engineers making 

angular-to-digital conversions. The first 
table consists of binary bits which can be 
transferred to digital computer notations, 
thusly :

Bits Circle Parts Notation

2
3

4
5
6

7
8
9

10
11
12

13
14
15

The Grant Industrial Slide Catalogue-outlines 
principles, details, of more than lOOstand- 
ard and custom- made slides. A working 
manual on built-in accessibility.

Grant engineers and representatives are located in all 
important industrial centers—their valuable store of 
specialized experience is yours for the asking.

1
2
4
8 

—etc.—

1
10

100
1000

16
17
18

19
20
21

GRANT INDUSTRIAL SLIDES
Grant Pulley & Hardware Corporation • 21 High St., West Nyack, N. Y. • P44 Long Beach Ave., Los Angeles 21, Cal.

The bits, therefore, represent powers 
of two.

The second table divides a circle by 
powers of ten. The decade block repre
sents the power. Parts of a circle and the 
angular measure follow, respectively.

A useful addendum of angle to radian 
conversions ends the tables.

Shaft-to-digital encoding can find spe
cial application for the tables. In an en
coder, the number of binary or decimal 
digits will indicate the angular accuracy 
in reading the shaft position. For ex
ample. if a technique of encoding em
ploys 15 binary bits the shaft is divided 
into 32,768 parts and the angle can be 
read within 39.551 seconds.

Dec

CIRCLE 272 ON READER-SERVICE CARD
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Vibration resistant

Resilient Inserts

CIRCLE 273 ON READER-SERVICE CARD

kes possible pin point precision

CIRCLE 274 ON READER-SERVICE CARD

5-Key Polarization on PT Series 
AN Mounting Dimensions 
Lightweight, Compact 
Forged or Bar Stock Shells

Closed Entry Sockets 
Moisture resistant

Heavily Gold-plated Contacts
Quick Disconnect, Either Series

Trademark

Accommodate 3 times as many circuits 
as comparable AN arrangements

MINIATURE 
ELECTRICAL CONNECTORS

SIDNEY, N.Y.

Expoil Sales and Service Bendix International Division, 205 East 42nd St., New York 17, N. Y. 
Canadian Affiliate: Aviation Electric, Ltd.. 200 Laurontien Blvd., Montreal 9, Quebec

in the transmission of gas or liquid pressures from remote or 
hazardous positions to centra! control center. BONDED STRAIN GAGE 

construction makes the TELEDYNE practically insensitive to vibration or shock.
Resolution is INFINITE Handles extremely corrosive alkalies and acids including 
fuming NITRIC ACID. Pressure Cavity can easily be cleaned. Repeatability 0.1%, 

Linearity 0 25%, Hysteresis 0.5%, Ambient Temperature -65’ to + 250’ F ( 18’ to 121’ C) 
1 Millisecond Response. Eleven Pressure Ranges 0-100 up to 0-10,000 PSIG.

Taber Teledyne can be used with the Taber indicator shown below
<a Aifb standard recorders arid c or bnlleis i l strip or round 
chart type sue h as the W lie« Ico Series K000 shown «t left.

Write for illustrated literature
TABER INSTRUMENT CORPORATION 
Section 161 107 Goundry St. North Tonawanda, N.Y.

B Telephone LUdlow 8900 • TWX- TON 277

FOUR WIRE TERMINATIONS

General

P" Potting

TELEDYNE
PRESSURE TRANSDUCER

PC SERIES
Double Stub Thread

PT SERIES
3-Point Cam Lock

II9 EEngineering Data

Angular-to-Digital Conversions

fits Parts of Circle Angular Measure
0 
i
2 
3

1
2
4
8

360° 
180°
90° 
45°

IS

4
5
6

16
32
64

225°
11.25°
5.625°

7
8
9

128
256
512

2.8125°
1.40625°

42.1875'

10
11
12

1,024 
2,048 
4,096

21.09375'
10.546875'
5.2734375'

y com- 
making 
lie first 
can bt 

tations

a tion

1

13
14
15

8,192 
16,384 
32,768

2.63671875'
1.318359375'

39.55078125"

16
17
18

65,536 
131,072 
262,144

19.7753900625"
9.8876953125"
4.94384765625"

III
100 
)00

19
20
21

524,288 
1,048,576 
2,097,152

2.471923828125" ;
1.2359619140625" ;
0.61798095703125" ;

^)O\\ (IS
)ecades Parts of Circle Angular Measure ;

cle by 
t • pre

mei the 
cly.
radian

0 
1
2 
3

1
10

100 
1,000

360°
36°

3 6°
21.6'

lei spe- 
an en- 
ecnnal 
c inacv

4
5
6

10,000 
100,000 

1,000,000

2 16' 
12.96"
1.296"

or ex- 
g cm- 
ivi led 
■an be

a . Angle Radians •
Angle-

to-Radian ' de* 00'74532925!

Conversions ' min 0.0002908882;
1 sec 0.0000048481!
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IDEAS FOR DESIGN

20V

390 K
R-IK

2N247 220K

200K

Logarithmic Pulse Amplifier

Write for illustrated literature.

Get $10.00 plus a by-line tor the time 
it takes you to jot down your clever 
design idea. Payment is made when 
the idea is accepted for publication.wedge 

action

A completely new and original concept in relay design. Unique 
"Wedge Action" contacts have solved the problem of reliability 
under rugged environmental conditions.

The high reliability and exacting performance demanded by 
develojters of complex electronic systems is offered "off-the- 
shelf” in the Electro Tec Mark II Relay.

This exceptional relay is the result of advanced engineering, 
careful selection of component materials, sound structural de
sign, and absolute quality control during manufacture.

"Wedge Action” effectively burnishes contact surfaces during 
every ojierating cycle, reducing resistance to micro-level currents. 
It renders the relay extremely shock and vibration resistant.

A curve showing 
shown in Fig. 2.

Since the plot in

here / = diode current
I = saturation current of diode
I’ = diode voltage
A = Boltzmann’s constant
T = Absolute temperature

<1 = ('harge on an electron
Rearranging terms and taking the logarithm of

New concept...High reliability 
Rugged construction

ELECTRONIC DESIGN • October 29, 1 >58

nput pulse amplitude over 
range of input signal variation 

A high speed silicon diode

20V Q SILICON 
DIODE

over a 100 to 1 range of input voltage (40 db).
The circuit is based on the* forward V-I char

acteristics of an ideal semiconductor diode as 
shown in eq (1).

T WAS necessary to design a pulse amplifier 
whose output was a logarithmic function of the

-Or>tf GERMANIUM 
0'0^

220K

= ■=• +20V

Fig. 1. Logarithmic video amplifier.

ELECTRO TEC CORP. Craftsmanship ®
P.O. Box 3TB, SOUTH HACKENSACK. N. J. Pat. No. 2.696.570

CIRCLE 275 ON READER-SERVICE CARD
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both sides, of eq (1) results in eq (2).

ier

(4)

EL CTRONIC DESIGN • October 29, 1958
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Precision control of groove depth and 
spacing assures ease of servicing and 
interchangeablility of circuit shells.

O
0)

loge Ci 4" A 4
Ki = (K2 — loge R)

0
.01 I 10 100

ej VOLTS

Fig. 2. Output voltage versus input voltage for log 

video amplifier shown in Fig. 1.

Printed Circuit Heat Control

log, {I + I,) = (KT q}V + logj. 

It / » L (which is the case for I > 10 pa) then

where Ki = KTj q

K2 = log( L

The loxx’ input impedance and high output im
pedance of the 2N247 grounded base amplifier 
make i, = (1/A) Ci (for Ci = 100 mv). Then:

c. = Ki logt ii 4- K2 = K} loge (e, R) 4- K2

(, = Ki (loge €i — log( R) 4- K>

A UAP cold-plate heat exchanger forms the central member 
of the assembly. Grooves machined into the heavy face plates 
of the cold-plate, match grooves in the two compounded plates 
which line the longer inner walls of the box. Printed circuit 
shells are inserted into the grooves in two banks, either at 
random spacing or closely packed with an assured minimum 
clearance between shells. Electrical contact is made with the 
circuits by pressure only. Heat from the printed circuits is 
transmitted to the aluminum UAP cold plate and conducted to 
the ultimate heat sink.
UAP develops and manufactures cold-plates and other types 
of heat exchangers and systems for electronic equipment appli
cation; industrial and airborne installations.

E(] (4) is the desired relationship except for the 
constant term This constant term is sub
tracted from the output by the back biased ger
manium diode and resistixe network shown in 
Fig. 1.

For short pulse lengths. (1-10 nsec), the Tran
sitron S10G and SG226 silicon diodes work very 
u< II because of their loxx shunt capacity and fast 
sw telling time. For longer pulses a general pur
pose ty pe 1N483 will perform wry xx ell over an 
ex n larger dynamic range than that shown in 
Fi l 2.

’.ugene P. Hoyt, Motorola Research Lab., 
Ki erside, Calif.

CALIFORNIA 
NEW YORK

9-4236
7-1283
4-3841OHIO 

CANADA

For complete information call the nearest 
UAP Contractual Engineering Office

1101 Chestnut St., Burbank, Calif., VI 
50 E. 42nd St., New York 17, N.Y., MU 
...1116 Bolander Ave., Dayton, O., BA

United Aircraft Products, Ltd., 5257 Queen Mary Road, 
Montreal, Canada, ELwood 4131

CKCU 27« ON READER-SERVICE CARO
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UNITED AIRCRAFT PRODUCTS, INC.
1116 BOLANDER AVENUE, DAYTON, OHIO



IDEAS FOR DESIGN
■> Output f

-0 Mixer

f+F 
f-F

can you use
ultra-thin metal strip

Local 
osc

Mixer

From Many—One. This arrangement provides a sin
gle, known output frequency, regardless of the input 
frequency.

-

One RF Frequency From Many

that is only 1/15 as thick

as a nylon stocking thread ?

CUT
COSTS 

/ / • 

on small
components

We needed a circuit to accept rf at any fre
quency and, without tuning, deliver a known 
and constant rf frequency, despite any input 
frequency change.

The block diagram shows the solution. The 
local oscillator is tuned to the desired output 
frequency f. This is mixed with any incoming 
frequency F in mixer 1. The output of mixer 1 is 
f+F and f—F. These are heterodyned against 
the incoming F in mixer 2. Mixer 2 provides 

f—2F, and f. A tank at the mixer output 
can assure that the output frequency will always 
be f, regardless of the input frequency.

The local oscillator can be crystal controlled, 
so the output frequency can be as stable as if it 
were crystal controlled.

J. Frank Brumbaugh, Senior Marine Eng., 
Heath Co., Benton Harbor, Mich.

Hamilton’s Precision Metals Division is now producing 
metal strip and foil in practically any alloy in thicknesses ranging from .010" to 
.0001". (The thickness of a 15 denier nylon thread is approximately .0017".)

For designers and engineers faced with problems of miniaturization and sub
miniaturization, precision material like this is solving important problems today, 
and opening the way to future developments. Precision Metals Division strip 
and foil are produced to exact mechanical and physical specifications, and they 
are available in any quantity for development or production. Special alloys can 
also be developed to customer specifications 
and furnished in whatever form is required.

The modern, specialized equipment of this com
pletely integrated metals processing plant is 
described in an illustrated facilities booklet.
Write for your copy today to Dept. ED-10.

■ If the cost of metal stampings and wire 
| forms figures in your profit picture, let 

us give you a quotation on your current
| components. Send us a sample or blue- 
I print... and discover how big savings 

in time and production costs, big gains
_ in precision and uniformity are possible 
| on small components, when Art Wire 
। tackles the job!

_ Our engineering staff, our production 
I experience, and our modern high speed 
■ equipment are always at your disposal.

If you wish to learn more about what a 
| wide and versatile range of shapes and 

parts we can produce for you—at lower 
| cost than you'd guess—just write for 
B our illustrated folder.

Hamilton Watch Company
Precision Metals Division / Lancaster, Pennsylvania 

H
Creator of the world’s first electric watch

CIRCLE 277 ON READER-SERVICE CARD
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Noise Suppression in Automobiles
Automobile ignition interference is mainly due 

to shock-excitation, by each spark, of the wires 
connecting the ignition coil, the high voltage 
distributor, and the spark plugs.

The other sources of automobile interference, 
namely the sparks due to bad contacts or poor 
connections in the electrical equipment, are easily 
silenced by the use of standard anti-interference 
capacitors connected right across the spark 
sources, and due care.

However, ignition interference, which aff(*cts 
radio and television, is a different problem. The 
usual solution has been to insert, in each high 
voltage conductor, a special low value resistor to 
damp out the oscillations. Then1 is generally one 
resistor on each spark plug and one in the wire 
connecting the ignition coil to the distributor.

A new and better way has been found by the 
French firm PIA. Instead of a lumped resistor,

ART WIRE 
AND STAMPING CO

17 Boyden Place, Newark, N J. 
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PLASTIC CORE

PVC OUTER INSULATION

SPIRAL WINDING

ANH-intereference High Voltage Wire

COMPONENTS
Designed with 
Reliability in Mind

M 
«m tn an

at 
cmoc 

I« SwtfTS 
0

“Gray Line” Rheostats
• Resistance Element

Ceramic-Protected 
• Shock Resistant, Rugged 

Construction 
• Positive, Permanent

Electrical Contact 
• Available in MIL Types

Hardwick, Hindle 
“Gray Line” Rheo
stats provide smooth 
long-life action with 
positive electrical 
contact. Super-rug
ged construction in
sures maximum shock 
resistance; resistance 
element is ceramic- 
protected.

the damping resistance is distributed along the 
length of the wire. This is obtained by spiral
winding a resistant wire around a plastic core 
(see figure). Besides a distributed resistance, this 
process provides a distributed self-inductance in 
a circuit where capacitance usually prevails.

A two-fold advantage issues. On the one hand, 
the resonant frequency is lowered and easier to 
eliminate. On the other hand, the amplitude and 
form of the sparking voltage are improved and 
make for better ignition. This has been born out 
by trials on the road.

Finally, the spiral winding acts as an rf choke, 
and tends to confine the spark voltage where it 
belongs—across the spark gaps.

A. V. J. Martin, Carnegie Institute of Tech
nology, Pittsburgh, Pa.

Advanced Weapons
broad creative mission at Chance Vought

“Gray Line” Resistors
• Non-Crazing, High

Temperature Enamel 
• Stronger, More Rugged 
• All-Welded Wire Core 

Connections
• MIL Types Available

Hardwick, Hindle 
“Gray Line” Resis
tors are designed to 
provide dependable 
performance in 
gruelling environ
ments. High temper
ature enamel is non
crazing; welded wire 
connections and 
stronger core assures 
high shock resistance.

Catalog on Request

Sold Thru Authorized 
—- Distributors Coast-to-Coast!

CIRCLE 279 ON READER-SERVICE CARO
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Better Soldering 
For Printed Circuits

In soldering components to printed circuit 
boards, the best joints are made if the compo
nent lead and eyelet (or pad) are heated simul
taneously, with uniform heat, and, of course, 
quickly.

A short length of 1/8 in. copper tubing can 
be threaded at one end, and filed at the other 
end, to make an excellent soldering iron tip for 
Ungar type soldering irons.

With this soldering iron tip, one can heat the 
component lead and the eyelet at the same time. 
Faster solder joints result with no damage from 
excess heat and long soldering dwell times.

R. A. Wyman, Group Eng., Lockheed Aircraft 
Corp., Palo Alto, Calif.

SOLDERING IRON TIP FOR 
UNGAR SOLDERING IRONS

1. 8 COPPER 
/TUBING

BEVEL-90' INCLUDED ANGLE '------6-32 THD

Copper tubing makes excellent printed circuit solder
ing tip.

29, 1958

MILITARY ASTRONAUTICS: Studies toward space research vehicles 
and manned spacecraft include mult ¡staging; space communi
cations; nuclear and ionic propulsion; celestial navigation; 
membership on Boeing Airplane Company’s Dyna-Soar space 
glider development team.

HIGH-PERFORMANCE MISSILES AND FIGHTERS: Continuing develop
ment of Regulus II missiles and Crusader Series fighters. 
Studies of nuclear-powered missiles; high-altitude escape 
devices; “streamlined” launch systems.

Lead Development Engineer (Electronics). M.S. or B.S. in E.E., 
with 6 or more years experience in digital or analog computation 
for aircraft and missile electronic systems. To be responsible for 
computer applications from engineering to advanced airborne 
electronic systems. Involves supplying performance predictions; 
analyzing physical data information; systems planning; preparing 
preliminary type specifications; contacting military agencies and 
computer suppliers.
Advanced Weapons Engineer-Scientist. M.S. or B.S. in E.E., with 
6 to 8 years in advanced guidance and communications systems. 
To provide electronic systems solutions for missiles and space 
vehicles used tactically and in scientific research. Involves plan
ning and carrying out electronic system programs from conception 
to specification stage for design and procurement.
Guidance Specialist. M.S. or B.S. in E.E., 6 to 8 years experience, 
with strong background in inertial guidance for missiles. To apply 
inertial guidance systems to advanced missiles. Responsibility 
includes creating system concept for basic problem; establishing 
required performance and proving it analytically; supplying pre
liminary physical data, and preparing very preliminary system 
specifications. Some supplier contact.
Radar System Engineer or Specialist. A.E., or E.E., (M.S. pre
ferred) with at least 6 years experience in systems and/or design 
for radar and fire control. To make high-level studies of advanced 
guidance and control systems.
Advanced Weapons Staff Engineer. Ph.D. preferred, with at 
least 10 years background in guidance or navigation and control 
systems. To develop completely new concepts in guidance, navi
gation, or control systems.
Qualified engineers and scientists who would like to join Vaught’s 
development of advanced weapons are invited to inquire.

A. L. Jarrett, Manager, Advanced
Weapons Engineering, Dept. W-4

UGHT AIRCRAFT
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RUSSIAN TRANSLATIONS

What the Russians

Are Writing

MEASUREMENTS

SYSTRON

100

G u 60000 OOH 
00000000600 
OOüOOOÛOOO©

Measurement of Peak and Instantaneous 
Values of Periodic Voltages and Currents 
by A. D. Kratirov. EC 2/58, pp 65-70, 5

Measurement of the VSWR of a Genera
tor by Means of a Phase Shifter by L. N 
Bryanskiy. Izmeritel’naya tekhnika, 3
4/58, pp 87-88, 2 figs.

Measurements by Means of a Broad
band Indicator in the Presence of Non
linear Distortion by V. A. L’vov. EC 3/5F 
pp 54-57, 2 figs.

oltage. The nonlinearity

Prototype of an Instrument for Check
ing UHF Standard Signal Generators by 
Measuring the Coefficient of the Depth 
of the Amplitude Modulation by P. A. 
Shpan’on. Izmeritel’naya tekhniko 3
4/58 pp 78-82, 3 figs.

NUMBER ONE * in a series of candid camera 
studies planned, frankly, to impress you with the efficient 
service rendered by-

the amplitude characteristic of the it 
amplifier does not affect in principle tin 
error of the measurement.

ELECTRONIC DESIGN • October 29, 1958

Describes how to measure peak and 
instantaneous periodic voltages or cur
rents with the aid of detector instruments 
and with the aid of d’ Xrsonval meters 
with rectifiers of other types. Fundamen
tals of the procedure are given along 
w ith the basic diagrams of the measuring 
instruments and the possible field of 
their application. Measuring the alternat
ing component (pulsations) of rectified 
voltages and currents with the aid of 
pointer-type voltmeters and ammeters is 
shown possible.

Grayner is turning on the heat. One of our customers 
needs better-than-promised delivery on an instrument, and 
she is talking directly to the factory production manager, 
who works three or four such miracles every month for her. 
Her phone bills are astronomical, but our customers get 
the hardware.. . when they need it. One more reason to 
''Get the Burlingame Habit”.
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I'he instrument is based on the method 
of measuring the coefficient of depth of 
modulation of a small amplitude-modii-

The errors involved in the attenuation 
of a two-port network with nonlinear 
distortion in the oscillator or in the two- 
port network is made as a function of 
the type of the measured frequency 
characteristic of the attenuation. A for
mula is obtained for the necessary atten
uation in the measuring filter, connected 
at the oscillator output, to insure a speci
fied measurement accuracy. The specific 
case of the measurement of attenuation 
in the1 rejection band of the high fre
quency filter is considered.

MAGNETICS RESEARCH • NARDA MICROWAVE . 
WAYNE-KERR LABORATORIES.

SERVING SCIENCE AND INDUSTRY SINCE 1928

510 S. FULTON AVE., MT. VERNON, N. Y. • MOUNT VERNON 4-7530 
WASHINGTON. D C »WALTHAM, MASS »UPPER DARBY, PA »SYRACUSE, N Y 

--------------------------EASTERN FIELD ENGINEERS FOR:---------------------------- 

ADVANCED ELECTRONICS • ALLISON LABORATORIES • BRUSH INSTRUMENTS 
• CARDINAL INSTRUMENTS • DEMOLAB • DONNER SCIENTIFIC CO « 
ELECTRO INSTRUMENTS • ELECTRO - PULSE • EMPIRE DEVICES PRODUCTS 
• HOLT INSTRUMENT LABORATORIES • LEVINTHAL ELECTRONIC PRODUCTS •

In the case of a generator with wave
guide output the vswr can be measurer 
in a simpler manner than with the usual 
slotted line technique. This can be d me
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Regeneration and Neutralization 
Transistor Stages by A. A. Rizkin 
2/58, pp 12-19, 11 figs.

trailing front

phase shifter; 4— 
5—short-circuiting

6—indicator; 7—
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... most versatile servosystem analyzer 
for • missile testing

• automatic flight and ship controls
• fire control
• computers
• airborne weapons
• radar systems

In design, production, quality control, inspection, check-out. 
ground support... the flexibility of SERVOSCOPE makes it 
the universal Answer Man. In hundreds of installations, it 
enables engineers to optimize design and performance by 
evaluating system or component behavior. Its unique com
bination of multiple signal generator, built-in electronic 
sweep and DIRECT-READING phase shifter facilitates 
fast, accurate plotting of Nyquist, Bode or Nichols diagrams. 

SERVOSCOPE is also ideal for training purposes in engi
neering schools and manufacturing plants. It animates text
book theory, drives it home in terms of industry practice. 

Send for the full story on SERVOSCOPE® Servosystem 
A nalyzers. Just address your request on your company letter
head to Room E-! !, 20-20 Jericho Turnpike, New Hyde 
Park, L.I., N. Y.

Phase Characteristics of the Intrinsic Cur
rent Gain of a Junction Transistor by 
T. M. Agakhanian. RE 2/58, pp 3-13, 7

by replacing the slotted line with a 
phase shifter and a probe. The same 
accuracy is obtained, although the cost 
of a probe and phase shifter is usually 
half of the cost of a slotted line. See 
Fig- 1-

rive generalized characteristics and im
pedance and gain diagrams, which per
mit a lucid description of the amplifying 
properties of a transistor under small
signal conditions at low frequencies.

Fig. 1. Block diagram of 
two equivalent methods of 

measuring vswr. 1—genera
tor; 2—decoupling attenua-

The author indicates that certain con
cepts and formulations available in the 
literature concerning the internal feed
back of a transistor stage1 and its neu
tralization are incorrect. The concepts of 
the internal feedback and the connection 
between the input and output circuits of 
the stage are delineated.

(Continued on following page)

auiliary phase shifter; 

stationary short circuit

minority carriers in the germanium dur
ing saturation. So far, only few attempts 
have been made to take this effect into 
account analytically.

Equivalent Circuits of Transistors for a 
Broad Frequency Band by K. Shul’gin. 
R 3/58, pp 52-55, 6 figs, 1 table.

Continuing a previous article in the 
November 1957 issue of Radio,’ where 
only low-frequency equivalents were 
considered. In the present article equiva
lent circuits are developed for some Rus
sian transistors for a wider range of fre
quencies.

On the Parameter hu/zn of a Transistor 
and Generalized Characteristics of Im
pedances and Gains by V. K. Labutin. RE 
2/58 pp 59-68, 7 figs, 1 table.

A new transistor parameter, a ratio of 
the short-circuit to open-circuit input

Influence of the Dependence of the Fre
quency Properties of a Transistor on Its 
Electric Operating Conditions on the 
Duration of the Wave Fronts by I. I. 
Litvinov. RE 2/58, pp 53-58, 5 figs.

Experience in the use of semiconductor 
relaxation oscillators with a single re
actance has shown that if the peaks of 
the generated pulses are not steep, the 
duration of the trailing fronts turn out 
to be at times considerably greater than 
those of the leading fronts. This phe
nomenon cannot be explained by means 
of a pulse-shaping analysis that assumes 
the transistor frequency properties to be 
independent of its operating conditions. 
The reason for this contraction of the

SERVO CORPORATION OF AMERICA
Engineering and Manufacturing of 
INFRARED • SERVO DEVICES • COMMUNICATION • NAVIGATION 
systems — subsystems — instruments — components 
For Industry and Defense

An exact solution of the transfer func
tion for the intrinsic current gain of a 
junction transistor is quite complicated. 
'I'he customary simplification is to re
place the transfer function by two func
tions, one applicable for the initial in
stant of time, the second beyond this 
time. Even this approximation involves 
certain mathematical difficulties. The 
author proposes another simplified ex
pression. The transfer function (t) is 
represented by a single expression, and 
yet sufficient accuracy is retained. All 
three types of transistor connections are 
considered. Reference is made to many 
\merican articles on the subject.

Contribution to the Theory of the Trans
fer Characteristic of a Transistor by A. A. 
Grinberg. RE 2/58, pp 51-53.

The transfer characteristics are ob
tained for various transistor connections. 
The analytic form of the transfer char
acteristics makes it possible to account 
for the collector capacity and the load 
impedance of the transistor.

Olw
SQUARE 

WAVE
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Fig. 2. Direct coupled transistor amplifier.
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Silicohm” POWER RESISTORS
IO STANDARD SIZES

CIRCLE 284 ON READER-SERVICE CARD
102 ELECTRONIC

F Write for 
descriptive material

to meet your ever more 
critical space, resistance, 
or power requirements.
SAGE “Silicohm” Type “S” Re
sistors are designed to meet tht 
electrical and environmental re 
quirements of MIL-R-26C. Char 
acteristic G, including Styles RW57 
RW58 and RW59 (INSULATED)

Determination of the Parameters of Transistors 
by K. Shul’gin. R 5/58, pp 58-60, 5 figs.

A continuation of previous articles on equiva
lent circuits of transistors, (Radio, November 
1957 and March 1958). In this article it shows 
how, using equipment normally available to a 
radio amateur, the required parameters of tran
sistors can be determined for evaluating the 
equivalent circuits.
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GRegory 2-2500

212 PIAGET AVE., CLIFTON, N. J

Add these features 
at moderate cost:

PRECISION (to .05% tolerance)
LOW TEMPERATURE COEFFICIENT (20 ppm/°C)

When you buy from ...

Direct Coupled Transistor Amplifiers by N. S. 
Nikolayenko. RE 2/58 pp 14-22, 8 figs.

The article analyzes ac transistor amplifier 
with direct coupling between stages. The circuit 
has many advantages, being simple to construct, 
containing a minimum number of parts, and per
mitting transistorized amplifiers to operate at 
temperatures up to —|-100 C.

Group Mode of Multiphase Multivibrator by Ya, 
Ye. Belen’kiy and A. N Svenson. RE 3/58, pp 
61-65, 5 figs.

The multiphase multivibrator was first de
scribed by the same authors in the August 1956 
issue of Radiotekhnika. In the ordinary operating 
mode, the multiphase multivibrator generates 
sequences of pulses such as are used in elec
tronic commutators. This article investigates an 
operating mode, in which each stage generates 
not one, but a group of pulses. The mechanism

GUN MOUNTS!
— New 110 deflection gyn
— Electrostatic focus gun A
— Electromagnetic gun
- Electrostatic deflec dS

tion gun
Spi'i ui purpose

- New short neck
90 gun V ।

'nV

3ÎOÜ0

ELECTRONICS CORPORATION

301 North Goodman St., Rochester 7, N. Y

WORLD’S H 
OLDEST 

AND LARGEST J 

EXCLUSIVE 
MANUFACTURER OF 
ELECTRON GUNS j

NOW AVAILABLE IN

TYPE “S” AXIAL LEAD RESISTORS
Length Diam. Resistance

SS2W Vf X ’A" to 1300 ohms.
S2W w X ’A" to 5000 »1

S3W 3A" x ’A" to 8500 »»

SS5W %" X to 12000 M

SR5W 1" x V|6" to 16000 »t

SL5W 1»/«" X5/u" to 22500 rr

SS7W W X5/l6" to 28000 »

S7W W x5/14" to 32000 n

SS10W 1”/iZ X %" to 53000
SIOW l,5/u" x 3A" to 60000 »i

Fig. 3. Multiphase multivibrator.
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At Spectronic Plating Company 
there are many case histories 
that show how imagination and 
ingenuity have been used to 
solve unique plating problems.

MODEL 202
Price $1,075 

FOB Carlstadt, N.J.

If you have a component or a 
product that requires precious 
metal plating, why not contact 
us? You may end up with a 
better product, fewer headaches, 
and reduced costs...

of operation of a multivibrator is described, and 
fundamental calculations and relations are given 
for this mode. See Figs. 3, 4 and 5.

10—100—1000 mv scales 
10*5 to IO-14 amps full scale 
Less than 1 mv drift per day 
Accuracy ± 2% 
Input resistance 1015 ohms 
Short response time
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NOW FEATURING NEW CIRCUITRY
Curtiss-Wright ultrasensitive

DYNAMIC CAPACITOR ELECTROMETER

Fig. 5. The voltages are developed across the re
sistors bearing the same marking.

of operation of a multivibrator is described, and 
fundamental calculations and relations are given 
for this mode. See Figs. 3, 4 and 5.

On the Measurement of the Asymmetry of the 
Input of Radio Receivers by A. V. Fradin and 
V. A. Olendskiy. EC 4/58, pp 30-45, 3 figs, 3 
tables.

An analysis of the equivalent circuit of the 
input of a radio receiver and of its fundamental 
parameters. A procedure is examined for the 
measurement of the asymmetry coefficients of 
the receiver input on the basis of the measured 
impedances and voltages. Values of the input 
parameters are given for certain commercial re
ceivers, experimentally obtained. The value of 
the reception coefficient of the feeder is dis
cussed.
Temperature Stabilization of Transistor Voltage 
Amplifiers by Yu. R Nosov and B. I. Khazanov. 
RE 2'58, pp 28-35, 1 fig, 2 tables.

The authors determine the condition of gain 
stability in a grounded-emitter circuit under 
temperature changes. They show the influence 
of the circuit parameters and of the transistors 
themselves on the satisfaction of these conditions. 
The theory proposed is applicable for both sili-

SPECTRONIC PLATING CO., INC
652 Hudson Street • New York 14, N.Y.
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The Curtiss-Wright Dynamic Capacitor Electro
meter is both a highly sensitive millivoltmeter and 
a micro-microammeter. It can be used to read 
low potentials originating in high impedance 
sources, insulation resistance, grid currents, static 
charges, etc., and as a null detector. In physics 
and chemistry, it provides measurement of pH ion 
currents in mass spectrometry. Its low drift per
mits reliable detection of radioactivity for health 
physics and reactor control. For complete infor
mation, write: Electronic Equipment Sales Dept.

ELECTRONICS DIVISION

CURTISSWRICHT®
CORPORATION • CARLSTADT, N. J.

ON READER-SERVICE CARD

Reads as low as

AMPS
with 1012 ohms resistor

Fig. 4. Pulses produced by multiphase multivibrator 
normal operation, and in group operation.
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10% line voltage variation ripple

Cabinets

CIRCLE 290 ON READER-SERVICE CARD
104

torcimi Wtqe Transfomen 
hguWM DC Power Sapplre* 
Merrurf im« îianstormer* 
Htwmnl Limp Wlish

Rack " 
Cabinets

regulated DC 
power supply

Secondary Diffraction of Electromagnetic Waves 
by a Ribbon by P. Ya, Ufimtsev. JTP 3/58, pp 
569-582. 13 figs.

Axially Symmetrical Electrostatic Problems for 
a Conductor in the Form of a Semi Infinite Tube 
With Thin Walls by N. N. Lebedev and I. P. 
Skal’skaya. JTP 4/58, pp 792-800, 6 figs.

Available from 
stock, or as n 
custom d e - 
signed unit.Distribution of Electric Charges on Linear, Flat, 

Closed Conductors by L. A. Druzhkin. RE 3/58, 
pp 3-7, 2 figs.

The Sola dc supply is reliable, simple, 
compact, and moderately-priced.

Write for DATA 
BOOK FCX-59

Here’s a regulated dc power supply that 
will protect its load and itself from a 
fault or short beyond the primary of its 
power transformer. If you're interested 
tn a simple, reliable source of regulated 
dc power, you’ll like the Sola Constant 
Voltage DC Power Supply.

Secondary diffraction inv

Write for Bulletin 31J-DC-235 
Sola Electric Co., 4633 W. 16th St., Chicago 50, HL 

A Division of Basic Products Corp.

w ithin 1% rms . . . efficiency is high. It's 
particularly well-suited for intermittent, 
variable, and pulse loads.
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The author considers the distribution of elec
tric charges on linear conductors, using a spe
cially introduced linear-density function. It is 
shown that the solution proposed not only makes 
possible finding the potential and fields, but also 
leads to a substantial simplification of the 
analysis.

This very desirable load protection 
characteristic results from the current
limiting action of the Sola Constant 
Voltage Transformer. It is combined with 
a semiconductor rectifier, and a high 
capacitance filter. The current-limiting 
action protects both the rectifier and 
capacitors from damage by preventing 
excessive charging current.

con and germanium transistors. They describe 
the change in the emitter current and analyze 
the cause of this change.

For thermal stability of the voltage gain, it is 
necessary that the voltage increments of the 
absolute temperature and of the emitter current 
be equal. The change in the emitter current 
should be due to a shift in the voltage-current 
characteristic. The effect of the change in the 
collector current should be reduced to a mini
mum. To accomplish this, it is advisable to use a 
low-resistance divider in the base circuit.

that flow at different elements of the surface of 
a body. In the case of diffraction by a ribbon, 
the role of this interaction becomes most sub
stantial for directions of observation close to the 
plane of the ribbon, and also for glancing inci
dence of the illuminating wave. The approxi
mate expressions obtained for the scattered field 
are suitable for all directions of illumination and 
observation. The results of the rigorous and ap
proximate theories are compared.

This unique combination of compo
nents results in a power supply that is 
unusual in many other ways as well. 
Regulation is within ±1% with up to

MAJOR BREAK-THROUGH 
m by MAGTROL in 

I SUB-MINIATURE
MAGNETIC clutches 

AND BRAKES!
j® • More than doubles previous Torque output

4 Torque now guaranteed 8 oz. in. minimum.
• Control wattage decreased more than 
50%. Now less than 1 watt. • Response 
time decreased over 70%. • Making MAG
TROL Clutches the fastest known electro

w magnetic clutches
and brakes com

" I mercially avail-
r WP**’ * able.

An exact solution is obtained for the distribu
tion of the potential near a thin semi-infinite 
cylinder (tube) located in an arbitrary axially- 
symmetrical external field. A new method is de
veloped for the solution of one class of static 
problems. It is analogous to the method used to 
investigate a similar class of boundary problems 
in the theory of diffraction, encountered with 
problems of radiation of acoustic and electro
magnetic waves from the open end of cylindrical 
and flat waveguides.

BUFFM^

Announcing!

FALSTROM 
COMPANY

The Falstrom Company, long known 
as a producer of custom metal fabri
cations now offers the ST AND ARDIZED* 
line of cabinets, consoles, and racks.

FALSTROM
STANDARDIZED

WRITE TODAY for folder, “How to 
get a quotation on a Falstrom 
ST AND ARDIZED enclosure".

TYPICAL SOLA REGULATED DC POWER SUPPLY

Output Voltage vt Load Current

100%1 load

♦Falstrom STANDARDIZED enclosures 
are produced to basic Falstrom designs 
from standard tools and dies by tested 
Falstrom procedures to fit the specific 
equipment they will house. Delivery 
is prompt but not from stock.
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Induction Through Neighboring Third Circuits, 
Caused by Structural Irregularities in the Line by 
P. K. Akul’shin. EC 11/57, pp 73-82, 6 figs, 1 
table.

* Protected 
By U. S. Patent»
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The author has written several articles on the 
subject, the latest of which was published in the 
July 1957 issue of Elektrosvyaz’. It is shown in
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Install McLean Fans and Blowers in computers, control 
units, etc. McLean’s small packaged units pressurize cab
inet with cool filtered air, keeping dust out. Complete in 
one unit and ready for use. Standard RETMA notching 
allows mounting on rack . . . without cutting or fitting. 
Smart stainless steel grilles . . . easily removable filters.

Scattering of Electromagnetic Waves by Sinu
soidal and Trochoidal Surfaces With Finite Con
ductivity by V. I. Aksenov. REE 4/58, pp 459
466, 1 fig.

Using the Kirchhoff approximations, a solu
tion is obtained for the problem of the scattering 
of electromagnetic waves by limited portions of 
a sinusoidal or trochoidal surface with finite con
ductivity. The solution makes it possible to cal
culate the scattered field in the far zone. A 
method is proposed for determining the ampli
tude of the wave in the maxima of scattering 
lobes. By way of an example, the author calcu
lates the scattering of electromagnetic waves by 
a sinusoidal surface.

SPECIAL TERMINALS, SAPPHIRE-TO-METAL SEALS 
AND MAGNETRON WELLS AVAILABLE

High alumina ceramic and metal parts are brazed together to form a high- 
strength. long-life, molecular seal.
Stock sizes for up to 100 KV-DC operating voltages available for short delivery. 
For complete information, brochure, spec sheets and price lists, write or 
phone: Ceramaseal. Inc., New Lebanon Center, N. Y. West Lebanon 3-5851. 

CERAMASEAL, Inc.
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Asymptotic Solution of the Problem of Diffraction 
of a Plane Electromagnetic Wave by a Conduct
ing Cylinder by A. S. Goryainov. REE 5/58, pp 
603-614, 7 figs.

The diffraction by a round cylinder is first 
solved rigorously, and the resultant series are 
summed asymptotically. Simple formulas are 
obtained which give good agreement with the 
strict formulas at sufficiently close distance to the 
diffracting cylinder.

Determination of the Internal Field in the Per
turbation Method With the Aid of the Solution 
of the Diffraction Problem by V. V. Nikol’skiy. 
REE 5/58, pp 690-697, 5 figs.

The perturbation method has recently solved 
problems involving gyrotropic bodies placed in 
waveguides and in resonators. The limitation is 
that its accuracy depends entirely on the way 
the perturbed field is determined (the internal 
field) from the known value of the initial field. 
This requires an independent method, for which 
the quasi-stationary approximation is ordinarily 
used. This imposes substantial limitations on the 
dimensions of the perturbation region. This ar
ticle gives an example whereby this limitation is 
overcome. The method uses the diffraction of a 
plane wave by the perturbing body to determine 
the perturbed field in the closed system. The 
specific example is a dielectric cylinder in a 
rectangular waveguide, as being the simplest 
and most amenable to comparison with already- 
published works.

CONTACTS
PERFORMANCE

INDUSTRIAL DIVISION

Io b I,

Synchros 
Switches

Micro Brushes 
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Phase Correlation Properties of Signals and 
Gaussian Noise in Two-Channel Phase Systems 
by V. V Tsvetnov, RE 4/58, p 53-62. 5 figs.

Parts can't 
break loase... 
capacity can't 
fluctuate!

MOLDED TOROIDS 
Ind—5MH to 36H 
STOCKED for 
immediate delivery

Diffuse Propagation of UHF Waves in the Tropo
sphere from Antennas With High Directivity by 
D. M Vysokovskiy. EC 5/58, pp 16-22, 4 figs.

MOST 
ENGINEERING 
SAMPLES 
FURNISHED 
IN ONE WEEK

UNCASED 
Q values^ 260
Size: IÜ
OL unlimited

Statistical Properties of Sets of Messages by D. S 
Lebedev. RE 1/58. p 3-10.

PROMPT 
QUOTATIONS 
on stocked >r 
special items, 
address

ize .662 0D
.312 H 

Larger sizes 
available

Magnetic amplifiers, 
filters, transformers 
transistorized power H

supply, all to ■
customers' ■

specifications. I

Ceram ic-soldered 
for greater 

\ strength! /

These ceramic-soldered Johnson Type 
“L” capacitors are an ideal choice for 
applications requiring extreme stability 
and strength. Rotor bearings and stator 
support rods are actually soldered direct
ly to the heavy thick steatite ceramic 
end frames. Impervious to shock and 
vibration, parts can’t break loose . .. 
capacity can’t fluctuate.

• For complete infor
mation on Johnson Type 
*’L” Air Variables or 
other quality Johnson 
components—write for 
your free copy of our 
newest catalog today!

The connection between statistical prop

The Complex Ratio Bridge 
is supplied in two models: 
The CRB-1 covering a fre
quency range of 30 to 
1000 cps with the input 
voltage limited to 2.5 
times the frequency in 
cps (ie: 150 volts at 60 
cps); and the CRB-2 cov
ering the frequency range 
of 50 to 3000 cps with 
the input limited to 0.35 
times the frequency in cps 
(ie: 140 volts at 400 cps). 
The units are identical in 
all other respects.

the net result is usui

11505 Belmont, Kansas City 34, Mo., Phone SOuth 1-6314

this article that the structural irregularities of 
the line are the main cause of induction through 
third circuits, and limit the degree of shielding 
between circuits.

REPRESENTATIVES
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TExos 0-2761 • VErmont 9 2201

STOCKED for immediate delivery

ARE NOW AVAILABLE FROM

erties of sets of messages and the problems of 
transmitting messages from this set over a com
munication system is developed within the frame
work of the discrete case. Messages are classified 
and an attempt is made to create a new statisti
cal model for facsimile and television communi
cation.

The author has shown in a previous article 
(Geometrical Characteristics of the Scattering 
of Radio Waves by Turbulent Irregularities in 
the Troposphere, Elektrosvyaz’, September 1957) 
that the basic characteristics of diffuse propaga
tion are determined by the properties of the 
effective scattering volume. In particular it is 
determined by the ratio of the angular dimen
sions of this volume to the width of the directiv
ity pattern of the antennas used at the terminal 
point of the communication route. Since in prac
tice the antennas have directivity patterns that 
are narrower than the effective scattering volume.
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in the reception of scattered radiation. Further
more, the possible bandwidth of a given line is 
affected by the directivity of the antennas. The 
author therefore derives expressions for the 
scattering power for inhomogeneous turbulence, 
for the antenna-gain losses, and for the broad
ening of the directivity patterns in diffuse prop
agation.

SPECIFICATIONS 
Plate spacing is .030* 
rated at 1500 volts 
peak nt sea level; over 
300 volts at 50,000 
feet altitude. Plating is 
heavy nickel... other 
platings available on 
special order. Requires 
1 %*xl % * panel mount
ing area.

I he author considers the correlation properties 
of the phase differences in two-channel phase 
systems under the influence of Gaussian noise. 
Relations are derived for the correlation func
tions of the phase differences for the case of 
pure noise and for the case of strong signals. 
The correlation properties of the phase differ
ences are compared with the correlation proper
ties of the envelope of the Gaussian noise.

MEASURES:
X (in phase) RATIO 
jY (quadrature) RATIO 
TANGENT *
G IN DEGREES (10°)
O IN DEGREES 11°)

SELF CONTAINED
HIGH ACCURACY
USABLE SIX PLACE RESOLUTION
PERMANENT CALIBRATION Ina 
correction or “standardixation * 
required)

MODEL CRB-1 & 2

TOROTEL

FpSO-22■ 
TOROTEL

THESE RUGGED 
JOHNSON VARIABLES 
WITHSTAND TERRIFICVIBRATION and SHOCK!
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RADAR SYSTEMS

CARD

SIGNAL GENERATORS

MICROWAVES

SINGLE

DUAL

JHERFLY

ERENTIAL

CIRCLE 300 ON READER-SERVICE CARD
1958 107

Both instruments ure 1% accurate on AC from 10 to 1000 volts 
2% accurate below 10 volts.

Suppression of Pulsed Noise by Nonlinear Trans
formation of the Form of Their Frequency Spec
trum by A. A. Gorbachev. RE 1/58, pp 56-61, 8

Perturbation of the Natural Frequency of Electro 
magnetic Resonators by Ferrites by Yu. N. Dnes 
trovkiy. REE 5/58, pp 675-589.

Contribution to the Theory of the Carrying Ca
pacity in Binary Transmission by B. A. Varshaver 
RE 1/58, pp 11-21, 7 figs.

MICROWAVE 
RECEIVERS*
‘Tht Model 121 ten also be used as a quick 
means of determining sensitivity uf receiver! 
in the field.

oose... 
y can’t

Complete Oat. in Bulletin 645
Model 645AR 0.1% accurate, DC nnd Ohms
Model 615AR 0.5% accurate. DC and Ohms

Order from your HYCON 
representative, or from

RF PRESELECTORS 
AND FILTERS

WANTED: Soles Reps — Key orcos 
open. Contact E. Wendoikowski, Pres.

DIGITAL VOLT-OHM METE RS 
combine readability with reliability and accuracy

ARD
1958

i Type 
>ice for 
ability 
stator 
direct- 
eramic 
:k and 
•se . ..
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The method of successive approximations (the 
vector analog of the Kellog method) is used to 
investigate the problem of large and small per
turbations to the natural frequencies of elec
tromagnetic resonators induced by ferrites. A 
convergence of the successive approximations 
follows from the general theorems for the sys
tems of integral equations. This method esti
mates the accuracy of the results obtained by 
other investigators.

Effect of Radioactive compounds Co‘:0 and 
Po210 on the breakdown power and on the sta
tistical delay of microwave pulse discharge in

Response of a Time Delay Pulse Detector to a 
Sequence of Pulses Modulated by a Random 
Process by G. P. Tartakovskiy and Yu. M. Ser- 
giyenko. RE 1/58, p 62.

The authors show the equivalence of time de
lay pulse detector to a linear pulse circuit with 
negative feedback. Transfer functions of the 
latter network are derived. The spectral densitx 
of the random processes at the output of the 
detector is determined from known statistical 
characteristics of the pulse signal at the input 
of the detector.

DYNAMIC GROWTH IN 
MAGNETIC TAPE RECORDING 
HEAD PRODUCTION

The various versions of linear transformation 
of the spectrum ahead of the amplitude limiter 
in a system designed for the separation of a 
signal from a noise background are investigated. 
The advisability of using tuned converters is 
indicated. Results of theoretical and experimen
tal investigation are cited. Essentially the method 
is based on separating the signal from the noise 
by using the two differences (in amplitude and 
in spectrum) between the pulse noise and the

The general relations of communication theory 
derived by Shannon (The Mathematical Theory 
of Communications) and the theory of maximum 
interference immunity’ by V. A. Kotel’nikov are 
used to determine the carrying capacity of the 
binary channel under various methods of 
manipulation. It is assumed that the channel is 
under the influence of fluctuation noise.

370 Mouth Fair Oaka. Paaadana. California 

CIRCLE 299 ON READER-SERVICE

3 DIGITAL INSTRUMENTS IN 1
The HYCON reads DC volts in 4 
decimal ranges from .001 V to 999 
V ..AC volts in 3 decimal ranges 
from 1.0 V to 999 V RMS.. resist 
ance in 5 decimal ranges from ] 
ohm to 9 99 megohms.
High Impedance (vacuum tube) in 
put. Size 5‘A x 19", 11" deep 
Complete with probes.

For your laboratory, incoming inspection, or in-line 
test positions—or wherever accurate and reliable 
measurements must be made quickly— you need a 
HYCON Digital Volt-Ohmmeter.
READABLE W digits, in line, with illuminated decimal 
point and polarity indicator for fast (2 second aver
age) readout without interpolation error.

RUGGED AND RELIABLE with no delicate components 
—designed for continuous operation, and to withstand 
shock and vibration without loss of accuracy.

MICHIGAN MAGNETICS, INC.
Vermontville, Michigan 

EXPORT DIV., MORHAN EXPORTING CORP , NEW YORK CITY

WIDE FREQUENCY RANGE
Covers entire spectrum from 50 me to 11,000 me without the 
use of tuning controls.
BASE OF OPERATION:
A flick of the switch delivers the full spectrum. A switch 
provides a choice of 50 me or 100 me spacing. The amplitudes 
of the marker signals are adjusted by an output level control.
ACCURATE
( ) 0.005% at any frequency, unaffected by temperature or 
input power variations.
COMPACT; RUGGED; LIGHT WEIGHT:
Built to the same specifications as its Military equivalent of 
Test ‘ m USM-45.

A dependable source serving the 
industry with precision quality 
magnetic heads created individually 
to your exact specifications and 
quantify requirements. Let our design 
engineers and production people 
solve your tape recording head 
problems . . . write, wire or call 
for details.

CONTROL ELECTRONICS

NAVIGATIONAL 
BEACONS & AIDS

FORMS THE BASIS OF * 
MICROWAVE, CRYSTAL CON 
TROLLED LOCAL OSCILLATOR

10 Stepar Place 

Huntington Station, New York

WIDE SPECTRUM
CRYSTAL CONTROLLED

FREQ. CALIBRATOR 
50 mcs to 11,000 mcs



RUSSIAN TRANSLATIONS
SPECIFICATIONS

TYPE RL-1O1

TYPE RL-1O2

TYPE RL-103
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resistorMISCELLANEOUS actual size

ATA

ith an area

• Vibration doesn't affect them.
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and 
peti 
one At A

Radio Equipment for Simultaneous Translation 
of Speeches into Eight Languages by S. G. Kal- 
ikhman. CJ 5/58, pp 8-11, 8 figs.

To get the details on Kodak Ektron Detectors, write for a 
free booklet tot Military and Special Products Sales,

Pulsed Method for Determining the Location of 
Improper Pairing of Conductors in Cables by 
V. O. Shvartsman. CJ 2/58, pp 7-9.

Approximate Method of Calculating the Induced 
Current in Cavity Magnetrons by S. I. Bychkov. 
REE 4/58, pp 530-536, 2 figs, 2 tables.

Electric Discharge in Air al 3.2 cm by V. Ye 
Mitsuk, G. S. Solntsev, M. Z. Khokhlov, P. S 
Bulkin, and G. M. Zastenker. REE 5/58, pp 698
703, 7 figs.

EASTMAN KODAK COMPANY
Rochester 4, N. Y.

The fundamental relations are derived for the 
induced current in a cavity magnetron. Starting 
with the assumed distribution of the radial veloc
ities of the electrons, the dependence of the first 
harmonic of the induced current on the mode 
and the parameters of the magnetron are deter
mined.

The author considers the theoretical funda
mentals, the measuring apparatus required, and 
the results obtained when using a pulse method

• They are available in com

plex and exact arrays and 

mosaics.

2x10 ohms 2x10‘ohms 2x10 ohms

to 3000 m2. No indication

* Signal response extends 

from 0.25 microns in the ultra

violet to 3.5 microns in the in

frared with maximum sensitiv

ity at 2.2 microns in the infrared.

given as to where this equipment is actually 
stalled.

LEPEL HIGH FREQUENCY LABORATORIES, INC 
5Sth STREET and 37th AVENUE. WOODSIDE 11. NEW YORK CITY. N Y

Contact« DPDT at 
15 ampere«, sensi
tivity 140 micro
watts; excitntion 25 
volts at 60 cpt.

FEATURES:
High contact rating up to 15 
amperes. High sensitivity energized 
at 40 microwatts. No transistor or 
vacuum tube required. Rugged con
struction, up to 500 cps at 10q 
with no contact chatter.

• Elements can be extremely small in size.

• Signal-to-noise ratio is excellent, particularly in the infrared

f ■ ELECTRONICS LAB., It 
Formerly ADVANCE

249 Terhune Ave., Passaic, N.J. 
GRegory 2-5622

Contacts DPDT at 2 
amperes; excitation 
26 volts at 400 cps; 
sensitivity 80 mi
crowatts; vibration 
up to 500 cps at 
10g; dimension* 
1-17/64" x 1-17/64" 
x 1-15/16".

Compare these advantages over other proximity devices

• Detects ferrous and non-ferrous metals • Sensitive 
to tin foil • Control Unit can be located 50 feet or more 
from pickup • Replacement cost only $13.50 • Pickups 
sealed against water and oil • Meets JIC requirements. 
Variety of models for detecting metal objects at clear
ances over six inches; also Hollow Coil Pickups for 
detecting and counting small metal parts.

Control Unit contains relay output for direct opera
tion of motor controls, solenoids and electric counters.

Write or Phone for Bulletin and Name of Nearest Field Engineer

Electro products laboratories
4501 il 4 «avenswood, Chicago 40. Ill LOngboach 1-1707 

4—Canada.- Aflat Radio Ltd., Toronto
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A procedure is proposed for determining the 
breakdown voltage of the electric field and the 
statistical time delay at a wavelength of 3.2 cm. 
The experimental set-up is described, as are the 
devices that makes it possible to automatize the 
statistical measurements. The breakdown volt
ages were measured at pressures from 0.1 to 300 
mm Hg. The results obtained are in agreement, 
within experimental accuracy, with those ob
tained by Posin (“The Microwave Spark.” Physi
cal Review, 1948, 73, 496) but the authors dis
agree with his conclusions.

air was investigated. It is shown that the break
down power remains unchanged over a wide 
range of compound activity.

Block diagram and description of principal 
apparatus used for simultaneous translation of 
speeches and their translations in large halls. A 
fixed wavelength at 85, 100, 150, 130, 145, 40, 55 
and 70 kc was used. No wires are used for trans
mission, although the system can be converted 
for such purpose. The equipment is capable of 
serving participants in a conference in a hall

Contact* DPDT at 2 
ampere*; excita
tion 6 volt« al 
60 cp*; sensitivity 
40 microwatts; vi
bration up to 55 
cps at 10g.

IPs called a Kodak Ektron Detector, the photosen
sitive substance is lead sulfide, and it can be laid 
down in any pattern.Control Unit, Cable and 

Proximity Pickup start at 
$89 50. Patents pending.

HIGH FREQUENCY

HARDENING

MELTING
BRAZING

LEPEL Electronic Tube
GENERATORS KW KW,

KW

SOLDERING
ANNEALING

MAGNETIC 
AMPLIFIER

RELAYS
WITH 180 MICROAMPERE 

SENSITIVITY

2 KW; 4 KW; 7V2 KW; 15. KW; 30 KW

All Lepel equipment is certified to comply with the 
requirements of the Federal Communications Commission

WRITE FOR THE NEW LEPEL CATALOG . . . 36 illuxtrated poyes 
packed with valuable information.

5 KW; 10 KW; 20 KW; 30 KW, 5 
75 KW; 100 KW.

LEPEL Spark Gap Converters

“ ” HEATING



MODEL 2S

RECORDER

with TIME BASE

Nonstationary Processes Waveguide by
A. A. Kovtun. REE 5/58, pp 660-674, 6 figs

X-Y RECORDING

CURVE FOLLOWING

POINT PLOTTING

FUNCTION vs TIME

STABILITY

KEY DC POWER SUPPLIES Model 405 shown

REE
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Design of Grounded-Grid Stage in the Critical 
Mode by Yu. V. Bogoslovskiy. EC 4/58, pp 36-40.

A DIRECT WRITING, LOW FREQUENCY OSCILLOGRAPH for;

Acoustic Journal (Akusficheskiy Zhurnal)
Automation and Telemechanics (Avtomatika i 
Telemekhanika)
Communications Journal (Vestnik Svyazi) 
Electrical Communications (Elektrosvyaz) 
Instruments and Experimental Techniques 
(Pribori i Tekhnika Eksperimenfa)
Journal of Technical Physics (Zhurnal Tekh- 
nicheskoy Fisiki)
Measurement Engineering (Izmeritel'naya 
Tekhnika)
Radio
Radio Engineering (Radiotekhnika)
Radio Engineering and Electronics (Radiotekh
nika i Elektronika)

The sources of the Russian articles and 
their dates of issue follow the authors' names. 
Here is the key to the names of the journals 
in which the articles originally appeared.

High Voltage - 

High Resolution

for determining the points of incorrect pairing 
of conductors in municipal telephone systems. 
It is indicated that this method can also be used 
to locate faults of other types.

Four-Electrode Piezoelectric Resonator for the 
Frequency Range from 250 to 600 kc by V. Ya. 
Gel-mont. CJ 3/58, p 12.

Invertigates four-electrode piezoelectric res
onator, operating at the second harmonic, in 
filters. This circuit makes it possible to reduce 
by one half the number of resonators in quartz 
filters used to separate the group carriers in type 
V-12 high frequency carrier apparatus.

New dual purpose 
single coil 

latching relay...

Designed for trouble-free operation . . . 
the Series 48 relays feature AEMCO’s pat* 
ented latching mechanism—for greater 
dependability than ordinary cam or rachet 
relays. Construction is rugged—latch action 
is positive! Contacts lock open or closed 
mechanically with a momentary impulse to 
relay coil. SPST up to DPDT—rated 10 amps, 
at 115 V. SPST up to 4PDT—rated at 2 
amps, at 1 1 5 V.
SPECIFICATIONS: CORE: Solid core, heavy 
copper shading ring. COIL: Vacuum varnish 
impregnated and baked—tested for 1000 V 
RMS breakdown. INSULATION: Standard 
NEMA Grade XXXP Phenolic. CONTACTS: 

dia. for 10 amp. models—fine silver or 
silver alloy. ’/«" dia. for 2 amp. models— 
fine silver, gold alloy, or palladium contacts. 
All metal parts except stainless steel, cadmium 
plated with cronak finish. Latching members 
available with case-hardened parts if desired. 
For complete information on these Series 48 
Relays, write for descriptive data .sheet.

Need relays 
ask

A procedure is developed for the design of a 
grounded-grid stage in the critical mode. One of 
the initial parameters for the design is chosen to 
be the amplitude of the plate current, the oscilla
tion power Pi, or the tank-circuit resistance.

23 State St. • Mankato, Minn.
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mw mom
Your inquiries ore invited Ask for 
your free copy of Relay Catalog 
detcribing all itandard relay: in 
X the AEMCO line.

Investigates nonstationary processes in a cylin
drical waveguide of round cross-section, excited 
by an elementary dipole. The method of in
complete separation of variables is used to ob
tain an exact solution to the problem. The solu
tion is analyzed for cases when the conductivity 
of the waveguide wall is a large finite quantity 
or an infinite quantity.

Automatically draws curves directly from a 
variety of electrical data.
With adaptor, regenerates functions from original 
curves traced with conducting ink.

Plots points directly from Keyboard; with trans
lator, plots from Card Punch or Tape Reader.

Automatically plots dependent variabb- against 
TIME. (5 Sweep Ranges)

Recording Table 
(Vacuum Grip)

AEMCO offers o complete line of Iff/ K. 
relays in o wide choice of spring ✓ w
ond coil combinations, operating t
potentials, ond contact ratings. If w
one of hundreds of standard \
AiMCO relay types does not ex- 
actly meet your requirements, we 
w II be happy to design and menu- ■Lgjjfir’*! 
foeture o unit to meet or exceed 
your requirements.

* MCO also manufactures a complete line of Se- 
q< ence ond Automatic Re-Set Timers, Time Switches 

and Sign Flashers.

409 N. FAIR OAKS AVENUE. PASADENA. CALIFORNIA 
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nd 10 amp. Models

JOHN FLUKE MANUFACTURING CO., INC 
1111 W. NICKERSON ST., SEATTLE 99, WASH

______________

OUTPUT
600 lo 3100 VDC

0 to 15 ma

500 to 2000 VDC 
5 ma to 1500 V 

2 ma to 2 KV

500 to 1600 VDC

0 to 1 ma

REGULATION
.01% line

.01% load

.01 % line

.03% load

.03% line

.03% load ___

STABILITY

RESOLUTION

.005% per hour

10 mv at any output

.005% per hour

100 mv at any output

.02% per hour

100 mv at any output

CALIBRATION 
ACCURACY Better than .5% Better than 1 % Better than 2%

PRICE 
F.O.B. Seattle $595.00 $435.00 $220.00

For full de 
meet your ।

tails and specifica 
^articular needs, c<

lions on these and o 
ontact our represent

ther models to 
ative or write to:



ABSTRACTS

Volt-Ammeter

TYPICAL APPLICATIONS

DATA AUGII 0

Potr

A-2

500

To 5a

20a

CIRCLE 332 ON READER-SERVICE CARD

600
300

For resolution of voltage into sine and 
cosine components in accordance with 
positions of shaft rotation.

INPUT IS SHAH POSITION 
comSPOKDiHG TO 
RADIAI MOlIOOt

Wiring diagram of the volt-ampere converter for use 
in audio-frequency calibration work.

Potentiometers 
able in 3", 2",

having sinusoid functions are avail 
1%", 1%”» and Vs' diameters.

ELECTRONIC DESIGN • October 29

B-3 
*0.5v
? 2 5 ma

TECHNOLOGY INSTRUMENT CORP
555 Main St., Acton, Mass. COlonial 3-7711 

PO. Box 3941, No. Hollywood, Calif. POplar 5-8620

standardized on de and then used on ai. 
Twelve voltage ranges from 0.5 to 600 v 
and 11 current ranges between 7.5 and 
20 amp have been designed. These ranges 
may be used either for de or ac measure
ments with a 1.5 v potentiometer or for 
ac-dc transfer tests of instruments.

Like other transfer instruments for ac
curate standardization at the higher 
audio frequencies, the volt-ammeter, 
based on an earlier, more limited proto
type, uses a thermal converter as the sen
sitive component. The thermal converter 
consists essentially of a conductor, heated

100
250

INCREASING use of audio frequen
cies, especially in airborne devices, 

has made necessary the development of 
special equipment and transfer standards 
for tests of instruments operating in this 
range. Toward this end the National 
Bureau of Standards has developed a 
self-contained, portable volt-ampere con
verter which measures voltage and cur
rent from 5 to 50,000 cps. As the pri
mary electrical units are maintained by 
de standards, all ac measurements of 
voltage, current, and power are actually 
based on transfer instruments, which are

H SINE-COSINE 
™ Precision 
POTENTIOMETER-RESISTORS

These potentiometers are available with two sliders 
giving independent outputs, one proportional to the 
sine and the other to the cosine of the shaft angle. 
Multiple units may be ganged and phased for cosine 
function or for other applications such as rotation of 
coordinates.
Precision in potentiometer-resistors feature wide tem
perature range, excellent environmental stability, 
highly precise mechanical construction and electrical 
performance.
Technical reports on the use of these units, and com
plete data are available on request.

in automatic controls, direc
tional and ranging systems, ana
log computers, and telemetry.

phase division as used in investi
gation of phase sensitive systems, 
delay measurements, and liming 
applications.

da i \ conversion as used in rota
tion of coordinates, or conver
sion from polar to rectangular 
coordinate form, for computers 
or data display applications.
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where to get the best bandpass filters?
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Canal Street, Bristol, Penna

peatable cw field intensity

Abstracted from National Bureau of 
Standards Technical Report, Audio Fre
quency Volt-Ammeter.

ELECTRONIC DESIGN • October 29, 1958

Abstracted from the article Measurement of 
Spurious Radiation from Missileborne Electronic 
Equipments by A. L. Albin and C. B. Pearlston, 
Jr., Filtron Co., Inc., delivered at 1958 IRE Con
vention. B*W alto design and manufactura filters for: ANTENNAS*RADIO INTERFERENCE* RADIO RANGE*UHF and VHF 

as well as many special types designed to performance specifications. Available to commercial or military standards.
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ty the ac to be measured, and a thermo
couple, thermally attached near the cen
t r of the heater. The output electromo
tive force produced in the thermocouple 
is first balanced against the voltage from 
an internal de bucking circuit to obtain 
a null reading on a built-in galvanome
ter. Then the heater is switched to an in
ternal de circuit, which is adjusted to 
give the same output emf and therefore 
equivalent heater current and voltage 
drop. A simple multiplication of the volt
age measured across a portion of this de 
circuit yields the unknown alternating 
voltage or current. The 7.5 ma thermal 
converter used has excellent transfer 
characteristics, its ac-dc difference being 
less than 0.01 per cent at audio frequen
cies. Changes in heater resistance are 
compensated by connecting additional 
resistors in the circuit. Accuracy of the 
instrument is dependent only on the po- 
teniometer used to measure the voltage 
and on the highly stable internal re
sistors. A function selector switch is used 
to connect the thermal converter circuit 
to the shunts for ac measurements and to 
the series resistors for alternating voltage 
measurements. For direct voltage meas
urements the 1.5 v section of the series

resistors is connected directly to the po
tentiometer, and for de measurements the 
shunt voltage is connected directly to 
the potentiometer. This relatively simple 
switching permits the same resistors and 
shunts to be used for de as well as ac 
measurements, thus greatly increasing 
the usefulness of the instrument.

Binding posts on the panel make pos
sible the inclusion of a millammeter in 
the balancing circuit to measure the 
thermal converter output voltage. With 
these data and a converter characteristic 
curve, ac-dc difference tests can be made 
of voltmeters and ammeters with an ac
curacy of 0.02 per cent. In such tests the 
voltampere converter is connected in 
series with the test ammeter, or in par
allel with the test voltmeter. Alternating 
and direct current are then applied suc
cessively to the arrangements. By using a 
more sensitive external galvanometer in 
place of the built-in galvanometer, the 
ac-dc difference of the test instrument 
can be obtained. Special precautions 
were taken to minimize reactance.

EFFICIENT rf spectrum utilization and mutual 
interference reduction requires the imposition 

of limitations on harmonic and other spurious 
radiations from microwave electronic equipment. 
An experimental program was undertaken to ex
tend the limits of existing interference specifica
tions to cover the range 1 to 10 kmc, and to 
establish techniques for radiated interference 
measurements.

The following conclusions were reached:
■ With horn-type directional antennas, it is

measurements in a shielded enclosure from 1 to 
10 kmc.
■ The optimum distance range for interference 
testing is 3 to 6 ft from the equipment in the 
frequency range.

The paper also proposes a method for ncar- 
field antenna calibration which gives good cor
relation between theoretical and experimental 
values.

Major Quiggle*, KC, AC, DC, MC, fixed his procurement 
manager with a withering stare. “So now our whole production 
line is held up,” he barked, “while you try to find a good 
bandpass filter with a flat response between 17 and 20 kcs. 
And you also insist that it have sharp low and high frequency 
cut-off,” he added.

The manager reeled with the outburst. Never had he seen 
the old man in such a fury over a simple question of where 
to get the best bandpass filters.

Quiggle continued, “Haven't you been reading the trade paper 
advertisements? Why don’t you call Barker & Williamson!
They’ve been making filters of all types such as Band 
Elimination, High-Pass and Low-Pass for years ... must be 
experts on the subject, they’ll have the answer.”

And B&W did have the answer. The Model 360 torroidal 
bandpass filter was perfect. With a flat response between f JB 
17.2 and 20.2 kcs, Quiggle’s engineers found many other > 
favorable characteristics when they obtained a spec sheet JK 
on the unit by the simple expedient of calling B&W.

•Now a confirmed customer and 
friend, name is withheld intentionally



MEETINGS
Calendar of Events Electron Devices Meeting, Oct. 30-31

Bandwidth Electron Devices Meeting, Washington, D. C30-31

1 dbInsertion Loss

10-12

8th National Plastics Exposition, Nov. 17-21BANDPASS FILTERSMODEL HFF-T

Bandwidth
19 20

19 21

1 dbInsertion Loss

Mass

Techniques

Nicollet Hotel, Minneapolis, Minn
by IRE, AIEE, and ISA. The theme this yearIndicates meetings described in the following columns
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17-18
17-20

9 10 1112 13 14 15
16 17 18 19 20 21 22
23 242526272829

Rem 
Ave.

Power Rating 
Connectors: 
Finish

Model HFF-T-3 
(Triple Tuned)

11th Annual Conference on Electrical 
in Medicine and Biology, Nov. 19-21

Northeast Electronics Research and Engineering 
Meeting, Nov. 19-20

Peak to Valley Ratin 
Selectivity:

1.2 in pass band (consistant with 
peak to valley ratio)

Conference on Magnetism and Magnetic Mate 
rials, Nov. 17-20

5th Annual National Meeting Professional Group 
on Nuclear Science, Nov. 6-7

Model HFF-4 
(Quadruple Tuned)

Power Rating (CW): 
Connectors:
Finish:

Regulator Co., Newton Highlands, 
more information.

Peak to Valley Ratio
Selectivity

SPECIFICATIONS
MODEL HFF BANDPASS FILTERS

= .5 db or last
Defined by number of resonant elements 
Doublets to sextuplets available 

100 watts
BNC or Type N
Silver Plate; Rhodium Flash

= 5 db
Defined by number of resonant elements 
Doublets to sextuplets available 

25 watts
BNC or Type N
Silver Plate; Rhodium Flash

200 to 2000 met (factory preset to 
customer specifications)

1% to 15% of center frequency 
(factory preset)

50 jhms

30 to 1000 mcs (factory preset to 
customer specifications)

5% to 25% of center frequency 
(factory preset)

50 ohms

1.2 in pass band (consistent with 
peak to valley ratio)

Reliable Electrical Connections, Dallas, Tex *

Eastern Joint Computer Conf., Phila., Pa.

Symp on Global Communications, St Petersburg, Fin

the Basic Science Committee of AIEE 
further information write C. J. Kreissman, 
ington Rand Univac, 1900 W. Allegheny 
Phila. 29, Pa.

f* = 425 mcs
B.W. = 50 mcs 
Insertion loss = 0 15 db

to “400 mcs
B.W. = 45 mcs
Insertion loss = 0.9 dh

International Amphitheatre, Chicago, Ill. To bt 
held concurrently with the API Annual Confer
ence at the Hotel Morrison. Sponsored by the 
Society of the Plastics Industry, Inc. Theme to 
be stressed: Plastics for Profits. Will cover mate
rials, methods, machines, and techniques.

Sheraton Hotel, Philadelphia, Pa. Sponsored b

Villa Motel, San Mateo, Calif. The conference 
will comprise four sessions: Electronics for Par
ticle Accelerators; Electronics for Controlled 
Fusion Research; Reactor Instrumentation 
Nuclear Radiation—Effects, Detection, and Meas 
urements. Technical papers to be presented will 
cover applications of electronics to the prob 
lems of nuclear detection, measurement, and 
control. New developments covered at the 
Geneva and Paris Conventions will be discussed

ELECTRONIC DESIGN • October 29, 1958

International Plastics Standards Meeting, Washing 
ton, D C

Soc. for Applied Spectroscopy ioint meeting with 
ASTM Materials Comm., New York, N Y.

5th Annual National Meeting Professional Group on 
Nuclear Science, San Mateo, Calif.*

2nd International Symposium on the Physics and 
Medicine of the Atmosphere and Space, San Antonio,

IRE Region 3 Convention, Atlanta, Ga
Conf, on Magnetism and Magnetic Materials, Phila

Mechanics Hall, Roston, Mass. Sponsored 
jointly by the Boston, Connecticut, and Western 
Massachusetts Sections of the IRE. R. R. Leon
ard, Datamatic Div., Minneapolis-Honeywell

Shoreham Hotel, Washington, D. C. Sessio 
to cover important new developments 
devices and techniques essential to defem 
industrial, and commercial electronics. Maj 
aspects of recent electronic advances to be d 
cussed: “Controlled Fusion,” “P-N Junction 
“Panel Display7 Devices,” “Parametric Amp 
fiers.”

8th National Plastics Exposition, Chicago, III.*

Northeast Electronics Research and Engineering
Meeting, Boston, Mass *

Elec. Tech in Medicine and Biology, Minneapolis, 
Minn.

NOV. 1958 
S M T W T F S

DEC. 1958
S M T W T F s
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the ultimate in bandpass filters

applied Research ine.
Port Washington, N. Y76 S. Bayles Avenue

Model HFF and Model HFF-T bandpass filters are 
available at other frequencies, bandwidths, power 
ratings and to customer specifications. Also avail
able are temperature compensated filters for maxi
mum stability.

SiND FOR BROCHURE
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Group

Mote-

Seminars
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NAME

FIRM

ADDRESS.iniques
STATECITY

MAIL TODAY FOR 1958 "Hi" CATALOG

HOLUB INDUSTRIES, Inc.>nsored 
is ^ear

REQUEST
CATALOG

Philadelphia, Pa. Sponsored by IRE, AIEE, and 
Univ, of Pennsylvania. Devoted to transistor 
circuit technology, applications, and circuit 
techniques of a variety of solid state devices.

To be 
Confer- 
by the 
jme to 
mate- Showing No. 650 Strip 

connected (but not wired) 
to our No. 600 Terminal Block

Dallas, Tex. For information write W. O. Rich
ards, 224 Cedar St., Syracuse 3, N.Y.

3rd EIA Conference on Reliable Electrical Connec
tions, Dec. 2-4

468 ELM STREET • SYCAMORE, ILLINOIS 
CIRCLE 337 ON READER-SERVICE CARD

1959 Solid State Circuits Conference, Feb. 12-13, 
1959

nsored 
festem 
Leon- 

leywell 
s., has

red by 
Î. For 
, Rem- 
r Ave..

For further Information 
contact our Engineering Department

• NYLON CLAMPS Strong, tough, durable and 
pliable. Do not support combustion. Tempera
ture ranges, —W° to +250° F. Thirteen loop 
diameters, t/B" to I”. Larger sites coming!

• ETHYL CELLULOSE CLAMPS For general use. 
Tough, lightweight, durable and pliable. Tem
perature ranges, —60° to +175°F. Twenty- 
Two loop diameters, 1/8" through 3".
SARAN CLAMPS Very pliable and non-burning 
material . . . Temperature ranges, —40° to 
+ I5O°F. Seventeen loop diameters, l/l" 
through 1-1/4".

Perfect Insulators for mounting sin
gle or group wires, tubing, etc. . . 
unaffected by oge, moisture, cor
rosion, shock, vibration. Use as a 
clamp, strain relief, clip, ha.sger, 
fastener, strap, etc.

MILLIONS IN 
USE!

KULKA ELECTRIC CORP.
633-643 South Fulton Avenue • Mount Vernon, N. Y.

Manufacturers of Electrical Wiring Devices 
CIRCLE 336 ON READER-SERVICE CARD

essio IS 
its in 
efens e, 
Maj ir 

be d s- 
?tion ’ 
Amp i-

is Biology and Computers. Sessions will cover 
possible applications of electronic computers in 
the fields of electrocardiography, electro
encephalography, and biological logics. Further 
information may be obtained from Mr. Robert 
Erskine, Minneapolis-Honeywell Co., 2753 
Fourth Ave. South, Minneapolis, Minn.

erenct 
Dr Par 
trolled 
itation
Meas- 

?d will 
prob- 

t, and 
it the 
mussed.

Sections
A series of lectures on Space Technology, co

sponsored by the LI Section of IRE and the 
America^ Rocket Society are being held at the 
Garden City High School, Garden City, N.Y. 
Nationally recognized authorities in important 
areas of space engineering will discuss latest 
developments in space research and the prob
lems which still remain to be solved.

R & D: American Management Assoc, to present 
five seminars. Nov. 10-14, Organizing and Con
trolling Research and Development; Nov. 19-21, 
Effective Utilization of Outside Research Facil
ities; Nov. 19-21, Effective Supervision of Engi
neering Projects; Nov. 19-21, Creating and 
Evaluating Research Projects; Nov. 19-21, Ad
ministering Salary Programs in the Technical 
Organization. Address enquiries to Registrar, 
AMA, 1515 Broadway, New York 36, N.Y.

Paper Deadline
November 30: Deadline for papers (in triplicate) 
to be considered for inclusion at the Interna
tional Convention on Transistors and Associated 
Semi-Conductor Devices to be held in London 
May 25-29, 1959. Before submitting papers, 
a ithors are asked to send a short summary of 
e ich paper of about 200 words, giving title and 
range of subject matter covered. Address en
quiries to Industrial and Trade Fairs Ltd., 
Drury House, Russell St., London, W. C. 2.

CONSTANT VOLTAGE

Provide ±1% Regulation, 
Overload Protection

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.

Terminal Connecting Strips
For Faster, Better II ¡ring 

Of Multiple Connections 
To Terminal Blocks

Made of laminated phenolic: 
Black XP and Natural XXXP 
Lug* are of .031 thick brass, 

Hot-tinned for easy soldering.

Here is a practical device to simplify wiring work and to 
assure correct connections. Cable is attached at either end 
of strip with clamp. Each wire is soldered to terminal lug 
at raised nib. Pointed ends are clamped over insulation, 
holding wire fast. Work can be done at bench, or anywhere. 
Connect to matching terminal block by sliding spade-type 
lugs under binder screws and tightening. Lugs are double 
eyeletted and fit snugly between high barriers, so cannot 
shift. Upturned ends of lugs act as extra ‘lock’. Supplied 
flat, or with 90° angle (A), with cable mounting hole at 
left (L) or right (R) of strip.

SEND FOR NEW CATALOG
New Bulletin CVS-321 gives engineer
ing data; performance curves and full 
specifications. Write for your copy.

ACME ELECTRIC CORPORATION
9010WATER STREET • CUBA, NEW YORK

52

Women Atsemblert 
Like 'Em

Easy To Open . . . 
Snap Back in Shape!

ASK FOR FREE SAMPLES!
Specify Type and Sizes

FOR FASTER ASSEMBLY 
WORK...
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NEWTON. THE APPLE 
: and the 

ATOMICHRON
Creative Imagination took Newton from a falling 
apple to the hypothesis of the laws of gravity.

At National Company creative imagination has 
taken the known unvarying resonance of the 
Cesium atom and translated it into a frequency
producing instrument with a stability of frequency 
of 5 parts in 1010 throughout its entire operating 
life—This is the Atomichron, man’s most accurate 
measurement of time.

The applications and adaptations of the basic 
Atomichron are many-fold and, as yet largely 
untouched.

You. who enjoy such creative challenges to 
scientific and technical development, should talk 
to National.

National Company right now affords engineers and 
physicists the opportunity to grow and establish 
prestige in such advanced fields as multipath trans
mission, noise reduction and correlation techniques, 
Tropospheric scatter systems, Ionospheric scatter 
systems, molecular beam techniques for signal 
processing,and long range microwave transmission.

At National Company, in the heart of New England 
Electronics, you can associate with a company in 
which creativity is required, recognized and 
rewarded.

Write or phone

National Company, Inc. • Malden, Mass.



VIC CAK

ELECTRICAL, ELECTRONIC ENGINEERS
Armour Research Foundation, one of the nation’s 
foremost independent research organizations, has 
openings for experienced engineers to work on its 
many diversified research programs. As a member of 
our Electrical Engineering Research staff, you will 
have an opportunity to fully utilize your technical 
ability while enjoying excellent facilities, working 
conditions, and stimulating staff associations.

Applicants should have at least a B.S. degree and be 
experienced in one of the following areas:

COMMUNICATIONS
INSTRUMENTATION
CONTROL SYSTEMS

COMPONENTS
The Foundation is located on the campus of the Illi
nois Institute of Technology and encourages graduate 
engineering study through its education program pro
viding full tuition benefits, in addition to offering 
competitive salaries and liberal employee benefits.

If you are interested in this challenging opportunity, 
please send a complete resume to:

10 W. 35th St.

A. J. Panerai 
ARMOUR RESEARCH FOUNDATION 
of Illinois Institute of Technology

Chicago 16, III.

CIRCLE 553 ON READER-SERVICE CARD

HOW TO USE
THE

HOME REPLY FORM

If you wish to inquire about any of the employment 

opportunities listed in the “Career Section” simply 

circle the appropriate Reader Service number in the 

grey (shaded) area of your Reader Service card. Be 

sure to include your home (or non-business) address 

in the space provided at the bottom of the card. In 

this way, the privacy of your inquiry will be pro

tected while still providing the speed and efficiency 

of ELECTRONIC DESIGN'S Reader Service card system.

Last year ELECTRONIC DESIGN processed more than 

120,000 individual reader cards. ELECTRONIC DE

SIGN’S confidential inquiry form (the first in the field) 

speeds communications between reader and adver
tiser.

5^ YORK
offers the opportunity 

and the challenge of 
key assignments in...

GUIDED MISSILE 
ELECTRONICS

ELECTRONIC
ENGINEERS

MECHANICAL
ENGINEERS

Here is your chance to prove your 
ability doing important work on mis
sile fuzing, beacons, guidance, pack
aging and related test equipment. We 
have key openings that offer you the 
opportunity to move ahead rapidly in 
your profession. At Bendix York, 
you benefit from the advantages of a 
small company atmosphere in a 
growing division of one of the 
nation’s largest engineering and 
manufacturing corporations. Also, 
you’ll enjoy the “good life” in our 
beautiful suburban community. 
Good salaries, all employee benefits.

Drop us a card, briefly stating 
your education & experi
ence. We’ll act Im- 
mediately to get to- / 
gether with you ADDS 
and talk it over, dr

AVIATION CORPORATION

/ York Division
York, Penna. / York. 47-2611

CIRCLE 554 ON READER-SERVICE CARD

... where Motorola 
offers rewarding 
opportunities!

Work where it’s fun to live. 
Advance your career—both in 
recognition and financial gain— 
at Motorola in Phoenix.

Your family will share your 
opportunity when you settle 
down in sunny, dry, healthful 
Phoenix! Tourists spend mil
lions of dollars every year just 
to visit Phoenix. The attractions 
of this fabulous vacationland 
can be yours to enjoy year- 
’round with Motorola!

If you are qualified 
for any of the po
sitions below, write, 

wire or phone today.

ELECTRONIC ENGINEERS, 
MECHANICAL ENGINEERS, PHYSICISTS

System Analysis, Resign and Test 
Radar Communications
Navigation Missile Guidance

Data Processing and Display

Circuit Resign, Revelepment and Packaging 
Microwave Pulse and Video

Antenna Digital and Analog
R-F and I-F Transistor

Servos

Technical and Specification Writing 
Printed and Etched Circuitry

Write:
Mr. Kei Rowan

Western Military Electronics Center
Motorola, Inc., Dept. B-10 

8201 E. McDowell Roao 
Phoenix, Arizona

fngfwwrfM /fglting alia available a» 
Meterale, lee. la Cbieage, Hllaalg, and 
Üvañlde. Cal Harel a.

«INC.

CIRCLE 555 ON READER-SERVICE CARD
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C
A

R
EE

R
S IBM KINGSTON

... probing electronic frontiers
for tomorrow's break-throughs

Research into uses of magnetic thin-film components in 
advanced electronic equipment is typical of the many 

exciting creative opportunities now available at IBM 

Kingston. IBM research teams are also investigating 
other problems, such as: The use of magnetic materials 

in liquid-helium memory systems. . .and the evolution 

of new fabrication methods based on vacuum deposition 
techniques. This is a fine opportunity to satisfy unfulfilled 

ambitions to do really original work among creative, 

constantly inquiring minds.

IBM, a recognized leader in the electronic computer field, 
offers a stable balance of military and commercial work. 

You will find ground-floor opportunities for professional 

achievement at IBM Kingston. Liberal company benefits 

set standards for industry today, and salaries are com
mensurate with your abilities and experience. Kingston, 

N. Y., is a pleasant Hudson River valley community. It 

combines country living with easy proximity to New York 

and other metropolitan areas.

Hants and laboratorias Endicott, Kintitop, Owefu. Pvoghkoein««, Yorktown, 
ft Y , lexlnftoe, Ky , Roehostor, Minn ; San Jn«, Calif; •vrlin(tonl Vt

ASSIGNMENTS 
open in these development areas:

• Cryogenics
• Digital Computer Design and Programming
• Guidance and Detection System Analysis
• Magnetic Devices
• Optical Systems for Data Presentation
• Solid State Physics

QUALIFICATIONS: B.S., M.S, 
or Ph.D. Degrees in Electrical 
Engineering, Physics, Mathemat
ics or related disciplines. Indus
trial experience is desirable.

MILITARY 
PRODUCTS

Write, outlining qualifications 
and experience, to:
Mr. D. H. Hammers, Dept. 555 W
IBM Corporation
Military Products Division 
Kingston, N. Y.

4 CIRCLE 556 ON READER-SERVICE CARE I
ELECTRONIC DESIGN • October 29, 1958 I E

There are other openings in related fields 
to broaden your skills and knowledge.

IBM 
w



Wing NutsAND
SPECS Cap Nuts

Sherman H. Hubelbank

CAP NUTS
Thumb hiDevices

ALL SIZES SHAPES MATERIALS

Screws

Washers

fl 945 GEORGE ST. ft CHICAGO 14 fl

commercial Plastics bo
New Rochelle 3-8600

CIRCLE 338 ON READER-SERVICE CARD CIRCLE 340 ON READER-SERVICE CARD

ELECTRONIC DESIGN BINDER

CIRCLE 341 ON READER-SERVICE CARD

DIE CAST 
ZINC AUDI

Screw 
Insulators

Thumb A 
Wing Screws

MOLDED 
NYLON

ICE CARD

1958

. . KEEK YOUR BACK COPIES FOR HANDY REFERENCE
These strong, 1234, 12’4 x 5" binders offer on easy means 

of filing your back copies of Electronic Design. Each binder 
holds 13 normal size issues, and permits substitution of maga
zines if desired Cost to Electronic Design subscribers is only 
$3.25.

PLASTIC
CLAMPS

Transistor Symbols

AIEE No. 426. Proposed Standard for Graphe

See GRC at th«* 
METAL SHOW, Booth 550

40 Second St , New Rochelle,

High in quality 
Uniformly accurate 
Low in cost

ELECTRONIC DESIGN • October 29, 1958

GRIES REPRODUCER CORP.BHMMI
World’s Foremost Producer of Small Die Castings

forth the 
the con-

• Wide range 
styles, types, 
and threads

Produced in one

Cores

AIEE No. 430, Proposed Recommended Prac
tice for Toroidal Magnetic Tape Wound 
Gores, April 1958
It is recommended that the nominal dimensions 
for toroidal strip-wound cores made from mag
netic tape be between 0.014 and 0.005 inch in 
thickness and without regard to the type of mag
netic material used. Bobbin-wound cores of ultra
thin magnetic tapes are not included. Also ex
cluded from consideration are recommendations 
on dimensional tolerances, space factors, number 
of wraps of tape, core case shape or size, and 
particular values of strip thickness. Copies of this 
publication are available without charge from 
the American Institute of Electrical Engineers, 
33 West 39 Street, New York 18, N.Y.

cal Symbols for Semiconductor 
April 1958
The first section of this standard sets 
basic rules and symbol elements for
struction of graphical symbols for semiconductor 
devices. The? second section is a glossary of de
vice symbols. In this section, a listing is made 
of some semiconductor devices, together with 
their graphical symbols. It is recognized that in 
many cases it is possible to develop other de
vice symbols using the standard symbol elements 
of section one. In general, the angle at which a 
connecting lead is brought to a symbol has no 
particular significance. Copies of this proposed 
standard are available without charge from the 
American Institute of Electrical Engineers, 33 
West 39 Street, New York 18, N.Y.

automatic operation, GRC'i ex
clusive methods assure uniform
ity, smooth surfaces and the 
lowest possible cost. New kinds 
of fasteners never before avail
able ... modifications in stock 
fasteners for specialized use 
. . . infinite variety in styles, 
types and sizes, have been 
made possible by GRC s special 
au'umatic die casting and 
molding machines.

Writ«, wire, phone RIGHT 
NOW for price«, your 
w»" - copy of GRC« NEWIt FASTENER BULLETIN

HIGH TYPE 
WASHER BASE

Distinctive, accurately 
dimensioned, smoothly 
finished, completely 
free nf tool marks and 
cut-off burrs.

W to 15/16" hex 
#4-36 to 7/16"-20 
threads

TO OBTAIN YOUR BINDER ... SIMPLY CIRCLE ED NO. 339 
(We will bill you later)

If you wish more than one binder, write to "Binders/' Hay
den Publishing Company, Inc., 830 Third Avenue, New York 
22, NY, enclosing check or money order. Binders will be sent 
to you postpaid.

CLOSED END QpEN ENQ

Get Commercial Clamps for satisfaction! 
Fast installation, more secure, top-quality. 
No shorts! No tearing! No corrosion! Need 
to hold wires, cables, tubing, conduit, hose? 
f PC has the right size, shape, material, or 
will design a special clamp for you. 
tough, permanent, safe. Write today.

Fuseholders
MIL-F-21346, General Specifications for 
Block and Plug Type Fuseholders and Asso
ciated Electrical Clips, 24 April 1958 
Fuseholders for use with instrument, power, and 
telephone fuses and other widely used fuses are 
covered by this spec. Block and plug type fuse
holders, and associated equipment such as elec
trical clips and electrical-clip assemblies are 
covered. The type designation for a typical fuse
holder meeting this spec is FH20AM.

Q Reduce cost» 
fl Simplify assembly 
I 1 Improve appearance with

h DIE CAST ZINC ALLOY
& MOLDED NYLON

’FASTEN!

HIGHT
i S f*4**^^^ RICHT Ueas~ 

tofui vow 
\ \MINIATURE

UG™GNEEDS
JI For Pilot—Dial—Indicating— 

. Illuminant usee, DRAKE'«
—quick-reference catalog «impli- 

In fies selection of just the right 
'"-•r Miniature Lighting unit. 16 

picture and fact-packed pages 
include detailed specifications; plus highly useful 
data on basic unit elements, best choices for various 
uses, etc. Project Data Sheet makes it easy to get 
specific recommendations for your job. Decades of 

_r-\ specialized experience in all
< i* 1 aspects of Miniature Lighting

Dmake DRAKE first choice for 
toP results, best quality, 
greatest economy.EShT SEND FOR YOUR COPY/

DRAKE
MANUFACTURING COMPANY

1711 WEST HUBBARD ST. • CHICAGO 2 2, ILL.
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Advertiser Page

AEMCO, Inc.................................................... 109
AMP. Inc............................................................ XII
Ace Electronics Associates ............... 71
Acme Electric Corp.......................................... 113
Ad-Yu Electronics .................................. 108
Airborne Instrument Laboratory, Inc. . 84
Aladdin Electronics ................................ 81
Allen-Bradley Co.............................................. 12
Allied Control Co........................... . - . 74
Alpha Wire Corp................................................. 80
Amperex Electronic Corp................................ 86
Anaconda Wire & Cable Co. . . . . 52. 53
Applied Research, Inc..................................... 112
Armour Research Foundation .. 115
Arnold Engineering Co...................................... 39
Arnold Magnetics Co........................................ 83
Art Wire & Stamping Co................................... 98
Automatic Electric Co........................................ 15

Barker & Williamson, Inc. . . .
Bendix Aviation Corp., Red Bank Div. 
Bendix Aviation Corp., -Scintilla Div.
Bendix Aviation Corp., York Div. . . . 
Bishop & Co., J.........................................  
Bud Radio, Inc........................................ 
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Burnell & Co., Inc.....................................
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115
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92 
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Ceramaseal Co., The.................................... 105
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Designers for Industry .................................. 87
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Edison, Thomas A., Inc................................. 22
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Electra Mfg. Co............................................... 25
Electrical Industries .................................... 69
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Electro Products Laboratories .................... 108
Electro Tec Corp.............................................. 96
Electronic Measurements Co....................... 38
Electronic Research Associates, Inc. . . .70
Elgin Metalformers Corp. . . . .72
Epoxy Products Div........................................ 13

Fairchild Semiconductor, Inc.
Falstrom Co..............................
Filtors, Inc........... ...................
Fluke, John, Mfg. Co., Inc. .

10
101
57

109

General Ceramics Corp................................. 31
General Electric Co., Resistors .................. 73
General Electric Co., 

Receiving Tube Dept ........... 62. 63
General Electric Co., 

Laminated Products Dept.................... 93
Gertsch Products, Inc...................................... 106
Globe Industries, Inc...................................... 33
Good-AU Electric Mfg. Co. . X, XI
Com Electric Co.............................................. 77
Grant Pulley & Hardware Corp. 94
Grayhill, Inc..................................................... 79
Green Instrument Co., Inc............................ 77
Gries Reproducer Corp................................... 117

Hardwick Hindle Inc............................. 99
Hart Mfg. Co........................  85
Haydon. A. W. Co., Inc. ................ 74
Heiland Div., Minneapolis-Honeywell IV
Hewlett-Packard Co............................... 118, 119
Hoffman Semiconductor Div., 

Hoffman Electronics ............................. 67
Holub Industries, Inc...................................... 113
Hycon Electronics, Inc................................... 107

I T4 T Components Div.............................. 16
Industrial Instruments, Inc............................ 85
International Business Machines Corp. 116
International Rectifier Corp.................... 46, 47
International Resistance Co............................ 2

DUAL

New 122A uses alternate sweep or 
40 KC chopper for dual trace display

New 
hp 122 A/AR 

rugged cabinet

Other high performance, direct reading,

-hp- 150A/AR, DC to 10 MC. 24 
sweep times, 0.02 sec/cm to 15 sec/cm. 
Plug-ins for high gain or dual channel 
use. Rack mount, $1,200; cabinet mod
el, $1,100.

-hp- 130B/BR, DC to 300 KC. Simi
lar X, Y amplifiers, 21 sweep times, 
1 /x sec/cm to 12.5 sec/cm. Balanced 
input 5 most sensitive ranges. Includes 
times-5 magnifier. $650.

-hp- 120A/AR, DC to 200 KC. 15 
sweep times, 1 ¿tsec/cm to 0.5 sec/cm. 
Times-5 magnifier, automatic trigger. 
Simple to use, rugged, outstanding 
value. $435.

-i

5 
ii 
F
St.



200 KC SCOPE WITH
TRACE PRESENTATION!

107

109

runs
ver

tical deflection, but

Times-5 expandto 0 2 sec/cm, accuracy

102

no

106

stage».

HEWLETT-PACKARD COMPANYf capacitance
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the 5 psec/cm range. Trace normally 
free, syncing automatically on 0.5 cm

JFD Mfg (
Johnson, FL

Moseley, 
Motorola.

VII 
10 1

For complete details, write or call you 
-hp- representative, or write direct.

101
104
103

Oak Mfg. Co.............  
Ohio Semiconductors

105
108
102

Varian Associates ............ 
Victor Vdding Machine < 
Video Instruments ......

Vertical Amplifiers: Identical A and B amplifiers, 4

Union Switch & Signal, Div. of
Westinghouse Air Brake Co. . 

United Aircraft Products .........  
U. S. Radium Corp......................

October 29, 1958

National Co., Ine.........................
National V ulcanized Fibre Co
Northern Eng. Laboratories, li

hp- 115A Testmobile for 150A, othe

tired vv heel

\\ ddes-Kohinoor, Inc. . . . 
Ward Leonard Electric Co. 
Westinghouse Corp..

Semiconductor Div. . . . 
Wheelock Signals, Inc. . . .

Iibrated sensitivities of 10 mv

ranges, alte

eavv chrome tube construction, 4" rubber

Taber Instrument Corp...........
Technic, Inc..................................
Technology Instrument Coip. 
Telemeter Magnetics, Inc. . . . 
Texas Instruments, Inc. . . .
Texas Instruments, Inc.,

Industrial Instruments Div.
Thomas A Skinner, Inc. . . .
Torotel, Inc...................................

Keithley Instrument ( 
Kester Solder Co. . . . 
Kulka Electric Corp

Pace Electrical ..............
Panoramic Radio Product:
Philco Corp.......................
Polarad Electronic Corp.
Potter Instrument Co. .
Precision Metals Div., 

Hamilton Watch Co.
Pyramid Electric Co. .

Sweep: 15 calibrated sweeps, 1 -2-5sequence, 5/-sec/cm

scopes. Tilts scope to 30

Sage Electronics Corp......................... 
Sarkes Tarzian, Inc.............................  
•Servo Corp, of America ................  
Sola Electric Co..................................  
Spectronic Plating Co., Inc...............  
Speer Carbon Co., Inc., 

Jeffers Electronic Div................
Sperry Gyroscope Co.........................
Sprague Electric Co............................
Star Stainless Screw Co....................  
stepper Motors Div. of Land-Air < 
Superior Electronics .......................... 
Sylvania Electric Products,

Electronic Div...................................
Systron Corp..........................................

er, all ranges. Vernier extends 0.2 sec/cm range 
to 0.5 sec cm.

Leach Corp.............................................
Leach A Garner, General finding;

Supply Corp...................................
Lepel High Frequency Laboratori«' 
I .erco Electronics, Inc......................  
Linde Company ...............................

Balanced (differential) input available on all input 
ranges. With dual trace, balanced input on 10

Radio Corporation of America............
Radio Receptor Co...................................
Raytheon Mfg. Co., 

Microwave & Power Tubes .......
Raytheon Mfg. Co., Semiconductor Di
Reeves-Hoffman .....................................
Remington Rand, Inc..............................

McLean Engineering Laboratories .
Machlett Lalioratories .......................
Magnetics, Inc.........................................
Magtrol, Inc.............................................
Methode Mfg. Co..................................
Mica Insulator Co..............................
Michigan Magnetics, Ine......................
Microwave Associates, Inc..................
Miniature Precision Bearings .
Minnesota Mining &- Manufacturing (

., Western Military
Center .....................

-hp- AC-21 C Voltage Divider Probe.
50:1 divider with 10 megohm input

eliminates free-run and sets trigger level 
as desired between —10 and ¿-10 volts. 
Rack or cabinet mount; rack mount model 
only 7" high.

Trigger selector: Internal 4- or —, external or line. 
Triggers automatically on 0.5 cm internal or 2.5 v 
peak external. Displays base line in absence of 
signal. Trigger level selection —10 to 4-10 v 
available when automatic trigger defeated.

storage. $80.

-hp- 116A Storage Unit ($22.50) hangs 
1I5A, hold» three 150A plug-in» or -h 
117A Accessory Drawers, $10 each.

Other significant features include univer
sal optimum automatic triggering, high 
maximum sensitivity of 10 mv/cm. 15 cal
ibrated sweeps with vernier, sweep accu
racy of ±5% and a “times-5” expansion 
giving maximum speed of 1 psec/cm on

O27K PAGE MILL ROAD • PALO ALTO, CALIFORNIA, U.S.A 
CABLE "HEWPACK' • DAVENPORT 5-4451

FIELD REPRESENTATIVES IN ALL PRINCIPAL AREAS

Here at last is a 200 KC oscilloscope — 
priced at just $625 — giving you “big-, 
scope” versatility and the time-saving con
venience of simultaneous two-phenomena 
presentation.
Engineered to speed industrial, mechani
cal, medical and geophysical measure
ments in the 200 KC range, the new -hp- 
122A has two identical vertical amplifiers 
and a vertical function selector.

mv/cm range Input impedance 1 megohm with 
less than 60 ppi shunt. Bandwidth DC to 200 KC or 
2 cps to 200 KC when AC coupled Internal ampli
tude calibrator provided.

Function Selector: A only, B only, B-A, Alternate and 
Chopped (at approx. 40 KC).

Horizontal Amplifier: 3 calibrated sensitivities, 0.1 
v/cm, 1 v/cm, 10 v/cm. Accuracy ±5%. Vernier 
lOto 1.
Bandwidth DC to 200 KC or 2 cps to 200 KC, AC 
coupled.

General: 5AOPI CRT, intensity modulation terminals at 
rear, power input approximately 150 watts, all DC 
power supplies regulated.

Price: (Cabinet or rack mount) $625.00.

For -hp- 150A but usable with most 
»copes, \ l’\ M’s, preamp». $25.
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of trouble-free service from 100RCA-6198 Vidicons 
: i 4..in Pennsylvania Station, N.Y.

“ • r j Ic ’ > —4

t •

This is what James L. Lahey, General Man
ager of Dage Television Division of Thomp
son Products, Inc. says about the perform
ance of RCA-6198 Vidicons:

“...all the RCA-6198 vidicon tubes per
formed satisfactorily in excess of 10,000 
hours and, althoiigh a few have been 
replaced in the last few weeks, it ap
pears that 80/c will pass the 15,000 hour 
mark.”

T^ie remarkable 100-camera system 
placed in operation by Dage in Febru

ary 1957 is substantially increasing the 
efficiency of ticket sales and reservations 
at New York’s famed Pennsylvania Rail

road Station. And noteworthy is this fact: 
Every camera in this system is equipped 
with an RCA-6198 Vidicon.

RCA anticipated the need for reliable 
high-quality TV-camera tubes in industrial 
and military TV applications, and is pro
viding equipment designers with quality- 
built industrial-type Vidicons for a variety 
of applications.

If your TV-system designs call for 
camera-tube reliability backed by both de
sign and field experience, then by all means 
look into the advantages of RCA Vidicons. 
Your RCA Field Representative will be 
glad to discuss the use of RCA Vidicons in 
your applications.

Industrial Products Sales

744 Broad St., Newark 2, N. J. 
HUmboldt 5-3900

Suite 1154, Merchandise Mart Plaza 
Chicago 54, III.
Whitehall 4-2900

6355 E. Washington Blvd. 
Los Angeles 22, Calif.
RAymond 3-8361

Government Sales

415 S. Fifth St., Harrison, N. J. 
HUmboldt 5-3900

224 N. Wilkinson St., Dayton, Ohio 
BAIdwin 6-2300

1625“K" St., N. W., 
Washington 6, D.C. 
District 7-1260
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