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MORE RELIABILITY AND BETTER PERFORMANCE WITH
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MINIATURE PULSE 

TRANSFORMERS

• Meets all requirements of MIL-T-27A
• Small size and weight
• Ideal for computer applications

MAGNETIC AMPLIFIERS
• Hermetically Sealed To MIL 

Specifications
• No Tubes
• Direct Operation from Line Voltage
• Fast Response
• Long Life Trouble Free Operation
• Phase Reversible Output
r-------------  Power Gain 2x10®----------- j
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HERMETICALLY SEALED 
DC TO DC and DC TO AC 
TRANSISTOR CONVERTERS

• Meets MIL Specifications
• Maintenance Free, Long Life 

Operation
• Exceptionally High Efficiency
• Highly Compact Package
• No Moving Parts

8y combining the best square loop mag
netic materials with the latest in transistor 
development Freed transistor converters 
solve power supply problems of operating 
communications equipment from low volt
age batteries. AVAILABLE FROM STOCK 

DC to DC CONVERTERS
Freed Input Output
No VDC VDC IDC Size

MAC 6 2 1 6 3 150 049 2»/,W « 2 7.0 « 3'/;H DC2B
MAC 6 3 1 6 3 195 080 37»H <3 9 1613 1 16 JB
MAC 1 2 2 1 12 6 300 043 DC 28
MAC 1222 12 6 ISO 072 DC2B
MAC 1241 1 2 6 390 100 JB
MAC 1242 12 6 245 170 JB
MAC 1243 12 6 350 1 20 JB
MAC 1244 1 2 Ô 225 218 JB
MAC 26 2 1 M J SO 100 DC2B
MAC 26 2 2 26 600 04 J DC2B
MAC 26 2 3 26 360 072 DC2B
MAC 26 4 1 26 600 1 40 JB
MAC 26 4 2 26 4 50 190 JB
MAC 26 4 3 26 450- 190 JB
•Top of 2?5 Volts Also available for AC Sauare wave output
at slightly higher rating s.

DC to AC CONVERTERS

FREED QUALITY INSTRUMENTSTransistor Mag. Amp. Motor
Preamp. MAF-5
MAT-1 wt. 18 oz.
Wr 10 oi__________________________________

FOR PRECISION LABORATORY TESTING
NO. 1110-AB 

INCREMENTAL 
INDUCTANCE BRIDGE

1,500 OHMS .

• Inductance: 1 Millihenry 
to 1000 Henry

• Maximum Direct Current:
1 Ampere

NO. 1620 
VARIABLE TEST 

VOLTAGE MEGOHMMETER

• Variable DC test voltage: 
50 to 1000 volts

• Resistance range: .1 meg
ohm to 4,000,000 megohms

Send for NEW TRANSFORMER AND INSTRUMENT CATALOGS

MW
MINIATURE VARIABLE 

HIGH FREQUENCY 
INDUCTORS

Continuous Inductance Variation 
Hermetically Sealed Constructions 
Frequency Range 20 KC to 500 KC 
High Q 
Exact Tuning Without Trimmers 
High Self Resonant Frequency

iiwr

Cat #

NOMINAL 
IND MHY 

MIN. MAX.
AVERAGE 

Q
SELF RES 
FREQ MC

VHI- 1 1.1 1.75 95 2 2
VHI 2 1.7 2.5 95 1 9
VHI 3 2 3 3.7 95 1 6
VHI 4 3. 4 5 100 1 4
VHI 5 4. 57 100 1 .3
VHI 6 5 5 7 5 100 1.
VHI- 7 7. 10 5 100 9

VHI- 8 10 15. 100 85
VHI- 9 14.5 20 5 100 .6
VHI 10 20. 30. 100 .55

MW
HERMETICALLY SEALED 

CONSTANT VOLTAGE 
TRANSFORMERS.

• Meets Military 
Specifications

• No Tubes
• No Moving Parts

Accurate Regulations
Fast Response 
Fully Automatic

metically sealed mag
netic voltage regulator 
that will provide con
stant output voltage re
gardless of line and 
or load changes.

SUPPLIED EITHER MIL OR COMMERCIAI

CAT #
INPUT 
VOLT

LINE
FREQ

OUTPUT 
VOLT

OUTPUT 
VA

MCV 6201 95-130 v 60 cps. 115 20
MCV 6701 95 130 v 60 cps. 115 70
MCV-6130L 95-130 v 60 cps 115 130
MCV- 670F 95 130 v 60 cps. 6 4 70
MCV 6130F 95 130 v 60 cps. 6.4 130
MCV- 420F 95 130 v 400 cps. 6.4 20

See ns at the IRE Show. Booths 2721*23

FREED TRANSFORMER CO., INC.
1727 Weirfield Street Brooklyn (Ridgewood) 27, New York

Spring Spins Gyro (cover) ... 28
Use of a spiral clock spring in 

this gyro, designed for missiles and 
drones, helps cut down the weight. 
It is capable of being stored in a 
wound condition for indefinite pe
riods without loss of accuracy.

Improve Circuit Reliability . . 20
Statistical techniques are finding 

growing acceptance as important 
tools of analyses. This article pro
vides some background information 
on statistical concepts and shows 
how component variations can be 
statistically handled in circuit design.

Designing Zener Diode Voltage 
Regulators .................................30

A wider choice of voltages and 
larger current ranges than with gas
tube types can be achieved with 
zener diode voltage regulators. And 
it doesn t require a firing voltage 
higher than the regulating voltage, 
as does a gas tube regulator.

Improving the Emitter-Coupled 
Phase Splitter............................34

An efficient phase-splitter with well 
stabilized operating points is de
scribed having a voltage gain of 
about 8000 and a power output of 
10 mv. Only a slight modification of 
the conventional phase-splitter cir
cuit is required to solve the difficult 
problem of drift.
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Contacts N.O
6 y Comtrols *

G-V thermal time

protect cathodes in RCA’

TV microwave relay system

When the industry required a portable microwave repeater station 
that behaved like a permanently installed, unattended unit, RCA 
developed its Television Microwave Relay Station, Type TVM-1A. In 
it, to protect the unit's cathodes, RCA design engineers rely on G-V 
thermal time delay relays to delay the application of plate voltage.

In both industrial and military equipment, G-V thermal relays are 
providing long, dependable, proven service in time delay applica
tions, voltage and current sensing functions and circuit protection.

G-V CONTROLS INC
LIVINGSTON, NEW JERSEY
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Screen
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Current
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Output 
Power

1AD4 RF Amplifier up to 200 Mc (1) 100 45 3.0 2000
1AG4 AF Power Amplifier 40 41.4 2.4 1000 35

CK512AX Voltage Amplifier 
low microphonie *20 15 0.05 105 37 (2)

CK5678 RF Amplifier up to 60 Me (1) 50 67.5 1.8 1100

CK5886 Electrometer Voltage Amplifier 
with high input impedance 10 10.5 0.2 175

(3)
max L, 
2.5 x 10”A

CK6088 AF Power Amplifier 20 45 0.65 560 10.5

CK6397 RF Power Amplifier to 200 Me 
or Doubler from 200 to 400 Me **125 125 7.25 1950 140 mW doubling 

to 225 Me
CK6418 AF Power Amplifier 10 22.5 0.24 300 2.2
CK6526 AF Power Amplifier 125 110 6.5 1900 375
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CK6612 RF Amplifier up to 200 Me (1) 80 30 3.0 3000
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“Filament center tap also permits 2.5 volt operation at half this indicated current

íaYTHEon:

ADVERTISING 
REPRESENTATIVES

London, W. 1 : 
24 Baker Street 

England

CIRCLE 3 ON READER-SERVICE CARD

ELECTRONIC DESIGN April 1, 1959



BEHIND THE NEWS

AM Stereo

NSRC Formed

To evaluate and study the rising number of 
stereo broadcasting schemes, Electronic Industries

Broadcasting Techniques 
Vie for Attention

At the last count, fifteen different methods have 
been designed and developed for broadcasting 
stereo programs. Techniques range from multiplex 
FM systems to separate-sideband AM to com
binations of FM-AM.

In the past month alone, four systems (two- 
described below) have been demonstrated to 
members of the industry. Are the demonstrations 
and press notices aimed at pointing to latest ad
vancements in the state of the art? Or are the 

DELAY LINE-

ORCHESTRA

DELAY LINE

RCVPRCVR
RADIO
RCVR

TV 
CHANNEL

Fig. 1. Cross-connected delay lines between two stereo 
channels, A.T.T. system.

manufacturers revealing slightly-modified tech
niques in their desire to join the stereo-publicity 
bandwagon? Engineers and bystanders in at
tendance are tending to sense a message to the 
effect—“To prove that we are not napping, here 
is our method of stereo broadcasting.”

RADIO 
CHANNEL 

r-"1" 1 

I 
I

Assoeiation (EIA) has recently formed the Na
tional Stereophonic Radio Committee (NSRC). 
Six panels have been set up to investigate the 
following points prior to submission of proposals 
to the FCC:
■ System specifications—consider and investigate 
system proposals and set up initial transmission 
specifications.
■ Interconnecting facilities—recommend charac
teristics for lines, networks, studio links, and 
related facilities between program origination and 
transmitter sites.
■ Broadcast transmitters—study feasibility of 
proposed transmission methods and means of 
adopting proposals to existing equipment.
■ Broadcast receivers—carefully check compatibil
ity (how will existing monophonic receiver sound 
when tuned to stereo program), reverse com
patibility' (how will stereo receiver sound when 
tuned to monophonic signal), and stereo per
formance.
■ Field testing—examination of coverage, inter
ference, channel utilization, and other field 
problems.
■ Subjective aspect—provide scientific informa
tion on subjective aspects ol stereo reproduction 
to the other panels.

Primary aims of the various schemes include 
low-cost equipment investment for the listener 
as well as the broadcaster, entertaining listening 
for the stereo and monophonic consumer with a 
minimum of compromise, and compatibility with 
existing F. C. C. standards for AM broadcasting.

Two methods, recently demonstrated to indus
try representatives, offer fine examples of the 
trend towards simplification and economy al
though approached from different viewpoints.

A.T.T. System

Stereo broadcasting techniques, when striving 
for utmost stereo effect, generally make use of 
two widely-spaced microphone pickups. While the 
stereo listener can then derive full depth and 
realism, the single channel listener hears the out
put of only one of the pickups and thus effec-

ELECTRONIC DESIGN • April 1, 1959 3
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loudspeaker in the listener’s home, while the
propc

left MICROPHONE

R

modi
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effect

' "r"
RIGHT MICROPHONE

ADDER AND
SUBTRACTOR

TRANSISTOR EXPERTS 
are betting that 
this is the 
winning combination:

tively misses a portion of the program material. 
To preserve satisfactory reception for the single 
channel listener, the broadcaster would have to 
dilute the stereo effect.

Through the use of a new “compatibility’’ cir
cuit, developed by F. K. Becker of Bell Telephone 
Laboratories, the single channel problem can be 
eliminated without affecting the stereo listener. 
The circuit depends for success on a psycho
acoustic phenomenon known as the “Precedence 
Effect”, discovered in 1933. This effect operates 
in such a manner that when a single sound is 
reproduced through two separate loudspeakers, 
but is delayed several milliseconds in one, the 
listener will “hear’’ the sound as if it came onl\ 
from the speaker from which he heard it first. He 
will judge the second loudspeaker to be silent.

In the new development, the circuits between 
the microphone pickups and their corresponding 
radio or TV transmitters are cross connected 
through two delay lines, each with its own buffer 
amplifier see Fig. 1. Because of these cross con
nections, music or voice signals from the left 
microphone are transmitted directly to the left 
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FAIRCHILD SILICON
TRAN^KTDR^I Iv/llivlv I vliv come through, fulfilling the 
extraordinary promises you've heard rumored about the new 
solid-state diffusion devices.
A4 SPEED — 80 milli - micro -second rise time affords the fastest 
switching yet available with silicon.

A V POWER - 2 watts dissipation at 25° C. leaves plenty of power handling 
capability at higher temperatures too.
A ♦ RELIABILITY — Storage at 300° C. for 350 hours caused no serious 
changes, assuring a large safety factor at operating temperatures. 
Mesa construction provides extraordinary ruggedness too.
At AVAILABILITY—Thousands of the 2N696 and 2N697 transistors 
have been delivered in the first months after announcement. 
Stock is available for immediate shipment.
2 ♦ LOWER PRICES — Fairchild is gearing for quantity sales 
and bringing prices down within reach of more users. A second 
large plant expansion is being made in response to demand.
Look to the future
Existence of Fairchild's multiple-diffused transistors is already having 
a profound effect on the breadboard designs of today. It means 
competitive improvements in the quantity production of tomorrow — 
both in the race for military superiority and in various commercial 
bids for sales leadership. May we send you specifications?

same signal is slightly delayed before reaching 
the speaker to his right. The stereo listener will 
hear the sound as if it came only from the left 

Precedence Effect.
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Conversely, the sound from the right microphone 
goes direct to the right speaker, hut is delayed 
before reaching the left speaker, and is therefore 
unheard. Thus, the brain of the stereo listener 
localizes the sound he hears as coming direct from 
each of his two speakers, and full stereophonic 
effect is maintained.

However, monophonic reception is completely 
compatible, since a listener to each single channel 
hears the total sound from both microphones in 
a balanced reproduction. The slight delay built 
in apparently docs not affect his reception at all, 
according to subjective tests performed at Bell 
I laboratories.

This development should make it possible for 
many more broadcasters to offer double-channel 
stereo programming without diluting the stereo 
(‘fleet or penalizing the single channel listener, 
who will make up the majority of their audience.

Westinghouse Technique
Westinghouse’s approach to simple, economical 

stereo broadcasting involves simultaneous ampli
tude and frequency modulation of the carrier. It 
is interesting to note that the initial patent for 
the pri sent scheme was filed in 1925 by Dr. Frank 
( .'onrad, former research director of Westinghouse.

Ihe amplitude modulation is predominately 
proportional to the algebraic sum of the two 
stereophonic signals (L-left microphone 4 R-right 
microphone) but includes a smaller signal that 
is .1 function of the stereophonic difference signal 
IR). This function to be developed by a com 

pensating system.
The frequency modulation consists of compo

nents of the stereophonic difference signals be
tween 300 and 3000 cycles per second. The filter 
cut-off rate is 6 decibels per octave; the maximum 
dev iation is 3 kilocycles.

In the transmitter block diagram the compensa
tion network, shown in Fig. 2. operates to modify 
the AM modulation as a function of the stereo
phonic signal. As a result, the envelope of the 
signal leaving the transmitter is precorrected so 
that a standard AM radio will receive and re
produce monophonic sound substantially inde
pendent of the stereophonic difference signals.

Basically, the monophonic listener would tune 
exactly on station and receive the sum of both 
(L 4~ R) microphone signals. For stereophonic 
reception, two inexpensive AM radios would be 
used; one would be tuned to a frequency about 
two kc above the carrier with the other set about 
two kc below the carrier. A combination of 
amplitude modulation and slope-type frequency 
modulation would produce the separate left and 
right channel signals. Tuning of the receivers, it 
is claimed, would not require exact settings— 
rather broad tuning would still reproduce stereo 
effects.

Burnell & Co. may not be experts in 
the art of head shrinking. But when it 
comes to toroids, filters and related 
networks. Burnell has the know-how 
to solve an infinite variety of small 
space problems. The new MicroiD i; 
filters by Burnell & Co. are a notable 
achievement in the shrinking of filters 
which can be designed for low pass or 
band pass applications.

For example, as a low pass filter. 
Type TCLJ starts at 400 cps. Physical 
size is 11/16 x 1-11 16 x 1/2 max. 
For higher frequencies from 7.500 
cycles up to 100 kc. size is 3/4 x 1 
x 1/2".

The band pass filter, Ty pe TTJ pic
tured here, ranges from 7.350 cycles

up to 100 kc. Physical size is 1/2” x 
19/32 x 15/16", weight .3 ounces, 
band width 15% at 3 db and 4- 60% 
— 10% at 40 db. Wherever space and 
performance are critical requirements, 
miniaturized MicroiD low pass 
and band pass filters provide utmost 
reliability as well as more unit surface 
economy on printed circuit boards. 
Completely encapsulated, they are 
ideally suited to withstand high accel
eration. shock and vibration environ
ments. Write for special filter bulletin 
to help solve your circuit problem.-.

FREQUENCY (KCI 

4 7 10 20

R REGISTERED TRADE MARK

PIONEERS IN TOROIDS, FILTERS AND RELATED NETWORKS

EASTERN DIVISION
DLH D-18

10 PELHAM PARKWAY 
PELHAM, N. Y. 

PELHAM 8-5000 
TELETYPE PELHAM 3633

PACIFIC DIVISION
DEPT. D-17
720 MISSION ST.
SOUTH PASADENA, CALIF.
RYAN 1-2841
TELETYPE PASACAL 7528

5
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Russian Oil Lamp 

Powers Radio
Tens of thousands of low-power 

thermionic generators art* being put 
into service in the U.S.S.R., accord
ing to latest reports. The Russians 
have encouraged the development 
in their efforts to provide radio 
reception at low cost for their “edu
cational'’ broadcasting programs.

Principally intended for use in 
rural areas devoid of electricity, the 
power generator (originally de- 
scribed—ED, May, 1956) makes use 
of the heat generated by a light
supplying oil-lamp. Enough energy 
is developed, from otherw ise wasted 
calories, to operate a five or six tube 
radio receiver, according to Dr. 
A. V. J. Martin of the Carnegie In
stitute of Technology.

Fig. 2. Method of assembling the lamp and the gen
erator.

120 r

Now a device that READS and 
STOPS faster, better

The compact *909’ Perforated Tape Strip Reader now makes it possible 
to process information from perforated tape into digital data computer 
systems at high speed and low cost. Simple to operate by clerical personnel, 
the *909’ is completely transistorized, and will give maximum performance 
with complete reliability.

The *909’ is a compact unit, suitable for console or rack mounting. Here 
are some of the performance features, available for the first time in equipment 
of this type:

• Character reading speeds up to 1000 
char/sec.

• Simple In-Line threading
• 3 Millisec starting time
• Stops on STOP Character, (0.2 millisec) 

and will read next character after start
• 100 x 10* operation pinch roll
• Photo Diode Head reads any tape (in

cluding oiled yellow teletype tape)
• Reads 5, 6, 7 or 8 level tape with 

sprocket channel
• Ambient temperature up to 125° F. with 

10,000 hour life
• Built to meet requirements of MIL-E-

4158 A

Construction no
The usual glass chimney of the oil

lamp is replaced by an aluminum too 
tube carrying internal partitions so
as to absorb a maximum of calories, 90
see Figs. 1 and 2. Around this tube VOLTS

80

Speri^falùnti
Tape Speed:

10 to 100 ips
Tape Width:

Any Standard Width
Power Requirements:

115 V, 60 Cycle, 1 Phase
Control:

Remote/Level Inputs

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

The^mari of 
Engineering Quality

POTTER INSTRUMENT COMPANY, INC
Sunnyside Boulevard, Plainview, N. Y. 

OVerbrook 1-3200

Potter has career opportunities for qualified engineers who 
like a challenge, and the freedom to meet it.
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Fig. 3. Output voltage as a function of current drain.

Fig. 1. Thermoelectric generator in
stalled on a lamp, with the connecting 
plug to a radio receiver.

Fig. 4. Generator can be taken apart for field mainte
nance or repair even by unskilled manpower.
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PHILCO Transistors operate

in High-Speed Computer Circuits

ampere, provision operation in six computers

common

than 0.4 ; 
made for

Philco
amassed

Writ 9 to Lantda¡9 Tub9 Cot..pony, Division of

Philco Corporation, Lansdalo, Pa., Dopt. ED 459

lillion hours of 
nder actual field

s lower 
must be

Documented service hours in these six computers only. Total 
transistors hours in similar circuits are many times this amount.

electro-chemical transistors have

When you think of transistors, think first 
of Philco. Make Philco your prime source 
for all transistor information.

metals readily available in USSR.

CIRCLE 7 ON READER-SERVICE CARD ►

are placed 14 thermocouple blocks, 
one of their faces being in intimate 
contact with the aluminum and 
hence at high temperature. The op
posite face carries a U-shaped alu
minum cooling plate. Each of its 
two fins measure approximately 100 
x 75 mm, that is 4 x 3 inches. The 
total cooling area per block is then 
about 150 square centimeters.

The temperature difference be
tween the two opposite faces of the 
thermocouple block is of the order 
of 233 C, providing the electrical 
power. The inner face of the blocks 
is at 295 C, and the outer face is at 
62 C for normal room temperature. 
Of the 14 blocks, 1 is eventually 
used for bias, 3 for heaters voltage, 
and the remaining 10 for B-J-.

The heater supply voltage blocks 
measure 94 x 25 x 7 mm, and each 
contains 18 elements. Each element 
has a cross section of 7 x 5 mm. 
There are in all 54 elements, pro- 
v iding a current of 0.4 ampere under 
1.4 volt. At no-load, the voltage 
goes up to 2.45 volts, so that if the

Thermocouple Composition

The thermocouples used have a 
positive element made of an alloy 
of zinc and antimony with a small 
proportion of lead. The negative ele
ment is either constantan or ma- 
ganine, tinned for the ease of 
assembly. The unit has no moving 
part, is not subjected to wear, and 
is exceptionally rugged and trouble
free, with an unlimited useful life,

conditions. Here is proof of the outstanding 
performance and reliability that electronics 
engineers and designers have come to expect 
from Transistor Center, U.S.A. Of course, 
these transistors are still operating in their 
original high speed computer switching cir
cuits . . . extending service life data on these 
transistors beyond the limits of any previously 
published information.

selenium cells being commonly used.
The high-voltage blocks measure 

94 x 25 x 11 mm. Each contains six 
vertical rows of 45 elements. The 10 
blocks in series then represent 2700 
thermocouples, and provide a no
load voltage of 111.5 volta. When 
loaded, voltage goes down as shown 
(Fig. 3).

The bias block measures 94 x 25 
x 11 mm and contains 4 rows of 45 
elements. If no bias is necessary, 
this block is connected in series with 
the 10 high voltage blocks.

PHILCO CORPORATION 
LANSDALE TUBE COMPANY DIVISION 

LANSDALE, PENNSYLVANIA

^Failures due to all causes including human error

Total Transistor 
Service Hours 

To Date

Total 
Transistors

Total 
Failures^ Report

1,068,111 99 0
ELECTRONICS, 
Oct. 1,1957, 

pg. 167

5,460,000 600 1
ELECTRONICS, 
Oct 1,1957, 

pg. 167

1,250,000 125 0
PHILCO 

REPORT, 
Feb. 10,1959

16,000,000 10,192 2
WJCC 

REPORT, 
Feb. 1957

8,640,000 8,000 2
PHILCO 

REPORT, 
Feb. 12,1959

19,196,232 18,601 3
PHILCO 

REPORT, 
Nov. 19,1958
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NEW SOLID-STATE FREQUENCY COUNTER

Frequency measuring range: lOcps to 200Kc

Counting intervals. 10 sec to 10 microsec in decade steps

Period measurements in units as small as 10 microsec

lOOmv to lOOv rmsInput amplitude range

100K ohmsinput impedance

Accuracy up tn 1 part in 10*

Permissible ambient temperature: •5°F L 150 F
Power consumption: 40 watts on 117 volt line

Panel dimension* 5V4' high fitting a 19 rack

Weight 20 lbs (25 lbs with cabinet)
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Note
discha
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□¡visit

at B( 
4-foot 
syster

Electronic Super-Bed

The latest furniture invention

button from eithei

from 
Wher 
insula 
part ( 
aroun 
its in 
consk

ShnnberlaiK 
ham 2, Eng

e outside teleph 
manufacturers.

Built exclusively of solid-state components, this new 
Beckman/Berkeley Eput® Meter exhibits dependable 
operation at temperatures from -5°F. to 15O°F. 
under actual test - meets the most stringent requirements 
for both military and industrial use.
All circuits except the power supply are mounted 
on easily replaceable plug in modules of only six different 
types. The time base is generated by digital circuits 
requiring no adjustment.

, a £2,500 ($7,000) 
it London s Fumi-

ey, Birmingl 
created . . 

bedroom am

trie razor, built 
iffee) maker.
I was purchase« 
I the exhibition

the other room or I
According to it; 

Ltd. (Redfern Rd., 
land), the bed h is

occupants by intercommunication system wi 
ione.
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Compact Geiger Counter Tubes

Thousands of average-size hospitals, industrial and 
medical laboratories can undertake research with 
radioactive tracers using reduced amounls 4>f radio
active materials due to the development of two new 
Geiger tubes. A system, using two new Amperex tubes, 
weighs only 400 pounds as compared to 4,000 pounds 
for a conventional unit; only two tubes are needed 
whereas a conventional system may require as many 
as thirty. The Amperex type 18515 Geiger tube (bot 
tom) is the beta radiation detector tube and fits into the 
cup-shaped anode of the Amperex type 18517 (top) 
cosmic-ray guard tube.

OTHER IMPORTANT FEATURES INCLUDE:

Adapted to systems use by means of a 1-2-4-8 coded 
output supplied at a rear connector.
Accurate determination of low frequencies, such as 60 or 
400 cps, by making period measurements.
Compact, lightweight, takes only 5^4* rack space. 
Battery powered model available for use where line 
power is not always handy.
Write for technical Bulletin 5310.

electronic bed, made its bow 
hire Exhibition. A push of a

Beckman*
Berkeley Division

I 2200 Wright Avenue, Richmond 3, California 
I a division of Beckman Instruments, Inc.

room w indow curtains; control the room lights; 
sw itch the TV st t at the end of the bed on and 
off; control the mattress heating units; adjust 
either mattress to any position; and connect the1

Additional items incorporated 
corder for dictation or music, elect 
in radios, and automatic tea (or e<
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flattens temperature-stability curve

Disc Capacitors

+ 50
TEMPERATURE IN DEGREES CENTIGRADE

TYPICAL CURVE OF CAPACITANCE CHANGE WITH TEMPERATURE

UK 

ng

Cera-Mite Capacitors are now avail
able in Formulation 40 from .001 to 
.02 mF, 2 50, 500 and 1000 volts d-c. 
Engineering Data Sheets 6106 and 
6120 list complete ratings and speci
fications.

20,000,000th Tube
RCA’s 20 millionth black and white television picture 
tube came off the assembly line Feb. 6 at the com
pany’s plant in Marion, Ind. D. Y. Smith (left) Vice 
President and General Manager, RCA Electron Tube 
Division, and L. Gillon, Plant Manager at Manon, ex
amine the milestone tube.

ELECTRONIC DESIGN • April 1, 1959

Note the antenna inside the globe and the corona 
discharge occurring in the thin air.

Address literature requests to / ecbnical 
Literature Section, Sprague Electric 
Company, 34” Marshall St., Sorth 
Adams, Massachusetts.

+ 10 +25

HIGH TEMPERATURE MAGNET WIRE • CERAMIC-BASE PRINTED NETWORKS • PACKAGED COMPONENT ASSEMBLIES

CIRCLE 9 ON READER-SERVICE CARD

High Altitude Simulated in 
Plastic Balloon

High-altitude antenna studies are being made 
at Boeing Aircraft Co., Seattle, Wash, in this 
l-foot-diameter plastic globe. The air-evacuation 
system can simulate altitudes up to 300,000 feet.

The amount of energy which can be radiated 
from an antenna is limited by corona discharge. 
When too much power is fed into an antenna, the 
insulating properties of the air break down and 
part of the energy is dissipated as heat and light 
around the antenna. As the air pressure is lowered, 
its insulating properties decrease—an important 
consideration in antenna design and development.

SPRAGUE COMPONENTS:

CAPACITORS • RESISTORS • MAGNETIC COMPONENTS • TRANSISTORS

Cera-Mite Ceramic Capacitors are now smaller, more stable... thanks 
to Sprague’s new ceramic body Formulation 40. The increased di
electric constant of this newly developed ceramic body gives Cera
Mite Capacitors three times the capacitance per unit size than 
heretofore possible. Capacitance change with temperature over the 
operating temperature range is negligible.

SPRAGUE
THF MARK OF RELIABILITY
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Mountain to Mole Hill

unique program
paperwork, save time and red
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VA 800 
VA-802 
VA-804 
VA-805 
VA-B06 
VAI22

lOkW cw 
IkWcw 
2kW cw 
2kW cw 
2kW cw 
IkW cw

lOkW cw

isotope 
gamma

1.7 to 2.4 kMc
1.7 to 2.4 kMc

4.4 to 5 875 kMc 
5.875 to 6.425 kMc

7 125 to 8.5 kMc
9.9 to 10.8 kMc

However, 
draslica11 y uce coc 

ih just fl’ 
, assislc

complelion

the same work could be completed ioday wii 
information being held here by R. J. Ratfell, 
manager of manufacturing for the division.
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conducted at the General Electric Atomic Pov 
Equipment (APED).

This announcement follows closely the d^ 
closure by the Atomic Energy Commission of t 
development of a small atomic generator whi I 
uses polonium as its radioisotope and them ’ 
electric energy conversion device.

General Electric engineers said that, like t i- 
thermoelectric device, their thermionic convert 
demonstration was designed primarily for spa 
vehicle auxiliary electric power applicatio. 
Results indicate that the system has the potent 
to produce an extremely high ratio of power 
weight.

A power pack generating more than 100 wa 
of electricity, and lasting more than a year, cm 
weigh less than 25 pounds.

The General Electric device operated at tc;

Radioisotope Thermionic Converte

Electricity was directly produced from a rac

The four-foof stack of papers at right represents 1 
manufacturing dala that was needed to bring 
Navy's Aero 13 fire control system, for all weott 
interceptors, from blueprints to actual production 
Westinghouse Electric Corporation s Air Arm Divisi

The highly efficient VA-802 has been designed to meet the rigid demands of 
both fixed station installatior and traneportaole service. Simple to install and 
operate, it provider rugged reliability at low operating cost —with power output 
of 1 Kw, tuning range of 17 to 2.4 kMc. Features of this 18 Klystron with perma
nent magnet include’ Trouble-free internal cavities, low noise and long life.
Varian makes a wide variety of Klystrons and Wave Tubes for use in Radar, 
Communications, Test and Instrumentation, and for Severe Environmental 
Service Applications, Over 1OO are dei cribed and pictured m our new catalog. 
Write for your copy — address. Tube Division.

KLYSTRONS, TRAVELING WAVE TUBES, BACKWARD WAVE OSCILLATORS, HIGH VACUUM PUMPS, LINEAR ACCELERATORS, MICROWAVE SYSTEM COMPONE .TS, 
R F SPECTROMETERS, MAGNETS, MAGNETOMETERS. STALOS, POWER AMPLIFIERS. GRAPHIC RECORDERS. RESEARCH ANO DEVELOPMENT SERVICES

VARÍAN a»sociales
PALO ALTO 21, CALIFORNIA 
R*#rr»«ntativ«i thruout th« world

WIDE TUNING RANGE

FOR COMMUNICATIONS
AND CW RADAR



ratures up to 1700 degrees fahrenheit on the 
liot side” and 800 degrees F on the “cool side.”

Gold, used as the radioactive material, con- 
isted of a small strip about one-sixteenth of an 
k h thick, four inches wide and six inches long, 
.old was selected as the radioisotope because 
permitted an accelerated feasibility test under 
gamma radiation atmosphere.
The thermionic converter, employs two small 
scs about the size of half dollars to “boil” elec- 
ms off a hot metal surface to produce an elec- 
c current. It has no moving parts and operates 
a manner similar to the vacuum tube.

\nti-Collision Alert for Autos

Efforts to reduce the growing number of auto 
cidents on turnpikes, super-highways, and ex- 
essways will be implemented by radar warning 
vices in cars of the future. Drivers will be 
n ned when approaching another car too rapidly 

i when an obstruction or stalled vehicle lies 
I lead.
Developed bv the Delco Radio Division ol 

.«■neral Motors, the device consists of two 10 in 
Inminum refit ctors mounted behind nose cones 
nr feet apart on the front of the car. A trans 

utter and receiver are concealed in the front 
iders of the car.
Microwave power, at 16.14 kmc, is generated 

\ a rt klystron and piped through waveguides 
> one reflector; it is then beamed out ahead ot

>ue car. Reflected signals are collected by the 
tlier reflector and piped through waveguides to a 
rystal diode for comparison of outgoing and 

incoming signals. Doppler frequency shift de
pends on the relative motion and spacing lx*tween 
he device and an object ahead. The difference 

detected and amplified to a level sufficient to
< tuate ¿i speaker or light-flashing dev ice.
I lie equipment is sensitive to objects up to 

CiM) feet ahead of the* car and the intensity of 
arning increases with increasing rate of ap- 

•roach. It is presently Ixn'ng tested on the 
ad iliac Cyclone, GM s latest advanced design 
\ perimental car.

Note nose cones which house part of the experi
mental proximity warning device.

ELECTRONIC DESIGN • April 1, 1959

It could 

happen...

with

El-JIlenco
CAPACITORS!

MPD
INSURE FAILURE-PROOF PERFORMANCE!
Only 1 Failure in 7,168,000 Unit-Hours for

Setting a new standard of reliability!
* Life tests have proved that El-Menco 
Mylar-Paper Dipped Capacitors — tested 
at 100°C with rated voltage applied — 
have yielded a failure rate of only 1 per 
716,800 unit-hours for 1 MFD. Since 
the number of unit-hours of these capaci
tors is inversely proportional to the 
capacitance, 0.1 MFD El-Menco Mylar- 
Paper Dipped Capacitors will yield ONLY 
1 FAILURE IN 7,168,000 UNIT-HOURS.
SUPERIOR FEATURES!
• Five case sizes in working voltages and ranges:

200 WVDC — .018 to .5 MFD

400 WVDC — .0082 to .33 MFD

600 WVDC — .0018 to .25 MFD

1000 WVDC — .001 to .1 MMF

1600 WVDC — .001 to .05 MFD

SPECIFICATIONS
• TOLERANCES: ±10% and ±20%. Closer tol

érances available on request.

• INSULATION. Durez phenolic resin impregnated.

• LEADS No. 20 B & S (.032") annealed copper
weld crimped leads for printed circuit application.

• DIELECTRIC STRENGTH 2 or 2% times rated 
voltage, depending upon working voltage.

• INSULATION RESISTANCE AT 25 C:
For .05MFD or less, 100,000 megohms minimum.
Greater than .05 MFD, 5000 megohm-microfarads.

• INSULATION RESISTANCE AT 100 C: 
For .05MFD or less, 1400 megohms minimum. 
Greater than .05MFD, 70 megohm-microfarads.

• POWER FACTOR AT 25 C:
1.0% maximum at 1 KC.

Write for Technical Brochure Giving Complete Information on the 
El-Menco Tubular Dur-Paper Line.

THESE CAPACITORS WILL EXCEED ALL THE ELEC
TRICAL REQUIREMENTS OF EIA. SPECIFICATION 
RS-164 AND MILITARY SPECIFICATIONS #MIL-C-91A 
AND MIL-C-25A.

FOR FAILURE-PROOF PERFORMANCE . . . COUNT ON 
EL-MENCO MYLAR-PAPER DIPPED CAPACITORS . . . 
FROM MISSILE GUIDANCE SYSTEMS TO DATA PROC
ESSING EQUIPMENTI

•Registered Trade Mark of DuPont Co.

ElIïlencD THE ELECTRO MOTIVE MFG. CO., INC.
WILLIMANTIC CONNECTICUT

Manufacturers of El-Monco Capacitors
• molded micao dipped mica • mica trimmer« dipped paper

• tubular paper o ceramic • silvered mica Ulms • ceramic discs

Arco Electronics, Inc., 64 White St., New York 13, N. Y.
Exclusive Supplier To Jobbers and Distributors in the U.S. and Canada
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LEVEL

2N338

30 V.

com

HOW TO INCREASE DIFFERENTIAL DC AMPLIFIER
STABILITY WITH SEnSISlOf SILICON RESISTORS

Global Weather Probe

ane

from THE WORLD’S LARGEST SEMICONDUCTOR PLANT

»•»tutor 
SILICON 

RESISTOR

DIFFERENTIAL DC AMPLIFIER USING SENSISTOR SILICuN RESISTuR 

Write on your ci 'npuy iettrdieod for edanioMl applications and data sheet

BEHIND THE NEWS
Radar for Jet Airliners

\2«338
TEMPERATURE 

Q> COMPENSATION 
2N338

< CIRCLE 12 ON READER-SERVICE CARD 
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data from

Drift cancellation featured in an uncompensated differential 
configuration provides an amplifier with an equivalent 
input drift of 400 /iV/°C or less with standard production 
transistors.
Drifts as low as 6p.V/0C will result if the compensating cir
cuit composed of Q3, sensistor resistor S and their biasing 
resistors is used with a matched pair of transistors.

ilex equations 
imputer to de-

world and requires j

SENSISTOR SILICON RESISTOR 
RESISTANCE RELATIVE Th 25°C

Low drift transistor amplifier circuit using 
A \ \ sensistor silicon resistor gives drift per- 

SJ formance superior to vacuum tube amplifiers 
' for low source impedance applications.

The sensistor silicon resistor has a unique positive tempera
ture coefficient of +0.7%/°C plus a constant rate of change 
as shown in the graph to the right. Over a 15°C temperature 
range, the sensistor silicon resistor’s temperature-resistance 
curve approaches linearity to an extent that allows its use as 
a compensating component in a differential D-C amplifier.

This low drift amplifier finds a wide range of low source 
impedance applications in airborne telemetry where the 
performance of other types of D-C amplifiers is limited by 
weight requirements, acceleration, shock, and vibration. It is 
particularly useful with low level transducers such as thermo
couples, strain gages and accelerometers.

DESIGN CONSIDERATIONS
TI 2N338 silicon transistor provides excellent performance 
as a low drift DC amplifier when used in circuits such as the 
one shown above.

For optimum performance keep (2Rb + R4) as small as pos
sible, preferably less than 2000Q, and the collector currents 
of Q, and Q2 should remain below 100 MA.

♦TRADEMARK OF TEXAS INSTRUMENTS

A self-contained long-range navi
gation device for jet and turbo-prop 
airliners, providing for the first time 
i navigation system that operates

ground up to 1<50,000 feet will be 
continuously collected, analyzed and 
transmitted to the ground.

The cabin of the 707 test plane is 
to be a Hying laboratory. In their 
atmospheric search around the 
world, the observers of the Air 
Weather Service of the U.S. Air 
Force will maintain a flight plan of 
up to 55,000 feet. They will probe 
the weather below the plane with 
parachuted “dropsondes,” and the 
weather above with rockets to carry 
an instrument package to the upper 
atmosphere.

These expendable instruments

termine exactly how fast an airplane 
is moving, both horizontally and ver
tically.

no ground facilities, has been sue-' 
cessfully flight-tested.

The new device, developed bys 
the Radio Division of Bendix Avia
tion Corp, is a light weight, compact 
system based on the Doppler radar 
principle that has been used sue-1 
cessfully on military planes. The sys-l 
tern provides the airliner pilot with 
a direct reading of his true ground » 
speed (as contrasted with air speed), ] 
drift angle, actual course over the 
ground and distance-to-go to his 
destination.

By directing four beams of radar 
energy toward the earth from an air
plane and measuring the Doppler ‘
effect in eacl 
solve sever;

New details of a global under
taking to unlock secrets of weather 
were revealed by Bendix Aviation 
Corporation.

The project, to be carried out for 
the U. S. Air Force, will test the 
latest inventions in scientific sensing 
with electronic equipment mounted 
in a Boeing 707 pure jet transport

CIRCUIT OPERATION
Sensistor resistor S and its biasing resistor R3 serve as a 
voltage source which has an output linearly related to temper
ature ... level potentiometer R5 adjusts output voltage Eo 
to zero when E,„ is zero... potentiometer R, adjusts for 
minimum output drift due to ambient temperature changes. 
As temperature increases, the resistance value of S also 
increases causing the base of Q3 to go more negative, thereby 
reducing the collector current of Q3. This temperature
dependent current is fed into the differential amplifier 
through R4.
Depending on the wiper position of R„ the correcting signal 
may be positive, negative or zero. When the wiper is centered, 
zero correction results. As temperature increases, output 
voltage Eo tends to go more positive if the R, wiper is placed 
nearer the Q2 emitter and negative if the wiper is placed 
nearer Qr The optimum setting for R4 can be determined by 
cycling over the desired temperature range to give a minimum 
drift for changes in ambient temperature.

Texas Instruments 
INCORPORATED 
SEMICONDUCTOR-COMPONENTS DIVISION

POST OFFICE BOX 312 . 13BOO N. CENTRAL EXPRESSWAY
DALLAS. TEXAS
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All new Series 2 lighted display and 
pushbutton switch devices offer new 
modular versatility in lighted display

me is 
their

the
Air
Air 

in of 
»robe 
with 
the 

?arry 
pper

The modular concept of Series 2 devices opens a new 
approach to design freedom in both front-of-panel 
lighted display and back-of-panel precision pushbutton 
switching. The demonstration panel shown above illus
trates some of the variety in arrangement and color and 
labeling offered by these new devices.

Operator-indicator and indicator units are assembled 
quickly and easily, without tools. Even the switching 
units simply snap into place as shown on the next page. 
Units are available, flange mounted or barrier mounted, 
in long-flange, short-flange, long-barrier and short
barrier types. All types can be combined in either rows 
or columns to provide eight group-mounting schemes.

Five colors of display screens are available—red, yel
low, blue, green, and white. Two, three, or four lamps 
can be used in each unit. Color filter caps for the lamps 
are available to provide projected color on white 
frosted screens.
Two-color display screens may be split laterally or 
longitudinally, in any combination of the five colors. 
Assemblies built up of the desired number and type of 
units, snap into pre-cut rectangular slots in the mount
ing panels, also without tools.
Panels may be from 1/16" to 5/16* thick. Flange
mount units can be used with a mounting panel and 
overlay panel, or with mounting panel only.
Here is a new dimension of design freedom in illumi
nated switching equipment ... an all-new system 
compatible with good human-factors engineering.
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“SM" switch unit —one of many 
Series 2 switch units snaps onto 
base of operator-indicator unit.

Indicator unit, long flange 
type. Short flange and 
barrier types are also 
available.

Operator-indicator unit, barrier 
type. Unit shown has long (side) 
barriers. Also available are short 
(end) barriers, and flange-type 
units without barriers.

All new Series 2

devices offer new

in pushbutton
switching

\\ it

Yes, you can have the panel arrangement you 
want (preceding page) and the switch unit the 
application requires. At right you see a few of 
the hundreds of available combinations of Series 
2 switch units and operator-indicator units. To 
attach an operator-indicator unit with a switch 
unit, just snap them together. All such com
binations are available with or without magnetic 
d-c holding coil. Switch units are offered with 
switches from eight different micro switch 
series of basic switches—“TB”, “SM”, “HS”, 
Type “A”, “MT”, “DT”, Type “Z”, and “V3”. 
Included are switches for low-energy circuits, 
switches for handling d-c loads of up to 10 
amperes, 125 volts, and for direct control of a-c 
motors of up to two horsepower . . . alternate
action units, momentary-contact units, and units 
for control of multiple circuits.

Display screen, in four 
colors and white. Also 
available split lengthwise 
or across.

Two, three, or four lamps 
can be used in operator
indicator or indicator units.

New Catalog 67 describes Series 2 
devices in detail. Split pages aid 
selection of components. Contains 
detailed switch unit data 
and helpful ordering and color 
selection information. Sent 
free on request.

. i î i<
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Color filters in red, yellow, green, 
or blue fit over lamps, permit 
projected-color lighting.

MICRO SWITCH . . . FREEPORT, ILL.
A division of Honeywell

In Canada: Honeywell Controls Limited, Toronto 17, Ontario

m Honeywell
MICRO SWITCH PRECISION SWITCHES



SILICON PNPN CONTROLLED SWITCH

( HARACTERISTIC

TURN ON

OPERATION
MINIATURE
MECHANICALLY RUGGED

WHAT THE PNPN SWITCH WILL DO

iduction
tina
mac

Write for Bulletin 0,20-01

AVAI ANCHE 
HW AKEKiWN

then para- 
instruinent

breakover
VOLTAGE

called tin 
performs 
tapping, 
bridge tl

precision 
OIK) leet.

All dat

D.C. motor control 
Controlled rectification 
Servo systems 
Power supplies 
Power regulation 
Choppers
Generator fiekl control

Core switching
Signal gating
Pulse generators 
Modulators
Static switching
D.C. to D.C. converters 
Pulse shaping

machine 
kee-Matic 

reaming.

Available now through your local SSPI representative 
or by contacting the factory direct.

milling 
and bo
e gap

SIZE, IN TO-9 PACKAGE

□ ruuacTurers

general purposi 
f extreme flexil 

computation.

OEE" CHARACTERISTIC

mechanization a 
reducing setup

economically h isil 
manufacturers has 
by Kearnex ¿x I re 
General Electric ( 
electronic program

A high ratio (up to 500:1) of load current to control 
current permits high equivalent circuit gain and 
simplifies control circuitry. Switching efficiencies as 
high as 98 G are possible.

LOW “ON
TIME TYPICALLY UNDER 0.2 //SEC 

VOLTAGE, TYPICALLY UNDER 2 V 
TO 150° C

OPERATING CURRENT RANGE 10-1000 mA 
LESS THAN 2 mA GATE CURRENT TO “FIRE 
VOLTAGE RATINGS TO 200 V
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Within their power ratings, the PNPN switches can replace 
thyratrons, magnetic amplifiers, relays, vibrators, mechanical 
switches, diodes, transistors and unijunction transistors in a 
wide variety of applications, including:

ning operations to 
between job shop 
nd automation. B\

•jected from (he 
and will radio 
it loi recording

\ \cisaille, automatic-tool-chang- 
ing tape-controlled combination 
machine that makes automation

As main as 31 different tools can 
be loaded into the machine simul
taneously—30 in a specially designed 
revolving storage drum and one in 
the spindle. There are 31 different 
combinations of 31 tools, ranging in 
size up to 2-5 8 inches in diameter, 
that can be utilized by the machine, 
making a total ol 961 tools.

The E-I curve above shows the “on” and “off” con
ditions of the forward characteristic. The switch is 
turned “on” when a small gate current is applied. 
When “on” the anode current is limited only by the 
external load and is independent of the gate current. 
The inverse characteristic is similar to that of a con
ventional silicon diode.

abor costs, and inventory, the 
ic can pay lor itself in one to 
years for any manufacturer

lions. The rockets will 
ten miles before starting 
chute descent yy iff) their

SSPI



BEHIND THE NEWS

Combustion Checker

New techniques, new instrumentation 
factually reported for you in the 

HEWLETT-PACKARD

JOURNAL
Knock, pre-ignition, rumble, and thud odd sounding 
names for abnormal combustion processes that occur 
deep inside modern high compression engines are 
ferreted out by this precision electronic equipment de 
veloped by duPont Company scientists and installed 
recently in the company s Petroleum Laboratory. The 
unique instrument permits instantaneous detection and 
recording of combustion phenomena simply by replac 
mg the conventional spark plugs in the engine with 
special instiument plugs equipped with built-in, pres
sure-sensitive, piezo-electric crystals. The crystals trans
mit electronic signals which the instrument translates 
into accurate data on engine performance.

Typical subjects:

MICROWAVE DEVICE NOISE FIGURE. What it 
means, how to measure it, automatic noise figure re
cording, new meters and noise sources.

MEASURING DC VOLTAGES DOWN TO 1 mV. 
New techniques, new instruments permit direct read
ings of extremely small voltages.

TESTING QUARTZ PLATES FOR 5 x 10 8 WEEK
ACCURACY in new 10 MC electronic counter.

fill

Thermoelectrically Cooled Diode 
Breaks All Barriers

“NO-CONNECTION” MEASUREMENTS OF DC 
CURRENTS. New milliammeter approach requires no 
soldering; doesn't load circuit.

AUTOMATIC PRINTED RECORDS FROM DIGITAL 
VOLTMETERS; straightforward method of recording; 
new equipment available.

The Journal, reporting throughout the year on measuring developments in all spectra, is sent without 
charge to engineers in electronics and allied fields. Simply write:

EDITOR,

Hewlett-Packard Journal 
5222K Page Mill Road 
Palo Alto, California

ward conduction of 17 amperes from

revolutionize the industrv -especiallv
0.002 usee recoven time.

Clinging to his production 
facturer. Bare \vis Co. (Dept

55 (.' to

secrets, the

St.. Bayside, N.Y., refuses to divulge the nature 
ol the junction materials in the diode. He refuses, 
also, to disclose how the rapid switching is 
accomplished.

He does explain how the diode achieves its
remarkable temperature range. Thermoelectric
cooling is employed to remove heat from the 
main diode junction. Part of the diodes forward 
current is forced through an mixiliarv thermoi'lec- 
tric junction. As the current rises, so does the rate 
of thermoelectric cooling.

At temperatures up to about 175 C, no external 
heat sink is required, but beyond this level, an 
auxiliary heat sink will help prolong diode life.

After a prolonged discussion with editors of 
Electhomc Design, the manufacturer agreed to 
make more information available on next \pril 1st.

ivva

ists

ong 
ion 
lista
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* 2° to 6 F differentials available

New Product Announcement

TYRE MX* THERMOSTATS

especially designed for missile, avionic 
and electronic applications

AA 72H5

THERMOSTATS

New Stemco Type MX Thermostats are miniature snap-acting units designed 
to open on a temperature rise. Being compact, lightweight units able to with
stand high G’s under wide ambient temperature ranges, Type MX thermostats 
are ideal for missile, avionic and other electronic applications where close tem
perature control is mandatory.

Basic design flexibility of the Stemco Type MX Series means the units can 
be supplied from regular production runs in a wide variety of models, both 
semi-enciosed or hermetically sealed. Ceramic or metal bases for semi-enclosed 
units, round enclosures or CR-7 crystal cans for hermetically sealed units. 
Several types of terminal arrangements, mounting provisions, brackets, etc., 
are available.

High-Speed French 
Computer

A top French industrialist de- 
dared recently that France is in the 
midst of an electronics revolution 
which has immeasurably strength- 
i lied the scientific and technical 
structure of Western Europe. Mr. 
Georges Virillard. founder and gen
eral manager of the Campagnie des 
\l ichines Bull. Paris, largest pro
ducer ol electronic computing 
equipment in Europe. said that “this 
i evolution has helped France ex
pand its plant and equipment at the 
highest rate on the continent.

Ihe company's Gamma 60 com- 
p' ter, expected to be in production 
within a year, is understood to be 
ihe first data processing machine in 
the world which can handle several 
independent problems at the same 
lime.

It can read 300 punched cards a 
ininiitc, print 120-character lines at 

per minute. Printing speed can 
he increased bv using more than 
me printing unit. The Gamma 60 
> emprises tin types ol units: arith
metic. logic, comparer, translator, 
printer, card reader, paper tape, 
magnetic tape magnetic drum, and 
card punch.
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Time Reversal Studies

Engineers at Case Institute of 
I echnology arc attempting to turn 
back split seconds of time in order 
to improve long distance communi- 
eation techniques. Their experiments 
depend on reversing the order of a 
series of signals sent over wires to 
improve the fidelity of transmission.

A contract in tin* amount of 
$29,600 for a year study of “Time 
Reversal Techniques" has been 
(warded to Dr. Harry M. Mergler 
by the Rome Air I )evelopment Ceu- 
’er. Under his direction, the scien
tists will attempt to implement the 
heory that signals transmitted over 
ong distances, if reversed in direc
ion of flow at the midpoint of the 
listance from transmitter to re- 
eiver, w ill retain their fidelity over 
lie entire route of transmission.

Stemco Type MX thermostats give you performance . . . small cubage . . . 
rugged reliability . . . at a production price.

STEVENS manufacturing company, ine.
Mansfield, Ohio



WASHINGTON
REPORT

Ephraim Kahn

Design Extra Performance

NASA's Policies

Engineering ingenuity w ill be* a major by-prod
uct of V. S. efforts to explore space*. As things 
stand, it is not like*ly that a large* “space industry” 
will grow up in the* near future. But the* skills of 
electronic design engineers anel technicians will 
be* drawn upon heavily.

As progress is made, costs ol the pay loads—the* 
instrument package's—carried by space-probing 
vehicles may become* as large* or even larger than 
the* basic vehicle* costs, according to space experts. 
The* technical qualities of these* far-ranging 
measuring and reporting devices, mostly elec
tronic, will be* “extremely advanced but produc
tion is “more likely in the* dozens than in the* 
hundreds.”

Though costs of space exploration pale* when 
compared with the billions spent through the 
Department of Defense, they arc* far from 
picayune* in terms of individual company activity. 
In the* current fiscal year. National Aeronautics 
and Space Administration is committing $220 
million for procurement. It already knows where 
the* “great bulk” of this is going, anel has le*t con
tracts for more* than half. In the* coming fiscal year, 
it hopes to get another $333 million from Congress 
for new procurement—and the* legislators mav 
vote more.

Fund Allocation

lentatixc allocation of fiscal 1960 funds in
dicates: 50 percent. procurement of instruments, 
vehicles, anel scientific’ investigations of space*; 20 
percent, spac e* propulsion technology, 20 percent, 
development of technology lor manned space1 
flight; 6 percent. specific investigations of satellite* 
applications in the fields of communications and 
meterology; and I percent. en tracts for tracking 
and data acquisition and advanced space tech
nology. “ |

This subdivision of funds reveals that the* elec
tronics industry's share is small. How much of the 
50 per cent is pure1 electronics is hard to deter
mine. One* of NASA’s future* space explorers, Vega

a combination of Atlas, Vanguard and 6000 lb 
final thrust—is expected to cost $10 million; hall 
of the* dollars will go for electronics.

o

Because of their high energy content and small 
size. Mallory Mercury Batteries have been used in 
U.S. satellites. Above is a battery pack for one of 
the Vanguard projects. In Explorer 1. the mer
cury batteries for the tracking transmitter func
tioned for 112 days . . . far beyond the 60 days 
minimum life expectancy.

LONG SERVICE LIFE

a0 OHM LOAD

30 OHM LOAD

20 OHM LOAD

TYPICAL FIAT POWDER ELECTRODE TYPE

RM 3 CELL

MONTHS STORAGE AI ,’0 F

Months stortine nt 70 /•’

LONG SHELF LIFE
Tests recently completed prove that storage for 
as long as six years causes only slight loss of 
capacity of the unique Mallory mercury battery 
system. The curves shown here represent data on 
a typical group of RM-3 cells. Note how closely 
the milliampere-hour life stays to the "newly 
made” value for up to 72 months.

DEPENDABILITY
Mallory Mercury Batteries supply life-saving 
power for emergency beacon transmitter made by 
Telephonies Corporation. Carried by fliers, the* 
transmitter turns on when the flier parachutes 
out . . . sends signals up to 1(M) miles to rescue 
crews. Compact battery pack operates up to H 
hours . . . stays at full strength for months, always 
ready to deliver power.

STABILITY
In the Megatrometer insulation resistance tester 
by Mid-Eastern Electronics, Inc.) they give volt
agestability better than 0.0005', change per hour. 
'Ten RM-42 cells power tube filaments and the 
1000-volt transistorized variable power supply. 
Saint* stability gives high precision in telemetering 
circuits and industrial potentiometers.

ELECTRONIC DESIGN • April 1, 195$



Into Battery-Powered Products
and other

your own equip
rnent. An extensive line of standard singl

ngineering data

Reasonable Interpretation

^1 MallorY

m il Ii

nient

tion, 
tion 
stand

engineered to 
today for a c

g itsell 
inning

rights. Oi 
neering, ; 
covered b

f the fruits of its efforts 
automatically by the 
would place NASA in

when an
innov ation

ible interpreta 
purchase1 of ;

avail
can be

Write

$5.25 million for precision

and multiple voltage batteries 
able. Individually-designed pack:

hough tli 
itents, tl 
1 under ;

NASA Plans 
o avoid lindi

every effort to administer 
concerning patents fairly

seeing them in the 
working under NASA

not exercise its 
things stand it 
necessarily all, 
prompt techni

píete and 
invention

broad temperature range. 
I energy discharge exactly

0.135" thick—rated 
ampere-hours.

MALLORY BATTERY COMPANY 
Cleveland, Ohio

these primil facie cases for waiver:
■ invention conceived prior to contract

with due consideration to the i 
government and private industry

MINIATURIZATION Inconspicuous hearing aids and 
pocket transistor radios are typical 
of the tiny products which Mallory 
Mercury Batteries help make pos
sible. They pack a lot of energy 

• into small volume. Latest and
smallest model is the RM-312 
cell, only 0.305" in diameter and

law allows NASA to take title to such 
agency realizes that industry would

an individual basis 
quired information 
agency will decide

>1 the law. Thus 
nd component vv 
? any question of

that NASA “will 
its legal require- 
and objective ly 

interests of both

teries. They 
volume, and

your specifications

Looking for wavs to make battery-operated 
electronic equipment more miniature, more 
dependable. more stable, more convenient 
to use? Put the unusual properties of 
Mallory Mercury Batteries to work . . . 
in your new designs, and in improvement 
programs on your present products.

Mercury Batteries—pioneered and |>cr- 
fected by Mallory — do things that no 
other commercial dry cell can. Their unique 
chemical system gives them shelf and serv
ice life several times that of ordinary bat

stability reference voltage standards.

A constantly growing list of new electronic 
products is making use of these batteries. 
A few typical examples are shown here. 
Our application engineers will welcome 
the opportunity to discuss how you can

al requirements.
e to be decided on 
contractor files re-

tracking means.
Latent ownership for inventions made under 

contracts with the National Aeronautics and Space 
Administration is slowly becoming clearer.

and has promise of commercial utility .
■ contractor has spent considerably more of his 
own funds on the work than did NASA.

contracts. They could decide to pay for explora
tory research themselves or seek contracts with 
other agencies that have more liberal patent rules.

An additional supplemental $48 million for 
1959 is expected to conn* through. Of this $12 
million will be spent on tracking; $3.4 million for 
minitrack stations, $3.35 million for basic precision

SPECIAL BATTERY DESIGNS for MILITARY PROJECTS
Mallory engineers specialize in developing and manufacturing mercury battery 
packs for military equipment such as beacon transmitters, missile telemetering, 
portable communications, sonar equipment, and similar devices. Our extensive 
experience, and facilities for design, testing and pilot manufacturing are at your 
service. Call or write for a consultation.

CIRCLE 16 ON READER-SERVICE CARD 
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Most likely to be subject to this requirement 
firms working under contracts with NAS \ 
financed by \ \SA) which contemplate that 
contractor will work in accordance with

INDIANAPOLIS 6. INDIANA



PRIMPUli 11VIF at bench...or at equipment ACCEPTED!
Hyfen Variations

Precision hand, pneumatic, or automatic 
tooling guarantees uniform and 
complete crimp for each connection 
—a measurable quality control —at a 
high speed production rate.

NEW PRODUCT

Printed Circuit Connector With 
Crimped, Snap-locked Contacts

SNAP-LOCK in or out ME rack and panel HYFEN connector. 8 or 26 

place configuration. One-piece shell and one- 
piece block. Also available for coaxial or 
shielded cable.

Pins and sockets are easily and 
quickly snap-locked into plugs and 
receptacles. They may be removed 

with a simple extraction tool for 
circuit changes or checks.

CONNECT... only 3 points of contact
Feed-thru, modular design, multiple insert con
nector. 35 contact inserts can be removed from 
frame for easy contact insertion or removal. 
5 or 8 insert frames available.

The HYFEN method provides the minimum number 
of contacts—3—thereby reducing reliability 

problems. Exceeds the requirements of 
MIL-C-5015C and MIL-C-8384A.

© ©

HYFEN connectors
with crimp-type snap-locked contacts

Printed circuit connector in either 31 or 45 

place configuration. Accommodates single wire 
or combinations of wire sizes.

BURNDY’s HYFEN method, already widely accepted in the 
industry, speeds the wiring of electronic harnesses and systems, 
and achieves greater dependability and versatility than has 
heretofore been possible. Crimp-type connections eliminate 
time-consuming solder operations and the disadvantages 
in the use of solder.

HYFEN types illustrated are typical 
of those already supplied to the 
industry by BURNDY. HYFEN 
connectors are engineered to meet 
specific requirements. For other 
types or sizes, contact BURNDY.

For complete information, write: OMATON DIVISION

BURNDY
Norwalk, Connect. In Europe: Antwerp, Belgium Toronto, Canada

CIRCLE 17 ON READER-SERVICE CARD

A ikw addition t<> tin* ID FEN 11 line, j prinh 'l | 

circuit connector. lias been announced bv th 

Omaton Division of the Burndy ( orp.

This connecter, type \IC, was designed to com 

bine the liitdi reliabilitv <md the wiring techmqii 

embodied in the ID FEN principle for us with 

printed circuits. This principle allow , erimpim; tn i 

be done before or after the* harness or w in’s an 

in place. It also allows sockets to be easily and 

quickly snapped in. to be removed with a simpli 

extraction tool lor circuit changes or clucks, and | 

to be reinserted.

The printed circuit HYFEN is available in 31 

and 45 place configurations. The male side ol (h< 

connector utilizes right angle pins with one sick 

assembled to the* board and the other to the re 

ceptacle. The side1 assembled to the board is held 

in place* mechanically and the conne ction to tin 

circuit is usually dip soldered with the other com 

ponents on the* board. Guide pins align the phi 

and receptacle*, which is mounted on the chassi 

Three sizes of HYFEN solderless crimp-tv pt smq 

kicked sockets, accommodating wire size’s #2: 

#14 and combinations of these sizes, are* availahl 

for the* receptacles. These crimped connectioi 

eliminate* time-consuming solde r operations an 

the* high rejection rate* inherent in the* use < 

fluxes and dissimilar metals characteristic of soldi

Both hand-operated and semi-automatic insta 
lation tooling can be used for crimping thes 
sockets. The* blocks are made of diallvl phthala I

Burndy Corporation, Norwalk, Connect.
CIRCLE 18 ON READER-SERVICE CARD



EDITORIAL RATION FIRST IN FILM POTS

Dishonest Bidding Must Go

Many engineers know that the only’ way to get a cost pins 
fixed fee (CPFF) contract from the government is to underbid. 
This is because it is usually the lowest reasonable bid that gets 
the contract. You bid low knowing that later y ou will ask lor 
the additional funds to meet y our costs.

It is therefore calculated dishonesty that pay s off. Such dis
honesty is so prevalent that it is unfortunately becoming recog
nized as normal procedure.

You know you can get money if needed and so does your 
competition. You also know that il y ou bid too low, your bid can 
be tossed out as irresponsible. You therefore bid to outguess 
your competition knowing that if you come in with a “just- 
lower price and have a justifiable technical approach, you get 
the job. What you finally are paid for this job may be far higher 
than the honest bids that were refused.

I'hc government knows this practice is going on and decries 
it but so far they have been unable to curb it.

Elimination of CPFF contracts in favor of fixed price contracts 
is often recommended by contracting officers and Congressmen 
but engineers know that such contracts do not offer the flexibility 
so often needed. I he answer would seem to be to award a CPFF 
contract more on the basis of technical soundness and less on 
price.

One solution is to put a weighting on all the various points 
that are supposedly considered before a contract is awarded. 
With every7 factor, including price, worth only7 a few7 points, the 
more honest, straightforward and clear the proposal, the better 
are its chances of being accepted.

Admittedly’ it is no simple task to come up with a point system 
for evaluating a bid. But here engineers and only’ engineers can 
point the way. Who else can judge?4

It may be that we need a panel of several technical judges to 
determine who is the winner of this best technical proposal 
contest. With rules for playing the game allowing, say only 25% 
of the total points to be influenced by price, such things as tech
nical considerations and past performance of the contractor will 
assume their necessary importance.

Every one will gain by an improvement in CPFF negotiations. 
Let’s encourage our managements to press for a solution that 
would meet the approval of an engineer.

WITH CARBON FILM POTS
servo iuu^o raster

1.0 
FREQUENCY CPS

PROBLEM

SOLUTION

’’REOKNCY C PS

SIX-GANG POT MODEL 205

DYNAMIC SERVO RESPONSE 
IO V P-P INPUT

+ 10

o —

-5

-10

WIRE x 
WOUND '

Poor resolution ana loss of output signal due to wiper bounce of its 
wire-wound pots limited the speed of servo multipliers in an Analog 
Computer. This poor dynamic performance, due to the use of wire
wound pots, threatened to obsolete the entire Analog Computer.

CARSON 
FILM

The substitution of the C.I.C. Carbon Film Pot, with its infinite resolu
tion, low torque, and zero wiper bounce ot high speeds, permitted 
a great increase in amplifier gain with a 100% improvement in 
dynamic response of the servo multipliers.

Maximum Velocity 
Maximum Acceleration 
Multiplication Accuracy

OLD NEW
WIRE-WOUND CARBON FILM 

1400 volts/sec 4000 volts 'sec
56000 volts/sec2 150000 volts/sec2

.24% -t .2%

The performance of your servo system will also be improved if you 
use C.I.C. Carbon Film Pots. Send us your specifications today.

MORE THAN 3 MILLION 
C.I.C. CARBON 
FILM POTS HAVE 
BEEN MANUFACTURED 
FOR MILITARY AND 
INDUSTRIAL USE.

92 Madison Avenue * Hempstead, N. Y
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Circuit failures result from either catastro
phic faihire of components, or from compo
nents changing their values. By realistically 
analyzing value changes during the design of 
a circuit von . . .

Charles A. Krohn
Senior Electronic Engineer 

Motorola Inc. 
Phoenix, Arizona
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Fig. 1. Resistance distribution.

Fig. 2. Normal distribution.

k 68.3%*J
—95.5°fo-

CHANCES are very remote that all component 
parts in a circuit will simultaneously exist at 

their maximum tolerance. This point forms the 
basis for a scientific rather than artistic approach 
to handling component value variations in circuit 
design. The approach involves using some simple 
statistical techniques.

Overall variations in component part values 
under operating conditions are caused by factors 
such as environment and aging. Changes will 
result from unidirectional tolerances (coefficients) 
and from plus-or-minus tolerances (distributions *.

Component Part Value Distribution

A manufacturing process typically produces 
component parts whose values are distributed.

Most of the components will have values near 
some nominal value. And a few will have large 
deviations from the nominal value. Suppose that 
measurements were made of a large quantity of 
resistors of the same nominal value and ±10 
per cent tolerance. Plotting vertically the number 
of resistors in each 1 per cent interval of resist
ance will usually result in a configuration shown 
in Fig. 1. It is called a frequency distribution or 
histogram. As the number of resistors measured 
increases and the resistance interval is narrowed, 
the envelope of the histogram will form a normal 
or Gaussian distribution curve as shown in Fig. 
2. This curve is symmetrical about the average 
and asymptotic at the base.

Total area under the curve represents all the

Table 1. Variations to be expected in Resistors and Capacitors

*Composition resistors may suffer a + 10% additional change if exposed to 95% relative humidity, 55°C, for 1 00 hours.

Resistors Capacitors

Deposited 
Carbon

Composition 
(1 megohm or less)

Precision 
Wirewound Paper Glass

Typical manufacturing
tolerance -1% *5% -0.25% *5% *5%

Change at +1 25°C -3.5% + ’1% 4-0.25% + 5% + 1.3%
Change at -|-85OC -2.1% ^4% +0.15% + 3% +0.8%
Change at — 54°C 4-2.8% + 12% -0.20% -6% -1.0%
Aging change -0.4% *1% -5% *2% -0.20% *2% *1%
Change with heavy

loading (near max
rating) -1-8% +7% +0.1% _ _

Change due to volt-
age coefficient
(100 v de applied) — -1-5% _ _

Soldering change — -2% — _
Change with high

frequency operation — -5% — — —



Total drop —0.20% ±0.32%

Further, the rise in value will include:

Manufacturing tolerance 
■ m pera ture effect 
Aging effect
■>ading effect 

xed heavily loaded)

± .25% 
+0.25%

±0.20% 
+ 0.10%

Total rise +0.35% ±0.32%
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If you have this problem, investigate

esistors. Sigma (a), the standard deviation, is 
I lie measure of variation of the distribution. 
I i he area bounded by ±1 sigma covers 68.3 per

ent of the total area. That is, 68.3 per cent of 
he resistors are included by ±1 sigma. Ninety- 
\ e and one-half per cent of the resistors are 
eluded by ±2 sigma. And 99.7 per cent are 

ncluded by ±3 sigma. Manufacturing tolerance 
ill usually correspond to ±3 sigma, or greater, 

. pending upon the degree of production 
mtrol.

Variations in Component Values

An estimate of resistance and capacitance 
Ine changes that may be expected of some 

tost common component parts are presented in 
ible 1. Typical manufacturing tolerances have 

h on listed to permit calculation of examples. 
Other values of manufacturing tolerances will 

applicable when different from these shown.
I lie reference value is that given by the manu- 

l i tiirer. The variations tabulated are not ap
licable to all component part manufacturers.
Effects of a given situation are combined by 

dding the portion of each appropriate change 
which has a single sign, and by combining each 
portion which has a ± sign according to the 
square root of the sum of the squares. This 
Method of handling component part value varia

tions will be used in all examples given here. 
Resistors. As an example, consider a precision 
wire won nd resistor that has a varying and oc
casionally heavy load, and must work at any 
temperature between —54 and + 125 C. The 
drop in value will include:
Manufacturing tolerance ±0.25%
Temperature effect (—54 C) —0.20%
Aging effect ±0.20%
loading effect (lightly loaded) — —

— an example of Phelps Dodge’s 

realistic approach 

to Magnet Wire research

To develop a solderable film-coated wire without fabric for windin • 
universal lattice-wound coils without adhesive application.

Phelps Dodge Grip-eze—a solderable film wire with controlled 
surface friction for lattice-wound coils that provides mechanical 
gripping between turns and keeps wire in place.

Coils wound with (a) conventional film wire; (b) Grip-eze. Note clean 
pattern of Grip-eze as compared to fall-down of conventional film wire.

Anytime your problem is magnet wire, 
consult Phelps Dodge . . . !

I he extreme values encountered will be —0.52 
r cent and +0.67 per cent. For any component 
rt, if the manufacturing tolerance is adjusted 

it or compensated, it can be omitted from the 
mbined tolerance.

' ubes. An estimate of changes in vacuum tube 
trameters is given in Table 2. It is assumed 
at environmental high temperatures will be 
mpensated by operating the tubes at no more 
an and preferably less than 70 per cent of

FIRST FOR 

LASTING QUALITY 

— FROM MINE 

TO MARKET I

PHEIPS ODOREHOPPER PRODUCTS 
CORPORATION

INCA MANUFACTURING DIVISION 
FORT WAYNE. INDIANA
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Table 2. Variations to be Expected in Tubes

mit

I Hl

tion(3)

Table 3. Expected Changes for Realistic Example

Resistor, Composition

Low High Low High

*5% -10%*l0% + 10% *10%

+ 12%
-6% *5%

-5% *3% + 5% *3%

-5% *6.7% +12%*5%

*A fixed change that will affect both the low and high conditions.

22

-5%
-4%

+7%*
~2%*
-5%*

tolerances containing the same number of sigmas, 
then:

Manufacturing tolerance 
Change at ±85°C 
Change at — 54°C 
Aging change 
Change with heavy loading 
Soldering change 
High frequency change 
Filament voltage change 
Random change when 

first energized
Totals

-5%*2%
+7%*
-2%*
~5%*

*10% 
±15%*15%

mus
of tl

F
Cllit

*10% 
— 21%*15%

ie t 
f q> 
uoti
Th

t ans 
i iqu( 

ig- 
.i-tri

Hi

Tube, Transconductance 
Change

For products the familiar expression ‘square 
root of the sum of the squares” refers to the 
tolerances expressed as percentages and should 
not be confused with the case of sums in which

ELECTRONIC DESIGN • April 1, 1959

= 150 K + 100 K = 250 K 

and the distribution of the sum is:

normal rated plate dissipation. It is also assumed 
that the tubes are used near their design center 
values. This data is pertinent to tubes procured 
to the MIL-E-1 specifications. If the manufac
turing tolerance is adjusted out, it can be omitted 
from the combined tolerance.

Suppose you want to know the lowest and 
highest values of plate current to be expected 
when the manufacturing tolerance will not be 
compensated and the filament voltage may vary’ 
±10 per cent. The drop in plate current will be:

As indicated, sizeable variations in tube per
formance may be expected and should be 
anticipated early in circuit design.

Manufacturing tolerance -15% ±20%
Filament voltage effect - 5% ± 3%
Aging effect -10% ± 5%
Random change + 10%

Total drop -30% ±23%

Plate current rise will be:
Manufacturing tolerance +15% ±20%
Filament voltage effect + 5% ± 3%
Aging effect (new tube) —— —
Random change ±10%

Total rise +20% ±23%

Circuit Design

Circuits must be designed to properly perform 
when the coefficient effects combine to produce 
the greatest deviation in the component part’s 
nominal value. The discussion and examples 
below show several of the common types of 
tolerance calculations needed for electronic 
circuit design.

Most circuits can be represented by an analyt
ical expression that relates the performance 
variable to the various component part values. 
The performance variable and the component 
part values in this ty'pe of analytical expression 
are continuous variables. When the component 
part values have a normal frequency distribution 
and are randomly combined in production to 
form circuits, the performance variable will also 
have a normal frequency’ distribution. Applying 
statistical methods for tolerances to the analytical 
expression will yield a realistic tolerance for 
the performance variable that will be obtained 
in production and usage.

The assumptions arc that the component part 
values are normally' distributed, that the com
ponent part tolerances are not large relative to 
the component part’s nominal value, and that 
the component part values are not dependent 
or interacting.
Sum (or Difference) Tolerance. Tolerances of 
sums can be combined directly’ if the tolerances 
contain the same number of sigmas. Il t denotes

Transconductance Plate Current
Amplification 

Factor

Low High Low High Low High

Manufacturing Tol
erance -10%*10% + 10%*10% -15% *20% + 15%*20% -8% *7% +8% *7%

10% Decrease in 
Filament Voltage — 5% *3% mm -5% *3% MM Negli gible

10% increase In 
Filament Voltage MM +5% *3% MM + 5%*3%

1 
Negligible

Aging change “6% *5% — -10%*5% — +2% *3%
Random change 
when First Ener

gizing *10% *10% *10% *10% Negli,jible

When items are combined in series, the familiar 
expression “square root of the sum of the 
squares” refers to actual values of the distribu
tion and not the percentages of the nominal 
value.

Tolerances of differences or combinations of 
sums and differences are similarly combined.

Consider resistors combined in series as in Fig. 
3. The resistor values have normal distributions, 
and the tolerances are the limits of the 3 sigma 
distribution.

The nominal resistance sum is:

= 15002 4- 10002

1ut = 1800 ohms

The nominal value and 3 sigma distribution 
limits of the sum are 250 K ±1.8 K or 0.72 per 
cent. This example illustrates that when items 
having a normal distribution are combined in 
series, the resultant sum distribution will exhibit 
a tolerance advantage. Resistors with a ±1 per 
cent tolerance combined in the example with a 
±0.72 tolerance.
Product (or Quotient) Tolerance. Tolerances of 
products can be combined directly if the tol
erances contain the same number of sigmas and 
are expressed as percentages. The basic equation 
for products is:



the distribution of the output voltage is:
Nominal gain is:

(6)(TBy = (T^y + (TEy
A = (4600 X 10-«) 2020 = 9.29

W hen the

dx2

h nominal resonant frequency is:

Gain distribution is:50 X 10 6 X 30 X IO“12

X HM)

1 <7/)

(3<rc)2 4-

(3a/J2
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distribution 
±69.5 v or

lytical expression relating the performance 
। able to the various component part values 
of a different form from the situations just 
cussed, the general expression:

Ri low by 5% ±6.7%, R{ 1800 (0.95 ±0.067)
1710 ±121 ohms

Tj — A (
\ \ 1600

= 4.12 X 106 cps

determine the tolerance of the frequencies 
general expression is used:

900
2020 X 100

Nominal gain is:

A = IL
= (3160 = 10-«) (1710) = 5.4

Gain distribution is:

¡Tg^ — 15.8%

.e nominal value and 3 sigma 
its of the output voltage are 440 

• ±15.8 per cent.
/ rances of Other Expressions.

df \2 
db)

3az = 23 X 104

•e nominal value and 3 sigma limits of the 
<>nant frequency are 4.12 x 10° ±0.23 X

I.-

du 
dxi

ie tolerances are the actual values. Tolerances 
quotients or combinations of products and 

uotients are similarly combined.
The tolerance of the output of an idealized 

t ansformer is used as an example of this tech- 
ique. Values and tolerances are as shown in 
ig. 4; the tolerances are the 3 sigma normal 

listribution limits.
I he nominal output voltage is:

= 4 X HO = 440 v

/ du \+ -tew (7) 

list be used to obtain the distribution limits 
the performance variable.
l or example, consider the tuned resonant cir- 
it shown in Fig. 5. The resonant frequency is: 

f=)/2Try/~LC (8)

I he tolerances are the 3 sigma normal distribu- 
'ii limits.

Of y 
ou )

Tolerance of Realistic Situations. Examples il
lustrated thus far consider only initial variations 
due to tolerance distributions. Under realistic 
operating conditions component part value varia
tions will result from both negative and positive 
coefficient effects, in addition to distribution 
variations. In these situations the low and high 
conditions resulting from coefficient effects in 
the range of operation conditions are separately 
treated. And distributions are computed around 
each condition.

For example, take a high frequency amplifier 
with a large output signal range for gain limits 
under conditions encountered in military appli
cations. Changes to be expected in the tube and 
resistor in operating conditions are shown in

Ri
I5OK 

±1%

*2 
IOOK
±1%

Fig. 3. Series resistance.

E¡ - IIOV± 15%

. 4. Transformer

N =(4 sec : I pri)-5%

Fig. 6. High frequency amplifier.

50 ph 
±10%

30puf 
±5%

Fig. 5. Tuned resonant circuit.

Table 3. All tolerances cited are in the 3 sigma 
normal distribution limits.

For low conditions:

Tube contribution:

Gm low by 21% ±15%, Gm = 4000 (0.79 ±0.15) 
3160 ± 600 micromhos

192 4- 7.082 = 20.2'

For high conditions:

Tube contribution:

Gm high by 15% ±15%, Gm = 4000 (1.15 ±0.15) 
4600 ±600 micromhos

fix high by 12% ±5%, Ri = 1800 (1.12 ±0.05) 
2020 ±90 ohms

= V 13« 4- 4.52 = 13.8'5

The gain nominal values and 3 sigma distribu
tion limits at the low conditions are 5.4 ± 1.09 
and at the high conditions are 9.29 ± 1.28. 
Therefore, the gain of this amplifier under pro
duction and operating conditions will be between 
4.31 and 10.57.
Non-Normal Distributions. Occasionally compo
nent part values are not normally distributed. 
This condition exists when component parts are 
selected to small tolerances from a manufacturing 
process that has large tolerances. If component 
part value distributions arc very nonsymmetrical



PHALO engineered

HC>¿£ W TO

Twenty two stranded tinned copper conductors, color coded vinyl plastic 
insulation with conductors cabled and overall vinyl jacket

Phalo Coda strip conductors bonded in flat multiple 
color strip, different color for each conductor

Straight phono plug and right angle plug for 
HiFi or Stéréophonie Sound application

to fill the needs you specify...
Recognized engineering diversity. . . new. greatly enlarged capacity 
. . . new, maximum efficiency of production. Very simply, that is 
Phalo 1959.
Producing For All Industry From The Most Modern Plant In The 
Wire and Cable Industry?
Complete Product Data and Sales Service Information On Request

PHALO ENGINEERED PRODUCTS: INSULATED WIRE

CUSTOM PLUGS, TUBING, WIRING HARNESSES, ETC.

PHALO
530 BOSTON TURNPIKE

SHREWSBURY. MASSACHUSETTS

Representatit es in Leading Cities Throughout The U. S. A.

they will result in performance value distribu
tions that are non-normal. This is particularly 
true if the component part values are all dis
tributed in the same lopsided manner. Such a 
condition exists when oversized values represent
ing half or more of a normal distribution are 
screened out. The method of handling this type 
of component part value distribution will depend 
on the factors present in the particular situation.

When the component part value distributions 
are rectangular, or near rectangular, the standard 
deviation, sigma, of the part value to be used in 
the general expression for finding the standard 
deviation of the performance is computed from:

a = (12)

where B is as indicated in Fig. 7.
The rectangular distribution has statistical 

properties that are far from the normal distribu
tion. Certain precautions must be taken to get 
reasonable results. As a general rule, if there are 
only 2 component parts represented in the 
analytical expression and either or both has a 
rectangular distribution, design for both com
ponent parts simultaneously at their tolerance 
limits and in such a direction as to produce the 
greatest deviation in the performance variable. 
If there are 3 or more component parts, and any 
of the parts have rectangular distributions, the 
general technique shown previously for obtain
ing the standard deviation of the performance 
variable can still be used.

The 3 sigma normal distribution limits ob
tained from application of the general technique 
will actually be close to the worst possible devia
tions when there are only in the order of 3 or 4 
component parts and most of these have 
rectangular distribution. However, the fact that 
the performance variable will be nearly normally 
distributed should be reflected in subsequent cal
culations and advantageously used.

As an example, the scaling factors of the 2-tap 
voltage divider shown in Fig. 8 are obtained at 
the upper tap from:

and al the lower tap from:

F» Ili lh H- AN

The tolerance limits shown in Fig. 8 are the
absolute tolerances (beyond which no value shall 
exceed) of the rectangular distribution. Consider
ing only the smaller scaling factor of the lower 
tap, the nominal scaling factor is:

S =
22,000

(56,000 + 27,000 4- 22,000)

1.20

Fig. 7. Rectangular 
distribution.

56,000 27,000 22,000

±57« ±57«
Fig. 8. Voltage divider 
circuit.

0^0

The standard deviation of the resistor: 
tangular distributions are:

s rrc-

280
—7— = 162 ohms,

<tr2 ~ 77.9 ohms, and lh = 03.5 ohms.

To obtain the standard deviation of the scaling 
factor, which will be nearly normally distributt I. 
the general technique is used:

(3a,)2 =

6XV 
dlh)

dS \ 2

dlh

-Ih

-Ih
(3<TKiy-

— RiA-lh

part 
O1H 
that

I

urn

iri

non

1 inn
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Tung-Sol moves ahead!

Empirical Techniques

Improved cold-weld seal

gives new Tung-Sol

high-power transistors

three-way quality boost

Acknowledgment

author
I Components Group staff members who

paper.

References

new high-power switching transistors to meet
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Reliability 
assisted in

Technological advancements such as this keep 
Tung-Sol ahead of the field. For full data on the

s compì 
)f the p

Vacuum-tight, moisture-proof 
cold-weld seal lasts even through 
“breathing” over long life operation

Elimination of heat-damage, 
heat-caused moisture and “splash 
increase reliability.

True hermetic, copper-to- 
copper seal improves transistor 
thermal characteristics.

High, power transistors 
with new cold-weld seal

expres-
»o arise 
a gross 
placed

Once again Tung-Sol shows the way. Now, for the 
first time, Tung-Sol brings designers high-power 
germanium transistors with quality benefits of the 
advanced cold-w’eld seal.

The new Tung-Sol types feature a stud-mounted 
package and maximum collector current of 13 
amps. Military environmental tests combine with 
the radioactive gas leak detection test to assure 
maximum reliability.

indebted to other Motorola

ic remai 
yield an 
variable

simultaneously 
; value and tl 
while holding

Photomicrograph (45X1 ahowt. circled area 
of cross section if Tung Sol high-pqwer 
germanium transistor cold-weld seal. Note 
absence of seam, indicating actual integra
tion if copper molecules and ■ true, her
metic, copper-to-copper seal

is simply to 
Ine over tir 
various vai

any need with the latest in transistor design and 
efficiency, contact: Semiconductor Division, 
Tung-Sol Electric Inc., Newark 4, New Jersey.

nder of the 
approxima- 

•s standard

The technique 
pouent part’s val 
variations and at 
nrrit part to

■mponent parts 
ariable’s value

I lectronic circuit 
asionallv occur y
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'< cling the component part variation information

on or model 
here the am

\ Reliability Handbook for Guided Missile Electron
Designers, Fred E. Dreste, presented at IRE WES- 

>N, Aug. 20-23, 1957.
Reliability Report—Parts Reliability Curves, Elec

mc Design, Feb. 19, 1958, page 66: 11-23.
Evaluation and Prediction of Circuit Performance 

Statistical Techniques, AR Inc. Monograph No. 5, 
nautical Radio, Inc., Washington, D. C.
A Second Statistical Method for Analyzing the 

ormance Variation of Electronic Circuits, Ralph 
r ichs, Convair (San Diego) Report ZX-7-010, 
fract No. AFO4(645)-4.

ange of typical 
of this compo- 
measure the 

ic performance 
all other com-

vhere the analytical 
known. Situations al

■oximation and little reliance

ained in this manner
Ii all other component part 1 
nominal value and remaine 
। tic estimate would be o 
th< approximation error is

1 \ iation of the values of tl 
mponent part values, will 

lion of the performance

values were at their 
d stable, an accu- 
ibtained. Therefore, 
determined bv the

ponent part values constant. An approximation 
ol the partial derivative of the performance 

triable with respect to the component part that

The nominal value and 3 sigma limits of the 
smaller scaling factor arc 0.2095 + 0.00179 or 
il.2095 *r 0.86%. Similar calculations on the 
irger scaling factor yield 0.4667 1 0.577.

tonnance variable with respect to the various 
part values by analytical techniques is difficult. 
()ne approach is the use of a simple technique 
that yields limited but useful results.



SAVE TIME-MONEY-LABOR For Better Circuit Performance

Degauss Pulse Transformers

SERIES 10,000

DM1E1
DIGITAL DISPLAY

WITH
measure

¡deal magnetization
curve
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QUANTITY PRICES 
ON REQUEST

residual 
In this 
the poki

Edward J. Watt
PCA Electronics, Inc. 

Sepulveda, Calif.

us or minus 
ic direction

point on a magnetization curve tl 
netism is located.

An ideal magnetization curve

in pulse transformers 
circuit performances;

NEW! LARGE IN-LINE DISPLAY
Series 80,000

WRITE TODAY FOR COMPLETE DETAILED SPECIFICATIONS 
Representatives in principal cities

often resti 
degaussing the 
situation.

All digits uniform in size and intensity 
easier and faster to read
High-contrast viewing screen insures 
utmost visual sharpness.
Digit style of your choice to comple
ment manufacturer's original 
equipment
Colored digits of your choice for 
special environmental lighting. 
Individual units may be assembled 
in groups for convenient panel 
mounting.
Dimensions: 1 9/16" wide, 
2%" high, 5%" long.
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OUTSTANDING FEATURES
Reliable, dependable, no moving parts.
All digits displayed on front surface viewing 
screen .. quickly seen from any angle of viewing

many applications 
transformers

Offers same outstand
ing features as Series 
10.000 In-Line Display, 
but approx, four times 

larger. Easily viewed 
over 100 feet away!

*33»» MCh
Quantity prices available

Fig. 2. A typical magnetization 
curve.

d^tai

ONE-PLANE PRESENTATION

PRICE 
PER UNIT

Industrial Electronic Engineers, ine.
Engineers and Manufacturers of 

Fully Automatic Systems and Machines

3973 Lankershim Blvd , North Hollywood, Calif



Fig. 3. A degaussing jig.

ions.
lers. 
I on

V to

.mses of residual magnetism are many.
। i king the continuity of a transformer w ith a 

i will do it. Frequently, incoming inspection 
•es the transformer into some sort of text fix- 

ior an electrical test. High powered radar 
nnas in the immediate vicinity may sweep 

n beam across a transformer lying on a bench, 
a transformer may be placed next to some 

,1c through which a large amount of 60 cycle 
rent is flow ing.

Tia* inductance of a transformer depends on 
tin number coil turns and the amount of core. 

. here is a limit to how much each can be varied. 
I . certain applications, more core and less turns 

\ be necessary for a given quantity of induc- 
I.hkc. More core and less turns w ill (1) raise the

: < reuse interwinding capacitance, 
utiaw inding capacitance, (5) and 

•Hage breakdown between turns, 
" II increase its potential gradient 

increase the 
as each turn 
with respect

optimum com-

resis

Effects of Residual Magnetism

When a transformer is placed in a circuit and 
hjected to a current flow in a given direction, 

ilu core will maintain a certain amount of resid- 
h il magnetism after the current source is re
moved. If this same current is reapplied, the 
Ii msformer will continue to give repeatable per- 
fonnance.

If this «same transformer should then be used 
i different circuit, it will receive a new mag
ic set. Returned to its original circuit, the per- 

i unance of the transformer will not be the 
ne as it first was.
In blocking oscillator applications slight mag- 
ization of the transformer can cause 50 to 200 
cent variations in performance. When used 

। coupling transformer, the difference in per- 
nance is not so noticeable.

The Solution

requently it may solve an engineer’s blocking 
llator problem to polarize a transformer; posi- 

five if he wants to decrease output pulse width, 
and negative to increase pulse width. This is a 
short-cut solution, as little guarantee is had that 
the transformers assembled into a production 
item will be polarized in the proper direction 
and in the desired amount.

Using depolarized pulse transformers will pro- 
v ide consistent performance in every circuit. De
polarization will insure the transformer starting 
out from a neutral condition and establishing a 
residual magnetic set which it will maintain from 
the balance of its life.

Degaussing A Transformer

To depolarize, or degauss a transformer, the 
transformer is subjected to an alternating voltage 
of magnitude sufficient to saturate the core in 
each direction. The signal is gradually reduced 
to zero before the transformer is disconnected.

The basic magnetics formula is

E = 4.44 /NBA (10)-8

where E is volts maximum; f is applied fre
quency in cps; N is number of turns on winding 
being energized; B is saturation flux density 
(20,000 lines per cm2 for grain oriented silicon 
steel); and A is the cross section area of core in 
cm2.

Values of voltage E sufficient to saturate the 
various transformers at 60 cps (primary windings) 
are as follows:

1 mh 0.18 v
4 0.66
7 1.08

10 1.50
16 2.28
25 2.88

\’alues in between the above numbers can be 
extrapolated.

A simple degaussing jig is shown in Fig. 3. It 
is only necessary to have the Variac at zero volts 
when the primary winding is connected across 
the output of the filament transformer. The Variac 
is then turned by hand to near 100 v and back 
down to zero. This should be done in 1/2 to 2 
seconds total time. ■ ■

MILITARY 
CIRCUITS 

by

NOW, a special division for 
this high precision work:

Separate management and operating team 
specialising in reliable production of pre
cision printed circuits

Special facilitie» for accurate and uni
form short run punching and fabrica
tion of printed circuits

Complete precious metal electroplat
ing department to handle all finishes

The newest in equipment with the 
industry's largest manufacturing 
capacity devoted to printed cir
cuitry

A number of important projects

borne ordnance continuously 
in production

METHODE also offer» 
film insulated wiring 
harness and connec
tors for printed cir
cuit applications. 
Write fof bulletin.

Manufacturing Corporation 
1U1 W. Wilton Avo • Chicago 31

For further information address

MILITARY CONTRACTS
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Another Qeâtectro First!

Spring Spins Gyro

111

a tape

lor the unit is 30 sec.

Flat Rotary Switch
Saves Space (1 

unit

ises 
(Hl 

' Ho

JACK

Yes, another Sealectro “First”! Here’s 

a flat-mount subminiature jack (SKT-PC 

Series) for printed-wiring boards. 

Mounts in three holes forming a tri

angle. Takes standard .080" probe or 

matching plug. Simply dip-soldered 

from under side of board for rugged 

mechanical and electrical installation.

A SPIRAL "clock’ spring spins the 
rotor of this roll reference gyro into 

action. Use of the spring as an energizing 
element reduces the weight of the gyro, 
which was designed for missiles and 
drones that must be maintained in opera
tional readiness for long periods of time.

Advance energizing of the gyro is not 
necessary. Once wound and armed at the 
factory, the unit is capable of being stored 
in this condition for an indefinite time 
without loss of accuracy.

The frame-mounted spring brings the 
rotor to operational velocity in less than 
10 msec after launching. Then the spring 
disengages and permits the gyro to fun< 
tion as an inertial reference. The units 
were developed by Telecomputing Corp.. 
W hittaker Gyro Div., 16217 Lindbergh

Mounts flat on top side of printed- 
wiring board.

For dip soldering in grid coordinate 
spacings.

Matching subminiature plug 
available.

Long-life contacts of heat-treated 
Beryllium copper.

In ten different code colors.

Takes standard .080" probe or 
matching plug. Teflon*-centered entry re
lieves contacts from mechanical strain.

converts visual decimal numbc s

10-p
vent

Reg. Trademark of E. I. DuPont 
de Nemours & Co., Inc.

Fig. 1. Using a printed circuit element, this fìat rotary switch 
to binary or octal codes.

unit
octu

\l
sv. Iti

Jlecu 'MfaKUat containing the up-to-date listings 
of hundreds of “Press-Fit” terminals, 
jacks and plugs, sent on request

CORPORATION
610 Fayette Avenue, Mamaroneck, N. Y.
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Solenoid Triggers Gyro
\ solenoid, when energized, triggers 

11 gyro into operation. The solenoid re- 
R ses a trip hammer that lifts the latch 
I ding the main accelerating spring.

t ion of the trip hammer is strong 
ugh to overcome any cold-flow weld- 

। between the latch and the restraining 
। hanism. A cold-How weld may’ result 

11 i the tremendous force exerted by the 
ng on the latch over a long time.
lie gyro is available in a cylindrical 

L ie measuring 4 in. in diameter and 
I: m. in length, and a rectangular shape 
In curing 3.5 x 4 x 5.5 in. And its operat- 
! temperature range is —65 or 4-160 F.

)nlt rate of the gyro is within 0.625 
L per min, averaged over a 10 min pe
in I. It can withstand a shock of 10 g 
In lias been able to take a vibration of 

5 <i 55 cps at 10 g during a sweep fre- 
L| mv of 1 min. Long storage periods 
have negligible effects on the power of 
H spring to perform as intended.

l or more information on this spring- 
<li un gyro turn to the Reader-Serv ice 
< ■ I and circle 101.

Vital Component in Sage Air Defense Computers

Fig. 1. Coging and winding of the gyro is 
done with a removable key at the factory. 
The unit is capable of being stored for an 
indefinite period in this condition.

0 
G 
Ò

Photocircuits 
printed circuit cards

I F I \T \ND small in construction, easy 
I ■ Io set and read, simple conversion of 
I visual decimal numbers into binary or 
I octal code—all these properties charac- 
I Itn/e this rotary switch.

( ailed the Digiswitch, Scries 7300. the 
I unit was primarily designed for computer 
I and control systems by the Digitran Co., 
I 15 W est Union St., Pasadena. Calif.

I he sw itch can be used in place of a 
I 10 position or octal switch unit of the con- 
I untional rotary construction. And, be- 
I v. se a printed circuit board is used, the 
I an permits binary code (1. 2, 4, 8) or 
I octal code (1, 2, 4, 7) to be set from a 
I \ i al decimal number.

\ttached to the rotating wheel of the 
I w itch is either one or four brushes, de- 
I I ling on whether the switch is de

ad for decimal, binary or octal opera - 
For di'cimal operation one brush is 
but there are four for binary or octal 

'• Hits.
he brushes rotate across a printed cir- 
board. On the rear of the board are 
d-throngh holes to which wires are 
red for connection purposes. Then' 

are 1 1 connections for decimal operation, 
5 for both binary and octal.

Ganging Possible
The switch is designed on a modular 

basis which permits ganging. Number ol 
modules that can be ganged is limited 
only by panel space. Twenty switches 
can be mounted in the normal space re
quired for five conventional rotary switch 
units.

Contacts on the switches arc rated for 
200 v at 1 amp. And contact resistance is 
0.5 ohm. For decimal operation the 10 
contact positions can be either single or 
double pole. The unit can operate in an 
ambient temperature of up to about 125 C.

Overall height of the switch is 2.32 in. 
as viewed from the panel side. W idth per 
section is 1/2 in. Behind the panel the 
switch extends 1.61 in. and is 1.86 in. 
high. Overall extension in front of the 
panel is 0.2 in. Detents hold the switch 
securely in each position.

For more information of this switch, 
turn to the Reader-Service card and circle 
102.

The Sage System, vital to our nation’s security, relies on IBM-built 
computers to display accurate pictures of hostile and friendly 
aerial action.
IBM uses printed circuit cards with plated-thru holes by PHOTO
CIRCUITS to help do the job. IBM experience indicates that 
through-circuitry—using both sides of a printed card —saves space 
and costly assembly time.
Printed circuit cards by PHOTOCIRCUITS have plated-thru holes 
that help eliminate troublesome intermittents caused by vibration 
and temperature changes... increase solderability, too.
PHOTOCIRCUITS produces reliable printed circuit cards...builds 
them with strength to spare for all applications.
“Bonus” copper, on the right-size hole wall, is just one of the rea
sons you can depend on PHOTOCIRCUITS printed circuit cards. 
Proper design, precision production, and advanced quality control 
techniques are others. All add up to outstanding reliability... 
often at lower cost.
Check the advantages of printed circuit cards with plated-thru 
holes by PHOTOCIRCUITS... the largest and most experienced 
manufacturer in Printed Circuitry. For full information, write 
our Engineering Department PS-1 today.

PHONES

GLEN COVE 4*8000

FLUSHING 7-8100

CABLE

PHOCIRCO
NEW
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Designing Zener Diode

Voltage Regulators

R. G. McKenna

Texas Instruments Inc.
Dallas, Tex.

A tew equations, a set of curves make the design of a zener diode voltage regu
lator easier. And too, they help predict the regulator's performance.

7 ENER DIODES arc well suited for shunt regu- 
“ lator applications. The power regulator diode 
provides a wider choice of voltages and larger 
current ranges than do gas-tube regulators. In 
addition to these advantages, it does not require 
a firing voltage higher than the regulating volt
age, as does a gas-tube regulator.

A voltage regulator circuit employing a power 
regulator diode is shown in Fig. 1. The diode is 
connected across the load. RL. This combination 
is fed from the unregulated supply voltage, V1} 
through a series dropping resistor, Rs. The flat 
voltage characteristic of the diode holds the load 
voltage essentially constant as the load current 
or supply voltage changes. A change in load cur
rent results in a corresponding change in diode 
current. Therefore, the voltage drop across Rs 
remains unchanged with variations in load 
current. A change in input voltage, V<, pro
duces a corresponding change in diode current 
which causes the change in voltage drop across 
R< necessary to cancel the change in input volt- 
am\ thus holding the load voltage constant.

Designing Zener Diode Regulators

For a specific regulator application, the load 
voltage and current requirements are known.

30

The percentage variation in the unregulated sup
ply voltage is estimated. The design of the regu
lator is accomplished by selecting the proper 
regulator diode and determining an input volt
age and series resistance that will provide regu
lation over the required load current and input 
voltage changes without overloading the diode.

The diode voltage is determined by the load 
requirement. It must have a larger range be
tween its maximum and minimum current limits 
than the expected range of load current varia
tions. The maximum diode current is determined 
by the dissipation rating and is a function of 
case temperature. A curve of the maximum dis
sipation vs case temperature is obtainable from 
the diode data sheet. The maximum current may 
be expressed as:

I„„„ - ~ (1)
II

where

Pdma^ ■ maximum dissipation rating of the 
diode.

\ l = load voltage
The minimum diode current, for regulator de

sign. is the current at which avalanche break
down occurs, and is also a function of tempera
ture. A practical minimum for most applications 
is approximately 1 ma.

An equivalent circuit for the voltage regulator 
of Fig. 1 is shown in Fig. 2. The fundamental 
equations involved in the operation of the regu
lator are:

I i = (Rs T rd)Id 4" RsIl 4-1 <2)

I l = fdld T I .i (3 *

Rd = YlL (4)

Pl = VlIl (5)
where

is the unregulated input voltage

Rs is the series resistance
¡'j is the resistance in series with the 

fixed voltage, Vj, constituting the 
equivalent circuit of the diode

Id is the diode current
Il is the load current
I 2. is the output, or load, voltage
Pi. is the load power

To calculate the proper values for V* and Rs, 
from these equations, refer to the operating re
gion of the regulator shown in Fig. 3. It is as
sumed that the full current range of the diode 
will be utilized in providing regulation over the 
entire operating region, bounded by the maxi
mum and minimum load currents and by the 
maximum and minimum input voltages. This re
gion is contained between the load lines, repre
senting the series resistance, Rs, draw n through 
the maximum allowable diode current and the 
minimum diode current required for regulation. 
The input voltage may be any value within the 
range of If the ratio, AVi/V,0, is
defined as k, permissible input voltages are

r. = rwu ± i:] (6)
It is clear from Fig. 3 that a compromise be

tween load current variations and input voltage 
range must be made for a particular diode (i.e. a 
reduction in load current range, from that shown 
in Fig. 3, will provide a wider input voltage 
range or a reduction in input voltage range will 
provide a larger current range).

The important points in the operating region 
are the two corners through which the series re
sistance load line passes. The point representing 
the maximum input voltage and minimum load 
current determines the maximum diode current 
and the point representing the minimum input 
voltage and maximum load current determines 
the minimum diode current. An expression for
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the ratio, k, in terms of the coordinates of these 
two points may be obtained from Eq (2) as 
follows:

the circuit should be reduced in an amount equal 
to the internal resistance of the input voltage 
source.

Since the nominal input voltage, Vin, is the 
average of the maximum and minimum input 
voltages, a second expression may be obtained 
from Eq (2), involving these quantities. It is:

cimiti

4- Rsi ILmax 4“ iLmich 4" 2 I d (8)
The values of input voltage, Vn,, and series re
sistance, Rs, calculated from Eqs (7) and (8), are:

Design Curves and Equations

If both sides of Eq (9) are divided by the load 
voltage, V L, a dimensionless equation is obtained. 
Eq (10) may be reduced to a dimensionless form 
by following a similar procedure. The constants 
associated with these equations may be expressed 
in terms of voltage and power ratios, thus ob
taining a set of generalized diode regulator equa
tions that may be used for a wide range of zener 
diode voltages and power ratings. They are as 
follows:

Fig. 1. Power zener diode voltage regulator.

P
2 I io [^di Idmax

I dm ax 4~ I dmin) + (ILmai +I Lmin)

where

Idmax I dmin ' (7 Lmax II.a —---------------------------------------------
mat

3 — 1/2 rt 4- I dmin) 4- — I j]
1 diIdmax ““

The maximum and minimum diode currents 
are determined by the design and rating of the 
diode. For fixed values of maximum and mini
mum load currents, the only variables in Eq (9) 
are V(o and k. This is the equation of a hyper
bola, in standard form, with asymptotes of 
\’i0 — 0 and k = -\-a. Since the load current ex
cursions, Iimar and hmin, and the percentage 
input voltage changes, k + 100, are known, the 
nominal input voltage, Vi0 is determined by 
Eq (9). Its value may therefore be directly cal
culated from known quantities. The series re
sistance may then be calculated from Eq (10).

It will be observed, from Fig. 3, that low 
values of series resistance and input voltage are 
desirable for large load current changes, pro
vided there is no change in input voltage. How
ever. in this case, no regulator is needed. On the 
other hand, large values of input voltage and 
series resistance are desirable for wide input 
voltage changes. The values of Vio and Rg, cal
culated from Eqs (9) and (10) are the lowest 
input voltage and series resistance that will pro
vide regulation for simultaneous changes in load 
current and input voltage specified by ILmax» 

^Lmin» and k. Therefore, these values represent 
the most efficient and economical diode regulator 
that can be designed to satisfy the load and input 
voltage requirements. It should be noted that 
Rg, calculated from Eq (10) includes the ef
fective internal resistance of the input voltage 
source. The actual series resistance inserted in

II si dma

I I.max 4- 1

1 dmnx

where

I ' ¡.max • Lmin 

dmat

Ô =

These equations neglect the minimum diode cur
rent which is very small (1 ma or less). Vf. is the 
voltage across the diode for maximum diode cur
rent and WL is the change in diode voltage for 
the full diode current swing, from Idm ax to Idmin- 

While the ratio WL/VL is not quite constant for 
all diodes, an error of only about 1 or 2 per cent 
is introduced by assuming an average value for 
this term.

Generalized design curves, for zener diode 
regulators, are shown in Figs. 4 and 5. The curves 
of Fig. 4 are obtained from Eq (11) and repre
sent a minimum load power of zero. The input 
voltage regulation, k, is shown as a function of 
Vio/VL for maximum load powers of 0.1 through 
0.9 times rated diode power. Similar curves, ob
tained from Eq (12), representing RgPdmax/Vj* as 
a function of Vi0/VL are shown in Fig. 5.

Example
A regulated de voltage of approximately 45 v 

and 35 ma peak current is required. The input 
voltage regulation, including ripple, is 20 per 
cent. It is desired to determine the nominal input 
voltage, Vi0, and the series resistance, Rg. A 
zener diode, having a voltage of 46.85 v at 
Idmax — 110 ma was selected for this application.

OPERATING 
REGION

SLOPE — 4" 
R$

Fig. 2. Equivalent circuit for zener diode voltage regu
lator.

SLOPE »4-
*0

~T|D MIN

Fig. 3. Operating region of diode regulator.

The ratio of load to maximum diode power is:

PL = Vt, IL = 46.85 X 0.035
Rd " Vl Idmax 46.85 X 0.110

.*. — = 0.318 
Pd

Vio/VL 1.525 is obtained from Fig. 4 and

Vm, = 1.525 X 46.85 = 71.4 v

Rg PdJVL2 0.815 is obtained from Fig. 5 and

D 0.815 X (46.85)2 Q.c . o
Rs = ----------------—------------— = 348 ohms

5.15
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For your further enlightenment

¡VU *s a function of V,

CIRCLE 27 ON READER-SERVICE CARD

stops 
huutiup

There are no magic components. The familiar type of servo-hunting can 
be avoided only by overall system design.

But, by specifying the helipoi r 7/8" Series 7200, you can stop another, 
equally serious kind of hunting... for the buried ten-turn pot whose 
sheared stop or seized shaft has caused a system failure.

The all-new Series 7200 blocks servomotor overshoot with 128 oz. in. 
of stop strength. Shaft bearings, front and back, resist radial loading.

Priced for the parsimonious, this instrument-quality potentiometer has 
18' of high resolution coil neatly helixed in its 1-1/2" long case. Your accu
racy requirements are answered by linearities to ±0.05%.

Interested?... You should be! This volume-produced pot is long on 
everything but price and delivery!

11U ma, w 
108.5 ma.

A small

ELECTRONIC DESIGN • April 1, 195?

resistance range 
power rating 

noise 
starting torque 

moment of inertia

Applicable sect ions of n as 710, mil-r-19, JAN-R-I9and MiL-R-19518aremet 
or exceeded... and we have certified test data to prove our every claim. 
To enrich your leisure hours, write for Data File C42.

0, the calculated diode current was 
/bile the measured diode current was

sary to protect the diode when the maximum 
input voltage, V,0(l + k), is obtained with no

25 to 125.000 ohms
1.5 watts at 40°C 
100 mv maximum 
0.6 oz. in. maximum

Fig. 4. (below) Generalized zener 
diode regulator curves. Voltage reg
ulation, k, is a function of V t 
for maximum load powers of 0.1 
through 0.9 times rated diode power.

>uiimil MAHS|

¡suss immillili’* mis him uiiiuiuiuutmi uw mu mu am * mm
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BASIC MODELS (withoul overvoltage) All inputs 120 v ac

* Units available for 240-volt input also

-
-

-
-1

lOW DIODE 
VOlTAGE

MODEL VT4N 
Volts output: 0-120 
Amps output: 4.75

1er

MODEL VT8N 
Volts output: 0-120 
Amps output: 10.0

MODEL VT2N 
Volts output: 0-120 
Amps output: 1.8

-

-

MODEL VT2
Volts output: 0-120/132
Amps output: 1.5

MODEL VT4
Volts output: 0-120/140
Amps output: 3.5

*

MODEL VT8
Volts output: 0-120/140
Amps output: 7.5

QUALITY

Enclosures for 
portable or fixed use.

R.F. CHOKES
DIODESfactory RHEOSTATS 

VARIABLE TRANSFORMERS
TAP SWITCHESRFSlSTORS RELAYS

TANTALUM CAPACITORS

high DIODE
VOLTAGE

Tandem Assemblies 
in all three sizes of 
Ohmite Variable Transformers.

NOMINAL 
DIODE VOLTAGE

., 6. Effect of low or high diode voltage on operat- 
regicn.

1 t in rent. The smallest value of k associated 
Ii these curves is about 0.025.

since the regulator components are selected 
utilize the full operating range of the diode, 

is desirable to evaluate the operation of a cir- 
¡t. designed for a nominal value. The effect 
the regulator operating region of this condi-

Lor nominal diode voltage the operating re
in will cover the area abed, in Fig. 6. This 

I n a is bounded by the maximum load current, 
I / , on the top, the minimum load current,
I /. on the bottom, and the maximum and

Jinum input voltages, Vi0 ± V{, on the sides. 
I It the diode voltage is too high, say by 10 per 
I nt, the minimum input voltage that will pro- 
I \ ide regulation will be reduced from point “b” 
j point This point is reached when the 
I . ! iode current drops to the smallest value that 
I will provide regulation. If the input voltage 

hops below the point “b”, the circuit ceases to 
I I unction as a regulator.

II the diode voltage is too low’, the maximum 
I nput voltage, that produces maximum diode 

irrent, will be reduced from point “c” to point 
* This condition may not be too serious, since 

the diode current rating is based on pow’er dis
sipation. A low voltage diode can therefore toler- 

a higher current than one of nominal voltage. 
Hie effect of high or low voltage diodes, repre- 

nting the normal manufacturing spread, is to 
luce the effective input voltage regulation 
in b-c to b'-c'. The estimated input voltage 
dilation should therefore be increased to allow 

spread in diode voltages. The reduction in 
>wable input voltage change is exactly the 
iation in diode voltage from its nominal value, 

os, the allowance in input voltage regulation 
diode spread will depend upon the ratio of 

"it voltage to diode voltage. For example, if
T/ = 2, ±5 per cent should be added to 
estimated input voltage regulation to allow 
a r 10 per cent diode voltage spread. This 

•wance should be determined for each appli-
ion and will always be less than the percent-
diode spread.

RHEOSTAT-TRANSFORMER
TANDEM ASSEMBLIES. EXCLUSIVE WITH

Available from 
Ohmite 

Distributors or 
direct from

OHMITE
VT2 
VT2N

VT4
VT4N

VT8 
VT8N

Variable Transformers
Give a "Bonus” in 
Current Capacity

EXPANDED LINE—Ohmite now offers industry six basic models with current ratings 
sufficient to meet a large percentage of industrial applications. The new line includes 
enclosed units and tandem assemblies. Two models, VT2 and VT4, offer capacity greater 
than competitive units of comparable size and price. An additional and sizeable "bonus” 
in current is given in all sizes when the overvoltage feature is not required (“N” suffix, 
see below).
ADVANCED FEATURES Positive current transfer achieved with direct brush to slip-ring, 
pig-tailed connection: table or panel mounting—on VT4 and VT8 sizes, adjustable shaft 
moves to brush or base side: interchangeable with other popular types both electrically 
and “mounting-wise”; durable rhodium plating on brush track for longer life.
SPECIALS ENGINEERED FOR YOUR NEEDS Transformers can be modified to meet dif
ferent requirements such as special shafts for nonstandard panel thicknesses, auxiliary 
switches, taps on transformer winding for fixed intermediate voltages, and motor drives 
for remote control or servo-operation. The only manufacturer in the industry concurrently 
producing power rheostats, tap switches, and variable transformers, OHMITE can also 
offer in-tandem combinations of these items.
BASIC MODELS (with overvoltage) All inputs 120 v ac*

Write for Bulletin 151

E®>4 —+ i
OHMITE MANUFACTURING COMPANY

3643 Howard Street 
Skokie, Illinois
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Improving the Emitter-Coupled Phase Splitter

Maurice Price

28V

lOK
47K

phase splitter

RÄ,I.5K been

bothImproved circuit has
Q3 supplied with bias from the Q

56K
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PUSH-PULL 
OUTPUT

Computing Devices of Canada Ltd 
Comdevcan, Ottawa

Q2 and 
collector

ESIGN1XG a phase-splitter with transistors, 
the engineer is faced with the problem of 

stabilizing the operating points. This is the source 
of most of the difficulty. In this article an effi
cient phase-splitter is described having a voltage 
gain of about 8000 and a power output of 10 mv. 
It can be designed with well stabilized operating 
points.

NOTE :

C, AND C2 AND 2.5MFDJ5WVDC

circuit. The bypass capacitor Ci may be omit 
ted with an attendant loss of gain.

Conventional Phase-splitter Circuit

A convenient starting point for developing a 
well-stabilized circuit is the emitter-coupled pair 
shown in Fig. 1. Transistor Q2 is driven from the 
single-ended first stage, while Q3 is fed from the 
common emitter resistor Re. The base of Q3 is 
bypassed to ground by capacitor C2 to achieve 
this feed. Both transistors Q2 and Q3 are shown 
with identical bias networks R2, R^ and R^, Rb. 
The efficiency is adversely affected by the shunt
ing effect of these networks on the signal and by 
the loss of de power in them.

An efficient phase-splitter using transistors can be 
designed with well stabilized operating points. The 
difficult problem of drift is solved by only a slight 
modification of the conventional phase-splitter 
circuit.

Fig. 2. 
coupled

Fig. 3.

An emitter-coupled

Transistor Q2 has 
to O..



CLEVITE
A DIVISION OF
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rigid requirement is 
The bases of Q2 and

TRANSISTOR PRODUCTS
241 Crescent $t.,Waltham 54, Mass. TWInbreek 4.9330

Clevite offers new types with improved reliability 
and power handling capacity.

EIA REGISTERED TYPES WITH:

• Improved seal for long life.

• Saturation voltage less than 1 Volt
at increased maximum rated current of 15 amperes.

• Average thermal resistance 0.7 C per watt.

• Current gain controls: 60-150 at 5 amperes.
• 100% test for resistance to transient burn out.

• Either standard pins or solder lugs.
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A further improvement is suggested in Fig. 3. 
3 he collector load of Qi has been split into a 

idge arrangement of the four resistors R4 
* nigh These four resistors may be made

It has been assumed in these equations that all 
tee transistors have identical lc0 and a.

Improving Operating Point Stabilities

An improvement can be made by coupling Q2 
directly to the single-ended driver, as shown in 
Fig. 2. The disadvantage of this scheme is that 

and do not operate under identical condi
tions as far as the de circuit is concerned. The 
operating point stabilities will be different and 
de power is still wasted in tbe bias network

Sample Design

A sample circuit is shown in Fig. 3 using type 
M79 silicon transistors with an a of about 0.98. 
The output collectors are transformer coupled 
a load measuring 7.2 K collector-to-collector. 

1 attempt was made to maximize gain or power 
fput. The stability factors are Si = 5.4 and 
= S3 = —4.3. The two push-pull transistors 

ve thus been slightly over-compensated. The 
tage gain of the circuit measures about 8000, 

some 10 mw of power output is available. ■ ■

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

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

t R4 = Rq and R 
are then at the s.

; their biasing. Capacitor Cg bypasses the base 
f to the positive supply bus and thence to 
1 mnd. For signal frequencies, resistor R2 acts 
ily as an undesired attenuator in series with 

h base of Q2, and is therefore bypassed by ca- 
k itor C, If the loss of gain can be tolerated, Ci 

nay be omitted.
Note that the direct coupling of the two push- 

jHill transistors to the first stage enables both 
In ir operating points to be equally stabilized. 

In this type of connection, the resistor values 
h iy be so chosen that the first stage compensates 

11 the operating point drift of the second stage. 
I liere is no loss of signal through the shunting 

11 ret of the bias arrangements. The scheme of 
Fig. 3 will operate satisfactorily down to that 
requency at which Ci and C3 fail to act as effec

tive bypasses. The operating point stability fac
tors are given by:

Now from CLEVITE

TECHNICAL DATA
Typical Electrical Characteristics at 25 C

2N1147 Series has solder lugs 
2N1146 Series has standard pins

2N1147
2N1146

2N1147A
2N1146A

2N1147B
2N1146B

2N1147C
2N1146C

Collector to Emitter Voltage
Shorted Base (IC = 1 amp) 30V 

(Min)
40V 

(Min)
60V 

(Min)
75V 

(Min)
Saturation Voltage 

(IC = 15 amps)
1.0V 

(Max)
1.0V 

(Max)
1.0V 

(Max)
,1.0V 

(Max)
DC Current Gain 

(IC = 5 amps) 60-150 60-150 60-150 60-150
DC Current Gain 

(IC = 15 amps) 35 35 35 35
Absolut* Maximum Ratings
Collector.Current
Collector to Base Voltage 
Collector to Emitter Voltage 
Power Dissipation at 70°C

Case Temperature 
Junction Temperature

15 amps 
40V 
40V

25W
95°C

15 amps 
60V 
60V

25W
95°C

15 amps 
80V 
80V

25W 
95°C

15 amps 
100V 
100V

25W
95°C



William G. Royce 
has been with Kin 
Tel over nine vears *

working principal
ly in the design of 
low drift, precision 
de amplifiers, both 
single-ended and 
differential, for 
data handling sys-
tenis.

FLOATING differential de amplifiers are better 
than single-ended amplifiers for rejecting 

noise in an instrumentation system. The differen
tial amplifier can distinguish between millivolts 
of signal and volts of noise.

The disadvantage of the single-ended ampli
fier is that it needs a filter in its input to reject 
noise. The filter attenuates noise, but it also at
tenuates the signal.

In the system shown in Fig. 1, the signal out
put of the transducer might be 10 mv peak-to- 
peak. If the system is to have an overall resolu
tion of 0.1 per cent, which is not unreasonable 
today, then the total allowable error can not 
exceed 10 pv peak-to-peak at the amplifier input. 
This error includes noise introduced into the 
system prior to the amplifier, amplifier perform
ance, and other miscellaneous contributions.

If the amplifier is a good one, it will probably 
have an error equivalent to slightly less than 5 
pv peak-to-peak input. This error within the 
amplifier is caused by drift, low frequency noise, 
and hum. The remaining contribution of approxi
mately 5 pv peak-to-peak comes primarily from 
hum picked up in the wiring of the instrumenta
tion circuit exterior to the amplifier.

Differential amplifiers can...

Rescue Millivolts of Signal 
From Volts Of Noise

To reject unwanted noise in such a system so 
that less than 5.6 pv peak-to-peak gets to the 
input terminals of the amplifier, the instrumenta
tion wiring must be installed so that maximum 
ground loop impedance exists, with accompanying 
minimum ground loop current. Such precautions 
are mandatory; but even when grounding is 
properly taken care of, noise amplitudes of sev
eral volts often appear on the wires leading fo an 
instrumentation de amplifier. This noise is caused 
by ground loop current, which inevitably exists 
in the system. Sometimes the system lends itself 
to the inclusion of a series filter, but unfortu- 
nately, a noise filter always limits the band pass 
or frequency response of the circuit. Therefore, 
in many dynamic instrumentation installations a 
filter is not practical. In these cases the amplifier 
itself must be able to reject noise.

Ground Loops and Common Mode Voltage

The consideration of grounds involves compar
ing the relative merits of single-ended and differ
ential amplifiers. A typical, conventional single- 
ended amplifier has one of its input terminals 
and one of its output terminals joined as a com
mon ground connection. This ground terminal is

William G. Royce

Project Engineer 
Kin Tel Division of Cohu Electronics

San Diego, Calif.

usually connected to the amplifier frame. Such 
an arrangement results in a good amplifier, but 
often provides many headaches when either the 
transducer or the recorder, or both, must be 
tied to system ground. In a differential amplifier, 
the input and output terminals may be floating 
with respect to system ground, providing greater 
flexibility in wiring the instrumentation system.

One way to keep the noise low in the system 
shown in Fig. 1 is to keep the common mode 
voltage as low as possible. Common mode volt
age is the difference in potential between widely 
separated ground points. Any grounding material 
connecting two points has some finite impedance 
—even so-called buss bars. Unfortunately, the use 
of heavy wire in the connecting cable does very 
little good. The reason for this is that the thermo
couple resistance is relatively high.

The scheme shown in the illustration reduces 
noise considerably. The shield of the connecting 
cable is connected to ground at two points, pro
viding a shunt circuit for the ground loop current 
l\. The amplifier and the load are well isolated 
from ground. In addition, it is significant that the 
reference cold junction is in the line connected 
to the high side of the circuit; such placement is

COUPLE

Fig. 
both

COLD 
JUNCTION 
--------■------- VW

SHIELD

AMPLIFIER 
CIRCUIT

E INPUT 
_ i__ “E out

E| E
COMMON 

MODE 

VOLTAGE

1. Typical instrumentation system utilizing shielded cable grounded' at 
ends.

2 K® EQUT

E INPUT

“ e out* K (£|-e2)
Fig. 2. Basic differential amplifier.
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made because this line has more impedance than 
the other wire emanating from the thermocouple. 
The low-impedance line is chosen for the low or 
ground side.

With the circuit arrangement shown in Fig. 1, 
the ground loop current U flows through the 
parallel paths of tin* cable shield and the low 
ide of the thermocouple output wire. Since the 

shield has a much lower impedance than the in
strument lead, most ot the unwanted ground 
loop current Hows through the shield. Such an 

mgement will provide noise figures w ithin the 
hv peak-to-peak limitation mentioned above. 
< only rule of thumb broken by the circuit 
mun is that the shield is not unipotential; that 

the shield shown is grounded at both ends. 
। bis difficulty can be circumvented by using a 

mble-shiekled connector cable. The outer shield 
ii be used for the ground connection, while the 
tier shield is connected at the amplifier end 

only.

Differential Amplifier Limitations
Io make such a precision instrumentation sys- 

iii possible, a well-designed differential ampli- 
< r is highly' desirable. A basic differential am- 

jilifier is shown in Fig. 2. In this theoretical 
irciut, the output voltage is proportional only 

i<> the difference between the two input voltages. 
I lirse input voltages are referred to a common, 
invarying ground potential, which is entirely 

arbitrary.
However, such a theoretical circuit cannot be 

converted into actual hardware. A practical dif- 
lereutial amplifier becomes the circuit shown in 
I ig. 3. Common mode voltage appears in this 
ictual equipment, since there is a finite isolation 
mpedance to ground inherent in any amplifier. 
In practice, though, this impedance can be made 
is high as 1015 ohms and 0.6 puf.

I lie biggest advantage a differential amplifier 
possesses over a single-ended amplifier in many 
installations is its inherent ability’ to reject noise 
better than a single-ended amplifier. The prin- 
iple of noise rejection is illustrated in Fig. 4. 
Assuming that two wires emanate from the trans- 
uccr, and that both w ires have identical imped- 
"ce, the noise that is induced by’ electromag- 
tic pickup travels along both wires. This noise 

nters the amplifier via two terminals. The two 
rminals arc connected so that the net difference 
voltage between them is amplified. Since the 

nise voltage on each wire is the same, the net 
Herence between the two is zero, and no noise 
isses through the amplifier.
\nother way’ to look at what is happening is 

histrated in Fig. 5. The currents q and i2 in Fig.
are noise currents. Each Hows to ground 

rough what amounts to a center-tapped trans- 
imer primary winding. The secondary of the
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A new concept in electronic test equipment

Assemble.. . a radar performance monitor...

or a complete weapon checkout system ... with Sperry modular components

Sperry’s new standardized test modules 
adapt to any electronic checking job

Newest trend in electronic testing is 
development of “universal" equipment 
adaptable with minor modifications to 
many different systems. This “building 
block" concept is encouraged by the 
armed services to eliminate the need for 
expensive test equipment designed ex
clusively for a single weapon system.

TEST ANY ELECTRONIC SYSTEM
Ready with the answer is Sperry's 
Microwave Electronics Company which 
has developed a wide range of standard
ized test components of the modular

type. Physically and electronically com
patible with each other, these advanced 
modules combine to form precision test
ing equipment capable of checking any 
kind of electronic system either the 
over-all system or subsystems and 
components.

FOR LAB, BENCH OR FIELD
These Sperry modules require only min
imum adaptation to tailor them to even 
the most advanced radar or electronic 
system. Sperry is also ready to take on 
the design and development of test mod

SPERRY MICROWAVE ELECTRONICS 
Address all inquiries to Clearwater. Florida, or Sperry Gyroscope offices in Great Neck • Cleveland • New Orleans ■ Los Angeles • San Franc sco ■ Seattle

CIRCLE 30 ON READER-SERVICE CARD

ules to fit specific or unusual needs.
Write for more information on this 

latest Sperry contribution to more effec
tive and reliable operation of electronic 
systems.

COMPANY, LEAR WATER. FLORIDA • D K/S ÌN Of SPERRY RAND CORPORATION
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Fig. 3. Practical differential amplifier.

better to provide an amplifier with

tical, and some noise always comes through. The 
measure of the ability of the amplifier to reject
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input impedance as possible for any given circuit 
under consideration. The higher the input re
sistance of the amplifier, the higher can be the 
source and line resistances—and the changes in 
them—without affecting the gain of the amplifier 
too severely.

entire primary winding of the mythical trans 
former, resulting in output signals.

- _ . . _ SIGNAL
Fig. 6. Block diagram of a differential amplifier. terminals

lines in Fig. 5, the output of the amplifier repro
duces noise that looks like only 5 tiv peak-to-peak 
of input added to the actual wanted information.

Suppose a 0.1 per cent accuracy system con
tains a transducer that provides a 10 mv peak-to- 
peak usable signal. The resolution required, then.

4 4 TO r— — — —--------- 
CHOPPERS MATCHED, BALANCED 
AND DEMOD’S 1 DEMODULATORS AND

| FILTERS

FEEDBACK NETWORK
I_________________________________ GAIN SIT_____

INPUT GUARD CIRCUIT (ISOLATION SHIELD)

mon mode rejection is the principal figure of 
merit of a differential amplifier. A very' good de 
differentia] amplifier will have a common mode 
rejection of 120 db for noise at a frequency of 60 
cps. This means that the ratio of rejection is a 
million to one. The same amplifier can have a 
de common mode rejection of 160 db. With such 
rejection figures, it is possible to rescue micro
volts of signal from volts of noise. If, for example,

INPUT CHOPPER AMPLIFIER

WIDEBAND AMPLIFIER 
DC AMPLIFIER 
OUTPUT CHOPPER AMPLIFIER

is 10 pv peak-to-peak. Assume further that noise 
and drift generated within the amplifier account 
for half the system inaccuracy, or 5 uv peak-to- 
peak equivalent input signal. The noise induced 
on the line can be 5 v peak-to-peak in amplitude, 
and the amplifier will reject it satisfactorily if it 
has a common mode rejection of 120 db. If the 
amplifier used in the system has a common mode 
rejection of only 60 db (representing a thousand- 
to-one ratio), then a 5 mv peak-to-peak noise am
plitude induced on the lines will not be seen in 
the 0 1 per cent system. However, it is quite diffi
cult to extend long cables and have only 5 mv 
peak-to-peak of noise induced in the lines. In 
most practical installations, the induced hum is 
much higher. In these circuits, 60 db of common 
mode rejection would not be enough if 0.1 per 
cent accuracy is the overall target. Therefore, 
very' high common mode rejection is essential in 
a de instrumentation amplifier where high preci
sion is a requirement.

High Noise Rejection

Because of the line unbalances and incomplet 
isolation from ground of the amplifier, the tw

Gain Stability Considerations

If gain settings in a de instrumentation ampli
fier are to be significant, the source and line re
sistances must be considered in great detail. In 
the case of a typical chopper-stabilized de am
plifier with 100,000 ohms input impedance, if the 
gain settings must be stable to 0.1 per cent accu
racy, then the combined source and line resist
ances must not vary more than 100 ohms. This 
requirement may not be too stringent under any 
given set of static ambient conditions; but when 
temperature and humidity changes are brought 
into the picture, the 100 ohm figure may become 
a severe handicap. For this reason, it is generally

Fig. 4. How a differential amplifier rejects noise.

Fig. 5. Isolation action of difieren 
rial amplifier.



function of many components. The effect of gain 
changes during operation, however, can be con
siderably reduced by utilizing a large amount of 
negative feedback around the amplifier. If the 
gain of the basic amplifier is high, and a large 
amount of inverse feedback is used, then the 
gain of the combined amplifier plus feedback 
circuit is, of course, primarily dependent upon 
the values of the circuit components within the 
feedback circuit.

Precision components, carefully aged and 
matched with care during the construction of a 
Mierential amplifier, go a long way toward in- 

sh ing gain stability of the amplifier under field
crating conditions. In some cases, the feed- 

1 ick circuit is external and housed in a separate
<a under carefully controlled environmental 
-uditions. Many commercially-available ampli- 

tiers have provisions for switching from internal 
feedback to external feedback circuits, for flex- 
bility in various instrumentation situations. In 
in case it is the feedback circuit that must be 

controlled in order to maintain a true precision 
system.

DC Drift

Even when source impedance is kept as low as 
possible and amplifier input impedance is made 
extremely high, a margin of safety must be left 

ii the design of an instrumentation system to 
illmv for inevitable drift. This change in imped - 
nee values for practically all components within 

the system occurs, for the most part, because of 
hanges in temperature. However, vibration and 

humidity can also seriously affect the many 
parameters in an instrumentation circuit. Add to 
’ hese the possibility of unregulated power supply 
voltages, and the drift picture is complete.

If the transducers in a dc installation requin* 
isolation from the recording equipment, and 
especially if voltage gain is required, the dc 
differential amplifier becomes the logical item 
to perform the task.

( hopper-stabilized, as shown in Fig. 6, a dc 
inplifier is a dependable link in the instrumenta- 

' ion ch^in. Zero drift is minimized by the use of 
he chopper to elcctromechanically convert dc 
nto ac. The ac signal is amplified with all the 
Ificiency of an ac amplifier. Then the amplified 
ignal is demodulated with carefully balanced 
miconductor circuitry to provide an output dc 

ignal proportional to the input dc signal, and 
nmpletely isolated from it. This isolation is 
t hieved by shielding the input circuits and sepa- 
<tely shielding the output circuits. In this man-
r, stray voltage effects are reduced to a mini
um, and ground current problems depend 

ntirely upon the circuit configuration of the 
istrumentation system external to the ampli- 
er. ■ ■
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New “Custom Quality" Family By
RESEARCH ACTIVITIES APPROACH

A bright new chapter in transistor history is being recorded at GT’s 
research laboratories, resulting in progressive transistor design of 
unprecedented reliability, performance and stability. Advanced pro
duction control techniques have made possible the New "A-Types ' 
with specification refinements providing...

IDEALIZED TRANSISTOR RELIABILITY
New process controls highlighted by high sensitivity hermetic seal 
testing, pre-tinning of internal parts, automatic welding of the hermetic 
seal case and individual handling of units in process insure improved 
reliability, uniformity of electrical properties, high mechanical strength 
and superior hermetic seal. All transistors are pre-aged for 100 hours 
at 100 C.

TIGHTER PARAMETER CONTROL 
HIGHER OPERATING VOLTAGES

HIGHER SWITCHING SPEEDS

WIDER APPLICATION RANGES

SPECIFICATIONS: POWER DISSIPATION 1 50MW ^5 25 C STORAGE TEMPERATURE! —65°C TO 4-100C

write for brochures G-14OA and G-isoA Popular computer types 2N3U. 2N312, 2N404, 2N426, 2N427. 2N428, 
2N439 and 2N440 are also available.
You grow fastest with the products that serve you best. Prove it to 
yourself today with GT.

TRANSISTOR 
TYPE 
(EIA)

POLARITY CUT-OFF STATE
CONDUCTING 

STATE 
(SATURATED)

TYPICAL SWITCHING CHARACTERISTICS 
WITH CIRCUIT GAIN OF 20 AT k LISTED 

UNDER CURRENT GAIN
CUT-OFF

Collector- 
Base 

Rating 
BVCBO

Oper. Volt 
Vcer min. 

Icmax — 10m2
VBB = 1.5V 
Rbb = 62K

hFE

D.C. Current Gain

Conditions

Delay F 
Rise Time 
td -4- tr 
MSEC

Storage 4- Fall Time 
t, 4- tf 
MSEC

f.b 
MC 

Typical

2N317A PNP 25V 12V 20- 60 Ic = 400ma. Vce 25V 0.3 0.7 20 ______

2N316A PNP 30V 18V 20- 50 Ic = 200ma, Vce 2V 0.4 0.9 12

2N358A NPN 30V 20V 25- 75 Ic : 300ma. Vce 25V 0.4 0.9 9
2N357A NPN 30V 25V 25- 75 Ic — 200ma,VcE = 25V 0 5 09 6

Minimum

2N523A PNP 20V 10V 100 -400 Ic 20ma. Vce = 25V 0.2 0.6 21

2N522A PNP 25V 12V 80 - 300 Ic - 20ma.Vce = 25V 0 3 0.8 15

2N521A PNP 25V 15V 60 -250 Ic — 20ma. Vce 25V 0.4 0.9 8

2N447A NPN 30V 15V 80 - 300 Ic = 20ma. Vce 25V 0.4 0.7 9

2N446A NPN 30V 18V h60 - 250 Ic - 20ma. Vce .25V 0.7 1.0 5

2N445A NPN 30V 20V 40-150 Ic 20ma.VcE .25V 1.0 1.3 2

GENERAL TRANSISTOR -««.a—
CORPORATION ,N reliability-

91-27 138TH PLACE • JAMAICA 35. NEW YORK

CIRCLE 31 ON READER-SERVICE CARD
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Cable Design Concepts

»

A handy nomograph and a hand
ful of working equations make 
cable design easy.

Cable Tension Loading
Cable tension loads are limited bv the allow-

A ’harness" is not necessarily a "cable." A cable must have uniform 
flexibility throughout its length. Flexibility is achieved by laying the con
ductors in a helical pattern around the cable core. If the conductors are 
not helical but are pulled straight through the jacket, the resulting assem
bly is stiff.

Cable design begins with the schematic of the basic circuit that requires 
cables of optimum configurations and materials for maximum reliability. 
It is important that system design, while still in the breadboard stage, 
consider the relationship between the cables and other components of the 
system. Frequently, through proper cable design, the number of sub
components within the black boxes can be reduced. This results in in-

Glendale, Calif.

creased reliability and lower cost. For example, high-impedance, low-loss 
shielded cable circuits may eliminate the need for an extra cathode fol
lower or transformer. Similarly, rf, de, and ac conductors can often be 
incorporated into the same cable. This can save both cable and connector 
costs, and at the same time improve reliability and performance.

Important parameters which must be considered in cable design include 
size and type of conductors, arrangement of conductors within the cable, 
filler material, tape, jacketing, connectors, sealing compound, flexibility 
and size of the cable assembly. Material choice is most important and 
depends to a great extent on the environment and application of the 
particular cable.

A KNOW LEDGE of cable characteristics like 
flexibility, tension loading and sheathing 

facilitates proper cable design. Knowing the 
“hows” and “whys,” the engineer can then meet 
any rigid electrical, mechanical and environ
mental requirement.

Cable Flexibility

Unfortunately, there are no definite standards 
for flexibility or cables. Environmental and per
formance standards such as temperature, size, 
content, chemical resistance or current rating 
can be specified with precision. However, the 
terms “flexible” and “extra-flexible are not pre
cise and depend on their usage.

Nevertheless, flexibility can be engineered into 
a cable The force required to bend a cable is 
lessened by winding individual conductors in a 

40

helical pattern along the length ol the cable. 
The ratio of the length of one spiral turn to the 
diameter of the turn is defined as the lay ratio and 
is illustrated in Fig. 1. The lay ratio of cable 
generally ranges from 10 to 15. This results in 
an increase in wire length of from 2 to 5 per 
cent. The curve of Fig. 2 indicates the increase 
of wire length as the lay ratio decreases. In 
practically all cases, the increase in length, and 
consequently resistance, is either negligible or 
within the range of acceptable tolerance.

The outer lay of conductors in a multilayer 
cable will always have a left-hand lay, that is, 
the conductors spiral around the core in a left
hand direction. The next succeeding layer will 
have the opposite, or right-hand lay, with the 
third layer again reversing direction resulting in 
a left-hand lay. The actual lay ratio of each layer 
will depend on the number of conductors in each 
layer, but will, in general, remain constant from 
lay to lav within a cable.

able elongation of the individual conductors. 
For example, the permissible elongation of an- 
nealed copper conductors is 0.2 per cent. The 
maximum .safe load in tension per conductor is 
equal to five times the wire weight per 1000 feet. 
For multiple conductor cables, the maximum 
allowable pulling force is given by the product 
of the number of conductors in the cable and 
the allowable force per conductor. In these cal
culations. the wire insulation has been excluded 
to provide a safety factor of approximately 15 
per cent. The factor of wire weight has been 
reduced from 7.7 to 5.0 to provide an additional 
safety margin of 15 per cent for pulling loads 
only.

For vertically suspended loads on cables, the 
weight of wire insulation and jacketing must be 
added to the load weight of the wire. Insulation 
weight is approximately 20 per cent of the wire 
weight for conductors conforming to MIL-W- 
16878C, Type B, and MIL-W-5086A, Type I; 
35 per cent of the wire weight for conductors 
conforming to MIL W-16878C, Type C, and 
MIL-W-50S6A, Type II: and 60 per cent of the
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Fig. 1. Lay ratio defined and illustrated.
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Fig. 2. Relationship between increase of wire and lay ratio.
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Fig. 3. Voltage drop nomograph for stranded copper conductors operat
ing at 68 F.

wire weight for conductors conforming to MIL- 
W'-16878C, Type D.

Neoprene jackets conforming to MIL-R-6855 
will not significantly affect these figures since 
neoprene has a Young s modulus close to that of 
copper. Neoprene jackets for cables made in ac
cordance with MIL-R-6855 have a density ratio 
to the amount of copper in the cable of approxi
mate!} 75 per cent.

Resistance and Voltage Drop
Wire resistance varies with temperature and 

stranding as well as length. Table 1 lists the 
characteristics of number 10 AW'G wire at 68 F.

These values are approximate because of the 
wide variation in data available from wire manu
facturers. but they serve to illustrate that con
siderable difference does exist in the values for a

W here cable operation takes place at other 
than standard temperature, correction must be 
made to compensate for the difference in resist
ance at the operating temperature. These factors 
can only be determined after analysis of a par

ticular situation. But in general they become
more critical as the current rating of the conduc
tor is approached or the voltage drop becomes 
excessive because of long cable runs.

The nomograph of Fig. 3 has been prepared 
to assist the designer in voltage drop determina
tions and is based on stranded copper conduc
tors operating at 68 F. For example, let us de
termine the voltage drop in a cable run of 200 
ft carrying 50 amps in a 1 0 conductor. First 
place a straight edge along the line joining 200 
ft on the left-hand scale and 50 amps on the 
second scale from the right. Then rotate the 
straight edge about the pivot line until it lies on 
the conductor size of 1 0 on the right-hand scale. 
The intersection of the straight edge and the 
voltage drop scale gives the result directly as 1.3 
volts drop. This nomograph can be used to de
termine any of the four values when the other 
three are known or assumed.

Jacketing or Sheathing

rial required to meet the environmental condi

tions of the system into which the cable is in
stalled. However, certain umprene compounds 
have been found to provide the best all-around 
resistance to the severe environmental conditions 
encountered in the field. They are better than 
either rubber compounds or other plastics. It is 
a matter of record that neoprene jacketed umbili
cal cables for missile launching, normally con
sidered expendable* items, have been successfully 
used for several firings.

Paprene, the proprietary neoprene* compound 
use*d in combination with the unique* technique 
of cable* fabrication employed, results in a com
pact, flexible cable with properties that assure* 
optimum performance* and maximum reliability . 
Among the* advantages ol this combination is the 
case* with which “breakout cables are* fabricated. 
Breakout cable, illustrated in Fig. L provide* sy s- 
tems engineers w ith greatest flexibility of design 
and maximum economy ol hardware.

A further improvement in breakout cable* de*- 
sign is provided by the* “clamshell’' joint shown 
in Fig. 5. This exclusive design produces a 
smaller, stronger, lighter joint than the* former

ELECTRONIC DESIGN • April 1, 1959



Temperatures from -150°F to 1250° F 
Altitudes to 350,000 feet

method provided and affords greater flexibility 
in the area near the joint. The clamshell join 
consists of two cast pieces of neoprene filled witl 
a potting compound that has the same composi 
tions as the cable jacket.

Of the many materials used as cable jacketing, 
each possesses certain physical and chemica: 
properties for certain advantages in application 
For example, some jacketing materials have ex
cellent resistance to sunlight, while others are 
seriously deteriorated by sunlight’s effects. Tem
perature, corrosion, contamination and radiation, 
as well as numerous other environmental factors 
affect each material differently. For this reason, 
consideration must be given to the actual en-

Table 1. 10 AWG Wire Characteristics

Stranding Diameter
Circular

Mil Area
Weight 
/M Ft.

Resistance 
M Ft.

1
Solid 0.1019 10380 31.52 1.04

105 X 30 0.132 10553 32.99 1.10

65 X 28 0.119 10322 32.37 1.10 whir

Ì7 X 26 0.1113 9402 28.89 1.17

TENNEY OFFERS WIDEST RANGE OF
ENVIRONMENTAL TEST EQUIPMENT

vironment to be encountered in service when 
specifications are being prepared, and to mate
rials which will withstand these env ironmental 
conditions.

Shielded and Coaxial Cables

Shielded and coaxial conductors can be fabri
cated into special cables or used w ith other con
ductors in any combination. Although coaxial 
cables are less flexible than other cables, this is 
normally not a problem unless extreme flexibility 
is required.

Low capacitance signal leads are often used 
to advantage in long signal runs.To determine 
the capacitance between them conductor and

her 
ran b 
u.ilior

Alien

Picture a test chamber as large as a 
house; imagine another as small as a type
writer; then think of the range of sizes 
between these extremes. Now you have 
an idea of the tremendous size-range of 
environmental chambers that Tenney has 
produced for companies all over the 
world.

rennet/
ENGINEERING, INC. J v

The range of uses is just as wide! Altitude, 
temperature, humidity, alone or in com
binations, as well as explosion, sand, dust, 
fog and any other possible environment, 
can and have been accurately simulated 
in Tenney chambers. No wonder Tenney 
produces more chambers than any other 
company in the field!

Write for a descriptive catalog and complete 
information on Tenney’s research and development, 

engineering consultation, and design services.

WORLD LEADER IN ENVIRONMENTAL TEST EQUIPMENT
1090 SPRINGFIELD ROAD, UNION. N. J.
PLANTS: UNION, N. J. AND BALTIMORE, MD.
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Fig. 4. Breakout cable.
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Fig. 5. Clamshell joint.

I or ordinary shielded wire, to find 
her this wire can be used or special 

, k itance w ire is needed, the following 
। can be applied:

itancf

uufd '100 ft.
I)

<1 = ( )D of hare wire

Dielectric constant of insulation

out 
low 
for-

T ’••termine the capicitance between wires of 
t" ' conductor shielded pairs, the following for- 
pnula is used:

- MMfd/1000 ft.
I)2 - a'2\

^l. ii shielded or coax wire is used, signal loss 
( in he determined from the formula for atten
uation:

— = X 10 6 db ft.

++ T-ogio-“

= 11) of shield

= OD of shield

= frequency (me).

Cable Testing 

guarantee performance and reliability, 
should be subjected to a wide variety of 

al and mechanical tests, such as impact, 
hi, twist, bend, high and low temperature, 
tatic, as well as a number of other chemi- 
1 electrical testing procedures. ■ ■

EVERYTHING
Low-Power
Switches

7/8"

GENERAL PURPOSE: Up 
to 12 positions; 30J, 45°, 
60’ throw.

Series H

SIMPLE SWITCHING: Up 
to 5 positions combined 
with AC switch.

Series 52, 54

Endless
Variety 
from

Stand i ng 
Tools

LOW COST: Up to 12 
positions; staked or strut 
screw construction.

Series QH

I 5/16"*
ROTARY

MINIATURE: 8, 10, and 12 
positions; up to 18 con
tacts per wafer.

Series A

♦ 25/16"

18-POSITION: Single or 
double -eyelet fastening 
of clips.

Series L

SMALL: Up to 1 2 positions 
in phenolic, Mycalex, or 
steatite insulation.

Series F

ADAPTABLE: 8, 10, 12, 
and 14 positions; many 
variations; economical.

Series J, K, N

25/16"

24-POSITION: 15° throw 
handles complex circuits. 

Series MF

I 33/64 ’

SIMPLE SWITCHING: Up 
to 4 positions; numerous 
variations.

Series 20

SOLENOID SWITCH: Oak 
wafers with G. H. Leland 
type of Rotary Solenoid.

LEVER OPERATED: 2 to 5 
positions; numerous ver
sions using std. wafers.

Series 185

SLIDE

2-POSITION: Shorting 
type with floating slider.

Series 70

CONCENTRIC SHAFTS: 
Dual and triple shafts 
with many wafer types.

1 -3/8"

LOW COST. 2 to 5 posi
tions; fits in limited space.

Serie« 50, 53

FOR PRINTED CIRCUITS: 
Special lug designs for 
direct insertions.

ROTARY SLIDE
1-3/8"

COMPLICATED SWITCH
ING: 2 to 4 positions; up 
to 20 poles; very thin.

Series 1 50

PUSHBUTTON

SINGLE BUTTON—1 to 4 
poles; spring return and 
push-push.

Series 170, 175

SIMPLER CIRCUITS: 3 to 
12 buttons; very adapt
able unit.

Series 80

COMPLICATED CIRCUITS: 
1 to 18 buttons, up to 32 
contacts each.

Series 130

ULTRATHIN: 
tons; up to 
per button.

1 to 12 but-
14 contacts

Series 131

MFG
CO.

1260 Clybourn Ave. Dept. D, Chicago 10, Illinois 
Phone: MOhawk 4-2222

COMPACT—2 to 4 posi
tions; max. switching in 
min. space.

Series 160

Quick 
Solutions 
for Busy 

Desig ners

Designing a low-power switch can sometimes turn into a real 
tussle. Before this happens, call in Oak specialists. From a vast 
store of past designs and experience they are able, many times, 
to offer a readymade solution ... whether it be for a standard 
unit, something unusual, or a complete package of circuitry. The 
result is the exact switch you need, representing top engineering 
and optimum economy.

CIRCLE 33 ON READER-SERVICE CARD
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NEW PRODUCTS

PRECISION FILM RESISTORS

These precision film resistors

CIRCLE 35 ON READER-SERVICE CARD

VIBRATION SYSTEM
SILICON ZENER DIODES

Mod

CIRCLE 36 ON READER-SERVICE CARDCIRCLE 34 ON READER-SERVICE CARD

Power generator of tl 
va output and the n

ohms. Voltage rating is 300 v. 1 
from 10 ohms to 1 meg. Voltage 
R-10509C, characteristic B. The

Ling Electronics 
Culver Citv, ( alif.

ally be specified by un electronics engineer 
engaged in the design of original equipment.

ELECTRONIC DESIGN • April 1, 1959

jted and an 
lias resistane« 
rated at 12

These silicon zener regulator diodes are avail
able in four nominal basic power ratings: Series

values from 10 to 500,000 
a and has resistance values

>rce output of 
amplifier is a

B,750 mw; Series T, 1 w; Series G, 3J 
Series K, 10 w. The first two come in

rating is 3.50 v. The N style resistors will meet MIL 
coating will withstand chlorinated hydrocarbon sol

nts used in cleaning Hu.\ from printed circuit boards.
Coming Glass Works, Electronic Components Dept.. Dept. ED, Biadfon

.(XX) lb from 5 to 2(XX)

pletely self-contained and idi control circuitry is included in the 
power generator cabinets. But all important controls and meters 
can be duplicated on a control console for remote control. The 
same basic power generator and control assembly can be applied 
to driving acoustic transducers.

pigtail top hat package and the higher power 
devices in 10-32 stud-mounted cases. Zener break
down voltage ranges cover from 3.6 to 30 v in 
each power rating.

International Telephone and Telegraph Corp., 
ITT Components Div., Dept. ED, 100 Kingsland 
Road, Clifton, N. J.
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»OAOtA noot

new 

HB 
SERIES

All this adds up 
toMAXIMUM:

■ SPACE ECONOMY

■ OUTPUT CAPACITY

■ QUALITY PERFORMANCE
Write for 

complete specifications.

WITH VOLTAGE RANGE OF 

125-325 VOLTS 
200-400-600 MA. MODELS

f REGULATION 
O and STABILITY

HB-2
HB 4

HB-6

0.01% MODELS AVAILABLE ON SPECIAL ORDER
i 125-325

400 0.003V
600 Õ.003V

INDEPENDENCE 17000

introduces
a
new
dimension

J

■in
power
supplies =

MODEL VOLTAGE MA.CURRENT RIPPLE
125-325 200 0.003V

FLUSHING 55. N Y

125-325

SUBMINIATURE TRANSFORMERS

Weecoil H. F. line consists of a single tuned 
nd .m oscillator coil for transistorized printed 

11it use in frequencies from 1 to above 10.7 
Overall height is 0.5 in. and base dimensions 
0.55 square. Both top and bottom tuning are 

■chle. \ormalk-treated units stand 95% relative 
inidih at 120 F for 500 hr. and an* suitable for 

use between 40 to 185 F. Fully encapsulated 
nits arc available for military applications. Q’s 
! up to 100 are possible in shielded versions.
Wells Electronics Co., Dept. ED, 1701 South 

Main St., South Bend 23, Ind.
CIRCLE 37 ON READER-SERVICE CARD

PHOTO-DUO-DIODE

“ del 1N2175 photo-duo-diode passes up to 
uamp when exposed to 12(H) ft-c. In dark- 

the unit passes less than 0.5 pamp. Dissipa- 
is rated at 250 mw at 25 C, and any biasing 
tge up to 50 v will operate the device. It will 
ite equalh well on either ac or dc, and is 
cd to 125 C with a minimum operating tem- 
fure of —55 C. The single-ended glass case 

¡res 0.5 in., and has a diameter of 0.085 in. 
xas Instruments Inc., Dept. ED, Post Office 
M2, Dallas, Tex.

CIRCLE 3i ON READER-SERVICE CARD
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THAN SILICONE VARNISHED GLASS SLEEVING

400 BARCLAY STREET CONSHOHOCKEN 3, PA.

2)
3)
4)

abrasion 
cut-through 
corona attack 
harmful radiation

BENTLEY, HARRIS MANUFACTURING CO.

Telephone, Norristown, Pa.: TAylor 8-7600
CIRCLE 70 ON READER-SERVICE CARD

Available in standard wall thicknesses of .015 and .035 in a com
plete color range. Special dimensions can be custom engineered. 
Write for samples and data — or ask to see a Bentley, Harris 
representative.

Ben-Har ”1258”, a completely new extruded 
silicone rubber insulating tubing, uses a new 
formula and a new’ (patent pending) extrusion 
process that permits accurate dimensional control.

700% MORE FLEXIBLE
THAN TEFLON TUBING
Ben-Har ''1258’’ is the toughest, most flexible, most resistant and 
resilient unsupported tubing ever developed. It has high tensile 
strength — over 1200 pounds per square inch. It will withstand 
continuous operation from 85°C. through 260°C. Ben-Har 
"1258’’ has a higher rated temperature performance than conven

tional Class H tubings that cost more. It is highly resistant to 
heat-aging, never losing its flexibility. Its elasticity permits a snug 
fit over wires and connections. Ben-Har "1258’’ is resistant to

0% MORE FLEXIBLE

NEW PRODUCTS

High Fidelity Speakers

Use Ticonal steel magnets
Series T-7 twin-cone loudspeakers use Tk hi, 

steel voice coil magnets and have a long air ga 
so that the coil is completely enclosed by a hr 
mogeneous magnetic field even at peak ampl 
tudes. The Ticonal 7 magnet provides a high or 
centration of flux densities in the voice coil ar 
gap and is about 30% more powerful than ion 
ventional magnets. Besides the cone for midd! 
and low’ notes, the speakers are equipped with 
high note cone which extends the frequency ram 
to about 20 kc.

North American Philips Co., Inc., High Fidelit 
Products Div., Dept. ED, 230 Duffy Ave., Hick

CIRCLE 71 ON READER-SERVICE CARD

Silicon PNPN 
Controlled 
Switches

Replace thyratrons

BENTLEY, HARRIS
FLEXIBLE SLEEVINGS

Series 3A silicon pnpn controlled switches Hav 
electrical characteristics similar to those of thyra 
trons and provide high speed medium power 
switching in a wide variety of applications, ’ lie 
have three junctions and can replace magnetic 
amplifiers, thyratrons, tubes, semiconductor di' 'd^ 
rectifiers, and transistors. Particularly suited ) ac 
static switching and control circuits, they may abc 
be used in magnetic con' switching, logic circ itr 
pulse generation and shaping, inverters, i otor 
controls, power supplies, servo systems, and ugl 
level demodulators. The units have voltage r. 
to 200 v, peak current ratings to 1 amp, a 
typical turn-on time of 0.2 nsec. In the foi 
direction they will either conduct heavily or 1 
depending on whether or not a gate current 
plied. The reverse characteristic is similar t< 
of a conventional silicon diode.

Solid State Products, Inc., Dept. ED, 1 Pi 
St., Salem, Mass.

CIRCLE 72 ON READER-SERVICE CARD
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Transistorized Power
Supply

0 to I amp range
Supplied with or without a meter, 

I he LT 1095 transistorized power 
apply has a range of 0 to 1 amp 
aid 0 to 32 v de. Com ection cooled, 

it has no moving parts or internal 
i dowers.

Lambda Electronics Corp., Dept.
I). 11-11 131st St., College Point
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Fidelit 
, Hick-

DC Insulation Testers

Portable

PN II

L - -

s
Irons

es havt 
f thyTa

pt >W€T 
is. i Lev 
laenctk 
di' 'des

*d o âc 
nay alsc 
in itry 
, r otor 
nd iid 
■ r; nigs

Series VON portable high volt- 
i^i de insulation test instruments 
mil power supplies have ranges 
Irom 30 kv at 40 ma to 250 kv at 
< ma. All models are sectionalized 
lo provide maximum portability 
md minimum weight, and supple
mental stages may be added to the* 
base power units to increase volt
age ratings.

The Hewson Co., Inc.. Dept. ED, 
1 11 Broad St.. Newark 2, N.J.
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ESC

, a 
For 
r 1 
it 
tc

arc 
od

Pi ¿ret

’59

Circuit Breaker

For 220 or 440 v ac systems
\ thermal type, three phase cir- 
it breaker Klixon model 1)6766 5 

'< rates on 220 or 440 v ac at 60 or 
0 cps. With ratings of 5 to 60 
>p, it will handle short circuits 
tween 800 and l(XX) amp at 440 

1 rip time is 2 to 6 msec on short 
uit interruption.

Metals & Controls Corp., Spencer
• Hept. ED, Attleboro, Mass.

CIRCLE 46 ON READER-SERVICE CARD 
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On December 18. 1958, the world entered a new era of communications with the successful orbiting 
of an Atlas ICBM—the Talking Satellite that broadcast President Dwight D. Eisenhower’s Christmas 
message to the world. Circling the earth at a speed of more than 17,000 mph, the Talking Satellite 
repeated the President’s message, erased it. and received and rebroadcast new messages in both 
voice and code

ESC Corporation is justifiably proud that its delay lines were selected to aid in this electrifying 
triumph for America and her electronics industry. Especially designed by ESC, these delay lines 
were used in the timing sequence for propulsion, the guidance system and the telemetering system.

As America's largest manufacturer of custom built and stock delay lines, ESC has continually met 
the responsibility of leadership by providing virtually every type of delay Ime needed by defense 
and industry. If you have i delay line problem let ESC s design staff suggest a custom-built answer.

WRITE TODAY FOR COMPLETE TECHNICAL DATA

exceptional employment opportunities for engineers experienced in computer components . excellent profit sharing plan

CORPORATION 534 BERGEN BOULEVARD PALISADES PARK. NEW JERSEY

Distributed constant delay lines • Lumped constant delay lines • Variable de'ay networks • Continuously variable delay lines • Pushbutton decade delay lines • Shift 
registers • Pulse transformers • Medium and low power transformers • Filters of al types • Pulse *orming networks • Miniature plug in encapsulated circuit assemblies



NEW PRODUCTS
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diesel driven genei

HltlUTU tf JHf SQUHi IW FERRITE

For on the spot interference testing
Completely self-contained, thest 

shielded trucks and trailers are cus 
tom designed for radio interference

shields, the; 
attenuation 
15 kc thron

ED. 475 Fiftl

Manufacturers of FERRAMIC CORES, MAGNETIC MEMORY CORES. MEMORY PLANES, MICROWAVE FERRITES. 
SOLDERSEAL TERMINALS, HIGH TEMPERATURE SEALS, STEATITE, ALUMINA and CHEMICAL STONEWARE

The seven memory planes above each solved some 
special memory problem. There is one plane missing. 
It’s the one which will solve your problem. You’ll find 
the plane at General Ceramics which offers a com
plete memory’ plane service, backed by broad experi
ence in the design, engineering and mass production 
of planes, frames and cores.

DESIGN SERVICE- An experienced design engi
neering staff stands ready to analyze your mem
ory plane requirement, recommend and develop 
the plane that will meet your application in the 
most efficient and least expensive manner.
MANUFACTURE—Skilled factory personnel, uti
lizing the most advanced equipment and techniques 
and continually working in all phases of memory 
plane development and manufacture will produce 
the plane. General Ceramics has developed and

Shielded Trailers and 
Trucks

with outputs up to 20 kw. Exh na 
power connections can also be ur 
nished. The trucks can be built' ith 
living quarters that have all ’he 
facilities necessary for the con rt 
of operating personnel, inchn n- 
heating and air conditioning. En
gineered to provide high attei ia 
tion and efficient performance ' 
units arc also designed to meet L 
legal specifications of all states.

Ace Engineering & Machine 1 
Inc., Dept. ED, Tomlinson 
Huntington Valley, Pa.

CIRCLE 50 ON READER-SERVICE CAI
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wired memory planes containing from 64 to 16,384 
cores each. (Core sizes range from 50 mil OD to 
80mil OD.)
QUALITY CONTROL-An expanded testing de
partment with fully automatic and semi-automatic 
testing equipment, developed at General Ceramics, 
assures you complete quality control and the high
est standards of manufacture.
STANDARD LINE - Perhaps some of General 
Ceramics’ line of standard memory frames will 
meet your requirements. Write for literature on 
General Ceramics standard planes. Address in
quiries to General Ceramics Corporation, Keasbey, 
N. J.-Dept. ED.

at all frequencies freni 
gh 1000 me. They wil

closely approximate 100 db at 10 
000 me, exceeding the attenuate n 
requirements of M1L-E-4957A 
Provisions can be made lor mount 
ing antennas, shock-mounting (<5st 
equipment, and installing intercom
munication systems and con i;i 
connector panels. I lie units can I 
equipped with a power conui

Stabilized Amplifier

Provides outputs to ±100 v
I sing no electrolytic capacitors . 

glow tubes, this modular stabilize!1 
amplifier provides an average open 
loop de gain of over 50 million, witl 
a minimum of 10 million. Long am 
short term drift is under 100 pv am 
output voltage is up to ±100 v. 5 lit 
unit requires a plus and minus 30<> 
de supply and a 6.3 v ac filament

two, or three 
3 over 100 dl

GENERAL CERAMICS



tors u
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open

ig am 
tv fin 
C. Tin 
301 v 

arm ui

Power Supplies

0 to 60 v
transistorized and short circuit 

I oof, these1 power supplies can be 
i sed from less than 1 v up to 60 v 
, ithout loss of regulation or stabil-

Three models are available with 
tximurn ratings of 2.5, 5, and 7.5 

nip. Regulation is 0.1 per cent or 
»01 v no load to lull load with 105 
<i 125 v lines.

( h ctronie Measurements Com- 
> of Red Bank, Dept. ED,
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rk 17

ARD

Miniature Chopper

Shock resistant

Sting 
thes< I 

e cus I 
react I 
thret I 

X) db I 

front I

t 10. 
latioii 
957 \ 
tonnt 
* test 
r© 'i, 
aa ia 
ait b« 
jiPro 
?r tor

Ihis miniature dpdt Syncrovcrter 
upper affords good tracking and 
;• sist.ml to shock and vibration. 

It has j contact rating from dry 
mt to 100 v. and its phase angle 

\irtualh unaffected by tempera- 
1 n s from 65 to 4-125 C.

Hit Bristol Co.. Dept. ED, W ater- 
iv 20, Conn.
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Twin-Triode Tube

Low-level
nine-pin miniature twin-triode 
type WL-7025 is designed for 

ice as a low-level input voltage 
nlifier for tape* recorders and 

o preamplifiers. Interchange- 
with tube types 12AX7, 12DF7, 
ECC83, it can withstand high 

age surges.
«stinghouse Electric Corp., 
ionic Tube Div., Dept. ED, 
Box 284, Elmira, N.Y.
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single pole

in 
stock?
WE HAVE 
THEM...

actual size

S series
SPDT

106 ON READER-SERVICE CARD

single pole

actual size

F series 
SPDT
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40 
amps?

YES...

heavy duty

actual size

G series
SPDT, 2 CKT.
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Need a special switch?

Often standard switches can be modified to 
do the job. If a special switch is required, 
Electrosnap engineering can create new 
switches in any quantity to your specifica
tions. Send us your problem ...our answer 
can save you time and money.

basic snap-action switches
FOR AIRCRAFT, MISSILE, ELECTRONIC AND INDUSTRIAL APPLICATIONS

• quality engineered 
designed to meet human factors

• over 60,000 switch and actuator 
variations available

• adaptations can be made to fit your 
requirements

A4 1/S1 4

A2-2/S2-4 
roller lever

momentary
L.W.H. IM’ x M* xM’
Elec. 10 amps o 125/250 V.A.C 
Rating: 10 amps fa 30 V.D.C.
Operating Force 9 to 15 oz.
Amb. Temp. -100° to +375° F 
Termination: SI—end solder.

S2—screw
S3—side solder 
S5—U-bent 
S6—long screw 

For switches conforming to Military 
and U.L. approval, write for details. 
Reset types also available.

A4-25/S3 4 
removable plastic 
button

A4 1O2/S2 3
I* colored button

A5-7/S2 4
C2 4/S3-4 
Interlock

A5-1/S2-4 
roller leaf

L.W.H. 1-3/32* x 13/32* x ’/g* 
Elec. 10 amps fa 125/250 V.A.C. 
Rating: 60 cycles

10 amps Res. fa 28 V.D.C
6 amps Ind. (ri 28 V.D.C. 

Operating Force 7 to 12 oz. 
Amb. Temp. -100° to + 350° F. 
Termination: Fl-solder. F2-screw 
May be banked with unlimited units 
per row. For switches conforming to 
Military and U.L. approval, write 
for details.

A5 49/F2 3 
leal

A4 71/G3 4 
removable plastic 
button

C2 I0/F2 3 
interlock. SP

A3 40/G3 4 
maintained

AZ 10/G3 4 
roller lever

A4 5I/C3 « 
DPDT

A5 47/F2 3 
roller leaf

C2 6/F2 3 
interlock ()P

A5 56/F2 3 
extension leaf

A4-50/G3 4

L.W.H. IM* x 43/64* x
35/64*
Elec. 40 amps o 
Rating: 125/250 V A C.

40 amps Res. o 30 V.D.C.
30 amps Ind. (<i 30 V.D.C. 

Operating Force 45 oz.
Amb. Temp. -100° to T 300° F. 
Termination: G3—side solder

G4—top and bottom 
screws

Reset models also available. For 
switches requiring Military and U.L. 
approval, write for details.

Call Or Write For Specific Details On Any Switch Type

' ELECTROSNAP CORPORATION
SWITCH DIVISION • 4216 W. Lake Street, Chicago 24, Illinois
Telephone: VAn Buren 6-3100, TWX No. CG-1400

k

-TRONIC DESIGN • April 1, 1959



NEW PRODUCTS
F r r

Circuit Breaker

rem >b

►

\ high purity, high density beryllium ox id«

SELF-EXTINGUISHING G-ll EPOXY-GLASS LAMINATE insulator with

RETAINS HIGH FLEXURAL STRENGTH AT 1SO°C
Ma

CIR(

CIRCLE 57 ON READER-SERVICE CARD

Solid State Rheostats

Live Better Electrically—Electricity Builds Jobs CIRCLE 58 ON READER-SERVICE CARD
CIRCLE 55 ON READER-SERVICE CARD

Ej950

High peel strength: 9 lbs. in. for 1 oz. copper-clad: no 
blistering after 30 seconds in molten solder at 500°F.

thermal conductivity equal to that of brass. Il 
can be used at temperatures up to 1600 F. It a be

tic 
ts.

The base laminate withstands the effects of concen
trated nitric acid and all conventional etching and 
plating solutions. In addition. 11559 is the only G-ll 
laminate that is self-extinguishing—has approximately

Flexural strength: retains 65', of room temperature 
strength at 150°C.

mounted, manual reset unit designed to provid« 
overload protection lor Ihp motors in ratings fmn 
5 to 20 amp. It employs a snap action thermal

New high-temperature transparent General Electric Textolite“ 11559 

has exceptional mechanical and electrical properties . . . developed 

especially for computer and military electronic printed circuits

rent exceeds a predetermined limit. Once lip 
motor is shut off, it cannot resume operation 
until the breaker has been reset.

ceramic, Berlox is ;

reactor moderators. A varietv ol 
Berlox crucibles and laboratorv

w it listai ids corrosiva* 
thermal shock resisi

Insulation resistance : 2(),()()(),000 megohms at 50°C.; 
500,000 megohms at 165°C.

Protects fhp motors
Model MP-1600 circuit breaker i

Resistances to 500 meg
Designed for panel mounting, these st 

rheostats have no windings or sliding cont; 
They are moisture proof. In a variety of s 
down to units that weigh 7 g, they have re 
a nee values from a few' ohms to 500 meg.

(.lark Electronic Labs. Dept. ED, Box

Flame dies 2 seconds after torch is removed

guide windows, pyrometer

and has maximum 
Fabricated, fired tn

« 
I
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Textolite

Mich.
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I n d I I cf KI a I I from General Electric — the company that stands fornuusir Idl Laminates re|iabiHty in the electrical and electronics industry

High insulation resistance and flexural strength even at 
15()°C.—that’s what you get with new General Electric 
Textolite Grade 11559 epoxy-glass electrical laminate. 
Self-extinguishing 11559 exceeds NEMA G-ll require
ments and Specification MIL-P-18177. Type GEB. 
Here’s how Grade 11559 performs:

2-second flame-out time. Textolite Grade 11559 is 
available unclad or clad with 1 or 2 oz. copper.

Consult Sweet’s Product Design File, Cat. 2b Gen., for 
technical information on the complete line of Textolite 
laminates. Or for a brochure showing test data on Grade 
11559—or engineering assistance for special problems— 
call or write: Technical Service, Laminated Products 
Dept., General Electric Company, Coshocton. Ohio.

Beryllium Oxide Ceramic Insulator 

For use to 4600 F



form of arterial blood pr

tell you about theThat’s all the time we need to
NEW RCA-6DE4 damper tube and its extraordinary reliability

I mt I in

RCA FIELD OFFICES

ovidf

ennal 
n e in

essure 
strain 
Thev

eat distortion 
how heat re

WEST 6355 E. Wa»hington Blvd 
lot Angele» 22, Calif. 
RAymond 3 8361

EAST 744 Broad St., Newark 2, N. J. 
HUmboldt 5 3900

The new RCA-6DE4, half-wave rectifier tube uses a new cathode coating assuring uniform 
emission. It has a plate-to-cathode structure with a very low and uniform voltage gradient. 
In addition, the 6DE4 offers improved performance at lower cost in 
110 black-and-white TV. Interested?

RADIO CORPORATION OF
Electron Tube Division 
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AMERICA
Harrison, N J.

minute ’ 
please!
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s retention.
' iman Prodilets, Inc., Dept

( >. Box 6688, ( .'leveland, Ohio
E 61 ON READER-SFRVICE CARD

\lo biotte Corp., Dept. ED. 37- 
'Hli St. Long Island City L N.

CIRCLE 60 ON READER-SERVICE CARD

Strain Gages

medical and other electronic use

■I.nice at operating temperatures 
500 F. At higher temperatures 

'In \ retain elasticity and have a 
। inium deformation of 0.01 in. 
• I in. which is partially rccover-

Epoxy Resins

Have high heat resistance 
i casting, laminating, am

Well, here’s why RCA thinks so much of the new 6DE4. A new technique of cathode 
processing is the chief answer. A smooth, hard, low impedance coating is applied 
that assures negligible heating effects from the high-voltage pulses and provides uniform 
emission and reduced sputtering. Too, the emissive cathode material operates at lower 
than usual temperature...heater needs less power...the cathode has the lowest 
current density for its rating of any damper tube. The plate-to-cathode structure and special 
styling of the mica reduce voltage gradients...insure against high voltage breakdown.
Slots in plate surrounding cathode minimize possibility of 
sustained arcs. It is such an unusual tube that you might also be 
interested in its companion type, RCA-17DE4, which has a 
controlled warm-up time for series-string use.
Now, take just 1 minute more.Call your RCA
Field Representative for full details on how the unusual new 
RCA-6DE4 can cut costs and improve reliability of your 
TV damper designs. Technical data? Write RCA Commercial 
Engineering, Section D-1S-DE-L Harrison, N. J.

come in two formulations. 
7 A is alnminnm-filled and 
clear. Both have low vis- 
hich can be* maintained at

MIDWEST: Suite 1154, Merchandise Mart 
Plaza. Chicago 54, III. 
WHitehalJ 4 2900

ibium alloys and permit the 
ling of very small tension 
iges on simple instruments.
n k Electronic Labs. Dept. ED 
185, Palm Springs, Calif .
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Capacitor Clip

Vibration proof
use w'ith anv capacitor that 

। diam between 31 32 and 
in., these clips provide* vibra- 
proof retention that cannot

'i damage the capacitor. Each 
ii retain capacitors of varying 

'»th no loss of holding power, 
I mounting is quickly elone 

h< top of the* chassis without 
I of spe’cial tools. The clips
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satellite orbits. FPPACKARD BELL COMPUTER CORP.

E :t
52

to various operational systems 
including the computation of co
ordinate transformations, missile 
trajectories, Fourier spectra and

Iley

Packard Bell Computer uses the com
ponents and techniques described to 
produce custom digital systems for 
Missile Impact Prediction, On Line Data 
Processing, Data Recording, Coordinate 
Conversion, Stable Platform Calcula
tions, Orbit Predictions, Guidance and 
Control and Solid State Automatic 
Checkout.

lilt 
ter 
tios 
net

tl 
< t 
t 1

Ol 
ec
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mu Look on ihe Horizon-COMPLETELY TRANSISTORIZED

DIGITAL COMPUTERS. CONVERTERS. SYSTEMS AND MODULES

Incremental Computer, Expand
able) — THE WORLD’S MOST 
ADVANCED COMPUTER 
TRICE is a completely solid state 
high speed (1(X),(XX) iterations per 
second) incremental computer

log computers with the accuracy 
and flexibility of digital devices. 
Independent computing ele
ments, operating in parallel, per
mit the computer’s size to be 
adjusted to meet van ing applica
tions. Completely digital, TRICE 
can be used in simulating non
linear and open loop systems 
without the limitations of analog 
methods. Because of its very high

NEW PRODUCTS
Transistorized Tachometer

Measures speeds to 60,000 rpm
The Transi-Tach transistorized tachometer 

available in a 19 in. rack panel version, a portable 
version, or a remote indicator version. All units 
are self-powered by a 9 v battery and can also lie 
used with 115 v ac, 60 cps. Speeds up to 60,0(N) 
rpm can be accurately measured, and rpm is re id 
directly on a large meter scale which can be cali- 
brated in any speed range with up to 120 linear 
scale divisions. Essentially a frequency meter, tht 
unit can be supplied for audio or ultrasonic lr< 
quency measurement and may also be adapted foi 
use with any transducer which converts flows 
pressures, or other physical forces into electrical 
signals of variable frequency, \ccuracy is ♦ 23 of 
hill scale.

Kahn and Co., Inc.. Dept. ED 547 Windsoi 
St., Hartford L Conn.
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MULTIVERTER - Voltage^Digital 
Converter and Related Products 

The MULTI VERTER was devel
oped by Packard Bell Computer 
to meet industry’s need for fast, 
accurate and reliable conversion 
between voltage and digital infor
mation representation for use in 
data collection and transmission 
sy stems, in digital control sy stems 
and in interconnecting computers 
such as TBICE with analog de
vices. The MULTIVERTER is 
the first completely’ solid state 
high speed (4 microseconds per 
bit) conversion system accurate 
to .01%. Accessories include a 
compatible solid state multiplexer 
and the first high speed solid state 
Sample and Hold device.

A variety of solid state modules are 
available for the construction of special 
systems. The following transistorized 
types are available: medium speed 
( nominally 200KC ) AC coupled mod
ules, high speed (nominally 4 me) AC 
coupled modules, medium speed DC 
coupled modules, special high temper
ature modules and magnetic modules at 
low (20KC) and medium ( 100KC) speed 
together with the first commercially 
available transistor driving circuits.

CUSTOM DIGITAL CONTROL

Highly selective

lister

other 
vratio 
with
4 arnj 
one s 
peak « 
and ii
a hartWeighing less than 12 oz, this highly selediw 

i-f filter has a center frequency of 460 kc and air 
passes MIL-T-27A vibrational, shock, and hurid 
ity specifications. Insertion loss is about 14 db. . he 
filter permits a high degree ol selectivity bt <>n 
appreciable signal amplification with resultan n 
duction in intermodulation effects. Change in 
selectivity due to regeneration in the i-f amp lin

A subsidiary of Packard Bell Electronics

1905 S. Armacost Ave. • Los Angeles 25, California • GR 8-4-247 
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or to Miller effect, are readily corrected byr r< 
ing. Temperature stability’ equals 0.1% or b< 
The unit provides 100 to 6 db bandwidth r 
of less than 2, depending on shape and imped 
mismatch of from about 5 to 25f* ol center 
quency. At 500 kc center frequency, there i> 
than 1 db per section insertion loss. Peak to v 
ratio is less than 0.5 db, and the unit can be 
above 50,000 ft.

Hermetic Seal Transformer Co., Dept. 
555 N. Fifth St., Garland, Tex.
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Altitude Simulation Chambers

Ranges to 100 miles
\ vailable in sizes from small laboratory units 

11 large walk-in chambers, series 900 high- 
tude simulation chambers simulate altitudes 
to 1(X) miles. They incorporate automatic 

;ems for recording and controlling at con- 
it altitude or programmed climb and descent; 
1-throughs for power, instrumentation, gas 
liquid sampling; locks for specimen intro- 

fion or removal; and high-capacity high- 
1 \ mm pumping systems.

encral Vacuum Corp., Dept. ED, 400 Border 
1 St East Boston 28, Mass.
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Relay Life Test Generator

Provides pulses to 4 amp peak

■ ■ 1

COAXIAL
__ _ I

DISCONNECT
MfrI Hw p-

I he model 25 relay tester operates relays and 
I ther magnetic actuators under life test. In op- 
I cration, a cycling transistor switch is combined 
I with a de supply to generate pulses of up to 
I 4 imp peak. Three square wave frequencies and 
I oik short duty pulse wave are available. The 
1 peak output voltage is adjustable from 6 to 35 v, 
I and input is 115 v, 60 cps. The unit is housed in 
I a hardwood case 11-1/2 x 9 x 9 in.

Crane Electronics Co., Dept. ED, 4345 Hol- 
1 lis'< r Ave., Santa Barbara, Calif.
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Resistance Ratio Recorders

Operate with 1 to 10 K transducers
ing a ratio form of Wheatstone bridge cir- 
the Speedomax Type H indicates and records 

surements of pressure, flow, and other vari- 
detected by three-terminal potentiometer 

* transducers. Designed to operate with 1 to 
transducers, it is supplied in round or strip 

t models and can be equipped with any of 
ompany’s automatic control systems.
' ds & Northrup Co., Dept. ED, 4939 Stenton 
Philadelphia 44, Pa.
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k\ Ml IN 
SECONDS!

CO AX ICON —brand new. One stroke of the A-MP precision tool does it. 
Two strokes and you have the pin and receptacle units permanently attached to 1
coaxial cable. For low level circuitry, either panel mounted or free hanging.
• Reliability—the highest. Cost—lower than anything you’re now using. 1
• Further, coaxial cable is fully supported against vibration. 1
• All this in seconds ... no more burned insulation ... no more tedious soldering 
... no more doubtful connections. Attachments at unbeatable speed that 1
give you the finest termination at the lowest total installed cost.

Write for more information today. 1

AMP Incorporated
GENERAL OFFICES: HARRISBURG, PENNSYLVANIA
A-MP products and engineering assistance are available through subsidiary companies in: Canada • England • France • Holland • Japan 1
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The ever made!
Daven’s New Series G Sub-Miniature Switch... 1/2” Diameter.'

Contact Resistance: Less than 008 ohm

LIVINGSTON. NEW JERSEYWrite today for comprehendrt technical report 
on thi new Series G Sub-Miniatun Rotary Switch.

A new sub miniature rotary selector switch, developed by 
DAVEN. is specifically suited for application in missiles, 
aircraft, handy talkies, field pack sets, frog-man communi
cation equipment, and all types of mobile apparatus This 
explosion-proof, waterproof switch has the same reliability 
as its bigger brothers... but in a fraction of the space 
It meets applicable military specifications on tempera 
ture, humidity, corrosion, vibration, acceleration, shock 
and immersion.

This unit is available as a single pole, 10 position switch 
and can be obtained with up to four poles on a single deck

Life Expectancy: 50,000 cycles minimum 
Shaft and case: Stainless steel 
Panel and hub: Glass filled epoxy 
Contacts and terminals: Silver alloy 
Rotors: Rhodium plated beryllium copper

Insulation Resistance: 200,000 megohms between any two 
terminals or between any terminal and shell.
Measured at 25° C., 50% RH, at sea level.

Contact Rating: 1 ampere, 250V D C. into resistive load 
350 MA, 100V D C. into inductive load.

THE ©/I co

NEW PRODUCTS
Insulation Resistance 

Tester

Ronge of 0 to 10,000 meg 
for 6 voltages

Rectifier operated, this .Megger 
insulation resistance tester has a 
single range of 0 to 10,000 meg for 
output voltages of 500, 750, 1000, 
1500, 2000, and 2500 v.

James G. Biddle Co., Dept. ED, 
1316 Arch St., Philadelphia 7, Pa

CIRCLE 41 ON READER-SERVICE CARD

L 28 thread
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grades of solderability value corn* 
sion potential, and specific gravity

London Chemical Co., Dept. El)
1535 N. 31st Ave., Melrose Park, III
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tions. Thev' are

1

Resin Fluxes

For printed circuits
Finely' demarcated for increased 

solderability and low corrosion po
tential, Lonco resin fluxes are de
signed for printed circuit production. 
They permit the soldering of badly 
oxidized surfaces and become active 
at heats ranging from below the 
melting point of solder to any higher 
temperature desired. Maintaining 
properly balanced-wetting for low 
temperature soldering, these fluxes 
permit filleting ol the solder in am. 
up the holes for reliable connec-

Transistorized Motor 
Operator

For control application
This transistorized motor op> a* 

tor is designed for damper 
valve control in heating, ventilat 
and air conditioning systems
affords a choice of sensing eleme 
selection of compensated cont 
and wide* adjustability of range 
ratio settings.

Barber-Colman Co., Dept.
1300 Rock St., Rockford, Ill.
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The organization that contributed most in the past year to the advancement of the
art of missilesand astronautics'.’ national missile industry conference award

Lockheed

Flight testing is conducted at Cape Canaveral, Florida; Alamo
gordo, New Mexico; and Vandenberg AFB near Santa Maria, Cali
fornia; in a unique manner. All components and sub-systems of a 
new project are initially tested on known-performance, production 
missiles. Thus, when the final system is ready for first flight, its indi
vidual components already have flight-tested reliability. This new 
concept of flight testing is a major contribution and has enabled 
Lockheed to produce extremely complex missile systems in record 
time and at greatly reduced expense.

Underwater launch tests —including studies of cavitation, wave 
simulation and skip motion —are carried on at the Sunnyvale facility 
and at the Navy testbaseonSan Clemente Island.Structural and other 
tests are performed at Hunter's Point Naval Shipyard. California.

If you are experienced in any of the various phases of testing, we 
invite your inquiry. Positions also are available in physics, mathe
matics, chemistry, or one of the engineering sciences. Write: Research 
and Development Staff. Dept. D-21.962 W. El Camino Real. Sunny
vale, California.

(right) Large centrifuge for 
environmental testing has unique 

shaker attachment to provide vibration 
simultaneously with high G-loadings.

(below) One of the Santa Cruz test 
stands with dynamic thrust mount to 

simulate flight environment. Vibration 
oscillator functions during the 

static firings.

(above) Navy Polaris AX-1 flight test 
vehicle at beginning of launch.
Lockheed’s Polaris fleet ballistic missile 
is more than a year ahead of 
original schedule.

/ SUNNYVALE. PALO ALTO.
SANTA CRUZ. SANTA MARIA

CAPE CANAVERAL FLORIDA 
ALAMOGORDO. NEW MEXICO

Testing is a vital part of every stage in the development of missile and 
space programs at Lockheed Missiles and Space Division.

The Division maintains one of the most completely equipped mis
sile and space test laboratories in the world. Equipment includes: 
altitude, temperature and humidity chambers; shaker and vibration 
systems; G-accelerators; and apparatus capable of performing 
chemical, metallurgical, plastic, heat transfer, hydraulic, pneumatic, 
shock, acceleration, sinusoidal and random vibration, structural, 
electrical, and electronic tests. Static field testing; research and 
development testing on controls; testing in ordnance and hydraulics 
and high-pressure gas and propulsion systems are conducted at the 
4,000 acre, company-owned test base in the Ben Lomond mountains 
near Santa Cruz, California.

As weapon systems manager for such major, long-term projects 
as the Navy Polaris FBM; Discoverer Satellite; Army Kingfisher; 
Air Force Q-5 and X-7; and other important research and develop
ment programs, Lockheed is engaged in expanding the frontiers of 
technology in all areas.



NEW PRODUCTS

Weighs seven pound
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Quality begets quality an established axiom that premium products
Have type TNC connectors

md precious metal products since 1842 precision stainless steel tubing

•nickel, stainless, platinum, special alloys up to 1" ODTubing-
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Metals for Precision 
and Performance”

Modular A/D 
Converter

Tubular Fabricated Parts—all varieties—conventional forming operations 
Composite Wires—base and precious metals in various combinations 
Platinum Contacts, Discs, Laboratory Apparatus

must begin with quality components. Bishop has been producing platinum

CATALOGS, DATA SHEETS SENT PROMPTLY ON REQUEST

Begin your next design with unexcelled quality Bishop component 
materials. Write, wire or phone Malvern 3100.

Capillary Tubing—stainless grades, standard sizes up to .130" OD
Platinum & Platinum Alloy Wire—#50 to #3 B&S Gauge
Clad Metals—base and precious metals in various combinations
Glass-To-Metal Sealing Alloys—low expansion alloys
Thermocouple Wire—noble metal and noble metal alloys

tubes, punched tape < 
telemetry' transmission

ELECTRONIC DESIGN • April 1, 19 ¡9

completely modular 
etched circuit cards.

C. G. Electronics

J. BISHOP & CO
platinum works

since 1931. The Bishop family of metal products includes a broad variety 
of components for the designer, engineer . . . just to mention a few:

Model 535 50-ohm coaxial terminations 
available with type TNC male or female c 
nectors. They can also be supplied with types 
C, SC, and BNC connectors. The units have a 
to 10 kmc frequency range; 1 w average and 1 
peak power handling capacity; and indivic1 
vswr calibrations of dc, 400, 1000, 2000, 41 
7500, and 1O.(XX) mc. The film resistors used 
artificially aged for maximum stability'.

Weinschel Engineering, Dept. ED. 10503 Mt 
politan Ave., Kensington, Md.
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Designed mainly' for airborne use, the model 
CG 591 analog to digital converter can scan 12 
input channels at a 120 cps rate, or as many as 50 
channels at a slower rate. This completely solid 
state system uses PCM to provide accuracies of 
0.2 per cent. Output, from a three digit, decimal

can drive Nixie readout 
cards, or can be used for

Build Quality 
in Your Line



FLIGHT DATA and 
CONTROL 

engineers

iod< ; 
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Hw Cross new frontiers in system 
1 electronics at The Garrett Corpo- 
/ ration.
/ High-level assignments in the de- 
/ sign and development of system elec- 
/ tronics are available for engineers in 
f the following specialties:
I 1. ELECTRONIC AND FLIGHT DATA 
I SYSTEMS AND CONTROLS A wide 
f choice of opportunities exists for 
I creative R & D engineers having 
| specialized experience with control 

devices such as : transducers, flight data 
computers, Mach sensors, servo-mech
anisms, circuit and analog computer 
designs utilizing transistors, magamps 
and vacuum tubes.

2. SERVO-MECHANISMS AND 
ELECTRO-MAGNETICS Requires engi
neers with experience or academic train
ing in the advanced design, development 
and application of magamp inductors and 
transformers.

AiResearch creating 
central air 

✓ * % 

data system 
for USAF

ilt 'N
Mev

3. FLIGHT INSTRUMENTS AND TRANS
DUCERS
1) DESIGN ANALYSIS Requires engineers 
capable of performance analysis 
throughout preliminary design with 
ability to prepare and coordinate re
lated proposals.
2) DEVELOPMENT Requires engineers 
skilled with the analysis and synthesis 
of dynamic systems including design 
of miniature mechanisms in which low 
friction freedom from vibration 
effects and compensation of thermo 
expansion are important.
4.PROPOSAL AND QUALTEST 
ENGINEER For specification 
review, proposal and qualtest

• analysis and report writing assign- 
ments. Three years electronic, 
electrical or mechanical experi
ence required.

c n- Forward resume to: 
Mr. G. D. Bradley

a lc
AV 

d al 
( (I

The AiResearch Centralized Air Data 
Computing System will sense, measure 
and automatically correct for air 
parameters affecting flight of the North 
American-Air Force F-108 Interceptor 
and will supply simplified air data to 
the pilot. Eliminating duplication of 
components, the system will cut down 
space and weight requirements over 
decentralized systems by many times.

The centralized combination of 
transducers, computers and indicators 

represents an integrated system con
cept combining electrical, electronic, 
pneumatic, hydraulic, electro-mechan
ical and mechanical servo capabilities. 
Technical experience in each of these 
fields enables AiResearch to achieve 
optimized systems covering a wide 
range of functions while meeting the 
most rigid specifications. Systems man
agement is an integral part of each 
Central Air Data program enabling 
AiResearch to assume the overall re-

Also 
latest data 

control concepts 
for missile and 

undersea applications

sponsibility for systems or subsystems.
The first fully optimized central air 

data system is already operational 
aboard the Navy's supersonic F4H-1, 
the first aircraft to fly with such a 
system. Similar equipment is on the 
Navy's first weapon system, the A3 J 
“Vigilante. This broad AiResearch 
systems capability is now being ap
plied in the fields of military aircraft, 
commercial jet transports, missiles 
and submarines.

?' o-

\ DIVISIONS:

AiResearch industriai
Air Cruisers • Airsupp y 

Aero Engineering
AiResearch Aviation Service

CORPOItATlON

9851 S Sepulveda Blvd.
Los Angeles 45, Calif.

CORPORATION

^¡¡Research Manufacturing Divisions
Los Angeles 45, California • Phoenix, Arizona

Systems, Packages and Components for: aircraft, missile, electronic, nuclear and industrial applications
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The Maser is a microwave amplifier utilizing energy stored 
in a molecular or atomic system. Emission of energy is stimu
lated by the input signal. Masers operate at liquid helium 
temperaturesand have low noise levels.approaching zero db.

Recently, a university research laboratory^ used LlNDE 

single crystal synthetic ruby I M_>03 with Cr_>O3 additive) in 
a three-level solid state Maser. The ruby crystal was placed 
in the Maser's tuned cavity and a magnetic field of 1200 gauss 
was applied. To bring electrons from a ground state into a per
missible higher energy level, a pumping frequency of 24 kMc 
was used and the Maser amplified signals at 9.3 kMc.

LlNDE supplies other crystals, including rutile, spinel, and 
sapphire. (Al>03). Sapphire is used in infrared optical sys

tems. windows for higher power microwave lubes, spacers 
and supports in vacuum tubes, radiation pipes. It has strength 
at elevated temperatures, melts at 2040°C., is hard, inert, non- 
porous, and can be sealed to metals and glasses. Sapphire is 
available in the shape of domes, windows to 4^2 inches in 
diameter, rods and special configurations.

For more information, write Crystal Products Department, 
LlNDE Company’, Division of Union Carbide Corporation. 30 
East 42nd Street. New York 17, N. Y.

MASER

NEW PRODUCTS

Automatic 
Spectrometer

Scans between any two 
levels from 0 to 85 v

The model 50-1 automatic spectrometer consist', 
of the company ’s model 33-1 single channel pulse 
height analyzer; its model 39-2 electronic sweep
count rate meter; a high voltage supply; and a 
Brown ElecktroniK recorder. An electronic sweep 
circuit automatically scans the spectrum between 
any two predetermined levels from 0 to 85 v and 
then resets and repeats the cycle. The data is 
automatically plotted on the recorder. An auto
matic sample changer, the model 48-1, can be 
used to change the sample when the sweep 
circuit resets. The system may also be operated 
as a manual spectrometer.

Radiation Instrument Development Lab, Inc., 
Dept. ED, 5737 S. Halsted St., Chicago 21, Ill
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Analog Computer Kit

For educational and industrial use

Maser Action in Rubv. bv G. Makhov. C. Kikuchi. J. Lambe. and 
R. W. Terhune. “Physical Review.” Vol. 109. No. 4. p. 1399, Feb. 
15, 1958.

UNION 
CARBIDE

This kit contains parts for the model EC-1, an 
analog computer designed for educational and in
dustrial laboratory use. The computer is com
pletely self-contained with nine de operational 
amplifiers, three initial condition power supplies, 
five coefficient potentiometers, four sets of n 'ay 
contacts, an electronically regulated power supply, 
and a repetitive oscillator for automatic operation. 
Included with the kit are assorted precision e- 
sistors, Mylar capacitors, special silicon dio os, 
and patch cords for setting up complex probit is. 
Problem residts are read directly from the m er 
supplied or with an external readout device.

Heath Co., Dept. ED, 305 Territorial Rd., 1 on- 
ton Harbor, Mich.
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talk
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due

•‘Linde" and “I nion Carbide" are registered trade marks of I nion Carbide Corporation.
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256-Channel Analyzer

Has interchangeable logic units

nsists 
pulse 
veep- 
nd a 
weep 
ween 
j and 
ita is 
auto- 
n be 
weep 
rated

Inc, 
Ill.

Completely transistorized, the model CN-110 
>6-channel analyzer has interchangeable plug-in 
4ic units for pulse height analysis, neutron time 

flight studies, and counting as a function of 
ne. It has a complete magnetic core data storage 
stem, a 3 in. ert display, analog address and 

rithmetic readout, and preset count. Average 
dead time with the pulse height analyzer unit is 
12 usee. The unit is 19 x 20 x 8-3/4 in. and weighs 
10 lb.

Technical Measurement Corp., Dept. ED, 441 
Washington Ave., North Haven, Conn.
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Crossbar Scanner

Self-stepping

1, an 
d in- 
c<'in- 
ional 
pLes, 
relay
Pi to 
iti on. 
i re- 
o- es, 
k is. 
a. ter

1 en-

The model SC-4 self-stepping crossbar scanner 
juentially connects a six-wire circuit with each 

ol 1(M) sets of six-wire terminals at speeds of up 
to 50 sets per sec. It also has a facility for random 
ie< ess. It has a life of 20 million operations per 

co 'sspoint without adjustment and offers low cross- 
between adjacent circuits at frequencies up to 

1“ me. Insulation resistance is 10,000 meg; con- 
fl' tor resistance is 0.3 ohm through the longest 
p h; and current carrying capacity7 is 100 ma non-

I active at 50 v de. Contact bounce is less than 
0 usee on make, none on break. For scanning, 

* SC-4 needs two mercury-wetted contact relays 
ides the crossbar switch. One drives the select 
:net chain, the other the hold magnet chain, 
-stepping of these chains is effected by a set of 
trol contacts on each magnet.
ones Cunningham, Son & Co., Inc., Dept. ED, 

Box 516, Rochester 2, N.Y.
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A NEW

CAPACITOR

meets requirements
FOR 
TRANSISTORIZED
APPLICATIONS

Astron’s new 50 volt hermetically 

sealed subminiature paper capacitors 

have the reliability required by 

specification MIL-C-25A.

These units operate at temperatures 

from —65°C to 4-125°C without 

derating. The capacitance variation 

is less than ±3% over the entire 

operating temperature range. High 

insulation resistance, low power 

factor, unusually low resonance loss 

are combined in this new light-weight 

subminiature unit.

In response to a definite engineering 

need, Astron’s new type AQF 

is compactly designed and offers 

superior performance characteristics 

for low voltage transistorized 

applications.

Write today for complete 

technical information.

of

SPECIALISTS IN CAPACITOR MINIATURIZATION

CORPORATION 
2SS GRANT AVENUE, E. NEWARK, N. J.

50 VOLT 
SUBMINIATURE 
PAPER

MIL-C-25A K characteristic

PARTIAL LIST OF RATINGS AVAILABLE

CAP. MF DIA. x LENGTH

0.027 .235 x 3/4

0.068 .312 x 7/8

0.1 .312 x 7/8

0.27 .400 x 1-3/8

0.47 .500 x 1-1/4

1.0 .562 x 1-5/8

2.0 .750x2-1/8

TYPICAL CAPACITANCE VS. TEMPERATURE

Available from your Astron 
authorised stocking distributor

EXPORT DIVISION IN CANADA:
ROCKE INTERNATIONAL CORP. CHARLES W. POINTON
13 EAST 40TH ST. 6 ALCINA AVE.
NEW YORK, N. Y. TORONTO, ONTARIO
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DESIGN EXAMPLE

HYDRAULIC TUNING PACKAGE

For ac and de use
HEAT EXCHANGER1

RESERVOIR

MILLIAMPIRtS

Coolanol Monsanto Trademark
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Monsanto

If yi 
bols

HIGH VOLTAGE
POWER SUPPLY

MAGNETRON
TUBE

N.J.

SONOTONE
SOLVES IT:
Bv making
improvements m
the cathode alloy and
setting up extremely
tight controls in
precision, manufacture
and checking.
Sonotone engineers
produced a 6J4WA
with a minimum life of
1000 hours.. .most
running much longer.

Suited fnr inclusion in the black boxes of missile
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RESULTS:
The Sonotone 6J4WA
is one of three reliable
tubes now being
manufactured under
U.S. Army Signal
Corps RIQAP
( Reduced Inspection

And the same rigid
quality standards

tubes as well
Let Sonotone help
solve your tube

SOLUTION: Use Coolanol 45 as the

TUBE PROBLEM:
The Armed Forces
needed a new version
of the GJ 4 reliable

of almost 1000 hours.

this type had an

250 hours. In addition.
this new tube had to

control standards
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DESIGN BOOKLET

number ... or write :

COOLING PACKAGE

SEND FOR NEW

When you need a synthetic fluid, come to Monsanto -creator of fluids for the future
CIRCLE 83 ON READER-SERVICE CARD

PULSE
PULSE FORMINOFORMING
TRANSFORMERNETWORK

E ec»ronic Applicotions Division, Dept. TGG-49
ELMSFORD. NEW YORK

Leading makers d fine ceramic cartridges, speakers, micro
phones, tape heads, electron tubes.

In Canada, contact Atlas Radio Corp., Ltd.. Toronto

Design Tips NEW PRODUCTS

on liquid cooling
NO. 2: DESIGN STANDARDIZATION

PROBLEM: Cool magnetron tube,
power supply, pulse forming network,
pulse forming transformer, and supply
hydraulic power for tuning.

coolant-dielectric for all components and
also as the hydraulic fluid.

EXPANSION ANO .
CONTRACTION CHAMBER

Standardize! Miniaturize! Simplify! Liquid-cooling with Coolanol 45 can
help you do all three. The above system design shows one way these three
goals can be achieved when you rely on the fluid properties of Coolanol 45:
efficient heat transfer for accurate temperature control... dielectric properties
for safe operation . .. dependable power transmission for the hydraulic tuning
circuit. Its complete compatibility with standard materials keeps costs down.

By standardizing on Coolanol 45, you can liquid-cool all the components with
one heat transfer system and tie m a Coolanol 45 hydraulic system for tuning.
One fluid instead of two or three means less complexity .. . greater reliability
for your system’s operation.

“Design Tips on Liquid Cooling with
Coolanol 45” describes cooling ap-
proaches, fluid properties essential
to equipment reliability, a typical

design, and other important design
aspects. For your copy of this new
booklet, circle the reader-service

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

Elapsed Time Indicator

Measures missile component reliability

“V

This elapsed time indicator is designed to meas-
ure equipment reliability. It is 0.665 in. in dia-
meter and 1.415 in. long, weighs 1.2 oz, and draws
0.018 amp at less than 1 w. The unit contains an
electric motor that operates from 115 v, 400 cps,
single phase and a jeweled gear train with a 180
million to one ratio. It records up to 1000 hr.

and aircraft components, it stands vibration up
to 10 g to 500 cps, shock up to 15 g, and tem-
peratures from —40 to -{-165 F. It contains an
internal reset and is enclosed in a hermetically
sealed case with solder pin terminals.

Elgin National Watch Co., Elgin-Micronics
Div., Dept. ED, 366 Bluff City Blvd., Elgin, Ill.

Panel Instruments

These panel instruments feature the Corma:
mechanism for positive shielding from external
magnetic fields. Model 1741 is a 4.5 in. de unit
and model 1724 is a 2.5 in. ac unit. Also available
are three ac moving iron type instruments capable
of obtaining controlled ballistics characteristics.

Weston Instruments, Div. of Daystrom, Inc.,
Dept. ED, 614 Frelinghuysen Ave., Newark 12,

tube type which would
provide a tube hfe

Existing tubes of

average life of only

be produced under
ultra-high quality

Quality Assurance
Program), monitored
bv the U. S. Army
Signal Supply Agency.

apply to Sonotone s
entertainment type

problems, too.

Sonotone
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TYPE
191

iKRENGEL
D

9 9

. CO INC. • 227 FULTON STREET 

York 7, N.Y. • COrtlandt 7-5712

CLEARER 
LONGER-LASTING 

markings on your parts 
with KRENGEL

LPHANUMERAL STAMPS

227

From 3 to 16 bands on each stamp. 
Each band contains the complete 
alphabet (A to Z) and figures 1 thru 
9 and 0 plus a period and dash. You 
get all possible combinations of let
ters and figures by simply moving 
the wheel on each band. Available 
with roman or gothic type style 
bands in a large variety of type 
sizes. Write for FREE Catalog.

MADE TO ORDER BANDS
It - our requirements call for special sym-
b s...or you prefer stamps with only 

rtain numbers and letters...we will 
'Ke them to order for you at reasonable 

P es. Just tell us your needs—we'll do 
ti rest.

Tachometers and Frequency 
Counters

Accuracy of :±1 count

The 1300 series of electronic tachometers and 
frequency counters includes types for remote in
dication, for explosion-proof installation, and for 
dual readout requirements. Time bases available 
have fixed selectable times of 0.1, 0.5, and 1 sec. 
The units have an accuracy of ±1 count, a display 
time that is adjustable from 0.1 to 10 sec, and a
sensitivity of 50 mv rms. 
impedance of I meg and 
reset.

I-L-S Instrument Corp.,

They have an input 
automatic or manual

Div. of The Meriam
Instrument Co., Dept. ED, 4527 W. 160th St., 
Cleveland 35, Ohio.
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Impact Recorder

Measures up to 7 a

Designed for use in the carrying cases of
various missiles, this impact recorder is adaptable 
for all types of ground and air transportation. It 
measures and records on-off digitized acceleration 
data from impacts, shocks, or gravity loads up to 
7 g in temperature ranges from 0 to 160 F and 
at altitudes to 20,000 ft. The unit can operate 
for 30 days or for 36,(XM) impacts on its integral 
rechargeable batten and can respond to 30 dis
creet shocks or impacts per sec. It is housed in a 
portable aluminum case 14-1/2 x 11-3 4 x 8-3/4 
in.

Lockheed Aircraft Service, Inc., Special Devices 
Div., Dept. ED, Ontario, Calif.
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Tape specs are getting
tougher every year

Keeping ahead of its customers is the only way a magnetic tape 
manufacturer can meet the rapidly rising standards being set for 
its product. And often the standards are as varied as they are 
exacting. Special slitting tolerances, coating thicknesses, base 
materials and magnetic oxides are rapidly becoming more usual 
than novel. Audio Devices’ battery of Automatic Certifiers is one 
of the unique means used to make sure EP Audiotape always meets 
customer specifications.

Type EP Audiotape is the extra precision magnetic recording 
tape for applications in computing, automation, telemetering and 
seismography. The Automatic Certifier records and plays back 
every inch of the EP Audiotape under test. These tests can be so 
demanding that if the tape fails to reproduce a single test pulse 
out of the 40 million put on a single reel, the entire reel is rejected. 
There are no ifs, ands or buts.

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

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

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

A remotely tuned

carcinotron

Scientific Atlant
nont Rd

magnetic field, its

Signal Source

Provides remote tuning

...easier to operate, 
costs 50% less, too I

Tinnerman sales representative in for a discussion 
of the Speed Nut methods of better fastening at 
lower cost. He’s listed in most Yellow Pages, under 
“Fasteners”. Or write to:

Assembly of the Super-Filer” Divide-a-File 
mechanism was considerably simplified when the 
General Fireproofing Company switched to a 
special Spefd Clip design. Sightless people do the 
assembling without former difficulties of fitting 
spring wires into non-uniform stampings.

With this Speed Clip, the “self-adjusting” 
Divide-a-File slides more smoothly back and forth 
in the channel. Locking in the desired position is 
more positive, too.

This is another example of how Tinnerman 
Engineering goes far beyond the original fastening 
idea —how we work with customer engineering 
departments to produce better working units. And 
in the above case, a per-part cost reduction of 50% 
was achieved. In only 4 months, General Fireproof
ing had saved enough through lower assembly and 
parts costs to write-off new tooling nettled to pro
duce the Speed Clip.

You, too, can achieve savings and improvements 
like these on your assemblies. Invite your local

CANADA Immim Ftstntrs IN Niamw. MN GREAT BRITAIN ShihmMs taKtsstnet IN. TreHrest. Wiles FRANCE: Slumps S A.. 3 nt SeNim M btkscNt Smîsms (Sent) GiRMANY Mtunt Bunty GmM. Ntidtltert 
, CIRCLE 91 ON READER-SERVICE CARD
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, N.E., Atlanta 9, Ga.
CIRCLE 92 ON READER-SERVICE CARD

Magnetometer

Portable

source, the model 301

power requirements are 40 w, 115 v, 60 cps.
Irwin Labs, Inc., Dept. ED, 1238 S. Geri irt 

Ave., Los Angeles 22, Calif.
CIRCLE 93 ON READER-SERVICE CARD

designed for cw operation ant

Model \I-6 magnetometer measures streng h 
direction, and polarity of weak magnetic fie Is. 
The portable unit is ruggedly built for field esc, 
with the magnetometer element hermetic; Hy 
sealed in plastic. It can be used for magnetization 
of steel studies, measurements of magnetic p lc 
strengths, determinations of current flow throe h 
conductors, and factory inspection of aircraft p. ts 
for residual magnetism. The 8 lb unit is calibra xl

is especially suited for antenna test applications. 
It consists of the company’s model 301 carcinotron 
power supply; a series C rf head; and a model 
301R remote tuning panel. The power supply is

backward-wave oscillator is voltage tunable over 
its full frequency range. The weatherproof rf heads 
are available for the 100 to 16,(XX) mc range, and 
power output varies from 5(X) to 5 mw.



AC and DC Voltmeters

Expanded scale

I 3(11 
ions. 
Jtron 
lodd 
)ly is 
jtron 
over 
leads 

and

Pied-

Th< sc expanded scale ac and de voltmeters 
icarlv expand a selected, narrow voltage range 
th 0.35 accuracv. Thev are available w ith up 
three separate ranges in one meter. The ac 

>< ters read true rms regardless of input wave- 
I rm and may have any center scale value be
tween 5 and 230 v. The voltage range that can 
b. expanded across the full meter scale is 5 to 
17 - to each side. The de multirange models arc 
completely self-contained and may have any 
<enter scale value between 5 and .300 v. Voltage 
miige is 5 to 203 of center scale value to each side. 
The units are available in 2.5, 3.5, and 4.5 in. 
ili.imeter round models; in 2.5 and 3.5 in. square 
models; and in 4x6 in. rectangular models.

Beckman Instruments, Inc., Helipot Div., Dept. 
II). 25(X) Fullerton Rd., Fullerton, Calif.
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Now...
262 Square Inches
of information
inSquare Inch!

10,000 Watt Ceramic 
Tetrode

Water cooled

igth. 
ie! Is.
use, 

ca'ly 
item 
p le 
jugh 
pe ts

I. Its

ri nt

I he model 4CW10,(XX)A 10,0(X) w ceramic and 
al tetrode is a water cooled version ot the com- 
\ s model 4CX50000A. Maximum plate ratings 
500 v and 3 amp apply to 30 me. From 30 to 
me. 5.5(H) v and 2 amp may be used. The unit 

1.4 in. long and 4.7 in. in diameter.
itel-McCullough, Inc.. Dept. ED. San Carlos, 

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

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

. TYPE

. NUMBER
RESOLUTION 

(Lines per Inch)
SPECTRAL 

COLOR
PERSISTENCE 

TIME

* 3AVP5 1500 Blue Very Short
. 3AVP11 1000 Blue Short ,
• 3AVP16 500 Near UV Very Short
• 3AWP5 2000 Blue Very Short •
• 5CQP5 1500 Blue Very Short •
• 5CQP11 1000 Blue Short

5CQP16 500 Near UV Very Short
. 5CRP5 2000 Blue Very Short ,
• 7AVP5 1500 Blue Very Short •
• 7AVP11 1000 Blue Short •
• 7AVP16 500 Near UV Very Short *
• 7AWP5 2000 Blue Very Short *

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

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

More reliable products through 
Adranced-E\ngineenng

CSS1 tubes
CBS-HYTRON, Danvers, Massachusetts
A Division of Columbia Broadcasting System, Inc.

READER-SERVICE CARDCIRCLE 96 ON



300 TIMES 

Guam SBHsmvnY

THAN CONVENTIONAL RF VOLTMETERS

from 10 KC to 600 MC
MODEL 91-CA

300 microvolts to 3 volts
Price: $495

MODEL 91-C

1000 microvolts to 3 volts
Price: $395

NEW PRODUCTS
Vibration Indicator

Hand instrument ACID

BRIGHT

24K

VOLTS

The Vibrometer is a light hand-held instrument 
which can be used to measure vibration frequency 
and amplitude; to determine1 the direction of maxi
mum transmitted disturbances; to locate the cause 
of unwanted noise due to resonant vibration; and 
to measure the speeds of rotating equipment 
where shafts or rotors are not readily accessible 
by placing the probe against the machine housing. 
The unit can also be used to analyze component 
frequencies of complex vibrations. The output of 
the built-in pick-up can be attached to an oscillo
scope or oscillograph. The Vibrometer achieves a 
full range from 120 to 15,000 cpm by using a 
weighted reed up to 6(X) cpm and a free reed 
above. Accuracy is within 10% with a weighted 
reed and within 3V with a free reed.

The Korfund Co., Inc., Dept. ED, 48-22H 32nd 
Place. Long Island City 1, N.Y.
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Transistor Tester

In-circuit

Orosene 999 produces bright, 
hard electroplates in either 
rack or barrel plating.

•%»?

Orosene 999 24 K Gold 
electroplates are twice as 
hard as ordinary 24K gold 
plates (125 Knoop)

ONPROBE

RF VOLTMETER 
MODEL 91-CA 

Boonton ELECTRONICS Corp.

RANGE-FULL SCALE

-I
ao Jo

Orosene 999 is the only 
24K (99.8%) bright gold 
It contains NO silver, NO 
sulfur, NO antimony.

DC Millivoltmeter

ALSO MANUFACTURERS OF THE FOLLOWING INSTRUMENTS.

ó Ô

Capacitance Bridge RF Distortion Meter UHF Grid Dip Meter

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

The model 219 A transistor tester permits the 
measurement of transistor beta parameters with 
transistors in the circuit. Beta and collector leak
age current parameters may be measured with the 
transistors removed from the circuit. The unit is 
packaged in a compact carrying case and operates 
from either a self-contained battery supply or 
110 v, 50 to 60 cps.

Sierra Electronic Corp., Dept. ED, 3885 Bohan
non Dr., Menlo Park, Calif.

CIRCLE 99 ON READER-SERVICE CARD

999
Patent Pending

Write,wire, 
phone or TW; 

for further 
information

Techmc
39 Snow Street 
Providence, R

JAckson 1-
rioouos Of ItSUKH

Chicago Offk» 
WEÍmíV 7001 North Clark Str^

CIRCLE 109 ON READER-SERVICE CAR‘CIRCLE 97 ON READER-SERVICE CARD
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Measure Resistance 
Quickly—Easily
CURTISS-WRIGHT 

PORTABLE 
BRIDGES

Frequency Sensor

Operates on go, no-go principle

The C-400FSI go, no-go frequency sensor pro
vides automatic instrumentation of frequency for 
aircraft, missiles, ground control installations, tele
metering equipment, and industrial control equip
ment. The unit is accurate to 0.257 and has a red 
and green light readout. Several sensors may be 
connected to a logic circuit so that one readout 
will indicate the no-go condition if any one of the 
readings is out of tolerance. The unit operates at 
115 v and has nominal frequency and tolerance 
limits made to customer specifications. The 2 w 
output drives 24 v lamps or relay drives and will 
also work with an annunciator system.

Magnetic Circuit Elements, Inc., Dept. ED, 
3722 Park Place, Montrose, Calif.
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Here are two bridges that are 
especially well suited for meas
uring resistances accurately 
when relatively unskilled 
workers must be used. And 
they’re extremely handy for 
day-by-day measurements in 
the laboratory.

The Wheatstone Bridge covers a 
range of 0.05 to 50,000 ohms 
with only two knobs — a large 
scale calibrated from 0.5 to 50 
and a smaller range selector 
with five positions: 0.1, 1, 10, 
100 and 1000. A 4.5V battery 
provides power.

The Kelvin Bridge measures low 
resistances from 0.0001 to 2.1 
ohms. Two dials, the larger 
calibrated from 0.0001 to 2.1 
and a four position range 
switch provide readings.
For more information, write

ELECTRONICS DIVISION

URTISSWR1GHT
Corporation • carlstadt, n. j.
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Pulse Transformers

For varied applications

These permanent magnet pulse transformers are 
applicable in blocking oscillators; in triggering, 
low voltage, and counting circuits; for de isolation; 
for pulse shaping; and for use as wideband input 
and output transformers. The units have a core of 
grain oriented silicon steel and a chamfered band 
0.062 in. wide which keys it for automatic mount
ing by soldering into etched circuit boards. They 
are available in three sizes: 0.4 x 0.4 x 0.4; 0.562 x 
0.562 x 0.5; and 0.7 x 0.7 x 0.65 in.

PCA Electronics, Inc., Dept. ED, 16799 Schoen- 
bom St., Sepulveda, Calif.
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EXTREMEI I I 
MINIATURIZATION!

HIGH 
RELIABILITY!

Aerovox CERAFIL Capacitors
Remarkable new design concepts and modern construction features 
of Cerafil Capacitors make it possible to obtain extremely high 
capacities per unit volume. These ultra-miniature ceramic capacitors 
offer a logical solution to circuit designers concerned with 
extremely miniaturized assemblies and equipments.
Cerafil Capacitors are the smallest ceramic units manufactured in the 
electronic industry. They are designed specifically for airborne and 
space-borne equipments, computer circuits, hearing aids and other critical 
applications where space and weight requirements are at an absolute premium.
Cerafil capacitors are available in working voltages of 30, 50 and 
100 VDC, and in capacities from 10 mmf to 100,000 mmf. Type C80 (100 
VDC) of this rugged ceramic unit of high reliability is designed for 
operation at temperatures from —55°C to 4-85°C. Type C80T (50 VDC) 
is rated at 125°C. Types C80 and C80T will meet 
or surpass all the applicable requirements 
of MIL-C-11015A.

‘Actual size of a 1000 mmf 
unit @ 100 vdc.

Hi-Gk
Division

Available at local
Aerovox Pacts Distributors nationally!

Write today for complete technical 
information of these ultra-miniature

CERAFIL CAPACITORS...

REROUOK
CORPORATION

OLEAN, NEW YORK

CIRCLE 113 ON READER-SERVICE CARD
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NEW PRODUCTS

Miniature Soldiers. Army ants carry 
out intricate maneuvers of wheeling, flank
ing, and envelopment with faultless preci
sion. Their columns are led by 'majors”, 
preceded by "scouts”. Raids are con
ducted by skirmishers”. Between cam
paigns, they form "bivouacs”. Army ants 
are nature's tiny troopers.

New Worlds for «3 Miracles in Miniaturization

Every day man's advances, both on this planet 

and beyond, are opening new and challenging 

areas of application for miniature components 

and mechanisms. And at each step forward, 

MPB is ready to help with research, engineer

ing and manufacturing facilities unsurpassed 

in the miniature bearing industry. MPB makes

Miniature Ball Resolver, approxi
mately x 2’/2" O.D. continuously cal

culates position of aircraft and missiles 
traveling at supersonic speeds. MPB bear
ings at critical points keep torque low, and 
help make possible an accuracy of 0.33 
of 1%. This is another man-made miracle 
in miniaturization.

more than 500 types and sizes of bearings 
ranging from %" O.D. down . . . designed to 

meet requirements of the most exacting na

ture. Specials are developed on request. For a 

confab on design problems or our latest catalog 

write Miniature Precision Bearings, 
Inc., 904 Precision Park, Keene, N. H.

Man with Miracles. This is Jim 
Mitchell, one of MPB's technical represent
atives, whose close liaison with the manu
facturer of the ball resolver facilitated its 
design and development. MPB’s technical 
staff, most experienced in its field, can as
sist you with your own miniaturized 
miracles.

MINIATURE PRECISION

BEARINOS INC

Helps you perform miracles 
in miniaturization

Scaler-Analyzer

Has 128 channels

A completely integrated system, the RCLiac-12S 
is a 12S channel scaler-analyzer that performs 
nuclear data processing operations from gross 
counting through scintillation spectroscopy. It is 
of plug-in modular construction and has a mag- I 
netic core memory capacity of 1 million counts I 
per channel; an instant number or curve ert dis- I 
play; preset time from 0.19 sec to 28 hr; and pre- I 
set count from 2’ to 221. Negative high voltage is I 
600 to 1500 v, stable to 50 ppm; overall amplifier I 
gain is 1000; and integral linearity is ±1% for I 
channels 5 through 128. I

Radiation Counter Labs, Inc., Dept. ED, 5121 I 
W. Grove, Skokie, Ill.

CIRCLE 115 ON READER-SERVICE CARD

JL 
sW 
■ Uli 
elc 
i cl 
fes 
vol 
Co 
rat 
16

IT

Heat Sinks

For JETEC 30 transistors

The 110I-A is an insulated stud mounted b at ]
sink for medium power transistors in JETEC 30 j,
round welded packages. It is easily attached to ।
the transistor, converting it to a double end xl ¡j
package, and heat dissipated in the transisto is (
conducted to the chassis through the 10-32 st d. r
Electrical insulation is provided by the additioi of f
a hard coat anodize finish which furnishes o er t
400 v breakdown and eliminates the elect! al 
problems in heat sinking transistors which 1 ve 
the collector common to the case. ¡

Jadaro Machine Products, Dept. ED. P.O. ax 
155, Garland, Tex. 1 <
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DRAMATIC REDUCTION 
IN GYRO DRIFT...

SER

CONDENSED
PERFORMANCE DATA

Trimmed drift rate: 
0.1°/l’r* rms 

O.3°/hr. max.
Mass unbalance: 

5.0°/hr./g
Anisoelastic constant: 

O.O25°/hr./g2 rms
Maximum command turning rate: 

over 20°/sec.
Dimensions: 

2" dia., 4 ' long

REAC
Analog 

Computen
Precision 
RESOLVERS and 
PHASE SHIFTERS

Representing a major breakthrough by Reeves’ gyro research laboratories, 
these advanced instruments show a small fraction of the drift rate hitherto 
considered low for high-performance units in this class.

Other characteristics are also outstanding, including extremely low aniso- 
elastic constant and high command turning rate.

Of equal importance is the fact that these instruments measure up in 
every way to well-known Reeves standards of precision, ruggedness and 
reliability in regular production models. They are now available, and we 
invite your inquiries for detailed information.
Other Reeves Gyros and Accelerometers meeting equally exacting standards for per
formance and reliability include a comprehensive series of 10 IG, 20 IG and HIG 5 
Integrating Gyros; 20 PIG Pendulous Integrating Gyros and 10A and 20A Linear 
Accelerometers. Technical information on request.

REEVES INSTRUMENT CORPORATION
A Subsidiary of Dynamics Corporation of America

Roosevelt Field, Garden City, New York

SERVO 
MECHANICAL 

PARTS

ENGINEERS: Rewarding careers at 
Reeves in the fields of radar, guid

ance, and computer systems.

NEW PRODUCTS
Contact Inserts

Push-in type

With Mod. 2 inserts, contacts are crimped auto
matically or semiautomaticalk to wires outside of 
the connector. A cross-hole in each contact per
mits ready inspection of the termination joint to 
determine the depth of the wire engagement. A 
special hand tool is available for inserting the 
contacts into the premounted resilient insulation 
within the connector barrel shell. Retention of the 
insulation exceeds the requirements of MIL-C- 
5015 D after many reassemblies. The units can be 
furnished with up to KM) poles for wire sizes 16, 
12, or 10.

The Pyle-National Co., Dept. ED, 1334 N. 
Kostner Ave., Chicago 51, 111.
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Microwave Power Meter 

Has 0.001 to 10 mw range

Self-balancing and transistorized, the model 4 lO 
microwave power meter provides automatic dire t- 
reading measurements of cw or pulsed power. It 
may be used with all 1(X) or 2(X) ohm bolomet s 
or thermistors, of positive or negative temperate'e 
coefficient, requiring any bias current up to 18 i a 
in any frequency range for which there are bo’> 
meter or thermistor mounts. It has 0.001 to 0 1 
mw and 0.003 to 0.03 mw scales in addition to e 
five standard scales up to 10 mw.

Narda Microwave Corp., Dept. ED, 118- 0 
Herricks Rd., Mineola, N.Y.
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Silicon Logic Transistor

High speed

t^ DISTRIBUTION Clim

luto- 
Io of 
per
lt to 
it. \ 

the 
ition 
: the 
L-C- 
n be 
; 16.

t N.

I ypical total switching time of the 2N1139 sili- 
n logic transistor is under 30 mu sec. Minimum 
pha cutoff is 100 me.
transitron Electronic Corp . Dept. ED, 168 
bion St., Wakefield, Mass.
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Ribbon Cable

Color coded

These color coded, multiconductor ribbon cables 
arc available in single conductors, twisted pairs, 
and coaxial cables. A variety of widths and de
signs can be furnished.

Plastoid Corp., Dept. ED, 42-61 24th St., Long 
Island City, N.Y.
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Digital Voltmeter

Covers 0 to 1 kv de

Why permanent magnets are only temporary
Magnetic Materials Section reports on a continuing 

search for better permanent magnets 
. . . and on what this means to your new product designs

410 
c t- 
r. It 
;t< rs 
h e 
ma 

o'> 
0 1 
t <e

■ 1 <0

General purpose digital voltmeter model 410 
rs a range of 0 to 1 kv de. It has 0.5% full scale 
iracy and a three column vertical readout.
ranklin Electronics Inc., Dept. ED, Bridge- 

r t, Pa.
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Permanent magnets are getting better. In fact, since 
the introduction of Alnico magnets by General 
Electric in 1934, there has been a constant flow of 
stronger, more efficient G-E magnetic materials.

General Electric developed directional grained 
magnets to provide higher energy potential. Then, 
by sintering Alnico V and Alnico VII, General 
Electric was able to create magnets with better flux 
distribution and vastly improved tensile strength. 
P-series alloys, with consistently uniform flux for 

MAGNETIC MATERIAIS SECTION

GENERAL^ ELECTRIC

use in hysteresis motors, marked another step for
ward. And these are just part of the important ad
vances that have come from General Electric in the 
past 25 years.

Watch General Electric for even more advanced 
magnetic materials that will soon give you a freer 
hand in bold new product design. If you would like 
the design assistance of a G-E engineer, write: 
Magnetic Materials Section, General Electric Com
pany, 7820 N. Neff Street, Edmore, Michigan.
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NEW PRODUCTS

THUMB-OPERATED
TOGGLE

CONTROLS 4 SEPARATE
SWITCHES

CARD

A HOH-SHAP SWITCH

CIRCLE 130 ON READER-SERVICE CARDright operates control
motors for hoists or lateral trim
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New SWITCHLITES

combines

A familiar sight to helicopter 
pilots is this versatile Hethering
ton Type F441 Four-Way Switch. 
Here it is housed, along with other 
Hetherington Switches, in a hand
grip which fastens to the flight 
control stick. Moving the Switch’s 
thumb-type knob up or down,

low cost tips are 
feature long hk

a cloverleaf gate1 that restricts op
eration to one switch at a time. 
Without the gate however, any 
two adjacent switches may be 
closed simultaneously. The tog
gle may also be held outward and 
moved in an arc to actuate all 4 
switches in succession.

local electronic

FOR "KEYBOARDS nontilt model 300-S

1 St., New

single envelope the first two st
139 Illinois St., El Segundo, Calif

DOUBLE TRIODE.—Dissimilar-section tv pc 7 1

hide diameters from 1/4 to 1-1/4

ELECTRONIC DESIGN • April 1, 1959

Chassis-Trak, 
Indianapoli:

So many different Hetherington 
Su itchhtes are now available that

For the name of your near
est parts distributor and bulle
tins of the Hetherington 
Switches, Indicator lights, and 
Sicitc-hlitcfi he carries, write 
directly to: DISTRIBUTOR’S 
DIVISION, HETHERINGTON 
INC., 26 Rittenhouse Place, 
\rdmore. Pa.

CARRIAGE, MACHINE BOLTS.-Complete sei. 
tion of hex head machine and carriage bolts in a 
range of 500 sizes. Machine bolts are supplied w h 
or without finished hexagon nuts and have a mi i- 
mum tensile strength of 55,000 psi. Stock sizes in-

Need Hetherington products 
for prototypes, breadboard 
models, special projects, or 
small production runs? Most 
popular Hetherington items are

a 50 lb max 
are 1.687 in

SOLDERING IRON TIPS. 1 hese

Wherever switches and indicator 
lights are used on the same panel, 
Hetherington Suitchlites can play a 
major part in improving panel legi
bility and operating convenience. 
For the pushbuttons of these com
pact snap-action switches contain 
their own built-in indicator lights 
for easy, direct association of switch 
and light functions. Moreover, they 
save greatly on panel space, wiring, 
installation and removal time.

MAGNESIUM OXIDE REAGENT.—Electronic 
grade M-300 features high purity, small particle

THIN SLIDES.-Desigi 
imnm load, these light 
high. They arc available

Admittedly, the F441 Switch is 
rather specialized. However, it 
offers industrial users interesting 
opportunities to simplify equip
ment design and operation — by 
saving space, by “foolproofing” 
critical circuits, or by making 
operations easier to understand.

No bulletin is available on this 
switch as yet, but ratings and a 
dimension drawing will be sent 
on request. Ask about the F441.

PELLET TEMPERATURE INDICATORS.—These 
pellets melt at 525 and 650 F, filling the gap in a 
series covering 100 to 2700 F in 90 spaced intervals.

Housed in the 1-1 64" by 7 8" 
phenolic case of the F441 are 4 
separate momentary-contact 
switches arranged 90 degrees 
apart around the base of a thumb- 
controlled toggle lever. Normally, 
all switches are “open” and the 
toggle is centered.

Usually the switch is mounted 
so that the lever projects through

of preamplification for high fidelity disc or t pe 
equipment.

CBS-Hytron, Dept. ED, Danvers, Mass.
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Now! AT LEADING 
PARTS DISTRIBUTORS

only a few of their many features 
can lx* mentioned here:
Switch Circuits: SPST. SPDT. DPST. DPDT. 
or 2-circuit. Up Lc> 15 amps kt 28 v. de.
Snap-Actmn Push, momentary; Pull, momen
tary ; Push-Pull, maintained : Push-Push, 
maintained ; Push-Pull, maintained with aux
iliary momentary on "push.”
Lomp Circuit: Case ground or separate gnd 
terminal. “Hot” lead to separate terminal, 
thru main sw. contacts, or thru separate 
built-in sw. circuit. 6, II, 18, 28 volt AN3110- 
type lamps.
Pushbutton Lenses: 10 styles, each in 10 trans
parent or translucent colors. Lettering may 
be engraved on all.

New Bulletin S-7 gives complete de
tails on all Hetherington Su itchlites.

CIRCLE 105 ON READER-SERVICE CARD 
INC. DELMAR DRIVE, FOLCROFT, PA

tapes for winding magnetic amplifier cores, and ki 
to prevent surface currents on mica punchings u J 
to mount vacuum tube filaments.

Fisher Scientific Co,, Dept. ED, 717 Forbes t , 
Pittsburgh 19, Pa.

CIRCLE 133 ON READER-SERVICE CARD

PULSE, SWEEP, AND TIME DELAY GENERA 
TOR.—Type 1391-B generates pulses, time delays, 
and linear sweep voltages with wide ranges of op
eration. Pulse rise time is 15 mjisec.

General Radio Co., Dept. ED, 275 Massachusetts 
Ave., Cambridge 39, Mass.
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1-1/2 to 24 in. Carriage bolts have no, 10 to 3 
in. diameters; 12 to 18 in. lengths.

Standard Screw Co., Stanscrew Fasteners, Dept 
ED, 2701 Washington Blvd., Bellwood, III.
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neo to carry 
weight slide:

plated with a Tifeni alloy 
and high heat and come ii
sizes.

Altimag Inc.t Dept. ED, P.O. Box 20148, Indi 
apolis 20, Ind.
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Developed specifically for the key
boards of electronic computers, cal
culators, and other business ma
chines, the Hetherington B5023 
gives the smooth, yet precise action 
necessary for fast manipulation 
Operating pressure is a scant V? 
pound — just enough to retain the 
familiar keyboard “feel.”

The versatile 2-circuit, momen
tary-contact circuitry of the B5023 
can also be used as SPST or SPDT. 
Recent tests have shown a life of 
better than 1,7 million operations at 
5 amps,, 30 volts de. This is far 
greater than the conservative rating 
you’ll find in Bulletin S-6 if you 
write for it.
CIRCLE 103 ON READER-SERVICE CARD

Tempil Corp., Dept. ED, 132 W.
York 11, N.Y.

CIRCLE 129 ON READER-SERVICE
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SWITCHES • INDICATOR LIGHTS • SPECIAL ASSEMBLIES
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\NAR TRIODE.—Developed for use in tele- 
one relay stations, type 6280 can be used in all 
>es of microwave communications equipment. It 
rates in the 4 to 5 kmc range and is a direct re- 

icement for type 416B. Acorn sized, it has a gain 
9 db at 50 mw output and a transconductance 
mg of 50,000 iimho.
Allen B. Du Mont Labs, Inc., Dept. EI), 750 
jomfield Ave., Clifton, N.J.
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ECISION RC OSCILLATOR.-Model G.432 
>plies sine and square wave output, balanced or 
balanced, plus a subsidiary control providing a 
all incremental frequency variation independent 
the main dial. The main dial covers 25 cps to

'I kc in four decades and is calibrated to 1%.
I urzehill Labs Ltd., Dept. ED, 550 Fifth Ave., 

W York 36, N.Y.
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( \SH\G RESIN ABSORBER.—For molding 
waveguide terminations, attenuators, and loads, 
I rcosorb CB has, when cured, a high attenuation 
\»i the full microwave frequency range. Temper- 
iture range is —70 to -|-350 F.

Emerson & Cuming, Inc., Dept. ED, 869 Wash- 
ii Jon St., Canton, Mass.
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I III INSULATING MATERIAL.—An irradiated 
polyolefin, Emad II has a dielectric strength of 
1000 and a dissipation factor of 0.0005. It has good 
form stability to 300 C and can be used as a micro- 
\\ Ae strip line material and in electrical insulators, 
tube sockets, connectors, and wire insulation. It is 
available as a powder or as bars, rods, and sheets 
for ready machining.

Enflo Corp., Dept. ED, Fellowship Rd. and Rt. 
7 > Maple Shade, NJ.
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Preformed cold drawn Nichrome 
Heating Elements being anchored 
into place indicate tremendous 
size of Lindberg missile furnace.

hnvBiRG

um

Nichrome
ELEMENTS HEAT WORLD'S 

LARGEST MISSILE FURNACE
2500 feet of extra heavy Nichrome V Wire 

provides 5-zone heating up to 2050 F

Tronic 
article 
> coat 
d also 
■ « d

VANE AXIAL FAN.—This motor driven unit has an 
impeller less than 2 in. in diameter and provides a 
flow of 46 cfm under 2-1/2 in. water pressure and 
37 w input’. A 400 cps three phase version delivers 
7" cfm. The unit may be used as a direct cooling 
(Luce or with a heat exchanger.

I’he Garrett Corp., Dept. ED, 9851 Sepulveda 
1 I., Los Angeles 45, Calif.

CIRCLE 139 ON READER-SERVICE CARD

( XTACT CLEANING SPATULAS.-Covered

7. 47 

sb
• t upe

। an abrasive surface of diamond particles, Dia- 
i spatulas are designed specifically for cleaning 
s and contacts. They do not become clogged or 
t the normal gap between contact points.
uard International Corp., Technical Tools Div., 
r. ED, 624 Madison Ave., New York, N.Y.
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This giant 500 KW gantry type Lindberg- hardening 
furnace is the newest and largest ever built to meet the 
most exacting heat treating requirements of today’s, 
and tomorrow’s, missile metals. It accommodates an ef
fective work load nearly 7 ft. in diameter and 24 ft. long.

Now in operation at Lindberg Steel Treating Com
pany’s Melrose Park Plant, the controlled atmosphere 
installation is both bottom loading and bottom quench
ing. The 19’ by 57’ pit—28’ deep, beneath the towering 
electrically heated furnace, houses the loading station, 
2 quench tanks (atmosphere and salt) and water wash 
tank. Work loads pass from furnace to quench through 
an airtight seal, permitting complete control and pre

DRIVER-HARRIS* COMPANY
HARRISON, NEW JERSEY • BRANCHES: Chicago, Detroit, Cleveland, Louisville

Distributor: ANGUS-CAMPBELL, INC., Los Angeles, San Francisco • In Canada: The B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario

MAKERS OF THE MOST COMPLETE LINE OF ALLOYS FOR THE ELECTRICAL. ELECTRONIC, AND HEAT-TREATING INDUSTRIES
CIRCLE 141 ON READER-SERVICE CARD

cise duplication of atmospheres and treating cycles.
In the hardening furnace there are five control zones 

which operate between 250 F and 2050 F. Saturable 
core reactors automatically vary the voltage to the 
Nichrome*V heating elements between 2.2 and 220 
volts, depending on temperature and load.

The selection of Nichrome V by Lindberg to supply 
reliable and closely controlled heat and temperature 
in this furnace is further evidence of the confidence 
that industrial leaders have in the quality and per
formance of Driver-Harris high-nickel alloys. Why 
not benefit from their experience. Tell us about your 
requirements, -tm iuk us p.t orr t Lindberg Engineering Company

1959 E CTRONIC DESIGN • April 1, 1959
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BENtMX 
SUPERMARKET

COMBINE LIGHT WEIGHT
WITH HIGH PERFORMANCE

.. Bendix Radar Antenna Pedestals 
specified for "Hawk” missile system

To locate, track and destroy low-flying, high-speed attacking air
craft is the mission of the Army's “Hawk” missile system now in 
production by Raytheon Manufacturing Company, the prime 
contractor. Speed, accuracy and dependability are mandatory.

When Raytheon needed pedestals for the system’s illuminator 
and acquisition antennae, Bendix had the answer—a proved basic 
design that was readily tailored to the application at a great saving of tune 
and money.

The design combines the reliability, high response and accuracies 
(0.5 mil or better) of famed Bendix rotating components with 
the ruggedness of Bendix-designed and -cast magnesium housings. 
Experienced component packaging coupled with unique construction 
save weight and space—ease transportation problems.

THE "HAWK” PEDESTAL IS JUST ONE EXAMPLE from E-Ps family of 
radar antenna devices developed for a variety of airborne and 
ground applications, including mortar and meteorological tracking, 
missile seeker and countermeasure types. Write for information.

Eclipse-Pioneer Division
Teterboro, N. J.

District Offices: Burbank and San Francisco, Calif.; 
Seattle, Wash.; Dayton, Ohio; and Washington, 
D. C. Export Sales & Service: Bendix International 
Division, 205 E. 42nd St., New York 17, N. Y.

AVIATION CORPORATION

11 
nin in 
LUU in

•rmn
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NEW PRODUCTS
GUSSET MOUNTING ASSEMBLIES.—For front 
reel nick and cabinet mounting, these gussets are 
designed to fit all four of the company’s standard 
slides. They are furnished preassembled and can be 
quickly installed.

Chassis-Trak, Inc.. Dept. ED, 525 S. Webster 
SI., Indianapolis, Ind.

CIRCLE 332 ON READER-SERVICE CARD

VHF FREQUENCY METER-Model LA-70 is 
available in a redesgned version. Fhe unit has a 10 
kc to 3 kmc range and is accurate to 1 pm from 20 
me to 3 kmc.

Lavoie Labs, Inc., Dept. ED, Mattawan-Free
hold Rd., Morganville, N.J.
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LOW PASS
starts at 400 

For

P.S. and don’t forget these 
other quality products at the

BENDIX 
“SUPERMARKET”

With our greater variety and 
greater volume of the precision 
components listed below, we 
have become the “supermarket” 
of the industry. We feature fast 
delivery and mass-production 
economy—plus the highest pre
cision quality.

FILTER.-The Microid type TCLJ 
cps and measures 11/16 x 1-11/16 x 
frequencies from 7.5 to 100 kc, size 
1 2 in. The unit is fully encapsulated.

4OO-CYCLE SYNCHROS
(Frame sizes: 8, 10, 11, 15, 22) 

Control Transformers • Differ
entials • Receivers • Resolvers 
• Iransmitters

Burnell & Co., Inc., Dept. ED, JO Pelham Pkwy., 
Pelham .Manor, N.Y.
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GYROS
Directional, Free, Rate, Roll 
and Vertical Cvro I ransmitters

LAMPHOLDERS, hi molded Bakelite housings 
with built-in wire leads, models 14-71 and 14-72 are 
designed for intermediate screw base lamps. They 

utilize

MOTORS AND GENERATORS
Gear Head Motors and Motor 
Generators • Low-Inertia Servo 
Motors* MotorGenerators* Pre
cision Induction Tachometer 
Generators • Rate Generators

and CSA approved for 75 w, 250 v and 
i square shoulder as a permanent locking 
Other mountings arc available, and wire 

leads can lx* supplied in any length with a variety 
of insulations.

, lue., Dept. ED, 60 Greene St.,

PACKAGED COMPONENTS
Analog-Digital Converters • 
Azimuth Counters • Cam Com
pensators • Clutched Synchros • 
Dual-Speed Synchros • External 
Slip-Ring Synchros • Follow-L'p 
Mechanisms • Miniature Dif-

to I
MR
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OSCILLOSCOPE RECORDING CAMERA.—This 
has a 75 mm, F/1.9 lens and reduces linear distor
tion to less than 0.57.

Beattie-Coleman, Inc., Dept. ED, 1000 N. Olive 
St., Anaheim, Calif.
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RADAR DEVICES
Airborne Radar Antennae

Dll 
coni 
sist. 
size

FIXED COMPOSITION RESISTORS.-Model 
GBT-1/2 and GBT-1 are designed for trouble-free 
use in standard automation insertion equipment.

International Resistance Co., Dept. ED, 401 N.
Broad St., Philadelphia 8, Pa.
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YcBABS
You Can't Beat The Bendix 

"Supermarket". Try us. 

Eclipse-Pioneer Division

AVIATION CORPORATION

Teterboro. N. J.

amj

PERMANENT MAGNET.—A highly oriented ce
ramic permanent magnet material, Indox VI is espe
cially suited for traveling wave tubes. It has a 
coercive force of 2550 oersteds, a residual reduction 
of 3200 gauss, and a peak energy product of 2.4 x 
10“.

Fhe Indiana Steel Products Co., Dept. ED, Val
paraiso, Ind.
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“MYLAR” offers a unique 

combination of properties 

valuable for electrical design

\ CUUM TUBE BRIDGE.—For precision meas-
। nent of vacuum tube and transistor parameters,
I type 1661-A can be used to measure twin tri-
k s and pentodes without change in external con-
m tions.

'.cneral Radio Co., Dept. ED, 275 Massachusetts 
A , Cambridge 39, Mass.
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I OXY RESIN SYSTEM.—A flexible system with a 
v te range of possible cures, Hysol 6621 can be 
ii d for potting transistorized circuits and trans- 
f ners with strain sensitive cores. It is also adapted 
t he casting of large masses.

loughton Labs, Inc., Dept. ED, Houghton Ave., 
Ol. in, N.Y.
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S( kNNER AND PLOTTER.-Model 115 converts 
th uncorrelated information collected on IBM 
punched cards into visual plotted form. It can be 
used for structural test work where strain gage data 
can be plotted as strain vs load; for wind tunnel 
data such as temperature vs time; and for proper 
c\ duation of data against design specifications and 
limits.

(.ilmore Industries, Inc.. Dept. ED, 13015 Wood
land Ave., Cleveland 20, Ohio.

CIRCLE 342 ON READER-SERVICE CARD

MOBILE POWER SUPPLY KIT.-Model MP-1 con 
tains everything required for complete installation 
if a heavy duty transistorized de supply that de- 

livcrs 120 w. The unit furnishes all power required 
to operate the company’s MT-1 transmitter and 
MH-1 receiver. Chassis size is 9-1 16 x 4-3/4 x 2 in.

Heath Co., Dept. ED, 305 Territorial Rd., Ben
ton Harbor, Mich.
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DIBECT-READING COUNTER. Designed for 
continuous operation at 6000 rpm, this unit is re
sist.mt to corrosion, humidity and vibration. Case 
si/i is 2-3/4 x 2 x 1-12 in.; figures are 0.25 in. high.

\ eeder-Root Inc., Dept. ED. 70 Sargeant St., 
Hartford 2, Conn.
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FOOT SWITCH.—Cast iron model VH is available 
with a guard and comes in ratings from 15 to 40 
amp.

emaline Products Co., Dept. ED, Hawthorne, 
N.I.
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SI \AL GENERATORS.—These units feature di- 
n digital readout of frequency, accuracy to ±1%, 
at a wide range of modulation capabilities, both 
ai »nd fm.

•larad Electronics Corp., Dept. ED, 43-20 34th 
St Long Island City 1, N.Y.
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HIGH TENSILE STRENGTH. “Mylar” 
is the strongest plastic film. I natron tester 
shows an average strength of 20,00011». |>ni

HIGH DIELECTRIC STRENGTH. 
Average of 4,000 volts mil__average 
power factor of 0.003 at 60 cycles.

Is there a thinner pressure-sensitive tape 
that’s better-performing... and at a lower cost?

Yes, there is such a tape, and it's made 
with Du Pont “Mylar“' polyester film. 
For most applications, tough, durable 
pressure-sensitive tape of “Mylar” acta 
ally cost less, per linear foot or yard, than 
tapes made of other materials. That’s 
because “Mylar” permits tape manufac
turers to use thinner gauges without any 
loss in performance.

And what about performance? Here 
are some of the outstanding properties of 
“Mylar” found inpressure-sensitivetape:
THIN, YET STRONG

. . average tensile strength of 20.000 psi.
DURABLE
... under bot h high and low temperat ure use.

•1« U 4 PAT Off

BETTER THINGS FOR BETTER LIVING
...THROUGH CHEMISTRY

FLEXIBLE
, . . gives snug wrap over irregular surfaces. 
HIGH DIELECTRIC STRENGTH
. . . average 4.000 volts per mil. 
DIMENSIONALLY STABLE
. . . can be used in areas of high humidity.
MOISTURE-RESISTANT
. . . resists mildew, most chemicals.
RESISTS EDGE FRAYING
. . . has great tearand impact strength. 
RESISTS HEAT AND COLD
. . . can be used in class B insulation systems. 
NO PLASTICIZER
. . . can’t dry out or embrittle with age.

You name the job . . . electrical insulat
ing. color coding, masking for electro-

plating. harness-wrapping coils . . . and 
you’re sure to find pressure-sensitive 
tape of “Mylar” can improve perform
ance while lowering costs. What s more, 
this t hinner tapecan help decrease weight 
and size of finished products without any 
loss in performance?

Pressure-sensitive tape of“ Mylar” can 
now be obtained in a wide variety of 
gauges, widths, colors, and with different 
adhesives. Ask your supplier to help you 
evaluate all the factors involved in cost 
and performance of tape made with 
“Mylar”. Or, send today for a list of 
tape* manufacturers and a booklet on 
properties and applications.♦•‘MYLAR" is Du Pont's registered trad» mark for its brand of polyester film

E. I. du Pont de Nemours & Co. (Inc.)

DU PONT

MYLAR
POLYESTER FILM

Film Dept., Room ED-4, Nemours
Please send me information 

on the advantages and uses of 
pressure-sensitive tape made 
with “Mylar” (MB-6).

Please send me informât ion 
on properties, applications and 
types of “Mylar” available
MB-11).

Building, Wilmington 98, Delaware.

A ppli cati on______ ______________

Name__________________ ______

Firm_____________

Address________________________

City ______________________ _ State____________
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Next time you require a precisici 
component that ' can’t be done, 
let us know and perhaps we can 
develop another first for you.
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MICRO-LECTRIC DIVISION 
OF MICRO MACHINE WORKS

19 DEBEVOISE AVENUE 

ROOSEVELT, L. I., N.Y. 
FReeport 8-3222
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only with EPSCO

• 0.005% stability

‘ e
• * 111.112 volts 
d-c range

VR-607 (illustrated)— portable, 5 decade switches plus 
vernier and divider
VR-607B — portable, 17 binary-coded toggles plus 
vernier and divider
VR-608 — rack mounting, 5 decade switches plus vernier 
and divider, and front panel null meter

• 1.0 Microvolt 
resolution down 
to zero volts

PRINTED CIRCUIT RESISTOR.-Type PC5 is a 
low operating temperature, 5 w unit for aircraft 
and missile applications. It has alloy coated leads 
secured to a resistance element uniformly wound on 
a glass fibre core and sealed in a rectangular ceramic 
case.

International Resistance Co., Dept. ED, 401 N. 
Broad St., Philadelphia 8, Pa.
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SELF-FASTENING DEVICE.—The Pushlock prin
ciple permits quick insertion and locking of a wide 
variety of plastic parts including standoff and feed 
through terminals, drawer glides, casters, bearings, 
cable support clamps, and tip jacks. Pushed through 
a punched or drilled hole, the parts lock into place 
by means of a series of molded flutes extending 
radially from a plastic stud.

Whitso, Inc., Dept. ED, 9330 Byron St., Schiller 
Park, Ill.
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HANDLES.—Die or sand cast of aluminum alloy, 
these handles have a chip resistant finish which passes 
a 1000 hr salt spray test and a 200 hr 100% humid
ity test.

Chassis-Trak, Inc., Dept. ED, 525 S. Webster 
St., Indianapolis, Ind.
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PLASTIC CONTROL KNOBS.—Made to conform 
with MS-91528 specifications, these knobs are avail
able in round, pointer, and spinner types with or 
without skirts, and also with the dial skirted round. 
Each type comes in three shaft sizes and a variety 
of colors and finishes.

National Co., Inc., Dept. ED, 61 Sherman St., 
Malden 48, Mass.
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• Out-perform any other voltage reference source on the market • con
tain highest quality components: certified standard cells, oil-immersed 
ultra-stable resistors, high-gain chopper-stabilized amplifiers • being used 
in the most demanding and critical applications across the country, such 
os at Convair Astronautics, North American Aviation, Argonne National 
Laboratory, Massachusetts Institute of Technology, Bell Telephone Lab
oratories, Goodyear Rubber, Patrick Air Force Base.

Want the full story? Write today for new technical brochure, covering 
circuit design details, specifications, operating instructions.

€psco r
— First in data control

Ep»co, Incorporated, Equipment Division, 588 Commonwealth Ave., Boston 15, Mass.
In the West: Epsco-West, 125 E. Orangethorpe Ave., Anaheim, California
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SERVO ACTUATOR,—Designed for use in hy
draulic or pneumatic servo systems, the Roto-Drive 
provides direct rotary drive without the use of bell 
cranks or other mechanical linkages. In a range of 
sizes with power ratings from less than 1 w to 10 hp, 
the unit has a frequency response up to 100 cps and 
positioning accuracy within 1 min of arc.

Parameters, Inc., Dept. ED, 195 Herricks Rd., 
New Hyde Park, N.Y.
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"I honestly didn’t think it could 
be done,” said our customer when 
we delivered the 2”, i-wiper sine
cosine potentiometer with .35% 
peak-to-peak conformity.

We’ve heard these flattering words 
so many times before, we’re 
beginning to think that designing 
"firsts” is second nature to us.

Here’s what we mean:

We designed the first 2" pot 
in which the user can install 
taps and buss bars in the 
field—we produced the first 
complete do-it-yourself Kit 
for pot modifications — the 
first switch in a pot housing 
for ganging with pots—the 
first 2" sine-cosine pot with 
.5% peak-to-peak accuracy 
—the first 2" sine-cosine pot 
with .2 5% peak-to-peak 
accuracy—the first 500K 

• single turn in a 2 " pot.
We created the first gear 
reduction unit in a 2" pot 
housing that permits vari
able speeds in a gang of 
pots. These, plus our i-wiper 
pot, give us a record total of 
K "firsts.”

PHASE SEQUENCE INDICATOR.-Panel mounted 
model VA7 provides a means of rapidly determining 
the order in which the voltage peaks occur in a 
three phase power source. Voltage and frequency 
ranges are 104 to 480 v and 30 to 1000 cps. The 
unit has two pilot lamps for both 1-2-3 and 3-2-1 
sequence and will operate continuously at maximum 
rated voltage in — 65 to -|-160 F temperatures.

Opad Electric Co., Dept. ED, 69 Murray St., 
New York 7, N.Y.

CIRCLE 354 ON READER-SERVICE CARD
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What every E. E. should knowfrom 0 to over 300 kc. It

about Thermistor Stability

it 's a constant in
Fenwal Electronics Thermistors

ien

READER-SERVICE CARDCIRCLE 358 ON
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Write for Engineering Bulletin with complete technical data
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^«Allison Variable Filters have been used time and 
time again by such firms as Armour Research Foun
dation of Illinois Institute of Technology, Chicago, 
III.; Avco Manufacturing Corp., Lawrence, Mass.; and 
Bell Telephone Laboratories, Inc., New York. N. Y.

MULTIFREQUENCY 
mostable oscillator has

Allison Filters have no vacuum tubes; 
no power supply; a wide dynamic range; 
low level or high level operation; low 
pass, high pass, or band pass; and no 
ringing effect.

Allison Continuously Variable Passive 
Network Audio Frequency Filters have 
been in constant use for a wide range 
of laboratory and production applica
tions for nearly a decade. Their relia
bility through years of service and their 
high performance characteristics have 
led to improved operations and to the 
development of many valuable new 
applications.

MAKING PRECISION THERMISTORS 

TO MAKE YOUR DESIGN IDEAS COME TRUE

Size-14" high, T deep, SVi" wide 

Weight—16 pounds. Fully portable 

Model 2BR, rack panel also available 

Basic price for Model 2B— 
$345.00 FOB.

ices an ¡ 
: i astable 
quency

urement and/or control of tempera
ture.

Here’s graphic proof. Fenwal Elec
tronics Bead Type Thermistors used 
with the Fenwal Electronics Model 
123 Temperature Indicator measure 
temperatures at 10 different locations 
over a range from 60 to 90°C with an 
accuracy of 0.1°C ! Why not let us solve 
your design and development prob
lems with equal precision? Fenwal 
Electronics, Inc., 33 Mellen Street, 
Framingham, Mass.

nge calibrator for
>n systems.
General Radio G

OSCILLATOR.—This ther 
up to six different switch se

IME DELAY GENER ATOR.-Type 1392-A pro

can be used as i 
nd radio naviga

• Plug-m or built-in input-output trans
formers available for other impedances

• Attenuation rate- 30 db per octave

ire mounted

i HONE AND PHONO PLUGS.-Designed for high 
• lelity, stereophonic, tape recorder, and audio use, 
iis line includes the M-1054 straight phono plug;

ilie M-1058 right angle phono plug; the M-1059 
straight phone plug; and the M-l060 right angle 
phone plug.

Phalo Plastics Corp., Dept. ED, Shrewsbury, 
Mass.

Proved dependable 
in years of service*

to the megatrometer.
Electronics, Inc., Dept. ED

Fenwal Electronics Bead 
Thermistors are available in 

hundreds of different types 
with resistance ratings y

(at 25UC) ranging from /
500 ohms to /

1 2 megohms. /

immerce St., Springfield, NJ.
CIRCLE 357 ON READER-SERVICE CARD

irve. They : 
igs directly 
Mid-Easter

Cambridge 39, Mass.
CIRCLE 356 ON READER-SERVICE CARD

accurately known time delay continuously 
t over a range from 0 to 1.1 sec with a
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• Frequency range from 60 cycles to 
20,160 cycles

• Designed for use in 600 ohm circuit

• Passive network • No power supply

• Low loss-approximately 2 db in 
pass band

I' NGSTEN WIRE FORMS.—These preformed 
dupes and coils include all types of heaters for 
( bode ray tubes and electron tubes and coils for 

num metallizing.
Mansol Ceramics Co., Dept. ED, 104 Little St., 

I lleville, N.J.
CIRCLE 361 ON READER-SERVICE CARD

You can always precisely predict 
the operating characteristics of a 
Fenwal Electronics Thermistor 
throughout its working range. Reason: 
it’s stable. What’s more, you get identi
cal thermistors, whether in lots of 10 
or 10,000.

This stability is the result of the 
modern processing and quality control 
methods employed at every stage in 
the manufacture of these advanced 
“thermal resistors.” And it’s the 
reason they permit such precise meas-

ALLISON 
VARIABLE 

FILTERS

< IOPPER CONVERSION KIT.-For modernizing 
' company's old de vacuum tube voltmeters, this 

contains a 60 cps untuned chopper with low 
itact noise characteristics and a 10,000 hr life ex- 
tancy.
'dillivac Instruments, Div. of Cohu Electronics, 

Dept. ED, Box 997, Schenectady, N.Y.
CIRCLE 362 ON READER-SERVICE CARD

.SPECTRUM ANALYZER.-Model SA-84W covers 
10 to 40,880 me in one self-contained unit and of
fers the choice of dispersion bandvv idths for wide 
md narrow pulse analysis.

Polarad Electronics Corp., Dept. ED, 43-20 34th 
Sr , Long Island City 1, N.Y.

CIRCLE 360 ON READER-SERVICE CARD

FANDARD RESISTORS.-For use with the com- 
my s Megatrometer, these units are available in 
lues of 10, 100, 1000, and 10,000 meg. Each is 
rtified to 0.27 and is supplied with a temperature

!< led frequencies in the 4 to 16 me range. Warmup 
time is less than 2 min and thermal stability is 5 
parts in 10s per deg C.

Marconi Instruments, Dept. ED, 111 Cedar Lane, 
Englewood, N.J.

CIRCLE 359 ON READER-SERVICE CARD

LJinwal 
L0/ ec fron ics.



PRODUCTION PRODUCTS

(

T

Know the features of each before you specify.

M. R. TUOZZO

STANDARD QUICK-OPENING FASTENERSCOMPARISON OF

SOUTHCO SCREW FASTENER

LION QUARTER-TURN FASTENER

Stud Receptacle
Grommet

76 E'

Gasket as 
Tightly as 
Required

Through 
Thin 
Materials

nid 

pro
I 

St,

t

E

tun 
of I 
m<u 
zini

Southco Div., South Chester Corporation
235 Industrial Highway, Lester, Pa.
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Quick-Opening Fasteners
Screw Type or 1/4 Turn?

The selection of a quick-operating door 
fastener usually involves a choice be
tween two basic designs; the quick
acting screw fastener and the turn 
fastener. Both are relatively inexpen
sive. Each has advantages that make it 
the logical choice for certain applica
tions.
THE SCREW FASTENER is a rugged, 
square threaded screw assembly engag
ing in a special heavy stamped nut. The 
nut is clipped, riveted, or welded to the 
door frame. A special washer behind 
the thread captivates the screw in an 
oversize hole in the door.

Because of its exceptional "float,” it is 
installed without precision mcasure-

ments and will always line up with 
ease. Where a variation in material 
thickness may occur or a gasket must 
be compressed, the screw fastener is 
preferred, since a single grip length 
can be used throughout. Under most 
conditions it will completely disengage 
in two to four turns. It offers excellent 
resistance to vibration and forms a solid 
joint with no "give.”
The screw fastener can be backed all 
the way out of the door frame without 
moving the door. If required, it can 
be installed so as to jack the door open 
as it is unscrewed.

THE QUARTER-TURN FASTENER 
is usually selected for application on 
aircraft (under Army-Navy-Air Force 
specification MIL-F-5591A) where in-

stantaneous removal of fastened parts 
is required. As the name implies, it is 
quickly locked or unlocked by a frac
tional turn.
Its strength characteristics also are very 
high when the stud is formed from 
a single piece and no thin springs, 
wires, or cross pins exist in the assem
bly. The stud is retained in the door 
panel by a metal grommet, and en
gages in a full floating spring-loaded 
receptacle, riveted or welded to the 
door frame.

Where the thickness of door and frame 
are fairly constant through an entire 
production run, the quarter-turn fas
tener is a wise choice. Its design affords 
maximum speed in fastening, and 
excellent vibration resistance.

Bench Punch Press

Has 4 ton capacity

Nut —

ONE

Screw

E Washer

Through 
Thick 
Materials

Can Be Used to 
Back Off Door Panel

Model BM-4 is a bench type punch press with 
a capacity of 4 tons. Originally designed for 
automatic electrical terminal crimping, it can be 
used for any standard punch press operation 
such as shearing, blanking, forming, drawing 
riveting, and cutting. Die space is 6-1/2 in. open 
height and 4 in. throat space. The opening in 
the bed is 2 x 2 in. and the opening between up
rights is 4 x 3 in. The ram has adjustable, re
placeable V-type gibs and easily adjusts for die 
settings. The punch chuck hole in the ram is 
1 in. in diameter. Standard stroke is 1 in. The 
unit weighs 223 lb and measures 10-5/8 x 17-1 2 
x 24-5/8 in.

Alva Allen Industries, Dept. ED, 1001-15 N. 
Third St., Clinton, Mo.

CIRCLE 145 ON READER-SERVICE CARD

Automatic Memory Core Handler

For testing 80 mil ferrite cores

Fastener 
in Position 
Ready for 

Locking

Fastener 
Locked 
with a 

Quarter-Turn

01956

CIRCLE 144 ON READER-SERVICE CARD

Spring 
Loading 
Holds 
Panels 
in 
Compression

Model 4012 core handler is designed for fu y 
automatic or manual rate feeding of standa I 
0.08 in. OD ferrite memory cores to a testi g 
point. It has a maximum handling rate of 36 0 
cores per hr and provides for the separation f 
the tested cores in five different grades. 4 e

S-s.- 
coni 
coil: 
ur f 
ai !



Toroidal Coil Winder

i

CIRCLE 149 ON READER-SERVICE CARD

DIODEPRODUCTION

r

di

E

MILLIMICROAMMETER

rrite cores. The unit eliminates core grading 
inductance adjustments and permits ac-

ACCESSORY 
MA-259

k MAKING PRECISION THERMISTORS

I TO MAKE YOUR DESIGN IDEAS COME TRUE

$125.00
Less Batteries

designed as an attachment for the company’s 
S ries winding machines, the IC-601 inductance 
( parator provides a means of winding toroidal 

's to preset inductances on permalloy powdered

<L> TELETRONICS LABORATORY, ....
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ides, as well as the rate of handling, are se- 
ted by an operator or by a fully automatic 
e analysis equipment such as the company’s 

J ^ACT. For laboratory analysis of moderate 
antities, provision is made for holding the core 
the test contacts for an indefinite length of 
ie to observe its voltage response. The core 
ndler is 12 x 12 x 12 in. The control unit is 
x 18 x 17 in. and operates from a 115 v, 50 
60 cps line.
Bese Engineering, Inc., Dept. ED, 731 Arch 

Philadelphia 6, Pa.
CIRCLE 146 ON READER-SERVICE CARD

What every E. E. should know 
about Thermistor Applications

. . they’re trouble-free using 
Fenwal Electronics Thermistors

with 
for

1 be 
i tion 
'ing, 
>pen
5 in 
up-
re- 
die

n is 
The
-1 2

u y 
uí
ti g 
60 
I if 
r e

For miniature units
I he model U-2 Toroyd is a bench machine 
signed to provide accurate windings on minia- 
e coils. It handles 28 to 41 wire at shuttle speeds 

I 0 to 500 rpm. It is furnished with a 0.06 in. 
tgazine and geared predetermining and maga- 

ine loading counters. A self-releasing shuttle 
rks the magazine to the shuttle gear for loading 

md automatically disengages when winding 
proceeds. The unit operates on 110 v ac, 60 cps.

Universal Mfg. Co., Inc., Dept. ED, 1168 Grove 
St., Irvington, N.J.

CIRCLE 147 ON READER-SERVICE CARD

Inductance Comparator 

For toroidal coil winding

Fenwal Electronics Thermistor Probe As
semblies are designed to meet specific 
temperature measurement and control 
needs. Easy to install, they can cut as
sembly costs.

Stable, high-accuracy performance 
is a lasting quality of Fenwal Elec
tronics Thermistors. Completely free 
from “drift” and capable of operating 
with compact, rugged control units, 
they provide practically limitless life 
in permanent fixtures or installations.

Typical use is as a liquid level sens
ing probe assembly ( left ). When liquid 
reaches probe, its higher thermal con
ductivity cools thermistor, increasing 
its electrical resistance and triggering

alarm or control action. Such action 
can occur in fractions of a second after 
liquid touches probe!

Fenwal Electronics Thermistor 
Probe Assemblies give you the ad
vantages of complete, ready-to-mount 
packages for measurement and/or con
trol of ambient temperatures, “skin” 
temperatures, liquid level and flow, 
gas analysis, and hundreds of other 
variables. Fenwal Electronics, Inc., 
33 Mellen Street, Framingham, Mass.

TESTING
WITH

LABORATORY

$295<X>MODEL DT-257
DIODE TESTER

cies up to 0.5%. It has built-in decade in- 
!ances which allow a setup range and provides 
inuous monitoring of the winding process, 
niversal Mfg. Co., Inc., Dept. ED, 1168 Grove 

s Irvington, N.J.
CIRCLE 148 ON READER-SERVICE CARD

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

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

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

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

System.

94 KINKCI STRUT, WtSTSURY, LONG ISLAND, NIW YORK

CIRCLE 150 ON READER-SERVICE CARD

NEW 
SILICON 
DIODE 

TESTER

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

OT-257 Diode Tester, MA-259 
Millimicroammeter in RA-81 
Rack Mounting Adapter



PRODUCTION PRODUCTS

Semiautomatic

portable, semiauto

Production Marker

THE PLACE FOR THE MAN WHO IS GROWING
FASTER THAN HIS ASSOCIATES

ELECTROLYTIC SLICING-
This engineer is slicing a ger
manium crystal by electrolytic 
means. Up to now semiconductor 
wafers have been formed by 
mechanical processes, such as 
cutting with diamond saws or 
lapping with abrasive powders. 
The resulting mechanical dam
age to the critical surfaces 
reduces the quality and effective
ness of finished semiconductor 
devices. Electrolytic slicing of 
crystals, producing surfaces 
which are free from the mechani
cal damage resulting from other 
methods, is one of the many 
pioneering activities initiated 
and carried forward by the scien
tists and engineers of Raytheon’s 
Semiconductor Division.

News from 
Raytheon’s 
Semiconductor 
Division...

The place for the man who is growing faster...

SEMICONDUCTOR DIVISION of

Device Design and Development 
Material Development 

Mechanization 

Circuit Design 

Application Engineering

There are openings at Raytheon’s Semiconductor Division for scientists and 
engineers with semiconductor experience and a desire to find more room for 
personal and career growth. Opportunities exist in the following areas:

ELECTRONIC DESIGN • April 1, 19i ’

You are invited to explore the advantages for yourself in associating with 
Raytheon’s Semiconductor Division. Write to Mr. Allen I). Moorhead, 
RAYTHEON MANUFACTURING COMPANY. Semiconductor Division, 
150 California Street, Newton 58, Massachusetts.

Shock Testing Equipment

Provides variety of pulses
Designed to comply with pulse defining spec- 

fications, \ aripulse machines permit independent 
variation of the pulse with respect to its configur 
tion, peak acceleration, and duration. Accuraf 
uniform half-sine waves, saw tooth pulses, ai • 
other tailored wave shapes can be produced a 
repeated. In specimen capacities of 100 and 4 । 
lb, the machines can apply the essential she < 
testing requirements of specifications MIL- 
5272A and MIL-E-5400. They also meet t 
Ramo-Wooldridge GMRD-E-56-1 specificatioi

Barry Controls Inc., Dept. ED, 700 Pleasant S 
Watertown, Mass.

CIRCLE 368 ON READER-SERVICE CARD

Prints on variety of materials and shapes
The Anderpress is a high speed, foot operated 

production marker which prints on metal, plastic, 
wood, and other materials. It can mark parts of 
many shapes, including those with projections 
such as studs and brackets. The printing cover
age area is 2.5 x 5.5 in.

Anderson-Stanley Stamp Co., Dept. ED, 4101 
W. Grand Ave., Chicago 51, Ill.

CIRCLE $67 ON READER-SERVICE CARD

matic instrument for production inspection and 
precision testing of surface finish. The assembly 
includes work table, pick-up, stylus, support, and 
motorized drive. It can carry small work in uni
versal work-holding fixtures or be fitted with 
quick loading production tooling. T he same unit, 
inverted, can be used to check large flat or cyl
indrical work.

Engis Equipment Co., Dept. ED. 431 S. Dear
born St.. Chicago 5, Ill.

CIRCLE 366 ON READER-SERVICE CARD
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Diffusion Pumps

For low pressure use
I landling large gas loads at low pressures, 

i se oil and mercury diffusion pumps can be
■d in particle accelerator work, environmental 
t chambers, and jet propulsion work. Maxi- 
m pumping capacity of the MCF oil pump is 

(XX) micron liters per sec at 4 x 10-4 mm Hg. 
speed is about 45,000 liters per sec in the 10"5 

IO 4 mm Hg pressure region with an ultimate 
ssure of 4 x 1(F7 mm Hg. The MHG mercury 

mp has an air speed of 53.500 liters per sec at
* 10-4 nun Hg.

consolidated Electrodynamics Corp., Roches- 
t Div., Dept. ED, 1775 Mt. Read Blvd., Roches- 
b r 3, N.Y.
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Welding Probe

What every E. E. should know 
about Thermistor Variety

Fenwal Electronics Washer, Disc, 
and Rod Thermistors are 

available with solder leads 
or terminals in a wide range 

of resistances and 
time constants.

. . . it's greater in the 
Fenwal Electronics Thermistor line

Designed for thermocouples

IMPEDANCE

CIRCLE 155 ON READER-SERVICE CARD

BRIDGE
Replaces the famous Type 650-A Impedance Bridge 

with many improvements and greatly increased ranges
New Orthonull Balancing Mechanism eliminates sliding null effect; 
greatly simplifies rapid balancing; avoids false nulls.

Designers can easily select the 
thermistor most suitable to space, 
shape, and operating require
ments from the wide variety of 
Fenwal Electronics Thermistors. 
In addition to beads and probe 
assemblies, they’re available as 
washers, discs, and rods in a broad 
range of sizes and resistances. For 
example, one “standard” thermis
tor is only .014" in diameter!

Fenwal Electronics Thermistors

NEW
Universal

are widely used in electronic 
equipment for temperature* com
pensation, volume limiting ami 
surge suppression. They’re avail
able with time constant ratings 
ranging from 2 to 350 seconds.

Simplify your design and circuit 
problems with Fenwal Electronics 
Thermistors. Get complete details 
on this full line. Fenwal Elec
tronics, Inc., 33 Mellen Street, 
Framingham, Mass.

MAKING PRECISION THERMISTORS

TO MAKE YOUR DESIGN IDEAS COME TRUE

NEW
MINIATURE

LIGHTED
Push Button Switch

Model HP-3030 pressure-sensitive resistance 
u< Iding probe is designed for welding thermo- 
v<uples. A handpiece, it consists of a welding 
l< I with a pressure-sensing mechanism and a 
s<: irate ground lead. The probe fires at a preset 
F ssure from 1 to 25 lb, producing a heavy cur- 

‘ for millisecond durations of exact repeatabil-
The unit may be plugged into any of the 

ipany’s power supplies or welders. It has a 
i mum power capacity of 500 w-sec. Besides 

’ mocouples, it may be used to weld honey- 
1 b sections and special electrical and elec- 

ic assemblies.
dtek Corp., Weldmatic Div., Dept. ED, 380 
lalstead Ave., Pasadena, Calif.
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Ranges: most increased 10 fold;

R 1 milliohm to 10 megohms

C: 1 Mpf to i,ooo >xf
L: 1 to 1.000 henries

D (series capacitance): 0 001 to 
1 at 1 kc
D (parallel capacitance): 0.1 to 
50 at 1 kc
Q (series inductance): 0.02 to 
10 at 1 kc
0 (parallel inductance): 1 to 
1000 at 1 kc

Accuracy: R. l and c * 1% 
Power Supply self-contained dry 
cells for d-c. and 1 kc oscillator 
for a c. Panel-meter null indica
tor for BOTH d-c and a-c meas
urements.
Type 1650 A Impedance Bridge $440

•u S. Pat. No 2.872.639
Write for Complete Data

GENERAL RADIO COMPANY
275 Massachusetts Avenue, Cambridge 39, Massachusetts, U.S.A.

Bioad Avenue at Linden Ridgefield N.J. NEW YORK AREA 1000 N Seward St LOS ANGELES 3« 

8055 13th St Silver Spring. Md WASHINGTON, O. C. 1150 York Road Abington Pa PHILADELPHIA 
1182 Los Al os Ave Los Altos Calif SAN FRANCISCO 6605 W North Ave 0*8 Park III. CHICAGO

In CANADA: 99 Floral Parkway TORONTO IS

CIRCLE 156 ON READER-SERVICE CARD

With independent lamp circuit. 

Normally open, momentary 

contact. NE2B neon lamp circuit 

independent of switch for 

maximum flexibility. Rated 

1 amp. 115 V. AC.

Life expectancy 500,000 operations.

dia. — I’i" behind panel. %-32 threaded 

bushing. Nut and housing anodized 

aluminum — contacts, fine silver. Actual 
Size

Write For Complete Details

veti M/

Phone: Fleetwood 4-1040
565 Hillgrove Ave., LaGrange, Illinois

' PIONEERS IN MINIATURIZATION' 

CIRCLE 157 ON READER-SERVICE CARO
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STAINLESS

STAINLESS STEEL

copper

paaPFRED

TWO METALS ARE OFTEN 
BETTER THAN ONE

... between the
Limitations of Single Metals with

GENERAL PLATE CLAD METALS
The performance of a single 
metal will go so far . . . but 
frequently not far enough. 
And to bridge the gap be
tween the limitations of 
single metals and the desired 
results, clad metals are used 
to obtain the requirements, 
or to do the job better . . . 
often at lower cost. That’s 
why manufacturers of all

types of products turn to General Plate for recommenda
tions on their metal requirements. For instance ... for 
electrical spring manufacturers, General Plate has 
developed:

Bronco , phosphor bronze double-clad on copper to pro
vide higher electrical conductivity without increasing 
cross-sectional area of spring blades.

Conflex* hardenable steel clad on one or both sides w ith
sheet copper to obtain a superior spring material with

You Can Profit 
with General 

Plate Products . . . 

spring material witn « «

METALS & CONTROLS M
( Tenera! Plate DivisionGeneral Plate Division

better electrical conductivity and greater strength — at 
lower cost — than comparable copper alloys. And the 
copper surface is excellent for electroplated finishes.

Spring Tempered Stainless Clad Copper for spring blade 
service in applications requiring high electrical conduc
tivity and excellent resistance to various types of cor
rosion.

If you are seeking metals with useful characteristics that 
can’t be found in a single metal or alloy, investigate clad 
metals. If you want stronger or lighter components — or 
better electrical and mechanical properties — or fewer 
corrosion problems — or if you are interested in conserv
ing critical metals or reducing parts costs, you can profit 
by using General Plate Clad Metals.

Write for a General Plate catalog today. Or better yet, 
why not talk over your requirements with a competent 
field engineer. His knowledge of the applications of clad 
metals is yours for the asking. No obligation, of course.

•Reg. Tradì’ Mark U.S. Pat. Off and Foreign Countries

CORPORATION
704 Forest St, Attleboro, Mass.

FIELD OFFICE«: NEW YORK • CHICAGO • DETROIT • INDIANAPOLIS • MILWAUKEE • PASADENA

SERVICES FOR DESIGNERS

Coils Built to Your Specifications
The new fine wire plant of Deluxe Coils, In<. 

will supply the miniature 48-56 gage wire coils 
you need for applications from hearing aids t > 
missile systems. The coils will be built to yo< r 
specifications for precision and accuracy. Newe ’ 
facility of this company, spanning 15,(XX) sq. ft 
is air and sound conditioned and completely 
equipped to produce all types of miniature fine 
wire coils, 40-47 gage, ultra fine wire coils, 48-56 
gage, and components.

Information on the firm’s fine wire production 
capabilities will be supplied by Deluxe Coils, 
Inc, P.O. Box 318, Wabash, Ind.'

Reliability Laboratory

Forces as high as 500 g will be hurled against 
missile components and systems in a deliberate 
effort to destroy them in a new reliability center 
established in Los Angeles, Calif, by Leach Cor
poration. Goal of the laboratory is plus 99.9% per
formance under space operating conditions to 
meet the increasingly higher reliability demands 
of jet and rocket airplanes and missiles and space 
satellites. The destruction laboratory, now in tin 
final stages of completion, will be made available 
to all manufacturers including component com 
panies. Extremes of both heat and cold in envii 
onmental chambers, vibrational intensities of 
70 g and shock up to 120 g are some of the other 
trials to which systems and components will be 
subjected.

Leach Corporation, Dept. ED. 18435 Susana 
Rd, Compton, Calif.

CIRCLE ,159 ON READER-SERVICE CARD

Testing Facilities

The Electronics Laboratory of the Unit« 1 
States Testing Company conducts tests and e\ - 
nations on electronic components, units, systt s 
and products. Typical of these operations is f 
\SESA program where components are tested a 
strict cornformance to MIL specifications. Au - 
mated facilities for reliability testing and faib 
analysis include a high-speed digital, self-b - 
ancing readout system which automatically mt - 
ures and records resistance or voltage valí - 
either ac or dc, to within 0.1 of 1% or better.

United States Testing Co, Inc, Dept. E 
1415 Park Ave, Hoboken, N.J.

CIRCLE 160 ON READER-SERVICE CARD
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Jesign and Development Facilities

. complete digital instrumentation engineering 
vice for the electronic and missile industries 
ic ing offered by Franklin Electronics, Inc. Serv- 

I x include every phase of engineering from ini- 
development to manufacturing. Individual 

ital instruments as well as complex systems 
i be handled. Main site ol the engineering 
vice is Van Nuys, Calif., and most manufac- 
mg is done at Bridgeport, Pa.
ranklin Electronics Inc., Dept. ED, Commo- 

11 ions and Control Div., Bridgeport, Pa.
CIRCLE 161 ON READER-SERVICE CARD

Precision Plating Techniques

What every Thermistor user should 
know about Fenwal Electronics

------------------------- , ... it provides complete
thermistor engineering service

ainst 
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You can solve circuit problems in
volving thermistors with maximum 
efficiency and economy by calling on 
the extensive facilities of Fenwal 
Electronics, Inc., for assistance.

As background mat (“rial on thermis
tor problems, Fenwal Electronics of
fers a wide variety of literature such 
as catalogs, nomographs, and reprints 
of articles by leading authorities on 
thermistors. In addition, Fenwal 
Electronics Thermistor Experimental 
Kits an* available to expedite opera
tions at the “bread board” stage. 
Finally, Fenwal Sales Engineers are

Typical of the advanced Fenwal Electronics 
measuring instruments designed around the 
Fenwal Thermistor is the Model 1 1 6 Tem
perature Indicator shown here.

CIRCLE 164 ON READER-SERVICE CARD

Experimental Kit 

$ 19.95 net 
at electronics /obbers.
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New and improved techniques for precision 
plating ol precious metals for the electronics and 
related industries have been developed by a new 
company in Waltham. Mass., Plating for Elec
tronics, Inc. Services offered by this new firm in- 
< lode modern facilities using the latest plating 
qnipinent for precision plating to specifications 

ol precious metals such as gold, silver, and rho- 
dimn anodizing; and precision plating of cad
ili mm. nickel, and copper.

Plating for Electronics, Inc., Dept. ED, 249 
I vington Street, Waltham, Mass.
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Ultrasonic Machining

Special report on ultrasonic machining and 
»chining service offered by Connecticut Instru- 
nt Corporation points out that hard and brittle 
feriáis such as glass, ceramics, crystals, tung- 
n, carbide and the like can be machined with 
cisión and that any shaped hole or cavity can 
produced. The service includes assistance in 
ferial selection and production design, as well 
iltrasonic machining in both experimental and 
duction quantities.
Connecticut Instrument (Corporation, Dept. 
\ Ultrasonics Div., Wilton, Conn.
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NEW 
MINIATURE 

AGASTAT 
time delay relay
for missile, aircraft and 

electronic applications

NSTANTANEOUS RECYCLING . . . ___________
reset time—less than .020 seconds ^t^’’
UNAFFECTED BY VOLTAGE VARIATIONS .. . time delay remains 
constant from 18 to 30 volts DC
ADJUSTABLE . . . time delays from .030 to 120 seconds
CHOICE OF OPERATION
SMALL 
LIGHT

height—4%
. for either energizing or de-energizing 
width-1 %". .. depth-1/2"

maximum weight—15 ounces
MEETS ENVIRONMENTAL REQUIREMENTS OF MIL-E-5272A
This new AGASTAT time delay relay is an externally adjust
able, double-pole, double-throw unit. It incorporates the basic 
AGASTAT timing principle, proved by a half-century of reliable 
operation on automatic aids to navigation, in a space-saving 
miniature unit built to withstand the rugged environmental 
conditions of missile and aircraft applications.

For specific information on the new AGASTAT relay for 
your application, write to Dept. A30-424.

AGA ELASTIC STOP NUT CORPORATION OF AMERICA

1027 Newark Avenue, Elizabeth, New Jersey 
Pioneer! in pneumatic timing
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ready to lend a hand personally when
ever called upon. There’s one handy to 
your plant.

In short, everything you need to 
help in the selection of the best Fenwal 
Electronics Thermistor for the applica
tion at hand can be obtained from 
Fenwal. Of course, if you prefer, we’ll 
handle the whole research and devel
opment job ourselves. For any of the 
above material or a list of factory 
representative's strategically located 
from coast to coast, just drop a line to 
Fenwal Electronics, Inc., 33 
Mellen Street, Framingham, Mass.

MAKING PRECISION THERMISTORS 

TO MAKE YOUR DESIGN IDEAS COME TRUE

Ratios from 3:1 to 2700:1
Whether you require a Uni
versal, Induction or Shaded 
Pole Gear Motor or individual 
Gear Reduction Units, 
Howard can fill your me
chanical and electrical re
quirements from a complete 
line of standard models that 
assures you of minimum cost 
and delay. One of the many 
Howard models is shown be
low. Check your specs first 
with Howard or write for our 
free complete catalog.

MAX. INTER. TORQUE*: 1 
RPM (at 1 \ 2 stacking length) 
70 in. lbs.
BEARINGS: Porous bronze 
sleeve type with oil reservoir.

With external fan. Torques at other 
speeds fromi to 400 RPM also avail
able,

HOWARD

There's a 
HOWARD 
fractional h.p 
gear motor

MODEL 3000-2 Pole 
Shaded Pole 

with Gear Unit
DIAMETER: 3!^'

LENGTH: 3^ to 4>2'
MAX. CONT. TORQUE:* 1 
RPM (at 11 2* stacking length) 
45 in. lbs.

for every 
application!
HOWARD INDUSTRIES, INC.
T725 State St., Racine, Wisconsin

Divisions Electric Motor Corp , Cyclohm Motor Corp . Recine Electric Prods , Loyd Scruggs Co
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Typical input-output 
leave forms of transistor 
circuit show rise and fall 
times of 0.5 mp sec. and 
250 me timing signal

INPUT
4 m/z sec.

OUTPUT

TIMING

TEST HIGH-SPEED 
SEMICONDUCTORS
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NEW LITERATURE

The EG&G Type 2236A Milli-Mike Oscilloscope •. • 
... the only oscilloscope capable of measuring the performance of 
high-speed semiconductors.
The Milli-Mike Oscilloscope reproduces pulse rise time on the order of a tenth of a 

millimicrosecond at relatively low signal voltages without the use of amplifiers. 

Frequencies as high as 3,000 megacycles and voltage levels of 40 to 50 millivolts 

can be detected and recorded.

Let EG&G's experience in sub-millimicrosecond measurements assist you in the 

development, inspection and quality control of high-speed semiconductors.

PERFORMANCE DATA
Vertical (TW) Horizontal

Sensibility .054 v/trace width 0.30 v/trace width
Nominal Spot Size (trace width) 0.002 inch
Deflection 27 v/inch (nominal) 150 v/inch
Frequency Response DC to greater than 3,000 me

(-3db at approx. 2,000 me)
Input Impedance 50 or 100 ohms
Writing Speed 3 x 10” trace widths/sec.

The EG&G Milli-Mike Oscilloscope-one of a family of millimicrosecond instruments

is now being used to solve problems in measurement of recovery time of diodes, 

decay times of scintillators, discontinuities in transmission lines and as a synchro

scope in high resolution radar systems.

^0^ EDGERTON, GERMESHAUSEN & GRIER, INC
I I4*' fX 160 BROOKUNE AVENUE, BOSTON 15, MASS.

1 sC Fl 11/ 1622 SOUTH “A” STREET, LAS VEGAS, NEV.

Computer Services 201

General Electric Co.’s Computer Dept, 
with headquarters in Phoenix, Ariz. and 
its specialized Computing Services (.en
ter, are described and illustrated in two 
attractively illustrated brochures. “Com
puting Services” is a 12-page brochure 
presenting the computing services offered 
to clients in business, military, or govern
ment. including: problem analysis, mathe
matical analysis, programming, coding, 
machine time, training, and full operation 
of customer’s computer facility. Personnel, 
details of services and applications, and 
advantages of computing serv ices arc cov
ered. “Militarv Competence, 14 pages 
and photographically illustrated, discusses 
plant facilities, personnel, manufacturing 
facilities, computing services center, and 
products ol the Computer Department. 
Militarv projects undertaken bv the De
partment are emphasized and products 
and services available from the Computer 
Department are briefly described. Gen
eral Electric Co., Computer Dept., 1103 
X. Central Ave.. Phoenix, Viz.

Precision Gears 202

This 100-page catalog on “Fine Pitch 
Precision Stock Gears lists stainless steel 
and aluminum spur gears, 48 through 2(K) 
pitch w ith solid and clamp type hubs to 
X.G.M.A. precision class 2 and precision 
class 1 standards. Other types of gears 
are also included. U. S. Gear Corp., 81 
Bay State Road, Wakefield, Mass.

Ultrasonic Delay Lines 203

Bulletin TD58. 35 pages, is a mimeo
graphed manual entitled “Procedures For 
Testing Ultrasonic Delay Lines.” It covers 
basic inspection, single terminal impe
dance measurements, overall insertion 
loss, bandwidth, ripples in the band pass, 
secondary signals, multiple travel signals, 
direct feed through, sum of secondaries, 
delay time, absorption in medium, tem
perature effects and other variables. Ap
plications to high speed computers, radar 
MTI and integration kits, as well as tim
ing devices are considered. Arenberg 
Ultrasonic Laboratory, Inc., 94 Green St., 
Jamaica Plain 30, Mass. Cost is 25$.

Electronic Equipment 204

In 34 pages, and with pictures, th 
catalog provides the specifications an I 
dimensions ol such units as attenuate) 
potentiometers, matching networks, d<< 
ade units, bridge* units, switches and 
other miscellaneous equipment. Tech 
Laboratories. Inc., Bergen and Edsall 
Boulevards, Palisades Park, X |.

Wire Cloth and Mesh 205

Fully illustrated, this booklet dcscrilx > 
the many uses of nickel allov wire cloth 
and mesh in 15 pages. It describes tin' 
physical advantages of wire cloth and 
indicates the range of weaves and sizes 
av;lilabh• for various purposes including 
microwave applications where it is used 
to minimize electrical harmonic interfei 
cnee. The International Nickel Go., Inc 
67 W all St., Xew York 5, X. Y.

Semiconductor Catalog 206

Included in this semiconductor prod 
nets catalog are a transistor chart, a tran 
sistor replacement chart, price lists, as 
well as data sheets on many germanium 
transistors and silicon rectifiers. Betide 
Aviation (.’orp.. Bed Bank Div., 201 West 
wood Ave.. Long Branch. X. |.

Design Data 207

This 2-page data sheet, with graphs 
provides practical data lor the dimcn 
sional design of qiiarterwave coaxia 
(TEM) cavities. I he data is simplified h 
rapid use and theoretical relationship 
have been altered to conform with ol 
served results. Badar Design Corp., P. ( 
Box 38, Pickard Dr., Syracuse, X. Y.

Pushbutton Actuators 20

Data Sheet 155, with pictures, moun’ 
ing information, and electrical specific 
tions, describes the I2MA series of pusl 
button actuators. Micro Switch. Divisio 
of Minneapolis-Honeywell Regulator Co 
Freeport, 111.

CIRCLE 200 ON READER-SERVICE CARD
82 ELECTRONIC DESIGN • April 1, 195S



213Filled Teflon Bearings209totor Controls

HOW204

BENDIX SPARK GAPS
and CAN PROTECT

214Antenna Coupler

205

210Equipment Data Sheets> the

215Logis ModulesVoltmeter,ac
Inc.,

square Voltmeter, andmot mean

206

Silicone Rubber 211

H‘Sl

216Strain Gages

207

U

10
Lin'

'TJWS&wC Division
iioi

CIRCLE 217 ON READER-SERVICE CARD
5< 83EL ^TRONIC DESIGN • April 1, 1959

AVIATION CORPORATION
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West Coast Sales and Service: 117 E. Providentia 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.

SIU
n -

has an index which lists catalog num- 
is and tv pc identifications about the 
lipment. One section lists and describes 
daiement parts available and another 
lion contains heater tables and motor 
uts. Industrial Control Div., I he Ar- 

। \ Hart & liegeman Electric Co., 103 
II iw thorn Si., Hartford 6. Conn.

Bulletin CDS 170 describes R I'V (room 
i< niperature vulcanizing) silicone rubber, 
used in electrical potting and encapsu
lating. The material is also used lor flexi
ble mold-making and lor high and low 
!< niperature sealing and caulking. Com- 
ph ’e product and application data for 
llnec new RTV compounds is included 
m ihe bulletin. Silicone Products Dept., 
General Electric Co., W aterford, N. Y.

Motor Controls Catalog No. 14, 80 
ges, is illustrated with product pictures 
d contains wiring diagrams, dimen- 
nal drawings and prices. 11 gives com
te size, weight and rating information 
the manufacturer's complete line ol

Containing pictures, block diagrams, 
operating specifications and descriptive 
hvt. Bulletins 7ÍXHA, 71X16 V 7(X)3A, and

( ramicitc, a high-temperature ceramic 
insulator. ( onsolidated Electrodynamics 
I up., 3(X) North Sierra Madre Villa,

Potentiometers 212

his catalog covers single turn, wire-
nd precision potent iometers from 1 2 
m diameter. Complete specifications 

i «is size and dimensions, mechanical 
irement and electrical properties are 
n. These high reliability units are 

to applicable requirements of Mil- 
W, NAS 710, Mil-R-19518, Mil-E- 
M MH-R-12934B. Maurey Instrument

7924 S. Exchange Ave., Chicago

Bulletin CP-558 covers the Chcmpro 
line of filled Teflon bearings. These filled 
materials have electrical and electronic 
applications, including molded and ma
chined spacers, inserts, connectors and 
other parts for use in high voltage, high 
temperature and high frequency. Chemi
cal & Power Products, Inc., 11 Broadway,

In 14 pages, this illustrated booklet 
describes the operation of the CU-483 
\ntenna Coupler. The coupler is designed 
for the 2 to 32 me range. The booklet 
contains pictures, schematic diagrams and 
a table of operating specifications. An 
analysis of the circuits is also given. CCS 
Laboratories, Inc., 391 Ludlow St., Stam
ford. Conn.

Logic Using Magnalog System." this 8- 
page brochure, in two colors, describes 
12 typical applications for logic modules. 
Each application, with recommended 
power supply circuitry, is illustrated by 
a logic diagram, wiring diagram and 
waveshape photograph. 1 loffman Elec
tronics Corp., Semiconductor Div., Dept. 
K, 930 Pitner Ave., Evanston, III.

A new catalog of SB-4 Strain Gages, 
Instruments and Accessories contains over 
2.50 types. This latest catalog is a com
plete and authoritative listing of bonded 
filament resistance strain gages. Complete 
electrical and physical specifications of 
each gage type are included, together 
with prices and quantity discounts. A 
separate section provides data useful in 
the selection of gages for various appli
cations. A wide variety of etched foil 
gages for high, intermediate and room 
temperature applications are listed, as 
well as all standard, semi-standard and 
special purposes SR-4 Wire Gages. In ad
dition to strain gages, the new publica
tion lists strain gage instruments and a 
variety of strain gage kits and accessories. 
Baldwin-Lima-Hamilton Corp., Electron
ics & Instrumentation Div., 42 Fourth 
Ave., Waltham, Mass.

«acho

YOUR RADAR EQUIPMENT
Bendix Red Bank “Spark Gap” Tubes 
are specially designed to do two big jobs 
in electronic circuits.

First, to act as a "triggering" switch
es on jet ignition systems. Here, Bendix * 
Spark Gaps pass high currents with 
relatively low voltage drop and have the 
advantage of being able to handle high 
voltages in small space. Further, these 
tubes can be made insensitive to ambient 
temperature variations and are not 
normally affected by pressure, altitude, 
or humidity changes.

The second function of Bendix Spark 
Gaps is as a protective element—guarding 
radar equipment against voltage over
load, to name one example. Here, 
Bendix Spark Gaps keep high voltage 
surges from getting through to damage 
circuit components.

Our design and manufacturing experi
ence with spark gap tubes is extremely 
broad. If our extensive line of these 
tubes . . . ranging from 750V to 50KV 
in DC breakdown voltages . . . does 
not already contain a type to fit your 
needs, we are in a position to design one 
to handle the job with the exact degree 
of efficiency that you require.

To find out more about what we can 
do to help you with your spark gap 
problems, get in touch with red bank 
DIVISION, BENDIX AVIATION CORPORA
TION, EATONTOWN, NEW JERSEY.

* TRADEMARK
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ROTRON mfg 1
WOODSTOCK. NEW YORK

In Canada: The Hoover Co., Ltd., Hamilton, Ont.

Aximax

Built to aircraft 
and missile 

specifications

The Aximax 2 vane axial fan is designed for tightly 
packed "black boxes" aboard aircraft or missiles 

where maximum cooling is mandatory with a minimum 
of space and weight loss due to the fan Air delivery 

of 60 cfm free air is attained from a fan only 2" 
in diameter by 1.5" in axial length. Weight is 4.5 ounces. 

Variation in driving motors include constant speed 
20.000 rpm. 10,000 rpm as well as variable speed 

Altivar versions. The latter vary their speed 
inversely with densify thereby approaching constant 

cooling with a minimum of power dram and noise 
Power requirements vary from 400 cps for the 

standard unit to 1600 cps for special designs.
1 or 3 phase, sinusoidal or square wave. The 

Aximax 2 meets MIL E 5400B and other individual 
missile specifications. Write today for complete 

technical information to —

io 20 30 40 
AIR VOLUME-FT’

E
ROTRON

NEW LITERATURE
Constant-Temperature 219

A new 60-page, fully illustrated, Con
stant-Temperature Catalog describes a 
complete line of baths, conditioned-air 
devices, and temperature-humidity cab
inets. The new' two-color catalog lists 
over 100 constant-temperature laboratory 
instruments applicable to every field of 
research, materials testing, quality con
trol and production. Included in the new 
catalog are baths, ovens, sterilizers, in
cubators, environmental test equipment, 
steam-generating humidifiers, dry-ice 
cabinets and various types of thermome
ters, as well as many unique accessory 
items designed to provide utmost flexi
bility. A convenient temperature-conver
sion table (Centigrade to Fahrenheit) is 
incorporated. American Instrument Co., 
Inc., 8030 Georgia \ve.. Silver Spring, 
Md

Flexible Shafting 220

A new bulletin on their Circle Ess 

flexible shafting explains briefly the ad
vantages and the simplicity of designing 
a flexible shaft into products having an 
application which requires control from 
remote places. Included within the pages 
of this bulletin are the latest specifica
tion charts on both remote control and 
power drive cables plus complete data 
charts of the Circle Ess casing mate
rials. A brief explanation of the uses of 
adapters for flexible shafting and illustra
tions of a number of these adapters are 
also given. F. W. Stewart Corp., 4311-13 
Kavenswood Ave., Chicago 13, III.

Button Cell Batteries 221

Publication of a brochure on the small
est, most complete line of button cell 
batteries, is announced by Gulton In
dustries, Inc. This four-page, colored 
and illustrated brochure on button cell 
batteries, highlights the features, design 
potentials and specifications of the VO- 
Series, nickel cadmium, button cell bat
tery line which includes types from 100 
MAH to 17.50 MAH capacities in more 
than 50 distinct sizes and voltages. Spec
ify request for bulletin No. VO-110. Sales 
Manager, Alkaline Batten Div., Gulton 
Ind., Inc., Metuchen, N.J.

Fan and Blower Catalog 223

The 1959 McLean catalog features 
packaged fans, blowers, and accessory 
equipment used in conjunction with the 
cooling of electronic or electrical appa
ratus. Many new and improved models, 
construction features and specifications 
are included in the new' 36-page catalog. 
Shown are readv -to-nse cabinet cooling 
units available in panel heights ranging 
from a space saving 1-3/4 in. up to 
10-12 in. and with air deliveries ranging 
from 100 to 1200 cfm. Prices, quantity 
discounts and terms on all models are in
cluded as well as complete price infer 
mation on accessories. McLean Engi 
neering Laboratories. P.O. Box 228, 
Princeton, N.J.

Contact Switches 224

In this specification sheet are details 
<>f design, construction and operation of 
the PM) I Series 30 amp momentary con
tact switches. McGill Mfg. Co., Inc., 
Ele« trieal Div., Valparaiso, Ind.

Potentiometer Definitions 225

In this illustrated, 6-page brochure are 
functional definitions as a guide to users 
of Clarostat products. Included in tin 
brochure are diagrams and graphs to 
clarify' concepts. Clarostat Mfg. Co., In 
Dover. N. II.

Wires and Cables 226

A six-page folder on Plasticate” wii 
and cables for military and commerc il 
electronic service is a condensed catal 2 
listing coaxial cables, military hook- p 
wire, multi-conductor cables, appliar e 
wire, miniature and audio wires a <1 
cables, high voltage and frequency wh s 
antenna loop, rvc-300 apparatus and - 
nunciator (bell) wire, also televis n 
transmission lines—primary and seco 
ary lead-in cable, “parallead” and “ - 
sac” lead-in wire and TV rotor cal 
These cables are available in a vari v 
of conducting, insulating, jacketL h 
shielding and armoring materials. Ch ■ 
ter Cable Corp., 159 Oakland Av . 
Chester, N.Y.
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APPCO
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GET FREE 
CATALOG

Titled “Polyeste
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>dels, 
liions 
talog.

( t loron,’ this four-page, two-color bui

The fine precision and certified test
ing permits the use of APPCO Gears in 
precision assemblies of all types—air
borne, shipboard, missile or stationary. 
APPCO Gears are usable in the engi
neering prototypes or breadboard de
sign . . . will qualify uniformly for use in 
actual model pre-production or pro
duction manufacturing areas. Each gear 
¡s completely sealed on a shipping tray 
with plastic cover . . . always "factory 
fresh" and free of dust, corrosion and 
scratches.

Put extra precision into your prod
ucts. Write for APPCO catalog to Atlas 
Precision Products Co, Castor and 
Kensington Avenues, Philadelphia 24, 
Pennsylvania.

Information and specifications on th< 
company’s full line of transistor-regu

itui 'S 
îssory

E ctronic Equipment
ti condensed form, t

siding Equipment

bulletin 2-100 covers

Every tooth a masterpiece in finish and 
motion . . . every gear to the most ex
acting A. G. M. A. precision standards 
. . . all meet Government specifications 
—that’s the quality of APPCO Certified 
Precision Stock Gears. The precision of 
every gear Certified to assure engi
neers and production men of their 
exact requirements for every precision 
product.

APPCO Certified Precision Stock 
Gears are available for quick deliver
ies in 32, 48, 64, 72, 96 and 120 di
ametral pitches of 14’/2° and 20° pres
sure angles. Each gear designed with 
dimensions proportional to their di
ametral pitch for minimum weights and 
space considerations.

IglllR 
ip to 
aging 
mtit\
re iu
nior

A new 1959 catalog of electronic parts 
and equipment contains 244 pages de
voted to complete details on company’s 
comprehensive selection of electronic 
parts and equipment for industrial re
placement. high fidelity, audio, and ham 
applications. Herd in ger Distributing Co.. 
15th and \ ine St, Cincinnati 10. Ohio.

ter Glass, and presents in tabular form 
all physical, mechanical, and electrical 
properties of polyester glass Dilecto. 
Continental-Diamond Fibre Corp, New
ark, Del.

ironies Corp, 11-11 
Point 56, N.Y.

guarantee, gives detailed outline draw
ings of the equipment and pictures vari
ous company power supplies in use. The 
catalog is available from Lambda Elec-
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is contained in this 36-pagc catalog. 1 
addition, the brochure explains th

ides and properties of CDF polyestei 
iss Dilecto and suggests applications 
ic bulletin also describes custom mold 

available with CDF Celoron Pokes

ih tifi sen<* ^or
1 mXf most widely used

ELECTRONIC SUPPLY GUIDE

si- cs the essential operating character- 
x s, in 12 pages, of such units as pulse 

ci ipment, oscillators, signal generators, 
I • Iges, filters, meters, amplifiers, vhf, 
ii measuring equipment, coaxial ele- 

। nts, frequency standards and RLC 
nponents. General Radio Co, 275 

\l issachusetts Ave, (aimbridge 39, Mass.

I ding heads, controls and power sup
's and welding accessories. Applica- 
is of this equipment includes use with 
num tubes, relays, capacitors, meters, 
istors, instruments, transistors, and 
tronic chassis. Raytheon Mfg. Co.. 100 
er St., Waltham 54. Mass

send for it!

your buying guide to the world’s largest stocks of 

ELECTRONIC SUPPLIES FOR INDUSTRY
• Transistors & Diodes • AN Connectors
• Relays & Switches • Transformers
• Receiving & Power Tubes • Racks, Cabinets, Chassis
• Tools & Hardware • Test Equipment

• KNIGHT Public Address & Paging Systems
Simplify and speed your purchasing of electronic sup
plies and equipment at allied. We make fast, expert 
shipment from the world’s largest stocks of everything 
in Electronics. OEM prices are available on quantity pur
chases. Send today for your free 1959 allied Catalog 
—the complete Buying Guide to Electronic supplies for 
Industrial and Communications use.
One Complete Dependable Source for Everything in Electronics

ALLIED RADIO
«‘Xj ' 100 N. Western Ave^ Dept. 69-09

Chicago SO, Illinois

ALLIED’S
COMPLETE 452-PAGE 

1959 CATALOG



NEW LITERATURE
Electronic Tubes 238 Automatic Testing
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Specifications on the company’s com
plete line of electronic tubes for industry 
and communications are given in a six 
page brochure. Illustrated in two colors, 
the brochure contains detailed applica
tions and performance data covering 
power triodes, rectifier and clipper 
diodes, gas noise source tubes, TR tubes, 
pressurized waveguide windows and 
ionization gauge tubes. Data on tin* com
pany’s model 3050 vacuum gauge, de
signed to measure pressures of 1/1000 to 
1/10,000,000 mm. of mercury, are also 
included. Central Electronic Manufac
turers. Denville, N.J.

. . . on the ground floor of these 
exciting, long-range projects. Write 
now . . . arrange for confidential 
interview with R. E. Eary, Technical 
Staffing Director, The Magnavox 
Company, 2131 Bueter Road, Fort 
Wayne, Indiana.

Carrier Freq Range 
Mod. Freq Range: 
Deviation Ranges: 
Accuracy: 
Distortion: 
21 tubes

is where 
we (ame

. . . back in 1911 Magnavox 
developed and patented the 
first loudspeaker. Since then, 
the name Magnavox has 
been synonymous with sight 
and sound the world over. 
Today, Magnavox is a dy
namic, moving force in 
government and industrial 
electronics and would like to 
hear from engineers who 
qualify in these expanding 
activities.

HERE is where 
you come in . . .

Keyer 239

Providing the essential electrical char
acteristics, this 2-page data sheet de
scribes the F-1B Keyer. It is designed 
for use with one or two winning lights 
and when energized, a Hashing signal is 
given. General Electronics Co., Inc., 4200 
Mobile Road. Montgomery, Ala.

This delightful, illustrated booklet de 
scribes a new approach to the probLm 
of checking complex electronic syste is 
An automatic electronic tester denotes 
by means of red and green lights 
whether the equipment is operating 
properly. The booklet includes a hu
morous presentation of equipment ch. tk 
out problems and their solution. Bro 
(Imre is called “Fourteen Men in a Bo\. 
Checkmate Automatic Test Equipnu nl

Components Catalog

A new 24-page catalog,
241

containing 
components

lor use in electronics, science, engineer 
ing, also includes telephone, radio and 
inter-communication equipment for ust 
in plants, warehouses and offices. Copies 
may he had by writing to the Industrial 
Products Div., Herbach & Badem an

DEVIATION MEASURED
lOcps to 125kc

New FM Deviation Meter has carrier frequency range 4— 
1024Mc; crystal controlled LO enables measurement down 
to lOcps deviation. Used with a 'scope, it measures peak 
deviation of complex wave-forms. Very easy to operate, 
Model 791D speeds deviation measurements.

4 —1024Mc. xtal locked 
25cps to 35kc 
0-5, 25, 75, 125kc.
3%. Xtal standardized 
Less than 0.2% 
6AK5, 6C4. 0B2. 5651, 
6CD6G. 5Z4G, 564 7, 6AS6

Ill CEDAR LANE • ENGLEWOOD. NEW JERSEY 
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St boscopes 243

vo-color data sheet describes a 
<n 1-size, high-intensity stroboscopic 
a > and power unit for visual and pho-

tphic strobe work. Unit is used for 
j» muons slow-motion observation of 
j| iting or rotating specimens for pre- 
js n measurement of rotary or oscilla
te speed, or as uniform, fast illurnina- 
•u m photographing high-speed objects. 
11 unit can use a wide variety of trig- 

ig modes as input. The lamp pro- 
dn. s 0-100 flashes per sec, and is visually 
db tive even in a normally lighted room. 
( I J wick-Helmuth Co., 472 E. Duarte 
|b I, Monrovia, Calif.

Saturable Reactors 244

I «portioning reactors, transductors, 
>\\ । ching reactors and preamplifiers are 
Best ribed in this 4-page bulletin (C-15-S). 
Physical and electrical characteristics of 
the lour product lines are covered. Also, 
complete dimensional outlines and tables 
are provided, in addition to instructions 
for ordering Control, Magnetics, Inc., 
Butler, Pa.

Electronic Chopper 245

Model 50 transistorized chopper is de
scribed in this 4-page data sheet. Topics 
covered include electrical operating 
characteristics, various applications and 
a general description. Block diagrams 
are provided. Solid State Electronics Co., 
8158 Orion Ave., Van Nuys, Calif.

Cold Drawn Wires 246

A new booklet describing the proper
ties and applications of a wide variety 
of cold drawn fine wires lists both the 
physical and chemical properties of the 
company’s alloy, plated and clad wires. 
The booklet analyzes factors which de
termine the most economical and effi
cient wires for specific applications. In 
addition to cold drawn wire, the division 
manufactures formed metal parts, strip 
material for electronic tubes, radio tube 
and fluorescent lamp bases and sockets, 
plastic closures, tools, dies and many 
other electronic component parts. Copies 
of the brochure may be obtained from 
Sylvania Electric Products Inc., Warren, 
Pa.

HIGH STABILITY 

CRYSTAL OVENS
Now you can pick the right handle 

design from Chassis -Trak
FOR EXTREME

ENVIRONMENTAL

CONDITIONS
THE

SERIES

Ambient temperature range: —550 to T85°C. Operating tern 
perature set to customer requirements. Temperature stability after 
warm-up is ±.2°C. Warm-up time is 6 to 15 min., depending on 
requirements. Octal socket base. Holds one or two HC 6/U or HC 
13/U crystals (can be modified for components). Seated height 
is 1 7/16" x 1 7/8" x 4" or 2 1/2" depending on type. Low in
ductance winding. Optional features available upon request.

Pioneers in crystal ovens designed
and built to customer specifications! Send for NEW, detailed Brochure!

1 MONITOR PRODUCTS COMPANY

If you want panel handles solely for 
pulling your equipment from its cab
inet. Chassis-Trak plain blank handles 
are just the ticket. But don’t forget that 
Chassis-Trak also offers eight other 
handle designs to meet any tilting, lock
ing and special installation needs.

The complete Chassis-Trak line in
cludes handles with push button panel 
locks, trigger tilt controls plus posi
tive clamp-type models for installation 
where extreme shock and vibration are 
encountered. In short, there’s a Chassis- 
Trak handle design that fits the bill 
exactly no matter where or how your 
equipment is mounted.

Chassis-Trak handles are die cast or 
sand cast of aluminum alloy. Chip re
sistant finish is aluminum slurry baked 
on over a clear lacquer-base sealer. Fin
ish has successfully passed salt spray

(1.000 hours) and humidity (200 hours 
at 100%) tests. Offset design permits 
maximum use of panel space. All han
dles furnished complete with hardware 
and mounting instructions.

All models can be finished to your 
specification. Get details from Chassis- 
Trak engineers.

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

815 Fremont Ave. South Pasadena, Calif.
RYan 1-1174

For further information contact:

525 South Webster, Indianapolis 19, Indiana 
CIRCLE 248 ON READER-SERVICE CARDCIRCLE 247 ON READER-SERVICE CARD
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Where only the best 
is good enough ...

MODEL 440-A

NEW LITERATURE
Electronic Equipment 250

With pictures, prices and technical 
specifications, this bound catalog covers 
the principal products which Scientific- 
Atlanta offers as standard items. A num
ber of products for industrial and mili
tary applications are also covered. Units 
include: antenna pattern recorders, re
cording consoles, plug-in balancing 
potentiometers, wide range receiving sys
tem and signal level monitor. Scientific- 
Atlanta, Inc, 2162 Piedmont Rd, N. E, 
Atlanta 9, Ga.

Krohn-Hite oscillators are used

In basic electronic instruments for lab or test work, less than 
the best may be a dangerously bad bargain. Unexpected limita
tions — of reliability, range, precision — can throw out weeks 
of work on today’s jobs, and can make tomorrow’s tougher jobs 
untouchable.
The best instrument of its type is probably a bit more expensive, 
but it’s worth buying . . . because you can believe in it today, 
and will rely on it tomorrow. An example is the Krohn-Hite 
Model 440-A wide range push-button oscillator. Here are some 
facts about it.
frequency RANGE: 0.001 cps to 100 kc, continuous coverage.
CALIBRATION ACCURACY: ± 17 from 1 cps to 10 kc, ± 37 from 
0.01 to 1 cps and from 10 kc to 100 kc.
resetability: exact for push-button resetting, subject only to 
drift of less than 0.057 per hour.
sine wave output: 10 volts rms open circuit, 100 milliwatts 
into 1000 ohms; amplitude constant within ± 0.25 db from 
0.1 cps to 10 kc.
SINE WAVE DISTORTION: less than 0.17 from 1 cps to 10 kc, less 
than \% from 0.01 to 1 cps and from 10 kc to 100 kc.
square wave OUTPUT: 10 volts peak to peak open circuit, 5 
volts peak to peak across 1500 ohms; amplitude constant within 
± 17c at any frequency; rise time less than 0.5 microsecond.
There’s a lot more you should know about the 440-A . . . and 
about the other Krohn-Hite oscillators, tunable electronic 
filters, power supplies and amplifiers. In all of them, you’ll 
find the same far-ahead engineering, design and construction. 
Because K-H instruments are good enough even for tomorrow’s 
most critical work, they are increasingly chosen today where 
reliability and precision are needed.

Write for your free copy of the new Krohn-Hite Catalog.

Krohn-Hite corporation

Lamps

A 24-page industry-wide booklet, pro
vides listings of all available panel, flash
light, neon glow, automotive and multi
purpose lamps. The new booklet is a 
composite listing, arranged numerically, 
of lamps manufactured by Chicago Min
iature Lamp Works, General Electric, 
National Carbon (Eveready), Oxford 
Components (Hudson), Radio Corp, of 
America, Raytheon, Tung-Sol and West

NOW. . . VTVM’s for all applications

. . . panel
mounted . . . 
small-size 
ELECTRONIC 
VOLTMETERS

SEND FOR CATALOG IOA 
which gives complete specifi
cations and prices on panel
mounting, relay-rack and 
plug-in models.

Build accuracy into all your 
equipment, test and production 
alike, with Metronix DC and AC 
Electronic Voltmeters.

These Metronix instruments are 
no larger than conventional volt
meters. cost little more. They offer 
higher accuracy because they don’t 
load the circuit. In AC applica- 

inghouse. Simply by checking the lar p 
number the user can determine at a 
glance the respective manufacture 
bulb type, base, volts, amps and be.id 
color. All bulb types are illustrated will» 
physical dimensions. Send 10^ to cot r 
the cost of handling to The Radio-Elec 
tronic Master, Dept, ED, 60 Madison 
Atr., Hempstead. E.E, N.Y.

Plug/Harness Systems 251
These Plug/Harness Systems (special 

lengths of cable, custom-made for sp< 
cific applications, terminating at each 
end with one or more electrical plugs 
are used in missile circuitry and other 
applications where unusual ruggedness 
and reliability arc required. Catalog 
HC-1, illustrated, describes the tangible 
and intangible factors that go into the 
system, such as plugs and conductors, 
soldering, cable lay , jacketing and junc
tions. Cannon Electric Co., P.O. Box I 
3765. Terminal Annex, Los Angeles 54 I 
Calif.

* .‘00 
fr *

' -’KV

F I
t

S - 
F •' 
h ‘1 
1 v 
\ h 
S r

O
1 

ci s 
M « 
ti< I 
(k

Fo<
1 

cou 
ligi 
moi 
ani] 
bee 
tini 
clin 
30 0

tions, they respond accurately over 
a frequency range of 20 CPS to 
100 KC.

Selective, step-ranges run from 
0-1 OMV. to 0-300V AC, and 0-1 
to 0-1000V DC. Metronix Elec
tronic Voltmeters can be furnished 
in MIL-spec, rack-mounting and 
plug-in models.

A SUBSIDIARY OF 

ASSEMBLY PRODUCTS, INC. 
Chesterland 17, Ohio
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F I Data File 253 Selenium Rectifiers 256
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Data Sheets RF-1 through RF-7 cover 
h topics as: What is RFI; Standard 
I strips available with models and di- 
nsions shown; Formed Gaskets; RFI 
mgaskets and Duostrips. Technical 
re Products, Inc., 48 Brown Ave., 

. ingfield, N.J.

C ramie Magnets 254

I'his 4-page, two-color bulletin (#1-59) 
(L scribes Barium Ferrite material F-3(M). 
\ Kinetic data, curves, design informa
ti n are given. D. M. Steward Mfg. Co.. 
( lattanooga, Tenn.

This 10-page catalog describes selen
ium rectifiers designed for efficient, eco
nomical ac to de rectification in the 
widest range of sizes in industry. The il
lustrated catalog presents complete de
scriptions, data and specifications for cell 
sizes in a range from one inch square to 
12 x 16 in. and for stacks of practically 
any size. Also illustrates rectifier circuits 
and gives four pages of continuous do 
current ratings for 26. 33, 36, 40, 45 and 
52 v rms cells. Syntron Co.. 1186 Lexing
ton Ave., Homer City, Pa.

Differential Transformers 257

featuring the unique

Amperex*

spr
ead)

dugs 
other 
dness 
tab r;

Footswitches 255

) the 
ctors, 
junc- 

Box 
s 54.

rhe 1959 Footswitch catalog shows a 
c< mplete line of 40 footswitches from 
Ii lit application to heavy duty cast iron 
models. Ratings are from 7 amps to 40 
mips. Over fifteen new models have 
Been added and are shown for the first 
time in this new catalog. Price list in- 
t luded. \ emaline Products Co., P.O. Box 
222, Hawthorne. N.J.

Literature on the applications of linear 
variable differential transformers include 
information on the use of LVDT s with 
universal analyzers, null balance systems, 
rectifier diodes, strain gage amplifiers, 
and in the measurement of very small 
displacements. The publications issued 
include application notes and bulletins 
summarizing standard L\ DT s and ro
tary accelerator specifications. Schaevitz 
Engineering, Route 130 & Schaevitz 
Blvd., Pennsauken, N.J.

. . . the world*8 most modern 
broadband amplifier pentode

Amperex 6688
a RELIABLE premium-quality tube 
for military systems requirements 
and exacting industrial applications

TYPICAL OPERATION 
Plate Supply Voltage 
Grid Supply Voltage 
Cathode Hias Resistor 
Plate Current
T ransconductance

190 volts
1-9 volts

630 ohms
13 ma

16.500 umhos

Removes Vapors Speedily and Effectively

WELCH DUO-SEAL VACUUM PUMP
---------------------- TWO-STAGE CONSTRUCTION ----------------------

Mtk VENTED-EXHAUST
PATENT PENDING

High Vacuum
0.0001 mm Hg. or 0.1 Micron

GUARANTEED

■ completely ruggedized 
construction

■ figure of merit of 250 Me as 
broadband amplifier

■ saves entire stages in IF and 
video amplifiers

■ improves signal-to-noise ratio
■ preferred for new equipment 

design, particularly airborne 
applications

■ long-life cathode

(min. 14.200; max 18 800)
Amplification Factor 
Equivalent Noise Resistance

Grid Voltag« (rms)
460 ohms

0.5 volt

No. 1397-B

1397-B. DUO-SEAL 
tor Driven. For

VACUUM PUMP. Mo- 
230 Volts. 60 Cycles, 

Each $645.00

Large Capacity
FREE AIR CAPACITY

375 Liters Per Minute
PERFORMANCE-TESTED

Quiet Operation

It*8 the

FRAME GRID CONSTRUCTION
that makes the difference!

The frame grid is the closest ap
proach to the ideal “physicist’s 
grid”— the grid with only electri
cal characteristics but no physical 
dimensions.
It results in:

■ higher transconductance
■ tighter Gm and plate current 

tolerance
■ low transit time
■ low capacitances
■ lower microphonics
■ rugged construction

Amperex FRAME GRID

The grid-to-cathode 
spacing tolerance is 
determined by the 
carefully controlled 
diameter of grid sup
port rods (center-less 
ground) and by frame 

crossbraces between these rods. 
Extremely fine grid wire eliminates 
the “island effect" usually encoun
tered in conventional tubes with 
equally close grid-to-cathode spacing. 
Rigid support of fine wires reduces 
mechanical resonance and micro
phonics in the grid.

CONVENTIONAL GRID 
Grid-to-cathode spacing toler
ance depends on accuracy of 
grid dimension, obtained by L 
stretching on a mandrel, and on 
tolerances of holes in top and t 
bottom mica rod supports. Diam
eter of grid wire must be large .7 
enough to be self-supporting.

1397-C. DUO-SEAL 
tor Driven. For

VACUUM PUMP. Mo- 
230 Volts. 60 Cycles, 

Each $645.00

1397-D. DUO-SEAL VACUUM PUMP. Mo
tor Driven. For 115 Volts, D.C.

Each $749.00
A belt guard is included with the 

mounted pumps.
1397. DUO-SEAL VACUUM PUMP. Un

mounted. With pulley, but without motor, 
belt or base. Each $525.00

Other Amperex Premium Quality (PQ) 
frame grid tubes available in production 
quantities

W. M. WELCH SCIENTIFIC COMPANY
DIVISION OF W. M. WELCH MANUFACTURING COMPANY 

- ESTABLISHED 1880 ------------
1515 Sedgwick Street, Dept. ED, Chicago 10, Illinois, U. S. A.

5847............broadband amplifier pentode
6922.......... ruggedized high-gain twin triode
5842 high-gam single triode
plus other PQ ond frame grid tubes for special reha 
bilify requirements and exacting industrial application;

In Canada. Rogers Electronic Tubes & Component, 

CIRCLE 259 ON READER

Amperex 
ebout 

" " premium-quality tubes 
for 

spec lei relleblllty requirements

Semiconductor ond Special Purpose Tube Division 
AMPEREX ELECTRONIC CORP.
230 Duffy Avenue, Hicksville. L I., N. Y.

16 Vanderhoof Avenue, Toronto 17, Ontario 
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NEW LITERATURE
261

s various

262

is sort

Phenolic Products 263

i coin

A DEFENSE SYSTEM IS ONLY AS
AS ITS SMALLEST COMPONENTRELIABLE

new line with acrylic case

MILLIAMPERES

custom
produced

equipment manufacturers' specifications

CIRCLE 260 ON READER-SERVICE CARD

, and mon* th 
md contact pi

PACE meters are custom produced in production quantities to 
meet individual O.E.M specifications. Rigid quality control and closely 
maintained atmospheric conditions assure the highest order of com 
mercial panel instrument performance and reliability

more tl 
( induci

Laboratory Furnaces

A data shet‘t briefly describe

Booklet CDC-358. 8-pages, describí

Resistors and Capacitors

Bulletin 162 describes three

Illustrated: Model 45-P clear plastic AW 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 2Vi* to 7" sizes.

Write for latest technical catalog. Prices quoted 
promptly upon receipt of your specifications.

A Division of PRECISION Apparatus Co., Inc.
70-31 84th Street, Glendale 27,1. I., N. Y.

Export: Morhan Exporting Corp., 458 Broadway, New York 13, N Y
Canada: Atlas Radio Corp., Ltd., 50 Wingold Avenue, Toronto 19, Ont.

CIRCLE 264 ON READER-SERVICE CARD
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is offered in a handy 5 
partment plastic case 
commonly encountered 
cuitry. Ohmite Mfg. Ct 
St., Skokie, Ill.

awer. 40-com- 
v alues most

130 selenium 
tector types. 
“Short Form 
Rectify r ( 'orp

Rectifier Catalog

This 16-page catalog gives ratin 
electrical characteristics and descript! 
data on 405 types of silicon and selenii

nishes and molding powders. The cata 
log includes product features, special 
properties, and detailed technical data 
on GE phenolic molding powders, phe
nolic laminating varnishes and phenolic 
foundry resins. General Electric Co. 
Chemical Materials Dept., One Plastics 
Ave., Pittsfield, Mass.

heating, treating, processing, production 
and laboratory furnaces and two series of 
forced convection ovens for laboratory 
and production use. This literature is a 
guide on the various types of heating 
equipment available for the modern 
processes. L & L Manufacturing Co., 202 
Sth Street, Upland 43, Delaware Co.. Pa.

rs and diodes. Specifications cover 
han 140 types of silicon rectifit rs 
ing 63 zener diode types), 47 sih

Chemelec
STAND-OFF and FEED-THRU INSULATORS

ments of precision resistors and tantalum 
capacitors. Ont* assortment consists of 
tantalum wire capacitors in a variety of 
case sizes, capacitance and voltage 
values. Another consists of power type, 
precision resistors and another of metal 
film precision resistors. Each assortment

What better reason is there to choose Chemelec Stand
Off and Feed-Thru Insulators! Reliability under any 
condition makes them ideal for missile guidance, fire 
control, (racking, and radar systems . . . nearly all 
critical electronic circuits. DuPont Teflon*—un
matched for electronic applications—is used as the 
insulator body. I'eflon has exceptional dielectric 
properties, is chemically inert, resists heat to extreme 
temperatures, won’t break under severest shock or 
vibration. Xnd, ( hemelec Compression-Mounted Stand- 
OfT and I red-Thru Insulators are designed for quick 
and easy installation and replacement without danger 
to supporting panel. You simply compress them into 
pre-drilled holes: they become self-fastening, requiring 
no additional hardware for adjustment. Available in 
compression-mounted, metal-base, miniature or sub
miniature types . . . standard R.MA. colors with a 
wide range of sizes and terminal designs.
•Registered Trademark t Du Pont Trademark

Chemelec CONNECTORS-Teflon insulated 
for outstanding high-frequency service.
Chemelec TKEios-insulated male and female connectors are used 
mainly as breakaway conne« tors . . . plug-in crystal diodes, plug-in coils 
and forms, test proIte« Once compressed into chassis holes, the con

nectors need no further adjustment or hard-
• ........ .... .............. ' 

linos characteristics, and are available in
■E* the 040, .050, and .064 pin size. Female con- 

■■r ne< tors are also available in the 080 size
^8 For further information, write for Catalog 

.1 . • , . . .
of l nited States Gasket Co., Camden t, N. J.

Write on letterhead y>r
Catalog,” International 

, Dept. ED, El Segundo

PACE »ELECTRICAL I NSïRUME NISCO INC
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I <truded Teflon Tubing 265

Titled “Extruded TFE Teflon Tubing,” 
t is bulletin describes and illustrates the 
1 11 line of CDF Teflon Tubing. Com

te tables of sizes and tolerances are 
\ en. This 4-page, 2-color brochure also 

‘sents in tabular form complete lists of 
ctrical and physical properties of the 

t )ing. The test method is indicated for 
ch property. Continental-Diamond 
bre Corp., Newark, Del.

A icro Volt-Ammeter 266

Keithley Engineering Notes, Vol. 7 
\ >. 1, 4-pages, features the Model 150 
\ icro Volt-Ammeter for measuring volt

es as low as 0.03 microvolt and cur- 
i its down to two micromicroamperes. 
I le bulletin gives a detailed description 
including circuit design considerations, 
- hematic diagram and actual reproduc- 
t: >ns of stability performance tests. Also 
included are specifications, prices and 
ordering information. Copies are avail
able upon request on your company 
letterhead from Keithley Instruments, 
Ine., 12415 Euclid Ave., Cleveland 6, 
Ohio.

Production Tools 267

This catalog fully describes and il
lustrates, in 12 pages, a complete line 
of solenoid-operated impact hammers, 
punches, stakers and Geneva Action in
dexing tables. Included is a section on 
custom engineering automatic produc
tion machinery. The tools are used in a 
multitude of operations including rivet
ing. staking, crimping, swaging, punch
ing and marking. Black and Webster. 
Inc., 445 Watertown St., Newton 58, 
Mass.

Test Instruments 268

Fully-illustrated Catalog 558 covers 
such precision laboratory test instruments 
as Low Frequency “Q Indicators, Com
parison Bridges, Incremental Inductance 
Bridges. Universal Bridges, Null Detector 
& Vacuum Tube Voltmeters, Harmonic 
Distortion Meters, Megohmmeters, Dec- 
ade Inductors, and Decade Capacitors. 
The Catalog gives complete specifications 
for each test unit, plus a full description 
and suggested uses. Freed hansformer 
Co., Inc., 1727 Weirfield St.. Brooklyn 
27, N.Y.

THE MOSELEY

trade mark

X - Y - @ RECORDER

A direct writing, low frequency 
oscillograph for:

■ X-Y RECORDING

■ PLOTTING ONE VARIABLE VS 
TIME

With appropriate accessories will:

■ PLOT IDENTIFIED POINTS 
FROM TAPE OR CARDS

■ READ OUT CONDUCTING 
CURVES

■ AUTOMATICALLY PRODUCE 
GAIN-FREQUENCY RECORDS

MODEL 2 S

MODEL 3S 8%" k IT" 
Recording Area

$1300

5 MV to 500 (11 steps)
or 5, 10, 50, 100, 500 seconds

——

X 7.5 MV to 150 volts or 7.5, 15.75, 150,750 seconds

MODEL 6S
AUTOMATIC FitAME 

ADVANCE

lì" x 17" 
Recording Areo 
(Vacuum Grip}

* with

TIME BASE

S1925

FORMING PROBLEM 10 x IO" 
Recording Areo 
(Vacuum Grip)

UNUSUAL CONTOURS O CLOSE TOLERANCES

MULTIPLE BENDS g SHARP RADIJ

Before you say it can’t be solved . . . see KENT

Kent has a solid record for producing 
formed sections that others have called 
“impractical” or plain “impossible.” 
Chances are Kent can apply its 40 years 
of specialized experience in bending and 
forming tubes to precision standards to 
solve some knotty problem of your own.

Do you need tube forming with seven or 
eight different bends in a single tubing 
length ... in different planes and with 
sharp radii? Do your assemblies call for 
tubing to be twisted, offset, tapered, ex-

panded? Or for transitions from rectan
gular to round?

Kent works with tubing in sizes from 
.500“ x .250“ O.D. to 6.660“ x 3.410“ 
O.D.—in brass, silver-laminated brass, 
coin silver, aluminum, copper, stainless 
steel and magnesium. Kent customers in
clude leaders in military radar, missile 
guidance, test equipment, and com
mercial tele-communications equipment. 
Kent facilities are available for experi
mental and prototype quantities as well 
as production runs.

All models illustrated feature:

• Isolated servo-actuated drives 
for each axis

• Full range zero set and zero 
suppression

• Input filters and stepless range 
controls

• 200,000 ohms/volt input 
resistance

• One second or less for full scale 
deflection

• Better than 0.25% accuracy 
with 0.1 % resetability

$2750

All prices f. o. h. factory Prices anil spei locations subject to change without notice

Technical inquiries welcomed. 
Write for illustrated catalog of 

representative parts.

Call our sales representative in your area or 
write direct for additional information.

F. C. KENT CORPORATION
135 Manchester Place. Deol E, Newark 4. New Jersey
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F. L. MOSELEY CO
409 N FAIR OAKS AVE . PASADENA. CALIFORNIA
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PATENTS
Pulse Generator

DROP
TUBE Piezoresistive Acoustic Transducer

The

TEMPERATURES
li()

FULL CONTACT with shield

FULL CONTACT wifh chassis

insert and flat-mounting shield base, provides a specdelta-wave
n under extreme operatin

back along 
to junctions

Get the complete story 
in your free copy of 

this fact-filled Bulletin'

i. the two delay 
il sections of n 
red delay time 
voltage source

• FULL CONTACT with tube

a change in e 
* germanium, 
increases wi

an example, 
compression; 
the opposite 
mentary type

The new at lee FULL-CONTACT tube-coolinn shield, with exclusive

conditions Tests prove a drop of 130°C below hare-bulb temperatures, and 
80 C below levels reached with JAN shields and standard N.E.L. inserts.

ited experi 
he desired 
ic tempera

atlee FULL-CONTACT tube cooling shields 
provide MAXIMUM tube cooling through

MICHIGAN MAGNETICS, INC
Vermontville, Michigan

Stabilized Signal Translating Circuits

Patent No. 2.866,017. John Paul Jones, Jr 
(Assigned to Navigation Computet
Corp.)

Temperature stabilization in a coinmoi

CIRCLE 272 ON READER-SERVICE CARD
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Here is a significant advance in the tight against equipment failure even under 
conservative operating conditions. Further, where tubes must operate close 
to maximum ratings, it means a real reduction in the inevitable penalty of 
shorter tube life.

Patent No. 2,863,072. Mathew Arnold 
Alexander. (Assigned to Telemeter Mag
netics Ine.)

12 and then microsw itch 16 connects thi 
line to delay line 2. An impulse travel

lines may comprise equa 
line having twice the desi 
Delay line 1 is charged by

istic impedance 
generated.

In the schem;

emitter circuit. The tap, I 
mentally, depends upon 
stability. In operation, as

DYNAMIC GROWTH IN 1MB 
MAGNETIC TAPE RECORDING 
HEAD PRODUCTION

ATLAS E
CORPORATION

47 PROSPECT STREET • WOBURN, MASS. 

CIRCLE 271 ON READER-SERVICE CARD

ture increases, a larger Fraction ol th< 
input signal is diverted to ground to 
maintain the output current independent 
of temperature.

20 terminating tin* pulse 
reflected wave along deke 
the line is matched bv thi

DESIGN FOR RELIABILITY WITH atlCC — a com
plete line of dependable heat-dissipating holders and 
shields < ' all types, plus the experience and skill to 
help you solve unusual problems of holding and 
cooling electronic components.

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



TERMINALSCERAMASEAL HERMETIC
al u-

CIRCLE 274 ON READER-SERVICE CARD

?5 93

THE BOND IS STRONGER THAN THE METAL STUDII
CERAMASEAL’S molecular bond between the high
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s liconductor elements are clamped in 
x, a s to opposite sides of the vibratory 

uber, a large change in resistance re-

a a practical application, a transistor 
as the* piezoresistive element and, in 

ad lition, produces amplification. As 
b< an 82 bends, the current through the 
ei« ugated emitter 83 varies substantially 
an I the change in collector current Hovv- 
iii. through the primary ol transformer 
SS is coupled to the output circuit.

Transistor Gating Circuit
Potent No. 2.848.653. Luther W. Hus
sey. (Assigned to R 
rulories, Ini'.

Complementary transistors, used as a 
switch and as current limiters, improve 
th* characteristics of gas tube circuits

and protect the tube against damage.
Npn transistor Ti and pnp tran

sistor T2 are in series with the power 
supply applied to gas tube 22. Initially, 
the transistors are nonconducting and 
the gas tube is off. A negative pulse1 to 
terminal 17 causes transistors Ft and F2 
to flip with transistor Fi now conduct
ing. The base of is now positive and 
the base of T2 is negative such that the 
two transistors carry saturation current 
and the gas tube fires. To extinguish the 
gas tubes, a negative pulse applied to 
lead 18 reestablishes the original condi
tion by shifting transistors and T2 to 
cut oil.

YOU CAN T 
BREAK THE SEAL 

ON THESE

mina ceramic and the metal flanges and caps prevents 
assemble line failures dur to rxcesshe tightening of nuts. 
Guaranteed leak-tight when shipped, CERAMASEAL 
terminal- can be readily installed by brazing, welding or 
soldering — without damaging the seal.
FOR COMPLETE INFORMATION, catalog and spec 
sheets, write Ceramaseal. Inc.. New Lebanon Center, 
N. Y. or phone: West Lebanon 3-5851.

Hermetic Ceramic Terminals, Magnetron Wells, Sapphire-to-Metal Seals

CERAMASEAL, ine

■EKI ninni
nn
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The model 1016A is the newest addition to the growing Bryant line 
of standard magnetic storage drums. Like other Bryant drums, it can 
be provided with custom-designed patterns of storage, and recircu
lating register tracks.

A full line of Bryant standard or special magnetic read/record heads 
meets the varying requirements of all computer manufacturers.

The exclusive foolproof Bryant head-setting design means real econ
omy for original set-ups or change overs.

Every leader in the electronics field has benefited from Bryant’s 25 
years of experience in ultra-high-speed precision rotating equipment.

Features:
10" Diameter by 16" long magnetic surface, (cabinet 

dimensions 25 x 25 x 35*)
Guaranteed accuracies of drum run out to .00010" or less.
Integral drive-Bryant precision motors (900 to 3600 RPM).
Capacity over 1,500,000 bits.
Up to 350 KC.
Accommodates up to 20 magnetic read/record heads per inch 

with standard designs.
Precision ground high density magnetic oxide coating.

(Another Bryant exclusive)
Super precision ball bearing suspension.
Vertical mounting for trouble-free operation.

Special Model«! If your storage requirements cannot be handled 
by standard units, why not let Bryant assist you in the design and manu
facture of custom-made drums? Available speeds from 60 to 120,000 
R. P. M., with storage up to 6,000,000 bits.

High Speed 
Computer 
Drum

Mobile 
Military 

Computer 
Drum

512-A 
Standard

Drum

Synchronous 
Computer 

Drum

BRYANT COMPUTER PRODUCTS DIVISION
P. O. Box 62O-M, Springfield, Vermont, U. S. A.

DIVISION OF BRYANT CHUCKING GRINDER CO.



ROYAL PRECISION

Low in cost...
easiest to program and operate... 
most in demand

PATENTS
Inductive Tuning Device

Patent No. 2,860,313. Dorman D. Israel. 
(Assigned to Emerson Radio & Phono
graph Corp.

Radio frequency coils are tuned by 
adjusting the reluctance of the cores on 
which the coils are wound. The variation 
in inductance may be 50 to 1, which is 
equivalent to a 7 to 1 change in fre
quency in the broadcast band. V arious 
mechanical arrangements are suggested 
to make the tracking linear.

To tune a single coil 12, mounted on 
core 11, magnetic pole pieces are at
tached to the core and a bar magnet 17 
is rotated in the vicinity of the pole 
pieces. W ith the maximum area of the

x\\\\\\\\\\\\\\ 
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§
X\\\\\\\\\\\\\V
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magnet opposite the ends ol the pole 
pieces, a large magnetomotive force de
velops, producing a large steady flux 
through the core and minimum induct
ance results. Rotation increases the air 
gap. less flux passes through the core and 
the inductance increases.

Oscillator-Modulator Circuit

Patent 2,866,162. Challes Rosen,
Charles J. Weidkneeht. Assigned to 
Tele-Dynamics Inc.)

tive plate load of an oscillator-modula
tor pantode stage when constant-ampli-

Optimizes electronic component and system design!
Operating from any convenient wall outlet, the LGP-30 
helps you increase your productivity by taking the 
tedium out of mathematical analyses. It facilitates the 
optimum design of electronic tubes and circuitry, servo 
systems, radar and antennae ... is an important Re
search and Development tool in magnetic field applica
tions, microwave and semi-conductor studies.

The lowest-priced complete computer your companjr 
can buy, the LGP-30 gives you memory (4096 words) 
and capacity comparable to computers many times its 
size and cost — yet it is by far the easiest to program in 
basic machine language. What’s more, you operate the 
LGP-30 yourself. Solutions are printed out in any de
sired alpha-numeric format — require no deciphering. 
Auxiliary high-speed input-output equipment is avail
able for system expansion.

No expensive installation or air-conditioning. Sales 
and service available coast-to-coast. Customer training 
is free. An extensive library of programs and sub
routines is available-as well as membership in an active 
users organization.

For further information and specifications, write 
Royal McBee Corporation, Data Processing Division, 
Port Chester, N. Y. In Canada: The McBee Company, 
Ltd., 179 Bartley Drive, Toronto 16.

• data processing division

mnhrtvm
IIKTHONK

T UKTMMK 
TIM MEAT HUETS 
a ]I)M MMS

Miniature 
Series

Sub-Miniature 
Series

IFu" x I»'/»" 
2% ” long 
6 ounces 
Bulletin 
AWH TD-503

W X IMa" 
2" long 
3 ounces 
Bulletin 
AWH TD-504

Cross Section
Length
Weight

WRITE FOR:

MEET

AoMAYDONREQUIREMENTS

OF MIL-E-5272A

TEST-PROVED PERFORMANCE!
High Temperature: 125eC (25O°F)
Vibration 2000 CPS at 15 g
Contact arrangements up to 4 pole double throw
Unique trantittorned R C time constant network
Time Delays from 50 MS to 120 seconds Longer Delays available
Hermetically sealed housings

NOtTH JlM stint WATf«8u»r7O CONMCHCut 

b Design ond Manufacture of Electro-Mechanical Timing Devices

RUGGED and RELIABLE 

New!
TRANSISTORIZED 
‘K. W. HAYDON COMPANY'S 
TRANSISTORIZED SUB MINIATURE 
ELECTRONIC TIME DELAY RELAYS!
SAVE SPACE AND WEIGHT!

SVt-MMMTVM

TIME HUT HUETS 
1I2M MMES
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ide crystal-controlled oscillations arc
ixed with amplitude-modulated oscil
lions at the same frequency.
Cathode 20, grid 18 and screen 76’ are 

ie triode elements producing the con- 
ant-amplitude oscillations fixed by 
ystal 22 and inductance 28. The elec- 
on stream to plate 12 is amplitude 
¡odulated by the signal applied to high 

e pole 
ree de- 
ly flm 
induct- 
the air 
►rc and

Kosen, 
ed to

induc- 
odula- 
ampli-

NOW-48-56 Gauge Wire Coils 
built to YOUR specifications

Whatever your application—from hearing aids to missile sys
tems—Deluxe Coils’ new fine wire plant can supply the miniature 
coils you need . . . built to your specifications for precision and 
accuracy.

Deluxe Coils* newest facility spans 15,000 sq. ft. It is air and 
sound conditioned and completely equipped to produce all types of 
miniature fine wire coils, 40-47 gauge, ultra fine wire coils, 48-56 
gauge, and components.

Write for information on Deluxe Coils’ fine wire production 
capabilities—and how they can be put to work for you, right away.

♦Comparable collector to base breakdowns range 20 50% 
higher.

Current 
Gain at 
10 Ade

Collector-to-Emitter Voltage Rating*

30 40 70 80

20-60 2N1031 2N1031A 2N1031B 2N1031C
50-100 2N1032 2N1032A 2N1032B 2N1032C

transconductance suppressor 14. Capaci
tor 41 couples the constant amplitude 
signal from grid 18 to plate 12. Since the 
a-m signal lags the signal on the control 
grid 18 by substantially 90 deg. and the 
signal coupled by capacitor 41 leads by 
about ISO deg, the vector addition of 
these voltages is a signal phase modu
lated with the modulating voltage.

BENDIX ANNOUNCES NEW

West Coast Sales: 117 E. Providencia Ave., Burbank, Calif.
Midwest Sales: 4104 N. Harlem Ave., Chicago 34, III.

New England Sales: 4 Lloyd Rd., Tewksbury, Mass.
Export Sales: Bendix International, 

205 E. 42nd St., New York 17, N.Y.
Canadian Affiliate: Computing Devices of Canada, Ltd., 

P. O. Box 508, Ottawa 4, Ont.

15-AMP
POWER TRANSISTOR 

SERIES

Now in production by Bendix are 
eight new 15-ampcre power transistors 
capable of switching up to 1000 watts 
— and you can get immediate delivery 
on all eight types.

New in design, the transistors have a 
higher gain and flatter beta curve. I he 
series arc categorized in gain and volt
age breakdown to provide optimum 
matching and to eliminate burn-out. 
Straight pins or Hying leads can be 
supplied on request.

Ask for complete details on this new 
Bendix transistor series . . . and on the 
complete Bendix line of power recti
fiers and power transistors. Write 
SI MICONDUCTOR PRODUCTS, BENDIX 

AVIA1ION CORPORATION, LONG BRANCH, 

NEW JERSEY.

U X E COILS, INC. 
801 318 • WABASH. INDIANA LONG BRANCH, N. J. AVIATION CORPORATION
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11 you Icel you must make your own pots to get exactly what y'on need, 
<lon t overlook quality control along the way! And this can he a messy 
business, w hat with special elaborate techniques to quality-check 
every production stage! Oh. you II get involved in maddening bouts 
with visual comparitors. ratiometers. en\ ironmental testing labs — and 
w hen you vc finished — and made a few hundred revisions — you 
might have the quality you want1

s,

turn, ~ 55° Io 125 C range.

Ace. We ve been all through
this before, and have what is regarded to be the finest 
quality control system in the industry. It enables us to 
keep our final costs down by rejecting sub-standards at 
each stage, without waiting lor the final inspection. Al
though it s more work tins way. we cun oiler a higher

ACEP0Î 
$ 500 
SS 250K J 
te *2

nu
ic Senes 500 AC EROI®. Single- 
th all Ace components, tested in

ELECTRONICS ASSOCIATES, INC.
B Bi 99 Dover Street, Somerville 44, Mass.

Somerset 6 5130 TMX SMVL 181 West. Union WUX

Acepot R Aceset 9 Aceohm® *Reo. Appi, for
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PATENTS
High Input Impedance Transistor 
Amplifier Circuits
Patent No, 2,858,379. Thomas O. Stanley. 
(Assigned to RCA)

A transistor amplifier, comprising a 
common collector stage in cascade w ith 
a common emitter stage, exhibits an in
put impedance of 500.000 ohms. The bias 
network and collector of the first tran
sistor stage are driven essentially by the 
input voltage such that loading of the in
put circuit is reduced.

The bias network of resistors 42 and 
44 in series, as well as collector 13, are 
driven at signal frequency by emitter 15 
by’ the voltage developed across resistor 
24. As a result, the currents of collector 

ELECTRONIC DESIGN BINDER
. . KEEPS YOUR BACK COPIES FOR HANDY REFERENCE

These strong, 12%, 12% x 5" binders offer an easy means 
of filing your back copies of Electronic Design. Each binder 
holds 13 normal size issues, and permits substitution of maga
zines if desired. Cost to Electronic Design subscribers is only 
$3.25.

TO OBTAIN YOUR BINDER . . . SIMPLY CIRCLE ED NO. 596 
(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.
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13 bias network are both kept small a id 
the input current therefore consists oi ly 
of the emitter-base current ol transis or 
10. An additional improvement is ob
tained by coupling to the output throi. di 
collector IS.
Note: An identical circuit using a 12A 17 
tube gives an input impedance of 
megohms (see Patent 2,839.618 as 
ported in Electhoxk Dlmgx. Oct. 
1958. page 86).

re-
29,

Transistor Bistable Circuit

Patent No. 2,850,646. William Ellis Ing
ham. (Assigned Io Electric and Musical

Binary counters, comprising a single 
transistor, are triggered alternately from 
low conduction to high conduction by

it the transistor is in the low conduc
tion state, the next input pulse through 
diode 28 drives the base below ground, 
w hile the emitter voltage is fixed by ca
pacitor 17; this causes the transistor to

96



all a id
ts only
insis or
is t.b-

liroi. ¿Ii

of 10
as re-
tet 29

is 7 ng-
1 risicai

y from 
ion In

mdiic-

romici, 
by ca
stor to

luct hard. Capacitor 17 now charges 
diode 4 becomes conducting. Ihe 

। pulse causes diode 4 to become a 
Ii impedance and the transistor 
rply cuts off. The base returns to 
ind voltage, its initial state.

D de Gate and Sampling Circuit

/' nt No. 2,866,103. John T. Blake, 
I din L. Ely. (Assigned to Bell Tele- 

lit, me Labs., Inc.)
In the logical And device, diodes in 

m ; j< s-shunt configuration control pass- 
_ of signal to the load. A floating in

du tance accelerates the switching ac-

lit ¡ally, the gate is open since battery 
ends current through diodes 15 and 
in series with inductance 16, to set

Pi and P2 voltages to cut off diodes 11 
and 14. However, a positive-going pulse 
from source 23 cuts off diodes 12 and 15 
and the voltage across inductance 16 re
verses to quickly bias diodes 11 and 14 to 
conduction. As long as the control pulses 
are present, a positive going voltage from 
generator 17 will pass to load 19 by the 
path incluchi./ diodes 13 and 17 plus in
ductance 16. A negative-gome; voltage 
w ill pass through inductance 16 by means 
of diodes 10 and 14 in scries.

'0 B H 
SO Lt Or f

The only VOM with 
100,000 """voir sensitivity

100 MEG

DC INPUT 
IMPEDANCE

10 MEG
>Í6 MEG

1 MEG -
»00 K

r160 MEG

TYPICAL VTVM

COMPARISON OF DC INPUT 
IMPEDANCE OF MODEL 269 
VS. TYPICAL VTVM

160K

16V 8V 40V 160V 400V 1600 V 4000 V

OCV RANGES (MODEL 269)

RUGGED
_ —SPRINGBACK f V JEWEL MOVEMENT

269
AC-DC VOLT-OHM-MICROAMMETER

T Full Measure of Precision...

I----

® PRECISION 

. POTENTIOMETERS

CM

In addition to their space and weight saving 
advantages, RVG Precision Potentiometers pro
vide high accuracy characteristics you’d ordinarily 
expect.only in conventional, larger pots. These 
units meet or exceed all applicable MIL specs, are 
rugged and resistant to extreme shock and vibra
tion. All can be ganged. Plenty of design poten
tial! For outline of suggested applications, write 
The Gamewell Company, Newton Upper Falls 
64, Massachusetts.

RVG-8T — 12" diam. Trimmer and precision 
servo types. Rated 2 watts at 85°C derated to 0 
watts at 150°C. Resistance ranges from 20 ohms 
to 50K ohms (100K available). Linearities: stand
ard for trimmer ±3%; servo ±1% (±0.5% or 
better available when resolution permits). Trim
mers stocked in 10 values from 100 ohms to 75K.

RVG-10 — 5 §" diam. Threaded bushing standard. 
Servo mount and ball bearings also available. 
Max. Res. 30,000 ohms: ±5%. Min. Res. 25 
ohms: ±5%. Linearity (standard) ±0.5%.

RVG-14— VC diam. Servo mount with sleeve 
bearings standard. Ball bearings also available. 
Max. Res. 50,000 ohms: ±5%. Min. Res. 40 
ohms: ±5%. Linearity (standard) ±0.5%, (spe
cial) 0.25%.

Here’s a VOM with so much capability, you’ll find yourself using it 
more than anv tester in the lab or shop. The 10 microampere move
ment handles tests other V OMs can’t touch . . . even outdoes a VTVM 
on some checks. And. because the movement in the 269 is built with 
springbacked jewels, you don't have to baby it. Through the toughest 
service, it’s alwavs accurate and sensitive. The 269 is handy, too. 
Being self-powered, there’s no plug-in required. You can make tests 
anywhere. A big, w-i-d-e 7-inch scale makes the 33 ranges easy to 
read and you select them merely by turning a knob. Your Electronic 
Parts Distributor will be glad to demonstrate these and other features 
like the Adjust-A-Vue handle and explain the self-shielding of its rugged 
core-type movement. Call him up about this super-sensitive V OM today.

DC Volts: 1.6, 8, 40, 160, 400, 1600, 
4000 ... 100,000 ohms per volt.
AC Volts: 3, 8, 40, 160, 800 ... 5000 
ohms per volt.
AF Output Voltage: 3, 8, 40, 160 volts.
Volume Level in Decibels: —12 to 
4- 45.5 DB in 4 ranges.
DC Resistance: 0-2K ohms (18 ohms

center); 0-20K ohms (180 ohms center); 
0-200K ohms (1800 ohms center); 0-2 
megohms ( 1 8K ohms center); 0-20 meg
ohms ( 180K ohms center); 0-200 meg
ohms (1.8 megohms center).
DC Current: 0-16, 0-160 ua; 0-1.6, 
0-16, 0-160 ma; 0-1.6, 0-16a.
Model 269 with Leads and Q00
Operator’s Manual........... OO

Simpson Electric Company 
5202 W. Kinzie St, Chicago 44, Illinois 

Phone: EStebrook 9-1121
In Canada: Bach-Simpson Ltd. 

London, Ontario

VOMs and VTVMs
A complete line 
for every job. 
Shown here is the 
world-famous 260.
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IDEAS FOR DESIGN

♦ V/R

Frequency Sensitivity without ReactorsRECOVERY TIME CONSTANT

+V/4
described

the forward conduction current

V/4

+ V/2

+ V/2

and characteristics
of high pass networks.

STORAGE 
Di OOE

STORAGE 
01 OOE

Get $10.00 plus a by-line for the time 
it takes you to jot down your clever 
design idea. Payment is made when 
the idea is accepted for publication.

POSSIBLE 
MODIFICATION

HIGH-FREQUENCY 
DIODE

Fig. 1. Representative waveforms for a stor 
age diode.

Fig. -5. Circuits and characteristics of 
low pass networks.

INCREASING
VALUES OF I

ELECTRONIC DESIGN • April 1, 1959

and S is a constant which is a function of diode 
properties and temperature.

For the circuit of Fig. 1, with fixed values of 
I the average value of output voltage, e, varies 
with excitation frequency as shown in Fig. 2.

Ideally, the drop-off in average voltage should 
be a linearly decreasing function of excitation 
period and consequently an inverse function of 
frequency. In actual practice however, the curva
ture indicated by dotted lines is obtained because 
of device nonlinearities and non zero recovery 
time.

This effect can be used in a number of circuit 
configurations to provide interesting and useful 
circuit responses. Some of these applications are

CIRCUITS which are frequency sensitive can 
be built without reactive elements by em

ploying the phenomenon of minority carrier stor
age time that exists in semiconductor diodes and 
transistors. Storage time results from the fact that 
minority carriers injected during the forward con
duction of a diode cannot be dispersed instanta
neously when the junction is reverse biased.

If a “storage ” diode is subjected to an alternat
ing potential, current flows in the reverse direc
tion until the net charge injected during forward 
conduction has been removed, at which time the 
diode assumes an open state. Somewhat idealized 
sketches of the current and voltage waveforms 
obtained with such a diode are shown in Fig. 1.

If the recovery time constant is negligible com
pared to the excitation period, then the storage 
time, A, is given by A = S I+, where 1+ is the A Null Discriminator

This circuit uses a storage diode such as a 1N91

Fig. 2. Average voltage across storage diode 
as a function of frequency and forward cur
rent.

Fig. 3. Response of a null discriminator.

Fig. 4. Circuit and response of a null dis 
criminator.
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HIGH

RELIABILI
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Unique Leach Production
d Reliability Center

offers the ultimate
e

in active componenty

testingt

B

I

f

LOOK TO LEACHa

LEACH CORPORATIONRELAY DIVISION
5915 AVALON BOULEVARD, LOS ANGELES 3

DISTRICT OFFICES AND FIELD

ACCELERATION TEST places com
ponents in a centrifuge for accel
eration testing to 500 G’s. While 

undergoing this test, units may 
be subjected to electrical testing 

as well.

VIBRATION TEST checks units from 
5 cps to 3,500 cps up to 50 G's. 
This test normally is performed 

with direction of vibration applied 
through each of three mutually 

perpendicular axes.

ELECTRICAL TESTS fall into many 
categories. These are typical: 

measuring coil resistance, testing 
pickup and dropout current, check
ing dielectric characteristics, and 
testing millivolt drop across 

contacts.

n
if

Ihe new $100.000 Leach Production 
I liability Center —first in the relay 
industry — is designed as an integral 
p ut of the Leach assembly operation.

Its purpose: testing to customer re- 
■ luirements — up to a checkout of 1007 
U the total production run of com
ponents.

This laboratory checkout system was 
1 > sited to meet the ultimate in critical 
reliability requirements. Its facilities 
and equipment are available for test- 

। j to exacting customer specifications. 
Any customer may specify the types 

testing and the sequence of testing 
p ocedures he requires within the tol- 
< mces ahd limits of the capability of 
tl Leach equipment described and 

1 tured here.

b ite today for 
rmation and design

Ot

A 
fl

construction details 
Leach Bala need- 
•tature Relays. Ask for 
ability Brochure.

COLD TEST is conducted in a 
chamber where temperatures may 
be specified in a range of -100°C 

to +25OC.

RELIABILITY TEST

SHOCK TEST in each of three 
mutually perpendicular planes is 
available up to 150 G’s-with 
concurrent electrical testing.

LEAK DETECTION TEST subjects 
components to minute inspection 
of hermetic sealing with a mass 
spectrometer type leak detector.

HEAT TEST subjects components 
to specified temperatures ranging 
from -4-25°C to +550°C in a 

heat chamber.

48,000

number of cycles at which failure occurred

REPRESENTATIVES IN PRINCIPAL CITIES OF LI. S. AND CANADA • EXPORT: LEACH CORPORATION, INTERNATIONAL DIVISION
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IDEAS FOR DESIGN

i convc

A Low Pass Network

esults

me

OUTPlINPUT

Milliard
ELECTRONIC TUBES used throughout the world

| Mullard |

100

Resistor in center leg of T network allows relative 
fìat low frequency response, yet attenuates 60 ci

high

high
fidelity tube particularly 
suitable for compact 
stere' circuits, up to 
17 watts per channel.

'Mullard” is the Trade Mark of Mullard Ltd., and is registered 
t most of the principal countries of the world.

input pen- 
cept «onally 
v hum and

A High Pass Network

V simple modification of the network in Fig. 4!

MULLARD OVERSEAS LTD., MULLARD HOUSE, TORRINGTON PLACE, LONDON, ENGLAND 
CIRCLE 284 ON READER-SERVICE CARD

Supplies available from :
In the U.S.A.
International Electronics Corporation 
81 Spring Street, N.Y.12, New York, 
U.S.A. Worth 6-0790.

In Canada
Rogers Electronic Tubes & Components 
I 16 Vanderhoof Avenue, Toronto 17, 
Ontario, Canada. Hudson 5-8621.

ECC83 12 " '
Double triode, low hum, 
low microphony. low 
noise, high gain tube.

As in the previous case, this network normal!' 
requires limiters. Two configurations have be< . 
developed, one a series circuit similar to Fig. ' 
and the other a bridge. The circuits, together wit 
their characteristics are shown in Figs. 5a and 5! 
It is evident that the sensitivity of the latter ch 
cuit is twice that of the former, and that it can 
be modified as shown in dotted lines to give an 
identical response.

ELECTRONIC DESIGN • April 1

output voltage 
shown in Fig.

EL84 6RQ5
Miniature 12 watt 
slope pentode, 
medium power

pass characteristic shown. This circuit can also 1 
modified for greater sensitivity.

Donald W. Bocnsel, Electronic Research En 
near, La Crescenta, Calif.

Network to Pass 30, Stop 60 Cps

Quite often a designer encounters a problem 
with a low frequency amplifier when he needs 
flat response to say 30 cps but must attenuate 
60 cps becaush of hum pickup. The big problem 
is to design a circuit which will attenuate 60 cps 
but pass 30 cps without attenuation. It can t 1 
done using conventional components because f 
the low () of most components at that frequent

The circuit shown really works. When R is a - 
justed for minimum output at 60 cps, it is di I 
cult to measure the amount of 60 cycle voltage i

ECL82 bi ''
Miniature triode pentode 
for use as audio amplifier 
and output rube. Two 
tubes in ultralinear push 
pull can supply up to 
7 watts of stereo power 
per channel.

GZ34 5AR4
Bantal full wave cathode 
type rectifier, supplying 
high voltage with good 
regulation and with 
currents up to 250mA.

This characteristic is produced by the ciroi i 
if Fig. 4a by taking the difference of the 
iridge arm outputs shown in Fig. 4b.

A limiter must precede the circuit to prev«

EZ81 6CA4
Miniature full wave 
cathode type rectifier 
with high voltage and 
with good regulation 
supplying up to 150mA.

nd a high frequency diode such as a 1N100 (oi 
laving break frequencies much greater than the 
i the desired operating range) to produce a d

shift. This is, of course, ah 
ntional discriminator, thom

EL34 6CA7
Highly sensitive 25 watt 
pentode. Two tubes in 
ultralinear push-pull pro
viding up to 34 watts 
output, particularly suited 
for compact integrated 
stereo amplifiers.



) (oi
i thev
î a d
icy ■ >

circi i 1 
C tx\ '

IVVl ' 
p, also 
hone

mall\ 
bei h

5g. I. 
r with 
id 5b 
?r cir- 
it can 
vc an

ig. 4b 
high 

Iso 1»

End

)S

)bk m 
needs 
nuate 
)bk
Ì0 cps
Tt I
ise I 
en i
is a - 
di

ge< i

'Pl "

itivi
) C(

195

scope. Voltage at 58 cycles is, however, up to 
5 per cent of level at 30 cps.
Here is how it works. W hen changing a pi to a 
network the center leg of the T network comes 
it with a capacitor, an inductor and a negative 
sistor whose resistance is a function of the de 
sistance of the choke. By placing a positive 
distance in series with the center leg it becomes 
series resonant circuit with an almost infinite Q. 
he product of L and C should be 24 for 60 cps 
id is inversely proportional to frequency.

(

John Massey, Reliability Eng., Barber-Colman 
). Rockford 111.

Making a Log Scale 
On Linear Paper

W ithout a slide rule, one can easily construct 
logarithmic scale from uniform squared graph 

p iper.
The whole trick rests in the fact that the 
garithm of 2 is pretty close to 0.3. If 10 equal 

spaces represent a factor of 10, then 3 spaces 
represent a factor of 2. This permits dividing the 
m ale for points 1, 2, 4, 5, 8, and 10 as in Fig. 1.

It remains to place 3, 6, 7, and 9 on the scale. 
‘i can be placed midway between 8 and 10, or at 
9 5 spaces from 1.

Since 3 x 3 — 9, 3 should occur midway be
tween / and 9 on the scale, or at 4.75 spaces from

Number 7 is placed just slightly to the right of 
midway between 6 and 8, as shown in Fig. 2.

This method may appear crude, but reference 
t<> a log table shows that the method is correct 
to better than one per cent. It is also easy to 
memorize.

Elliott Barr, Taylor Instrument Co., Rochester,

4 5 8 10
Fig. 1. Since the logarithm of 2 is 0.3, it is easy to 

de linear paper into three-part divisions and insert 
\ 4, 5, 8, and 10.

5 8 10

Fig 2. Remaining numbers 3, 6, 7, and 9 are easily 
n$< '"ted.
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Solving switch problems fast...

your job... and Centnilabs

Series 100: ‘ft** diameter 
Rating: 0.5 amp. at 6 VDC, 
100 ma at 110 VAC 
Breakdown: 750 V. R.M.S. 
Up to 12 positions/section

Series 20: IM«" diameter 
Rating: 2 amp. at 15 VDC, 
150 ma at 110 VAC 
Breakdown: 1500 V. R.M.S. 
Up to 12 positions/section

Series 275: 1 Vs" diameter 
Rating: 2 amp. at 15 VDC, 
150 ma at 110 VAC 
Breakdown: 1500 V. R.M.S. 
Up to 23 positions/section

Series 230: 33/g" diameter 
Rating: 25 amp. at 6 VDC, 
7>/2 amp. at 110 VAC 
Breakdown: 3000 V. R.M.S. 
Up to 24 positions/section

Centralab/

Your switch problems can be solved quickly and 
efficiently at centralab. No matter how unusual 
or difficult the switch, you can get samples fast, 
quotations fast, and production fast! This is a 
result of years of specialized experience and 
superior facilities for designing and manufacturing 
a wide variety of switch types.

Typical of the extensive range of units available 
to you are the four centralab ceramic section 
switches shown here. These switches, and many 
others, are also available with phenolic sections, 
for economy applications, or where a larger num
ber of positions is required.

DESIGN AIDS FOR ENGINEERS

centralab’s unique Switch Visualizer, which 
simulates actual switch operation, will help you 
simplify and speed up switch design. Used in 
conjunction with our detailed layout sheets (avail
able for all centralab switch types), they greatly 
facilitate your job in switch design (and ours, too).
Write for them today—along with 
centralab Switch Catalog 42-405.

A Division of Globe-Union Inc.
960D E. KEEFE AVE. • MILWAUKEE 1,
In Canada 669 Bayview Ave., Toronto 17

a copy of

WIS.
Ont

VARIABLE RESISTORS • ELECTRONIC SWITCHES • PACKAGED ELECTRONIC CIRCUITS • CERAMIC CAPACITORS • ENGINEERED CERAMICS
CIRCLE 285 ON READER-SERVICE CARD
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IT’S ALWAYS "WINTER” SOMEWHERE

Heating Blankets

heating blankets for honeycomb and metal-to-metal bonding
de-icing units for airfoil surfaces

heating elements for launching equipment and for airborne gyros, cameras,
computers, servos and batteries — for missiles or aircraft

A radiant heating panels for industry
defrosting units for industrial and commercial refrigeration

FOR YOUR COPY OF A FACT-FILLED FOLDER, PLEASE WRITE:

and other Woven Heating Elements by SAFEWAY
can make your COLD problems OLD problems!

To keep sensitive equipment, fuels, propellants and lubricants at correct operational
temperatures in any cold environment, controlled heat must be delivered with utmost
dependability. SAFEWAY delivers it — everywhere.

Among the wide variety of heating blankets and woven-wire heating elements suc-
cessfully engineered by SAFEWAY to meet tailor-made specifications are:

If it has to be heated (and the “it ’ can be just 
about anything), you can rely on SAFEWAY 
engineers to study your problems and — with
out any obligation — submit an appropriate

IWSSlM1W
■m 

sm»

680 Newfield Street • Middletown. Connecticut

Near-Perfect Output 
From Fast, One-Shot Multi

RC timing is far more popular than RL timii 
Yet, it’s possible to get faster rise times if indi 
tors are used instead of capacitors. In the circt t 
shown, the capacitor can be used to compensa < 
for the load, and make the load look like n 
almost pure resistance.

McKenny W. Egerton, Jr., Hoover Electronic s 
Timonium, Md.

TRIGGER IN

Using RL timing instead of RC allows the capacitor 
to be used to compensate tor the load at the collector 

Le Boeuf hit upo
good idea when it decided to produce this triple

It is more economical and a good deal less 
gainly than three separate meters. Moreover, the c se 
grouping of the dials gives, at a glance, a comp 
indication of the operation of an entire stage.

Of course, all combinations of units and ranges 
available, a number having been standardized.

Dr. A. V. J. Martin, Carnegie Institute of Tedinole
Pittsburgh 13, Pa.

April 1, 19
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Fig. 1. Simple, effective, wet-felt heat sink.
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To: PCA ELECTRONICS, INC.
16799 Schoenborn Street 
Sepulveda California, U.S.A

Heat traveling along the lead wire is dissipated 
I) evaporation of water from the felt, thus pro- 
t< ting the component.

ring iron, protect the diode from thermal damage 
g soldering.

Please send data on Delay Lines: 
Complete Catalogue 
Specification sheet on which w? will 
indicate our special requirerr. ?nts

16799 Schoenborn Street Sepulveda, California, U.S.A.
PCA Electronica, Inc. is also a leading manufacturer of pulse transformers

imii 
indi 
circi it 
ensa i 
ke an

Time Delay: 40 ±.04 microseconds (a 25 C. 
Temperature coefficient of delay : <20P.P.M. C. 
Attenuation: 4 db.
Rise time: 0.4 microseconds (10% to 90% ).
Size: 50 cubic inches.

Everybody knows that when components are 
Idered into a circuit, heat is conducted along 
e soldered joint to the component. Heat-scnsi- 
e components, like transistors and diodes, can 
ruined if precautions are not taken.

The latest suggestion for preventing such 
image comes from a manufacturing research 
gineer at the Boeing Airplane Co. in Seattle, 
ash. He uses a standard metal clamp (alligator 

। p) lined with felt (Fig. 1). He saturates it with 
v. iter and attaches the clamp to the lead win* 
h tween the soldered joint and the component

TIME DELAY TOLERANCES AS TIGHT AS l/10th OF 1%

design engineers are specialists in the research and develop
ment of delay lines custom built to meet the most exacting military 
specifications. The above example is only one of hundreds of diffi
cult delay line problems cracked by PCA engineers. When stability, 
low attenuation, minimum size, and high ratio of delay to rise time 
are critical requirements tor vour delay line — let PCA engineers 
give you technical data and specifications.
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Sensitive, Stable Bridge with 

Reversible Polarity and Low

Heart of the SAGE System is the 275 ton IBM 
computer, one of the world’s largest and most 
reliable. Shown here are some of the computer 
frames containing pluggable electronic units 
that perform the data processing involved m 
solving air defense problems.

IBM Plating operator removes printed wiring 
board from Sei-Rex Jet Plater where it has 
been plated with Sei-Rex Bright Gold. The 
Jet Platers assure optimum conditions for the 
electrodeposition of Sei-Rex Bright Gold for 
this exacting application.

an exam 
uted here 
comparei

de voltage regulation and low output impedance
diodes in the legs of a bridge p

Two of the four 
Sei-Rex Jet Platers 
—complete electro
plating facilities in 
34 x 28" x 33 cabi
nets This equip
ment is used as a 
step in the process 
of producing some 
of the printed wir
ing boards for the 
SAGE computer, 
and for experimen
tal equipment cur
rently under de
velopment

When it comes to protecting our country from possible surprise 
air-attack, only the best, most reliable instruments and equipment 
will do. Understandably, IBM was chosen to build the 275 ton 
computer pictured in part at the lower left, which is the heart of our 
SAGE System. The SAGE computer performs millions of compu
tations at lightning speed, and continuously checks them—auto
matically.

Manufacturers of Exclusive Precious Metals Processes, Metallic Power Rectifiers, Airborne 
Power Equipment, Liquid Clarification Filters, Metal Finishing Equipment and Supplies.

HELP PROVIDE “BUILT-IN” RELIABILITY 
TO IBM SAGE COMPUTER

Approximately 7,300 pluggable units containing printed card 
assemblies are used in this computer. Needless to state, the proper 
functioning of these units is essential. Sei-Rex Bright Gold, in four 
Jet Platers, is used in the manufacture of the IBM SAGE com
puter, and other military equipment under development. Built-in 
reliability—for which IBM equipment is famous the world over— 
assures us all of constant electronic watchfulness 24 hours a day.

output terminals without distortion introduci] 
nonlinearity in the output.

Sei-Rex can offer built-in reliability to your product through the 
unique metallurgical properties of a precious metal—or by design
ing plating or metal finishing equipment to your specific require
ments... from a single piece of equipment to a complete facility. 
Our latest catalog—#CHP—gives details.

ELECTRONIC DESIGN • April 1

drift of the bridge can be minimized.
Efficiency, economics, power availability and 

specific system dynamics will determine the in 
put impedance to the bridge R,„.

If the diodes d are operated at approximated 
10 per cent of their rating, their self-heating will 
be low and so will the initial drift of the bridge 
output. The diodes, though, should be operated 
above their V-I knee. The bridge resistors r should

1. The diodes feati 
mcc (approximately 
the \oltage reference.

2. By proper choice

1 he source 
with r. The 
the bridge R<

to have an error detector to compare the 
ured or detected signal with a reference 
and provide an error signal proportional



?ssar
meas-
oun • •
o the

t the 
ucing

regu- 
, two

nped- 
< )\ idi

’ and 
le in-

lately

■rated 
hould 
\xani-

pared 
ce ol

v dc 
0.007

e pr ■ 
ice.

it can easily be seen Irom the figure that the 
larity ol V0)lt will depend on whether the input 
above or below rated input. With the line be- 

2S v -|- 0.014 v, the voltage V0llt is positive 
point 3 and negative at 4; w ith 28v 0,014 v. 

, is positive at terminal 4.

uimum to maximum. should be made low. The 
mt impedance to tli<‘ load should be high.

Baruch Berman, Group Engineer. Avion, Dit . 
A F, Paramus, N.J.

Stable Pulse Generators

It’s easy to build a pulse generator whose out
put frequency is constant within one per cent 
with power supply variations of 50 per cent and 
with operation at temperatures up to 70 C.

\nv transistorized relaxation oscillator, block- 
ine oscillator or multivibrator is good for a fre
quency stability of two to three per cent, but il 
special care is taken, one per cent is a practical 
limit—even with 50 per cent power suppiv fluc
tuations.

In flic blocking oscillator shown in the figure, 
a single power supply is used. The negative 
swing of the base varies with B plus changes. 
The silicon diode raises the back resistance of 
th< base junction. Since the period of oscillation 
is a function of the RC time constant, it is not 
tlfectcd by B plus.

David II. Bryan, Project Engineer, Fenske, 
Fcdrick and Miller, Ine., Eos Angeles, Calif.

+ 28

PULSE
OUTPUT

bar Jstorized blocking oscillator with frequency sta- 
“ilit; to one per cent.

AC Linear Accelerometer, Type LA-O00, 
for aircraft and missiles. Shown actual size.

LINEAR -
*ccelerometE

fiõneywêO
r o im o i va n

NEGLIGIBLE 
CROSS COUPLING

A-C VARIABLE 
RELUCTANCE PICK-OFF

MAGNETIC 
DAMPING

OPERATING 
TEMPERATURE~65 F lo + 250°F

NO WARM-UP 
TIME REQUIRED

HERMETICALLY 
SEALED

NEW LINEAR ACCELEROMETER 
FEATURES FRICTIONLESS OPERATION 
for greater accuracy, ruggedness and reliability

In the Honeywell A-C Linear Accelerometer, Type LA-600, friction 
introduced through bearings and potentiometer slide wires is eliminated. 

This unit consists of a non-pendulous seismic mass supported on a friction
less spring suspension and incorporates an a-c variable reluctance type 

pick-off.
Inherently insensitive to cross-coupling accelerations both when at 

null and when at an acceleration along its sensitive axis, the Type LA-600 
also features magnetic damping for near-constant damping ratio through

out its wide range of operating temperatures. Mechanical stops prevent 
damage from input accelerations beyond the specified full scale range. Write 
for Bulletin LA-600, Minneapolis-Honeywell, Boston Division, Dept. 10, 

40 Life Street, Boston 35, Mass.

Honeywell
mtnMu /I •

DESCRIPTIVE DATA

FULL SCALE RANGE: ±0.5 to ±40 G

FULL SCALE OUTPUT: Up to lOv, 400 cp» into 100 K load; Up to 8v, 
400 cps into 10 K load

THRESHOLD-RESOLUTION: .000 IG

CROSS-AXIS SENSITIVITY: .005G maximum

VIBRATION: 10G, 0-2000 cps 

SHOCK: Up to 60 G 

WEIGHT: 1.2 pounds maximum

CIRCLE 289 ON READER-SERVICE CARD
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REPORT BRIEFS
I . S. Army Signal. <

Laboratory 
designs computer 
to measure wind effects

Near-surface winds at a launching can easily force a missile%>ff 
course, with the result that the missile lands outside the target 
area. To counter the effect of such surface winds,' the missile 
launcher is tilted to a corrective angle. Calculating the wind effect 
and the proper angle of tilt of the launcher, however, can be 
mathematically quite complex and a time-consuming operation. 
The United States Army Signal Research and Development Labo
ratory at Ft. Monmouth, New Jersey has developed a compact 
computer for this job. Quickly and accurately, from pilot balloon 
data, the computer calculates both wind displacement on the 
missile and the proper tilt of the launching stand.

Since different types of pilot balloons have different rates of rise, and 
wind effects vary with each type of missile, signal inputs to the computer 
must be easily and quickly adjusted. That’s one reason why USASRDL 
engineers chose two Vernistat Adjustable Function Generators. Only sec
onds are required to change from one function to another.

on missile launchings...
(

... and Vernistat* is there!

dhis report describes the work leading to th 
development of the \g \g(J KICI( cell system 
and the cup-shaped cell configuration. This coi 
bination results in a cell oi outstanding properti s 
which appears to be capable of meeting the on 
inal goals of the contract. The varions cell sy stems 
studied and the important features of each f 
these reported in detail in the main text. Suppk 
mentary material is discussed in the various 
Appendices: (a> Detailed discussion of current- 
voltage relations in mixed conductors, (b) Discus
sion of the silver-iodine tarnishing experiments, 
(c) Enaction with iodine and chlorine of sih< r 
containing cadmium, (d) Effect of ultraviolet ra
diation on the tarnishing reaction. (e) Effect of 
small additions of cadmium chloride on the pro
tective action of silver chloride, (f) Anodized films 
of silver chloride as the solid electroly te, (g) Elec
trical contacts at the silver-silver chloride int< r-

mon electroly te, (j) Modification in c np-shaped 
cell assembly, (k) Fluoride cell systems. Solid Elec
trolyte Battery Systems, Donald Smyth. Sprague 
Electric Co., North Adams, Mass. Final report. 
June 1, 1954—Nov. 30,1956. December 26. 282 pp. 
$4.00. Order PB 131796 from OTS, [ . S. Dcpmt-

Doesn't Vernistat thinking belong in your system design too?

Nonlinear servo system and computer 
inputs are easily adjusted with the 
Vernistat Adjustable Function Genera
tor. In addition, the Function Gen
erator enables nonlinear system 
characteristics to be corrected with a 
minimum of time and effort. The 
Function Generator, a variation of the 
unique \ ernistat a. c. potentiometer, 
can generate mathematical or empiri
cal functions, even those with multiple 
slope reversals. The function is dis
played graphically on a 6 x 8 inch

panel which allows for instant visuali
zation and adjustment.

Connected to a 31-pole printed cir
cuit switch are 101 voltage levels. Anv 
of the 31 poles can be connected to 
any desired voltage level to within 
0.5%. Tbe Generator’s X-axis repre
sents shaft position of an interpolat
ing Vernistat potentiometer, and the 
Y-axis represents percentage of input 
voltage.

Linear interpolation between each 
adjacent pair of the 31 selected volt-

age levels is provided bv a \ ernistat 
interpolating potentiometer. Mini
mum slope of voltage output curve is 
zero, with a 20-voh maximum 
between adjacent poles. Maximum 
output impedance is 130 or 170 ohms. 
Units are designed for operation over

Write now for full details on 
Vernistat Adjustable Function Gener
ators, a. c. potentiometers, and vari
able ratio transformers.

Germanium-Silieon Alloys

An isothermal solidification technique was de
veloped for preparing homogeneous gennanium- 
silicon alloy s in poly cry stallinc form for all the 
compositions and in single crystal form for the low 
silicon alloys. Theoretical studies were made on 
the rate of solidification and furnace conditions 
necessary to make homogeneous alloys. The energy 
gaps of the alloys were calculated from data hi 

the temperature dependence of resistivity aid 
infra-red absorption measurements. Calculate is 
showed the energy gap to increase rapidly w th 
the addition of silicon and approach the value r 
pure silicon at about 50 atomic per cent silk n.l 
rhe mobilities of the low silicon alloys were fm nd 

comparable to germanium, while those of p y-

* vernistat-a new design concept that unites in one compact device the best features of

both the precision autotransjormer and the multiturn potentiometer.

Perkin-Elmer

crystalline, high silicon alloys were low. A 
life times were low as compared with german) 
Semiconductor devices made of gennaninm-sil 
alloys were shown to operate at temperati 
higher than those of germanium. Investigate* 
Germanium-Silieon Alloys: Final Report. C 
Wang, Sylvania Electric Products, Inc. for Bui 
of Ships, U. S. Navy, Feb. 1955, 48 pp, $1

V 
n.l 
ml 
usi
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manufacture of these junctions. The circuits 
in obtaining data are but one of many pos- 
arrangements for which the capacitance* of 

unction can be used. Analysis and Applica- 
of a Variable Capacitance Junction Diode,

tteries
i com-
>haped

ect of 
e pro-

•rat 
it io
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jy 
m. 
m 

es
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S miconductors Devices Research Program

silicon power transistors can be fabricated by 
il using impurities in from the surface to form

in 
st

base and emitter regions. Of the number ol 
iiirities which can be used to form transistor 
icture, galium and phosphorus were most

lerti s
■ orr -

Please airmail to:
Mr. Robert A. Martin. Supervisor. Scientific Employment
Hughes Research and Development Laboratories
Culver City, California

C
Bin hi 
, $1 A.

We promise you will receive a reply within one week!
tl roughly studied. The simultaneous diffusion 
pi cess was used for transistor fabrication in pilot 

»eriments, and the effects of external variables 
nj m this process were determined. Emitter, base, 
an 1 collector contacts wore made using titanium 
or tungsten support plates. The transistors weri* 
on anted in a hermetically sealed, welded package* 
of low thermal resistance. The fabrication proc- 

s consisting of diffusion, lead attachment, etch 
in", and packaging, is described. Tin* character 
Mies of preliminary laboratory units and of twenty 
production prototype units made by the proce ss 
in given, and the performance of the units in 
typical circuits is shown. The transistors are said 
to he capable? of dissipating owr 25 w at a mount

r. base' temperature of 85 ( and delivering large1 
ver at relatively high temperatures. Scmicou

ho tors Devices Research Program, J. E. Keister. 
Q neral Electric Co. for Wright Air Development 
(inter, U. S. Air Force, July 1958, 151 pp, $3.00. 
Cider PB 151201 from OTS, U. S. Department of 
( mmerce, Washington 25, D. C.
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Antennas and Radomes

Seven topics in applied electromagnetic theory 
< le investigated: (1) Surface waves and aniso- 
pic propagation, (2) Techniques for measuring 

i field data at close distances, (3) Mutual cou
pling of slots in waveguide, (4) Radome survey, 
') Microwave filters, (6) Electromagnetic field 

half space, and (7) \ new ty pe of lens. Topics 
। Antennas and Radomes, Alan F. Kay, Technical 

earch Group, New York. Final report Jan. 1958. 
- pp, microfilm $2.70, photocopy $4.80. Order 
IT 134992 from the Ubrary of Congress, Wash 
id on 25, D.C.

Analysis of Junction-Diode Capacitance

1 his paper is the result of an attempt to ex- 
no the possible uses for the capacitance found 

। ] n junctions, and to analy ze the* various pa
ñi ters which might be controllable in the design

cnee Roesler, Air Force Institute of Technol- 
dt Dayton, Ohio. Thesis, Mar. 1958, 36 pp, 

'"»o ¡film 83.90, photocopy $10.80. Order PR 
1^15 from Library of Congress, Photodirplica

' service. Publications Board Project, Washing 
h 5, D.C.

NEW OPENINGS 
AT HUGHES 

RESEARCH & 
DEVELOPMENT 

LABORATORIES

Degree( 'allege

I am interested in one of the following types of assignment :

years of experience.1 have had a total of

Hughes has several hundred openings for 
engineeers and physicists whose training 
and experience are applicable to the re
search, development, design and testing of 
airborne electronic equipment for use in 
supersonic military aircraft; in solid state 
physics, nuclear electronics, industrial dy
namics, and related areas.
Use of the following form will, we hope, 
reduce to a minimum the inconvenience of 
submitting an employment inquiry, yet will 
still permit us to give you a reasonably defi
nitive reply.



PUTTING MAGNETICS TO WORK

How to keep your cut-off sharp!
Audio filter designers use molybdenum permalloy powder cores 

when they want razor sharp attenuation that will hold
Audio filter designers, faced with a crowded frequency spec
trum, specify molybdenum permalloy powder cores to rigidly 
define channel cut-offs . . . with sharp, permanent attenu
ation at channel cross-overs.

Moly-permalloy, with virtually no resistive component, makes 
a core with almost no core loss. The resultant high Q means 
sharp attenuation of blocked frequencies in both the high 
and low band pass ranges. I his is permanent—moly-permal
loy cores were developed specifically to provide a very long 
term inductance stability.

Compare molybdenum permalloy to powdered iron. See the 
smaller size and the superior stability despite unusual fluc
tuations in current or temperature. Even unstabilized per
malloy powder cores are more stable with temperature swings 

than cores made of any other material. And . . . stabilized 
cores arc at least four times more inductance-stable than un- 
stabilizcd cores.
What’s more, there’s no longer any guesswork! We have 
published limits within which the designer can depend on 
core performance. These limits—and full information on 
our Performance-Guaranteed permalloy powder cores—await 
your inquiry. Magnetics. Inc.. Dept. ED ol, Butler, Pa.

mHEHETICS inc. . w OK' H

REPORT BRIEFS
Directional Glide Path

“Encouraging results" are reported from t< ts 
ot a directional glide path which provides pil ts 
with vertical guidance during an approach nvr 
rough terrain under the Instrument Landing S s- 
tem. In operation, the glide path utilizes a trans
mitter which energizes an antenna system from 
w hich a carrier and sidebands of 90 cps and 150 
cps are radiated. Airborne equipment presents m 
indication for on-path, above-path, or belovv-path 
which is a function of difference in depth of modu
lation. The system was developed specifically to 
produce’ a straight path where rough terrain pre
vented effective use of either the equisignal or the 
null-reference glide paths. The system performed 
satisfactorily in tests over rough terrain, providing 
a path which terminates essentially when the air
craft reaches an altitude of about 30 feet above the 
runway'. Long-term stability of path position was 
found acceptable. A Directional Glide Path. (CAA 
Technical Development Report No. 336.) T. 11 
Bottoms, IL C. Hurley, L. N. Spinner, and J. W. 
Watt, Technical Development Center, Civil Aero
nautics Administration, Feb. 1958, 23 pp, $0.75. 
Order PB 131742 from OTS, U. S. Department of 
Commerce, Washington 25, D. C.

Study of Universal Function Generator

Design and development of universal function 
generators for use in analog computing circuits arc 
discussed. In order to simulate operational char
acteristics of a weapon on an analog computer, 
several types of function generators arc necessan 
Circuitry for the elliptical function generator and 
the ring spring generator is presented. Feasibility 
and Evaluation Study of A Universal Function 
Generator, E. IL Jakubowski, Springfield Armory, 
Mass. Oct., 1957, 12 pp, microfilm $2.40, photo
copy $3.30. Order PB 134279 from Library of 
Congress, Washington 25, D.C.
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Transistor Admittance Measurements

this report covers the modifications of Cel 
W ay ne-Kerr R. F. Admittance Bridge Type B-6‘ ' I 
the test used, and precautions found necessary j 
measure transistor short-circuit admittance par i-1 
eters. Measurements were made of several ti i-1 
sistor types for their complex admittance pai I 
ctors over the frequency range of 100 kc/s t 51 
Me s. Transistor Admittance Measurements in I 
0.1 to 5 MC Range Using the Type B-601 Wai ■ I
Kerr R. F. Bridge. G. N. Kambouris, Diann 
Ordnance Fuze Labs., Washington, D. C., A 
1958, 23 pp, microfilm $2.70, photocopy $- 
Order PB 134634 from Library of Congr 
Photoduplication Service, Publications Be 
Project, Washington 25. D. C.
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C ?focus Characteristics of Microwave
R Rectors and Lenses

The initial purpose of this contract was to in- 
v tigate the on-axis and off-axis defocus charac- 
t. ¡sties of microwave reflectors with apertures of 
It h the circular and the rectangular types. The 
ii estigation developed into three major tasks, 
n nely: (1) Simulation of Fraunhofer radiation, 
p, terns in the Fresnel region by a defocusing 
tt hnique; (2) Determination of phase errors in 
ai aperture plane of any given reflector with an 
ai itrarily located primary source; (3) Determina
ti! । of aperture-field distributions for defocused 
mi rowave lenses which included metal-plate 
lenses, homogeneous dielectric lenses, and the 
Li.ueberg lens. Defocus Characteristics of Micro- 
wa e Reflectors and Lenses, David K. Cheng, 
Syiacuse University Research Institute, N. Y., Final 
Report July 1, 1954—Sept. 30, 1956, Nov. 1956, 
62 pp, microfilm $3.90, photocopy $10.80. Order 
PB 135189 from the Library of Congress, Wash- 
Ligfon 25, N. Y.
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Field Emission Cathode Ray 
Tube Development

The design, construction and preliminary testing 
t a cathode ray tube utilizing a field emission 
ithode constitute the subject matter of this re

port. Magnetic focusing of the field emission beam 
as investigated and experimentally demonstrated, 

but the chief emphasis of the work was placed 
upon electrostatic focusing. A detailed analysis of 
the corresponding electron optical problem was 

ade. Based upon this analysis, a tube was de
signed, built, tested and demonstrated. Its per
lon nance indicates favorable possibilities for 
further development of such tubes, taking advan- 

of the attractive features of the field emission 
mice. Field Emission Cathode Ray Tube De- 
tdopment, Joseph W. Griffith, Winthrop W. 
Dolan. Linfield Research Institute, McMinnville, 
On July 1958, 37 pp, $1.00. Order PB 151246 
T■'in OTS, U. S. Department of Commerce. Wash- 

25, D.C.

YOU MAY BE JUST THE MAN TO HELP BURROUGHS 

SQUEEZE A MILLION TRANSISTORS INTO A CUBIC INCH

of ' ■ «e 
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VHr and UHF Balum Transformer

A transformer is described which may be used 
i phase inverter, differential transformer, or as 

-b um transformer. Practical models have been 
built which operate nearly three decades of fre- 

। cy with bandwidths approaching one kilo- 
cycle. Very Wide Band Balum Transformer 
7/F and UHF, T. R. O'Meara, R. L. Sydnor 

I nit rsity of Illinois, Electrical Engineering Re- 
^nn i Laboratory, Urbana, III., July 1957, 55 pp, 

Rim $3.60, photocopy $9.30. Order PB 
i from Library of Congress, Washington 25, 

Pc

OR EXPLORE FIELDS LIKE THESE:

►
 Statistical approaches to physiological 

processes

---------- Electro-chemical phenomena

---------- Radiation effects

---------- Plasma physics

-----------Magneto hydro-dynamics

---------- Electro-luminescence

---------- Cryogenics

---------- Superconductivity

-----------Semi-conductors

---------- h And a lot of others

Right now—today at Burroughs: plenty of room for excep
tional engineers to help create the successors to Burroughs’ 
big line of advanced electronic and electro-mechanical data 
processing equipment. Equipment that ranges from giant 
electronic computer systems to automatic accounting machines 
and more.
We need men who can help us put the functional equivalent 
of a million transistors into a cubic inch of material. Or men 
who can help us produce equally advanced results in fields 
like those mentioned at the left.
Men who can thrive on working without strait jackets.
Men who can get the most out of our heavily budgeted 
research facilities.
Men who can welcome the security of our cohesive research 
programs. How cohesive? Because their common aim is to 
improve information processing for both commercial and 
military use. How do the programs offer security? Because 
their cohesiveness allows you to shift readily from one to 
another without learning a new technology.
We want men whose creativity will help us double our $300 
million yearly sales rate fast—and then redouble it even faster.
Men who are frankly interested in increased responsibility. In 
swift promotion in careers that offer a wide choice of location. 
And. yes, in money.
Are you as outstanding as these opportunities? Then outline 
your education and experience as briefly or fully as you wish, 
name the field you’d like to help us explore, and get that in
formation to A. I . Suzio. Administrator. Corporate Placement 
Services, Dept. 102, Burroughs Corporation, Detroit 32. Mich.

19 9

Hu r rouijhs
Burroughs Corporation
NEW DIMENSIONS / IN ELECTRONICS AND DATA PROCESSING SYSTEMS"
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New G-E Glow Lamp 
permits less critical biasing 
... provides wider margin 

in circuit designs

This General Electric NE-97 (and its first 
cousin, the NE-96) look exactly like 
the familiar NE-2 . . . but each of these 
General Electric Glow Lamps has a wider 
differential between starting and operating 
voltage. This feature provides a margin 
of safety against false starting caused by 
transients in the circuit, since at least a 
30-volt pulse is needed to put the lamp 
in operation.

NE-97

DIRECT CURRENT CHARACTERISTICS
Starting Volts................................................
Operating Volts...........................................
Design Current............................................

NE-97
125 ± 15
70 + 10 
0.5 m.a.

NE-96
135 + 15 
70+10 
0.5 m.a.

Life—Change in Starting and Operating Volts at 0.5 m.a.—5-Volts in 1,500 hrs

MEMORY CIRCUIT

PULSE----

APPLICATIONS — Because of the wide spread between starting and 
operating voltage, the General Electric NE-96 and NE-97 are well 
suited for use in switching circuits and counters, where the lamp may 
function both as the transfer element and an indicator of state or 
sequence. For full information on G-E Glow Lamps, write for G-E 
Glow Lamps As Circuit Control Components”. General Electric Co., 
Miniature Lamp Dept., Nela Park, Cleveland 12, Ohio.

Progress Is Our Most Important Product 

GENERAL© ELECTRIC
110

REPORT BRIEFS
Phase Plane Analysis in Missile 
Control System

The application of phase plane analysis to a 
missile jet relay control system is reviewed, ex
plained, and illustrated. Only a single lead net
work is considered under conditions in which 
aerodynamic damping is negligible. The assump
tion that all forces occur as step inputs is used to 
simplify analysis techniques and does not consti
tute a significant limitation on the application of 
this method for design purposes. An analytic 
method for the solution of phase plane plots is 
developed which reduces the time necessary to 
(’valúate a system design by minimizing the ne
cessity for construction of phase plane diagrams. 
A summary of general principles which may be 
used to optimize a jet relay control system is 
presented. Project Vanguard Report No. 34: 
Application of the Simplified Phase Plane to the 
Analysis and Design of Missile Jet-Relay Control 
Systems. J. L. Hieatt, U. S. Naval Research Lab
oratory, Sept. 1958, 34 pp, $1.00. Order PB 151- 
059 from OTS, U. S. Department of Commerce, 
Washington 25, D. C.

Straits
Tin

Report MALAYAN

New developments in 
the production, mar
keting and uses of tin

■UNIAU

A giant 55-gal. tin can is be
ing successfully used to pack and ship 
fruit and vegetable concentrates. It 
might even replace the conventional 
No. 10 size tin can which has for so 
long supplied the food remanufactur
ing market. Lining is of electrolytic tin 
plating. A special centrifugal spray 
process permits application of enamel 
over the tin-plate.

Heterodyne Generation of UHF Local 
Oscillator Signals

Investigation of the possibility ol heterodyning 
a BEO with a fixed frequency' oscillator to obtain 
a beat frequency signal in the 400- to KMXl-mc 
range (for use as a local oscillator in a super
heterodyne receiver). Intermediate frequencies of 
30 mc and 350 mc are considered. The results 
have shown that spurious responses from the 
mixer operation make this method impracticable
lor

Corrosive attack under se\ re 
atmospheric conditions is a serious 
problem now solved by two tin alloy 
coatings. A 75 tin-25 zinc coating has 
been used with considerable success 
on hydraulic brake parts and landi ng 
gear equipment. 25 tin-75 cadmium 
coated on reciprocating engine pints 
overcomes low corrosion resistance "I 
normal steels.

sensitivity greater than about
minus 75 dbm. Heterodyne Generation of I HF 
Local Oscillator Signals, Hugh Gottfried, Syl-
vania 
Lab.,

Electric Prod Inc., Electronic Defense 
Mountain View, Calif. May 1956, 17pp.

Organotin compounds, ' > 
as dibutyl tin dilaurate, are added as 
stabilizers to vinyl plastic sheet to 
make it heat- and light-resistant wl n 
used as windows.

Order PB 134833, from Library of Congress, 
Washington 25, D.C., microfilm $2.40, photocopy 
$3.30.

Pulsed Traveling Wave Tubes

Two cases arc considered in this study. The 
first is the case* w here rf is pulsed and the electron 
beam kept on for a period considerably longer 
than the length ol the pulse. The second is the 
case* where the beam is pulsed and the input rf 
signal applied lor a considerably longer time than 
the pulse width required. Pulsed Traveling Wave 
Tubes. Gordon S. Kino, Lcvinthal Electronic 
Products, Inc., Palo Alto, Calif.. Oct. 1955, 17 pp, 
microfilm $2.40, photocopy $3.30. Order PB 
135259 from Library of Congress, Washington 25, 
DC.

A tin-plate printing machi e 
handling 4-color work is reported v 
a British firm. It will inexpensi ly 
print full-color labels directly onb II 
sizes of cans up to one gallon a 
single operation. The labels will w i- 
stand great extremes of temperali c

The Malayan

Write today for 
data on these ite 
for a free subscrip' 
TIN NEWS—a n 
bulletin on tin s 
prices and new us*

Tin Bure u
Dept. 12D, 1028 Connectcut Ave , Washington 6. I
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KLYSTRON

Standard

ONE HOLE

111

Shallcross

Ever double-mode a Klystron? 
Not with our model 809! Again, 
the thoughtful engineering that 
goes into every PHD product

With 
Detent
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. or 

do 

hi»

re u
6. r
CA 0
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SHALLCROSS Miniature ROTARY 
SELECTOR SWITCHES give the 
long-lasting dependability of multi-leaf 
wiper, button-contact design . . . and 
the added advantages of compactness 
and new versatility. The sketches below 
detail some of the many unusual fea
tures of this new switch series . ..

POLYTECHNIC RESEARCH 
& DEVELOPMENT CO., INC. 
202 Tillary St, Brooklyn 1, N.Y. 
Ulster 2-6800

hiie 
MX J 
im ly 

nt< ill 
1 i a

CIRCLE 299 ON READER-SERVICE CARD
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with a

voltage adjustments when you 
switch between cw and square 
wave...because of just one of the 
typically advanced features of 
this low-medium voltage KIyM ron

erioth 
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“L” and “T” Type Dissipative 
Network Design

An arbitrary load is perfectly matched over a 
prescribed broad frequency-band to a constant
resistance generator by means of a linear, passive, 
reciprocal, dissipative two-terminal pair network 
which is composed of an ideal transformer in tan
dem with an L-, jt-, or T-pad of lumped elements. 
The problem of designing the matching network 
to dissipate a minimum of power is considered 
and solved in a number of cases. An analytic 
method of determining the limitation on the opti
mum matching is presented in the case of an 
L-type matching network employed so that a 
designer is able to predict the best possible per
formance for any given load. Design of "L” and 
“T” Type Dissipative Networks for Broadband 
Matching of an Arbitrary Load, Marian Tsai 
Wang, Microwave Research Institute, Polytech
nic Institute of Brooklyn, N.Y., Thesis, Aug. 1957, 
87 pp, microfilm $4.80, photocopy $13.80. Order 
PB 135095 from Library of Congress, Washington 
25, D.C.

NEW Compactness... NEW Versatility in

ROTARY SWITCH DESIGN

"qA.OOOOOo,

11/4°, 22/2°, 15°, 30° INDEXING 
POLE

°ooo° O

32 Contact

O °ooo°

24 Contact

tion against errors.

Even little things like the built-in 
beam voltage and current meter 
prevent guessing and doubt dur
ing runs. And when it comes to 
‘scoping the Klystron...compare 
the CRT display oi a tube pow
ered by the 809 and you'll see 
for the first time what a really 
sharp trace looks like!

Eor complete details, send for 
our data sheet F-10.

FS. In case you don't hare our 
latest catalog, E-8...160 pages, 
chock-full of useful data... 
dash off a note on-your company 
letterhead.

Last Days of Sputnik II
The track of Russia’s Sputnik II, or Earth 

Satellite 1957 Beta, between April 1, 1958 and 
April 14, 1958, the day of its disintegration, is 
traced in an Air Force report which analyzes the 
Soviet artificial earth satellite’s final two weeks 
of orbit. This preliminary study' is based on all 
positional observations available to Project Space 
Track prior to May 22, 1958. The purpose of this 
Air Force activity is to track artificial earth satel
lites and space vehicles. Observations were 
collected from observers and stations in all parts 
of the world. They include such data as positions 
of the satellite on the celestial sphere and velo
city in the line of sight, obtained with direction
finding antennas and Doppler-effect measuring 
radio receivers used while the satellite transmit
ters were active; visual observations made with 
and without optical equipment; and radar and 
photographic reports. In addition to these ob
servations, which are presented in catalog form, 
the study includes descriptive reports dealing 
with the decay-phenomena as observed during 
the last phase of the re-entry from ships and 
islands in the Caribbean. Added in an appendix 
is a short summary on the decay of Sputnik I 
(Satellite 197 Alpha) produced in December 
1957, shortly after the satellite’s end. Project 
Space Tracks The Orbital Motion of the Earth 
Satellite 1957 From 1 April 1958 to its Decay 14 
April 1958, G. R. Miczaika, E. W. Wahl, Air Re
search and Development Command, U. S. Air 
Force, June, 1958, 47 pp, $125. PB 151249 from 
OTS, U. S. Department of Commerce, Washing
ton 25, D.C.
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SPRING RETURN
1 or 2 Way
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6-32, 1%Bushing %-32 8-32, 1%

« 1 F._ ■

ELECTRICAL SPECIFICATIONS: Operating Voltage—to 
2000 volts; Breakdown Voltage—to 3000 volts, 
Breaking Current—5 amp @ 125 V. ac.; Carrying 
Current—15 amp.

Write for complete specifications on the new 
Shallcross “Miniature Series'*.

SHALLCROSS MANUFACTURING COMPANY, 4 Preston St.. Selma, N. C.
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Westinghouse tube engineering... 
serving the nation through imagination

THIS 
IS 
THE 
PERMA
a new concept in storage tubes
The Permachon is a new class of tube which 
will store an image written optically or elec
trically, and will scan out many copies of that 
image. Stored resolution is extremely high for 
the size of target, and is not limited by storage 
mesh as in conventional storage tubes.

The WL-7411 3" Permachon stores an 
image exceeding the resolution of the 
image orthicon, and eight shades of gray. 
It will operate with standard image 
orthicon components. Storage and read
out are comparable to the WL-7383.

ON
The WL-7383 1" Permachon stores a resolu
tion of 500 lines per diameter (by shrunken 
raster method) and eight shades of gray. It will 
operate in a standard vidicon camera. Optical 
images of vidicon quality can be stored and over 
10,000 copies read out at 30 copies per second.

SAMPLE ORDERS INVITED. WRITE FOR DATA.

you can be SURE—if rrs

Westinghouse
Electronic Tube Division Elmira, N.Y.

RUSSIAN TRANSLATIONS

Nonlinear and 

Parametric 

Phenomena
In Radio 

Engineering

Part 15
A. A. Kharkevich 

(Translated by J. George Adashko) 

Chapter 2

Generation of Oscillations

22. Delay Nonlinearity
In Section 20 we investigated the steady stati 

of an oscillator in which the growth of the self 
oscillation amplitude was limited by the non 
linearity of the triode characteristic Ia — f(U0Y 
This characteristic expresses the relation betweei 
the instantaneous value of the anode current am I 
grid voltage. Therefore, even if the voltage ap 
plied to the grid is purely sinusoidal, the ac com 
ponent of the anode current is nonsinusoidal i 
principle.

The voltage on the tank circuit (and const 
quently on the grid) is practically sinusoidal onl 
because of the filtering action of the tank circui 
itself. The change to the quasi-Iinear form c 
equation consists of formulating an equation f< 
the first harmonics of the current and voltage an 
introducing an average slope (transconductance 
defined as the ratio of the amplitudes of the fir
harmonics of the current and voltage.

A nonlinearity is an essential feature of a sell 
oscillating system. It is possible, however, to dt 
sign an oscillator on a different basis, by into

ELECTRONIC DESIGN • April 1, 195<
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plitude (and not of the instantaneous value) 
the current or the voltage.

It is quite important that this is attainable 
any degree of accuracy (since it is quite easy
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ducing into the self-oscillating system a nonlinear 
parameter whose value depends, not on the in
stantaneous values of the current or voltage, 
but on the effective (or maximum) values. A non
linearity of this type is called a delay nonlinear
ity.

An example of a device with a delay nonlinear
ity is a thermistor. The resistance of a thermistor 
depends on its temperature, and the temperature 

s determined by the balance of power, namely 
he power liberated in the thermistor in the form 
•f Joule heat and the power dissipated by the 
hermistor to its ambient by convection and ra- 
liation.

rhe time rate of the heat exchange between 
he thermistor and the ambient is characterized 
a a time constant which increases directly with 
he heat capacity of the thermistor and inversely 

with the heat conduction to the surrounding me- 
• Hum. The time constant is on the order of sev
eral or even several dozens of seconds, i.e., it is 
much longer than the period of high-frequency 
oscillation.

Therefore, if the thermistor is heated with a 
high-frequency current the thermistor tempera
ture cannot follow, within a single period, the 
time variations of the instantaneous power, but 
remains constant to a high degree of accuracy. 
W e can therefore assume that the resistance of 
the thermistor is a function ol the effective am- 

ms< 
onl 
•cur
1 < 
I ft 
an< 
ice 
fir

practice to make the time constant rather large). 
Ihis signifies that the resultant self oscillations 
are sinusoidal to an accuracy that is as high as 
d< sired. This is a substantial feature of systems 
with delay nonlinearities.

Let us now consider an oscillator which differs 
I >m the one previously discussed in that the tri- 
<"!e is assumed to be ideally linear, i.e., its char- 

। (eristic is assumed to be linear with a constant 
fi msconductance S„. The nonlinearity required 
I limit tlie amplitude is introduced into the sys- 
t< ii by including in the tank circuit an active 
> ¡stance in the form of a thermistor with a time

pendent (and hence amplitude-dependent) re- 
5 rance RT.

I hermistors can be of either metal or of semi- 
iducting material. The resistance of the former 
reases with temperature and that of the latter 
finishes with temperature. The former can be 
nected in series with a tank circuit while the

1 er must be connected in parallel. We shall 
।me in either case that the resistance Rr rep- 
nts the equivalent series resistance of the 

k circuit.
can thus use the complex form of the quasi-

FIELD PROVED HONEYWELL COMPONENTS
for measuring, balancing and positioning applications

These synchronously driven choppers 
handle d-c signals as small as 10-H volt. 
Sensitive, stable performance. Avail
able with special features such as 
fungus proofing, grounded housing, 
mica-filled base, various contact per
centages. Weight: lOoz. Prices from $39.

ELECTRICAL CHARACTERISTICS

Part No. 354210-2 354210-3 354210-1 354210-4 355081
Modulation Frequency 20-30 eyries 40-45 cycles 5 '-65 cycles 59-65 cycles 360-440 cycles
Switching Action (SPDT) (Make-before-break)

Each contact closed 55% of each cycle 
(± 2%) Other actions, as specit.ed

(Break-before- 
make). Each 

contact closed 
47% of each 

cycle

Each contact 
closed 57% of 

each cycle 
(-7%)

Driving Coil Requirements 6.3 v. 60 ma at rated frequency 18 v. 94 ma 
at rated 

frequency
Contact Rating 100 microwatts at 6 v max 1 0 ma max
Electrostatic Stray Pickup 2 x 10" volts per ohm of input circuit impedance 2 x 101#

Electromagnetic Stray 
Pickup

Less than 2 x 10 * volts, constant to within 2 x 10 2 x 10 volts 
constant to 

2 x 10 *

Phase Shift Output voltage lags driving phase by 17 ±5° Lags driving 
phase by 45° 

to 50°

Symmetry Within 2% Within 7%

Shielding Frame and coil shield, grounded through pm No. 2 Shell and coil 
shield, grounded 

through pin 
No 2

Load Characteristics Resistive or Inductive

Vibration Resistance Output voltage varies less than 2% with rates of vibration from 0 to 10g

Designed for chart drives, servos and 
balancing circuits, these motors are 
available in three general types: Stack 
type, with easily maintained sectional 
housing: self-lubricated, oil-sealed type; 
and fungus-proofed, oil-sealed military 
motors. Prices from $40.

POWER SUPPLY—115 v., 60 cycles (fused power line)
OUTPUT—2 to 18 ma. into 12,000 ohm load
SENSITIVITY—Continuously variable screwdriver adjustment. Recessed slot protects 
setting
MOUNTING—Operation unaffected by mounting position
OPTIONAL FEATURES—(a) thermocouple burnout protection, (b) without de
sensitizing adjustment, (c) parallel T feedback, (d) velocity damping, (e) special 
connecting cables and plugs, (f) without tubes, shields, and converter, (g) for 25 cycles.

AMPLIFIERS Goin Sensitivity 
(Microvolts)

Nominal Input Impedance 
(Ohms)

10* 4.0 400, 2,200, 50,000
4 x 10* 1.0 400, 7,000, 50,000aS^| fri a. 12 x 10* 0.4 400, 2,200, 7,000

40 x 10* 0.1 2,200

Minneapolis-Honeywell, Wayne and Windrim Aves., Phila. 44, Pa.

They amplify a d-c or a-c microvolt 
input signal sufficiently to drive one 
field of a two-phase balancing motor. 
Three stages of voltage amplification 
are followed by the power-output 
phase discriminator stage, which sup
plies power for the motor. Extremely 
low stray pickup . . . adjustable sensi
tivity . . . fast response. Priced from 
$110 to $250.

*1 6 less at 50 cycles +Field winding 110 watts, balance in amplifier winding 
Note: Some speeds available at 25 cycles
All motors are available in two phase and synchronous models

Nominal 
No Load 
R.P.M *

R.P.M.* Gear 
Ratio

Intermittent 
Rated Load 
(K.-ii.)

Max. 
Starting 
Torque 

(u.-iu )

PulHn 
Torque 

Min 
(w.—in )

Continuous 
Torque 

(w -»•)

Power 
(Watts) 
Loaded

Current 
(amps ) 
Loaded

Temp 
Rise 
°F

Two Phase Induction Motor

330 44:1 4 10 11.5 O.llt 70
144 10:1 5 20 11.5 o.nt 70
48 30:1 15 60 11.5 O.llt 70
23 60:1 30 110 11.5 O.llt 70

Synchronous

180 10:1 12 12 24 0.21 100
180 10:1 2.0 2.0 11.5 0.11 65
90 20:1 14 12 11.5 0.11 65
60 30:1 21 18 11.5 0.11 65
30 60:1 42 36 11.5 0.11 65

aMLimii



BURROUGHS COMPUTER SYSTEM COMPONENTS RUSSIAN TRANSLATIONS

MANUAL TAPE PUNCH DECIMAL KEYBOARDS
RrfO!

MAGNETIC STORAGE DRUMPINBOARD PROGRAMMING ASSEMBLIES

PHOTOREADERDIGITAL MAGNETIC TAPE TRANSPORTS

For complete details an these or other Burroughs Computer System Components, write tc Component Sales, Eiectrohata Division, Pasadena, California

23. The Phase Plane

CIRCLE 303 ON READER-SERVICE CARD

The answer to the widespread need^ 
for a modestly priced, versatile 
manual input device Thoroughly 
proven with the Burroughs 205 
and 220 computing systems, ♦ 
the Decimal Keyboard is a 13 key 
unit that can be readily integrated into 
a wide variety of data processing and 
communications systems. Compact, with feather 
light touch which provides high speed of input 
A 16 key unit is also available

Several transports are offered to meet a variety 
of tape speed and tape width requirements 
Ri directional units operate at speeds up to 75 
inches per second. Multiple speed units are also 
available Ten speed transport handles tape at 
speeds from P/2 to 90 inches per second. All 
transports incorporate vacuum controlled reel 
servo systems for gentle tape handling, end-of tape 
sensing fast start and stop, remote and local 
control, easy threading and dust free operation 
A file protection device and air-conditioning 
manifolds are available Years of proven reliability 
m Burroughs computer systems and other 
digital applications

Reads 1,000 characters per second., 
stops on a single character, then 
reads the next within five milliseconds 
after restart. The finest and fastest 
precision perforated paper tape reader 
commercially available as a 
component. Developed as an input 
unit for the Burroughs 220 computing 
system, the Photoreader may be 
mounted in any standard 19” 
cabinetry—or ordered already housed 
m the 220 cabinet, as pictured

Eliminates the problem of re inserting 
perforated tape for repunching in the 
mam perforating unit A precision | 
unit with particular application 
as a method for insertion of 
information into an already prepared 
tape It accommodates standard Teletype 
and Commercial Controls Flexowriter 
tapes, and corrects up to an 8 hole 
code Tape is easily inserted through a 
guided slot and held in perfect register.

frequency si 
tank circuit 

use of delay

A small, high speed magnetic drum 
for intermediate storage—proven 
in use with Burroughs 205 and 220 
computing systems. It buffers 
information between the computer 
and various input-output units. 
Revolves at 21, 600 rpm, permitting 
access to stored data in average 
time of 1 4 milliseconds Easy 
matching with either transistor or 
vacuum tube circuitry. Furnished 
complete, including 10 dual read write 
head assemblies and drive motor

Used in the Burroughs E101 
desk size computer, now 
individually available as a 
basic control unit or stored 
program device Simple and 
versatile: a single pm completes 
a circuit. Complete programs 
can be quickly changed by 
inserting previously prepared 1 
plug in units. Expandable, with 
three types of pinboard receptacle 
units Compact 11by 3%".

good waveform, free 
presence of harmonic

ELECTRONIC DESIGN • April 1, 19.9

Burroughs Corporation
“NEW DIMENSIONS in electronics and data processing systems’

oscillations with the aid । 
is of great importance.

First, in many cases it

Fig. 74. The steady state amplitude of oscilla
tions m a tank circuit using a thermistor can be 
determined with a graph like this one. Rt repre
sents the equivalent series resistance of the tank 
and R/(O) is the thermistor resistance in the ab
sence of oscillations.

linearity makes it possible to obtain sinusoi* i 
oscillations ever in the case of a low-Ç ta il 
circuit. The latter is particularly important in / ( 
oscillators (see Sec. 27), in which combinats r 
of capacitances and resistances only arc ma It 
equivalent to aperiodic tank circuits.
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Fig. 75. A phase portrait for a linear lossless 
tank circuit.

Iicnoincna in any system, all the time varying 
uantitics (such as currents and voltages) are 
^pressed by suitable time functions. Plots of 

tiicse functions are called oscillograms.
It is possible, howeyer, to proceed in a different 

Hianm r. namely to choose as the rectangular co- 
rdinates the instantaneous yalm's ol the variable 
,uantitics yvbich jointly define the state of the 

system. Wc (Ims define a certain space, in which 
tch point represents the state ol the system at a 

jiycn instant of time. This space is called the 
phase* space.

Ilie number ol dimensions ol the phase space 
depends on the number ol dillercntial equations 

I the system. Wc kuoyy that to solve an nth 
order equation it is necessary to specify, as initial 
conditions, the y allies ol the function and of its 
derivatives up to order n-/, i.e.. a total of n 
independent quantities.

We shall deal essentially yvith second-order 
equations. In this case, the number ol dimensions 

I the phase space is hvo, i.e. the phase* space be- 
omes in this case a phase plane. Oscillating 

phenomena in a system described by a second- 
order ((¡nation can be represented by diagrams 
in Ilie phase plane*.

Le*t us examine by yvay of an example the* free 
oscillations in a linear lossless tank circuit. Ihe* 
ddlereiitial equation lor this case is

I. 1,1 + 1 I hl! = 0 ( 1 )
7/ rj

dyj‘ -I- Wi)2 Q = 0 (2)
dh

I ic solution ol this equation is

Q = M sin w,,/ T A ros wj (3)

iere M and \ are arbitrary constants deter- 
mod from the* initial conditions. For the current 

' e have

I — = .l/ui,, cos — A ay, .sui a>t.f (3)
dl

Let us take* the- curre nt and the charge to be 
e coordinates of the* phase* plane, and let us 
press one quantity directly in terms of the

LECTRONIC DESIGN • April 1, 1959

Materials used in the quality-controlled manufacture of Cambion handles include aluminum, brass and stainless 
steel. Finishes are of polished nickel, black oxide, and black alumilite. Types available- are rigid, adjustable and fold
ing. Folding types are in two different models designed to fold against the panel in either one or twe) directions.

How to handle things better — 28 ways

Made in 28 different standard com
binations, Cambion“ panel handles are 
also custom-made to any specifications, 
in any quantity. All are of quality ma
terials which meet or better govern
ment specifications. In addition to a 
firm grip, all have an attractive ap
pearance. Polishing before plating re
moves all surface imperfection, and 
color buffing after plating adds lasting 
luster.

Expert engineering and manufactur
ing skill control production of the com
plete Cam bion line — terminal boards, 
solder terminals, insulated terminals, 
coils, coil forms, capacitors, swagers 
and hardware. In any quantity of 
Cambion components you order you 
get top quality — with every compo
nent guaranteed.

Available locally through Authorized 
Cambion Distributors. Or write to 
Cambridge Thermionic Corporation,

457 Concord Avenue, Cambridge 38, 
Massachusetts. On the West Coast: 
E. V. Roberts and Associates, Inc., 
5068 West Washington Blvd., Los 
Angeles, California. In Canada: 
Cambridge Thermionic of Canada, 
Limited, Montreal, P.Q.

The Cambion line of panel and chassis hardware 
is recognized as the liest looking, best liehaving, 
most polished family in its field. Besides handles, 
other popular members are terminal boards, diode 
clips, battery clips, miniature plugs and jacks. 
Cambion custom hardware can lie designed and 
manufactured on request.

x J CAMBRIDGE THERMIONIC CORPORATION

CS^XG^JISUCS)^
The guaranteed electronic components

CIRCLE 304 ON READER-SERVICE CARD
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RUSSIAN TRANSLATIONS

phase trajectory is derived

New Humphrey free gyro has stainless
steel gimbals and spindle to resist shock

Humphreq

CIRCLE 305 ON READER-SERVICE CARD

DEPT ED-49, 2805 CANON STREET • SAN DIEGO 6, CALIFORNIA

the representative point moves clockwise, a 
noted in Fig. 75.

The phase portrait of Fig. 75 was obtainec 
analytically. Let us show how to plot the phas* 
portrait from oscillograms.

Fig. 76a shows the charge and current oscillo

ELECTRONIC DESIGN • April 1, 1959

• Available with either electrical caging and uncaging or 
manual caging and electrical uncaging.

• Precision potentiometer or outer-gimbal synchro pick-off.
• Choice of electrical connectors for convenient installation
If your free gyro application requires high performance under 

extra severe shock and vibration, it will pay you to look into the 
Humphrey FG01-1300 instrument. Humphrey welcomes the 
opportunity to discuss your gyro, accelerometer or precision 
potentiometer requirements with you Write or phone today

are an< 
coordinates

For attitude sensing applications in missiles and torpedoes where 
severe shock and vibration arc a problem, this new Humphrey 
FG01-1300 series free gyro is recommended. High strength stain
less steel is used in the one-piece spindle and gimbal assembly. 
This construction is stronger and more rigid than conventional 
construction.

In the torpedo application in which this model is now being 
used, it was easily able to meet the customer's requirements of 
resistance to severe vibration and 60G shock The all-steel design 
also eliminates differences m coefficients of expansion eliminat
ing balance and bearing fit changes.

Other important features of this new ruggedized free gyro arc
• Extremely small size —only 2%' diameter by 5% long
• Extra high angular momentum to static v\eight ratio
• Heavy duty gimbal bearings.
• Choice of motors for 28 vdc: 115 v, 400-cycle ac: or special 

800-cycle ac For 800-cycle motor, Humphrey, Inc. can 
furnish a transistorized power supply suitable for operating 
one or two gyros.

Fig. 76. Charge and current oscillograms (a) 
of a linear, lossless tank circuit, and how the

Note that by changing tin* scale, for example, 
by plotting instead ol along the abscissa 
we can obtain a family of circles. Each point on 
one of the ellipses represents the state of the sys
tem at a given instant of time (since the coordi
nates of the point are instantaneous values of the 
current and voltage). This is why the point on the 
diagram is called the representative point.

This point moves w ith time, describing a lire 
called the phase trajectory. If a periodic process 
is plotted in the phase1 plane, the phase trajectory 
will be the closed contour covered by the repn 
sentative point during one period.

A family ol phase trajectories representing th

parameter /. Foi 
by squart' it 

. I bis v ¡olds th<

75 is the phase portrait of a linear 
circuit.

The coordinates used in Fig. 75 
/ dQ/dt. With such a choice of

)ther, i.e.. let us eliminah 
this purpose we divide ec 
md add it to the square 
‘quat ion
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Announcing CMC’s 
New Model 4OOC

Fig. 77. The phase portrait 
of a lossy tank circuit with 
damped oscillations .

The most versatile
aid / (i.e., the ordinates of the corresponding 
arves) at the specific instants marked on the 

diagram and use these* ordinates as coordinates

I the representative point ( 
dot the phase trajectory.
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CMC

II the damping factor u is small, it is possible

9
8

3 
a

th< 
th<

is the polar equation of a phase 
represents a converging logarith- 
. 77). For other initial conditions

6 
5

Uli

tes

ALL NEW, the CMC Model 400C is a reliable, economical in
strument for permanently recording digital data from counting, 
timing, frequency measuring, and data handling systems.

dim inate the time t from (6) and (7), we wn 
ic relation between the current and the charge 

in polar coordinates. We put

on

I illation. \ familv

5528 Vineland Ave. • No. Hollywood, Calif.
Phone STanley 7-0401 • TWX: N HOL 8290
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lc the other and will converge at the point 
(J 0. Each spiral represents a damped

EIGHT OPTIONS OFFERED
Optional features which broaden the area of application for the 
CMC digital printer:

• !0 line output for operating punches and electric typewriters • an
alog output for driving strip chart and other pen type recorders 
• built-in inline readout for visual monitoring al a distance • accu
mulator for totalizing • code converter to accept any digital code. 
Model 400C is compatible with any make of counting equipment 
• transistorized drive which accepts low voltage input • an add
subtract solenoid which prints plus and minus numbers • print-line 
identification for coding printout.

iet 
as<

’ representativ e point moves clockwise.
We shall now explain the role ol the initial 
uditions. As is known, the initial conditions 
r a second-order equation of type (2) are the 
hies of the function and ol its first derivative 

d(J Hl the instant assumed to be (he start 
the time reference (in particular, at I 0).
Consequently, a specification of the initial con-

New Standard Features

Standard features designed to improve reliabil 
ity and flexibility include elimination of stepping 
switches, 4 line per second printout, parallel 
entry, and rugged unitized construction.

Key Specifications

Print-out capacity 6 digits standard, up to 12 on 
special order • Accuracy determined by basic 
counting instrument • Display time 0.2 seconds 
minimum, maximum controlled by the counter 
• Weight 64 lbs. • Price $950. Add $10 for 
rack mount.

( MC engineering representa
tives are located in principal 
cities. For more information 
on this versatile instrument, 
phone your nearby representa
tive or write directlv u» 
Dept. 194



with this L&N

The
sig

initial conili-

F.mf's read as digits plus scale value

Galvanometer Sensitivity Keys

Aluminum, 19 q long x I-

%

Case 
wide x

consider still 
damping bc-

Walt's. Pa., subject to change wilhou 
nolie»' . Specify I is' No. 7553 when or 
dering from Leeds \ Nori hrup('ompans 
4908 Stenton Ave., Phila 44, Pa.

LEEDS
Instruments

$693.00, f.o.b. Phila. or Nori I

NORTHRUP
Avt- matte Controls • Furnoc**

♦ herrnocouples. etc.. measurement' 
are speeded as emf s are read di

1 20, I 400 and 1 10.000. I'ift h k

Standard Cell Dial 1.0171 Io 1.0205 v

merits free of effects of static, 
humidity and leakage are made 
with lANs Type K-3 Universal 
Potent iometer In calibrating de

Ranges High: 0 to 1.611 v. Medium 
0 to 0.161 1 v. Low: 0 to 0.0161 1 v.

Limits of Error SiandarOi/cd and re.o 
on range in use: High range: : (0.01' 
+ 20 mV). Medium range: - 0,015' 

- 2 mv i. Low range: (0.015', 0.5mv

Internal Resistance Changes fror 
about 180 at full st il© to about 1!

£

litions determines the initial coordinates of thi

d() 0 = 0
dl

With MELPAR

Laboratory

facts on a dynamically growing organization, write to:

F,g-
with

To conclude this section, let us 
another tank circuit in which the

Communication & Navigation 
Systems
Detection & Identification Systems 
Chemistry Laboratory 
Antenna & Radiation Systems

78. The phase porlrait of a lank circuit 
negative damping.

Opportunities are available in the following 
areas of Melpar’s diversified activities:

\ solution ol this equation loi the 
tions

ing Department
Airborne Equipment
Ground Data Handling 

Equipment
Ground Support Equipment

Simulation & Training Systems

MELPAR Incorporated 
A Subsidiary of Westinghouse Air Brake Company 

TOI 1 Arlington Boulevard, Falk Church, Virginia
10 miles from Washington, D. C.

representative point. Fig. 75 shows the free oscil 
lotions in the form of an ellipse p issiug through 
the point whose coordinates Qn and /„ represen 
the initial conditions.

QiO) = 0. /(Ol = /,. 

is ol the following form

Probing 
Electronic Frontiers

Our mission is simply stated: advancing the state of 
the art in electronics to satisfy the demands of the 
space age and the increasingly complex problems 
of defense.

To the experienced engineer with an inquiring 
mind we extend an opportunity to blaze new techno
logical trails and to constantly explore the para-

RUSSIAN TRANSLATIONS Rapid, precise 
emf measurements

Type K-3 Universal 
Potentiometer

Let us turn now to a lossy tank circuit, 
equation of such a tank circuit is ol the forni 

Q = "
W|

far
op< 
bia
WIL 
Nev 
tern 
unii 
des 
gro

FIL 
Moi 
a Ii 
brq

HIG 
Moi 
sist 
rancomes negative as the consequence of feedback. 

Such a system is described by an equation that 
differs from (5) only in the sign of the term for 
the first derivative of the charge with respect to 
time. A solution of the equation is given bv (6) 
and (7), and the equation of the first trajectory is 
given by (8); it is merely necessary to reverse tin 
signs in all three formulas.

This means that we have oscillations with ex
ponentially rising amplitudes, and the phase tra 
jectory is an evolving unwinding spiral (Fig. 7S). 
Were the system really linear, the amplitudi 
would increase without limit. This would cor
respond to an unbounded increase m (he radius 
ol the spiral.

24. Phase Portraits of Oscillators

MEI 
Moi 
Anc 
hgt

Pit 
Moi 
RI 
sei 
tior 
pan

Mit 
Mui 
diai 
hoi

ill the preceding section we used examples ol 
linear systems. Yet we are interested in the 
phenomena occurring in oscillators which are 
known to be nonlinear sy stems, since no steady 
state self-oscillations are possible in a linear sv s 
tern.
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determine the ratio of these radii
TYPICAL SPECIFICATIONS

V. S. W R

1.15 MAX

1.15 MAX

1.15 MAX

1.25 MAX

1 10 MAX

ANO NEW LOWER PRICES on R-101 and R-201.

MINEERED ELECTRONICS COMPANYuny

fUGtOHKS

Our design and engineering group will welcome an 
opportunity to work on your microwave problems.

Northwest Area Office 
530 University Avenue 
Palo Alto. California

U'nii for specification», operating range 
■ harts, and prices. And remember, we’re 
always ready to work on your special».

Added to the broad range of current Ferrite Isola 
tors is an intensive program to conduct research 
and development in advanced ferrite devices for 
the frequency bands proposed for space naviga
tion and communication.

lire- 
itic.

South Central Office 
6211 Denton Drive 
Dallas, Texas

e

» Pi

P\

Pi

(a subsidiary of 
Electronic Engineering Company 

of California)

506 EAST FIRST STREET 
SANTA ANA, CALIFORNIA

SENSITIVE INDICATORS

RD

95

Fig. 79. The phase portrait of an oscillator 
showing only iwo values of - corresponding to 
a J change of 2"

FERRITI ISOLATORS

. . with built-in high-sensitivity tran- 
istorized driver circuits to operate 
irectly from low-level signals, where 
ignal excursion is too small for di- 

ivut operation of neon or incandescent 
lamps. Most Minisigs have adjustable 
operating characteristics controlled by 
bias voltage.

WIDE SELECTION
New Minisigs now include filament-type, high- 
temperature-type. memory-type, and plug in-type 
units, as well as miniature and subminiature 
designs. Here are some typical additions to the 
growing Minisig family:

FILAMENT TYPE
Model R-441 is a high-gain indicator employing 
a low-voltage plug-in incandescent lamp. Gives 
bright light when input level is 11.0 volts.

HIGH-TEMPERATURE TYPES
Models R-561 and R-661 incorporate silicon tran
sistor circuits for operation in the temperature 
•ange 55 C to • 100 C.

MEMORY TYPE
Model R-901 employs a Raytheon CK-1050 lamp. 
Anode current of 3.0 ma yields much brighter

M than an NE-2 glow lamp at max. rating.

PLUG-IN TYPE
M Jel R-1004 assembly includes outer shell and 
R 005 encapsulated plug-in insert for easy 
f icing. Provides basic flexibility of applica- 
ic i of R-101 and R-201. Extends behind 

panel; mounts in Vi" hole.

miniaturized designs
lels R-121 and R-221 require only lV4"x Vz" 
ti. over all behind panel and mount in

oscillators. We start with an oscillator with soft 
excitation, this being the simpler case. The phase 
portrait should give a complete picture ol the 
possible operating modes of the oscillator, both

trajectories. W<
a qualitative discussion. For this purpose we ex
plain first how attenu ition can he represented on

ponding to a change of 2n in the value of 5 i.e., 
radii ol two neighboring turns of the spiral (Fig.

IRCLE 309 ON 

E CTRONIC
READER-SERVICE CARD

DESIGN • April

TO SERVE YOUR 
EXACT NEED...

HIGH POWER
LOW POWER
BROAD BAND 

LOW INSERTION LOSS 
HIGH ISOLATION

SMALL SIZE 
LIGHTWEIGHT

TODAY. 
AND 

TOMORROW!!

w here d is the attenuation of the tank circuit.
Thus the radius of the spiral changes from 

turn to turn as a geometric progression, whose 
denominator depends on the attenuation. The 
same applies also to an evolving spiral. (This is 
the property of a logarithmic spiral. In the case of 
an Archimedean spiral, the radius varies as an 
arithmetic progression.)

Let ns now consider the phenomena in a soft 
generator. In the initial self-excitation stage, 
when the oscillations are still small, the phenom
ena can be described with satisfactory accuracy 
by the linear equation (2) of Sec. 17. If the self- 
excitation condition is satisfied, the attenuation 
factor is negative and the self excitation process

1959

MODEL

W 568 3A-2

FREQ. RANGE

12.5 18.0 KMC

ISOLATION

20 DB Min.

INSERTION LOSS

1.0 DB MAX

W 177 IK 1

W-277 3A 3

W-859-11A 1

9.5 KMC ±100 MC

5.2-5.9 KMC

930 ±60 MC

25 DB Min

17 DB Min.

25 DB Min.

.7 DB MAX

1.0 DB MAX

2.0 DB MAX

W-668 IA 2 8.5 -9.6 KMC 10 DB Min. 0 4 DB MAX

SALES OFFICES
Eastern Office 

1500 Main Avenue 
Clifton, N. J.

Midwest Office
23 W. Calendar Ave.
La Grange, III.

KEARFOTT COMPANY INC. 
A Subsidiary of General 

Precision Equipment Corporation 

Microwave Division 
14844 Oxnard Street 
Van Nuys, California

CIRCLE 310 ON READER-SERVICE CARD

119



RUSSIAN TRANSLATIONS
METAL FILM RESISTORS

Harrisburg,

HIGH MEGOHM RESISTORSsaint

illion megohmsoble

Openings now exist for thoroughly qualified personnel Electronics

LOCKHEED

BURBANK CALIFORNIA

120

«ting 
781”

ditions the limit cycle i 
eadilv seen now that th

Automatically' 
' disturbance

nts the 
line of 

ic limit

) at the origin, b) o 
) on the limit cycle.
Let us now turn to

osci I 
itsidc 
state

citation. Tl 
steady -state 
Fig. 80) is

representative point 
contour in the form

-, and the 
a winding 
md slower

Type H. For electrometer circuits, 
radiation equipment and as high re
sistance standards. Resistance avail-

Voltage rating to 15,000 volts 
Low temperature and voltage co
efficient. Seven sizes, from W' 
to 3" long, of which 2 meet re
quirements of MIL-R-14293A.

I Standard resistance tolerance
I 10%. Tolerance of 5% and
I 3% available. Also matched
1 pairs with 2% tolerance. I

llator with s 
that represe

aero and thermo dynamics: propulsion; servo-mechanisms; materials 
and processes: structures and stress; operations research; research in 
optics, infrared, acoustics, magnetohydrodynamics, instrumentation, 
mechanics and hydraulics; mathematics and in all phases of design. 
©Write today to: Mr. E. W. Des Lauriers, Manager Professional Place
ment Staff, Dept. 13041, 1708 Empire Avenue, Burbank, California.

equivalent to MIL styl 

RN 70. maximum volt
age rating 3 DV

Specialists in manufacturing quality resistors Precision 

Wire Wound — High Voltage — High Megohm — High 

Frequency, dur test equipment onj standards for 

checking and calibrating oie matched only by leading 

laboratories Write for more information.

periodic oscillations (heavy 
died in oscillation theory t

© Expanded Research programs to meet the most complex technological 
requirements of the Space Age are only one of the far-reaching objectives 
of the new multi-million-dollar Lockheed Research Center, near Los 
Angeles. Destined to become one of the nation's major research instal
lations, its.programs are broad in scope and designed to investigate new 
frontiers of space flight.
©A primary consideration in planning the new Research Center was to 
provide environment for scientific freedom and ideal research conditions 
— using the most advanced equipment available. This modern, integrated 
research facility will touch almost every aspect of aviation and transporta
tion-leading toward exploration into completely new or relatively un
developed fields of science and industry.
©On completion, most of Lockheed’s California Division’s research 
facilities will be located in this single area. The Center will provide com
plete research facilities in all fields related to both atmospheric and space 
flight—including propulsion, physiology, aerodynamics and space dy
namics; advanced electronics in microwave propagation and infrared; 
acoustics; mechanical and chemical engineering and plasma/magneto- 
hydrodynamics; thermal electricity; optics; data communications; test 
and servo-mechanisms.
O The first phase of the advanced research building program has already 
begun—with initial construction of a $5,000,000 supersonic wind tunnel 
and high-altitude environmental test facilities.
© Scientists and engineers of high caliber are invited to take advantage of 
outstanding career opportunities in this new Lockheed Research Center.

RESISTANCE PRODUCTS 
COMPANY .
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shown in Fig. 73, correspond in Fig. 80 to the 
following initial points on the phase trajectory,

Fig. 80. The phase portiait of an oscillator with 
self excitation. The closed contour represents the 
steady state (the limit cycle). The points (a), (b), 
and fc) represent three ways of starting oscilla
tions.

500V. Type 
long x .250'

spiral, whose radios diminishes slo 
until the trajectory begins windii 
contour of the steady-state inode

All this is shown in Fig. 80. w

NEW! Thn precision low noise metal 
film resistor ir.?eb and exceeds re

quirement with temperature coeffi
cient of pin-, ur minus 50 ppm/ C 
independent ol resistance value.
Standard tolerance plus ar minus 
1 per cent. 7»pr WHM . 125” 
long, i .406" uian — ‘s 
equivalent tv M’’ tv .n

ized after the 
moved. Under • 
calk'd stable. It 
three methods

mode, the damping will be positiv« 
representative point will move along

Enclosed in specially 
designed hermetically 
sealed plastic casing 
(patent pending) to 
pr«tect precision 
resistor element.
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high,

The difference betwec
Series 41the former case the

cond it

Series 42

Bulletins on any of these Series on request

(To be continued)
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Built-in rectifiers. Operation compa
rable to DC performance, except for 
coil overload caoacity and speed.

Type 11F — 
wt. 1 or. max.

that in 
up to a

Air-Marine’s new S frame motor 

offers outstanding reliability even 

at extremes of temperatures and 

altitude Two models are available 

the Hi-Slip which increases speed 

with altitude lower densities, and 

a CONSTANT SPEED, 11,000 rpm 

or 20,000 rpm.

Both models are available in 2 or 

4 pole units up to 1/150 h.p. 

These rugged design, epoxy-potted. 

400 cps induction motors are 

obtainable for 115 V. 10 or 208 V. 

30 operation.

Shaded pole SPCT design. Sensi
tivity 0.06 to 0.40 volt-ampere, 60 
cps (specials for 16-400 cps.) Long 
hfe; quiet, inexpensive. Ratings up to 
5 amperes resistive.

mplitude for which the 
first time. This value of

Shaded pole version, for 60 cycle 
positive ON-OFF operation only. 
Standard sensitivity 0.3 volt-ampere.

?ycles, and ///—outside 
excited oscillations will

Dual coils, SPDT, sensitivities from 
1 mw. to 2 watts. High stability and 
shock resistance. Available adjust
ments include precision DC, close 
differential, meter protection, break
delay, etc.

never 
will make

the last two cases is 
amplitude will build DPDT vers on of Series 41, but with 

100 and 200 mw. standard sensitivi
ties. Can serve as output relay of 
many electronic controls; often used 
where UL approval *• required. 
Contacts rated 2 or 5 amperes.

Fig. 81. The phase portrait 
showing the regions—inside 
[I), between the stable and

DPDT version of Senes 41, but with 
0.30 and 0.50 volt-ampere standard 
sensitivities. Standard frequency 60 
cps, specials 16-400 cps. Contacts 
rated J or 5 amperes. Economical of 
power.

of a hard oscillator 
the unstable cycle 
unstable cycles (II),

small amplitud 
ind towards tl

For further information about our com
plete line see page 292, I.R.E. Directory

-IRCLE 313 ON READER-SERVICE CARD
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Perhaps you recognize the man on the spare tire

leian Sigma

initial conditions are repre
in region /. They will be 
if the initial point lies in

early WW II days, the others almost as long. Being old standbys 
also means they’re for sale and deliverable in quantity.

DC sensitivities 40 to 200 mw. Fast, 
bounce-free switching; useful for 
keying; speeds to 100 pps. Shock 
and constant acceleration up to 100 g 
will not cause damage.

souls who design that seldom heralded product—the pleb< 
relay. Unlike more renowned Sigma engineers, they can

DC
Rugged, lightweight general-purpose 
SPDT design with adjustable pull-on 
and drop-out. Standard sensitivity 20 
or 50 mw , rated 2 amperes resistive 
for 100,000 operations

trajectories do not wind towards it, they evolve 
away from the limit cycle, either inside towards 
the origin or to the region outside* the unstable 
limit cycle. In this region the attenuation is nega
tive and the amplitude increases until the attenu
ation again vanishes. There, a second limit cycle 
is produced, which now is stable.

The difference between the stable limit cycle 
and the unstable one, from the point of view of 
the phase plots, is that the phase trajectories 
move towards the stable cycle and move away 
from the unstable one. This is illustrated by the 
phase portrait of a hard generator shown in Fig.

history"; instead, their efforts will only keep someone’s juke box, 
remote controlled toy, electric blanket or burglar alarm working.

is liom the one jus 
ittenuation is positi e wish we could afford a newer automobile with an emblazoned 

banner for each of these gentlemen*, to tell the whole 
relay-using world of their accomplishments. For these are the

the stable cycles. N 
be launched if the 
seated by a point 
launched, however 
region // or ///.

The phase plane can be broken up into three 
egions; /—inside the unstable cycle, //—between

SIGMA INSTRUMENTS, INC.
91 Pearl St., So. Braintree 85, Mass.
kN AFFILIATE OF THE FISHER FIERCE CO (Sine* 1S3»)

Small, low cost '$1.50-2.45) SPDT 
relay. Ideal for remote control units 
for toys and TV sets, door openers, 
etc. Mechanical life 100,000,000 
operat'ons. Four mtg. styles, un
enclosed only.

will diminish to this value. The difference be
tween a soft and hard oscillator, represented by 
Figs. 80 and 81, was explained previously by 
Figs. 70 and 71 and by Figs. 56 and 57. It is 
useful to compare all three pairs of diagrams, for 
they are different representations of the same 
relations.

Here are five of their achievements that are about as experienced as relays
and "41" have proved themselves since

Cutaway view
I shown
I actual size
I I'./OD.

RELIABILITY 
from -6O°C.to +125°C. 
sea level to 70,000 ft.

air * marine 
motors, ine.
AMITYVILLE. NEW YORK
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Bandwidth Reduction for
Transmission of Radar Signals

f & H SMS SILICON mt ORIGINAL PULSE OF THE STORAGE LINE

H SERIES-ELECTRICAL RATINGS-Capacifive Loads

TiME VARIATION OF THE SCANNING VOLTAGE

TIME VARIATION OF THE OUTPUT SIGNAL

122

nition 
signal 
1957). 
into a

has already bed 
for thi' transmis 
adars can be re

hiced by a factor of about 100 to 200 kc for hai 
)or control and to 50 kc for air communication

Fig. 2. Scheme for pulse 
stretching using o storage tube 
and a scanning beam with va 
riable-slope deflection voltage.
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USING storage technirpies. it 
shown that the bandwidth 

sion of signals from panorama

of (he information content of the radai 
(Sc? ED, German Abstracts, Sept. 1 

It is possible to compress the informatio] 
i even narrower band, the eventual goal

SARKES TARZIAN, INC., Rectifier Division 
DEPT. C-3 415 NORTH COLLEGE AVE., BLOOMINGTON, INDIANA

InCanada 700 Weston Rd.,Toronto 9,Tel. Roger 2-7535 • Export- Ad Auriemo, Inc., New York City
CIRCLE 315 ON READER-SERVICE CARD

H SERIES
Hermetically Sealed (Double Seal)
Heavy Duty Junction • Axial Leads 

• Low Forward Drop • High Efficiency 
I • Low Reverse Current • Low Cost

F SERIES |
• Positive Environmental Seal
• Extra Heavy Duty Junction
• Low Cost • Axial Leads (No Heat Sink)
• Low Forward Drop • Low Reverse Current

F SERIES-ELECTRICAL RATINGS-Capacifive Loads

S. T.

Max.

Inverte 
Volti

Mo« 
RMS 
Volti

Current Ratings—Amperes
Mom . D. C. load Max. RMS Mom. Recurrent Peak Surge - 4MS Max.

55 C 100 C 150 C 55 C 100 C 150 C 55 C 100 C 150 C 55 C 100 C 150 C
F2 200 70 75 5 25 1 875 1.25 625 7.5 5. 2.5 75 75 35
F-4 400 140 .75 .5 25 1.875 1 25 625 7.5 5. 2 5 75 75 35
F-6 600 210 .75 .5 25 1 «75 1.25 625 7.5 3. 2.5 75 75 35

Write for design notes No. 30 and 31

». T.

Mom. 
Peak

Volt*

Man. 
RMS 
Veil*

Current Ratings—Ampere*
Max. D C. load Max. RMS Ma*. Recurrent Peak Surge - 4MS Max.
55 C 100 C 150 C 55 C 100 C 150 C 55 C 100 C 150 C 55 C 100 c 150 C

I0H 100 35 75 .5 25 1 875 1 25 625 7.5 5 2.5 75 75 35
20 H 200 70 .75 .5 .25 1 n75 1.25 .625 7 5 5 2.5 75 75 35
30H 300 105 75 .5 .25 1 875 1 25 625 7.5 5. 2.5 75 75 3540 H 400 140 75 .5 .25 1.875 1.25 625 7.5 5. 2.5 75 75 35
50H 500 175 .75 .5 .25 1 t75 1.25 625 7.5 5. 2.5 75 75 351 60H 600 210 75 .5 25 1.875 1 25 625 7.5 5. 2.5 75 75 35

Fig. 1. (a) Pulse tram of 
radar signa* (b) Effect of fi 
quency compression in (a)



unis

itioii

t. 1. 
ition 
goal

con

5 NAU

195'

jown in Fig. la. The lowest frequency com
ment of the signal, f„,„„ is the reciprocal of the* 
tational speed of the* antenna. The largest fre- 
ency, fmav, is determined either through the 
ration of the shortest pulse or the shortest “no 
Ise” interval, whichever is the* shorter time*, 
noting this interval by rMII„, the maximum fre- 
ency, f»ms 1 (2 Tmin).
The* compression of the bandwidth beyond 
iat has already been described above, depends 
stretching the shortest pulse (or “silent”) in- 

val to T„lin as shown in Fig. lb. Choosing the 
ear relationship

e original signal can 
ceiving end by using

be? reconstructeel at the 
the inverse* transforma-

v = r a — b a (z)
Denoting by T the transmission time of a line
the picture and defining the cotnpnession ratio

'here tn is the number
me. Evidently k,

I — in p

of picture elements per 
p m, corresponding to

0 and b — T/m, represents the limiting value 
>1 the compression ratio since in that case all 
mlses are equal in length, all information is lost 
md checkerboard pattern is obtained.

I he linear transformation from r to t° can lx? 
omplished by using a scanning beam whose* 

i izontal deflection is controlled by two speeds 
shown in Fig. 2. During the writing interval 
re exists on the storage line a charge distribu- 

n which in the x-coordinate corresponds to the* 
nginal, uncompressed signal. A pulse of length 

* s transformed into a pulse of duration t#, by 
।trolling tlie speed of the scanning beam as 

in icated in Fig. 2b. The lengths s0 is chosen to 
respond to the* shortest original time inter-

i he maximum frequency compression which 
»1 >ears to be practical is below 10, the value 8 
” ng typical.

he original paper also includes detailed de
ption of the apparatus used for the signal 
ipression.
distracted from an article by H. Meinke and 
Rihaczek, Nachrichtentechnische Zeitschrift, 

' 11, No. 8, August 1958, pp 398-404.
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1 IISome Ideas for your file of practical information on drafting and reproduction 
from

One of the ways to judge a skilled crafts
man is by the tools he uses. They’re in
variably the best he can find — chosen to 
lighten his work, sharpen his skills. And. 
if the craftsman is a draftsman, they are, 
more often than not, products of K&E.

It may be that some of these products have 
escaped your attention (after all, we offer 
something over 8000 items). That’s why 
we suggest you pay a visit to your K&E 
dealer whenever you can. It’s a liberal edu
cation on what’s new — as well as what’s 
tried and true - in drafting equipment.

You’ll find many products like these which 
can be highly useful in your work . .

K&E “Quick Set“ Bow Compass

I he most remarkable feature of this com
pass is the speed and ease with which you 
can change settings—from diameters of 12 
inches to 1/16 inch. With one hand, you 
can increase or decrease radii instantly and 
exactly. To go from small to larger radius, 
just press a spring release, and the legs will

-KEUFFEL & ESSER CO.-

leg pencil compass, and the NI070 com
bination with interchangeable pen and 
pencil inserts. Both come with a box con
taining leads and spare needles. And with 
the NI070, a pen handle is provided for 
the pen insert which permits its use as a 
ruling pen. The compass can also be used 
as a divider by substituting one of the 
spare needle points for the lead in the pen
cil insert.

Marathon" Ruling Pens

K&l Marathon I ong Line and Wide Line 
Ruling Pens (1092) hold an extra large

expand automatically. Stop approximately 
where you want, and make precise adjust
ments with a micrometer screw. To go 
from large to small, simply squeeze the 
legs of the compass together, then adjust 
precisely.

The K&E Quick Set combines the rigidity 
and precise adjustment of a standard bow 
compass, the simplicity and speed of a 
friction type compass, plus the finger tip 
control of K&E’s unique design. You have 
to try the Quick Set to appreciate it fully. 
Two types are available. T he N1071 fixed

ink supply draw lines up to eight times 
longer than ordinary ruling pens. And 
because they are pre-set, line widths are 
always uniform, easy to match with com
plete accuracy. Ink flow is regular and 
even, lines are always sharp and clean 
edged.

An important feature of K&E Marathon 
Ruling Pens is that they will not leak. They 
can be laid on the work surface without 
risk of ink flowing out. That means you 
can fill several pens of different widths, 
use them as freely as you’d use pencils. 
I hey’re easy to clean, too.

K&E Marathon Long Line Ruling Pens arc 
available individually in line widths of 
.006, .009, .013, .020 inch — or in sets of 
three pens in line widths of .009, .013, .020 
inch in a Leatherite case. Marathon Wide 
l ine Ruling Pens come in line widths of 
.030 and .060 inch.

Leroy* Height end 
Slant Control Scriber

A versatile new Leroy scriber is now avail
able which greatly expands the variety of 
lettering possible from a standard Leroy 
template.

Now, with the new Height and Slant 
Control Scriber (3237-12), you can form 
characters from vertical to slanting at any 
angle up to 45° 
forward. You can 
vary height from 
60% to 150% of 
the size of letters 
on the template 
used. Ihe width 
of letters remains 
the same.

Combinations of height and slant can be 
set quickly and easily. You just loosen the 
knob, move the scriber arm to the desired 
combination of height and slant, and tight
en. That’s all there is to it.

Stop in to see your nearest K&E dealer 
and ask to see these three products—small, 
perhaps, but mighty handy in the drafting 
room. Or drop us a line by mailing the 
coupon below ...

KEUFFEL & ESSER CO., Dept. ED-4, Hoboken, N. J.
I’d like

. □
□
□

more information on:
K&E Quick Set Compass 
Marathon Ruling Pens

□ I eroy Height and Slant 
Control Scriber

Please send me the name and address of my nearest K&E Dealer.

Name & Title

Company & Address
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become less critical

I STEP

4 STEPS3 STEPS

5 STEPS

distortion factor
Fig. 1. Step-type transfer characteristics used to

nius. $10.75

message are equally probable 
While a small value of m, v

TOTAL
HOURS

direct from

vestigate the effect of levels of PAM signals whic 
represent a spoken message.

SCHEDULE MAINTENANCE — STUDY PRODUCTIVITY

assumed that all amplitudes in the original

SEALED ~ 
ELAPSED TIME 
INDICATORS
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esults in a large value of k, the ease with which 
peech can be understood is not related to this

6 STEPS Cout

simple manner,

step transfer curve has only four steps (see Fig. 1 
even meaningless syllables are understood wit 
65 per cent success, although Eq. 1 indicates 
distortion factor of 26 per cent.

Abstracted from an article by K. Kuepfmuelh 
and W. Andrich, Nachrichten technische Zeit 
schrift, Vol. 11, No. 8, August 1958, pp 389-392.

creased. In general, an ev en number of steps gives 
better results than docs an odd number. When the

In order to investigate this feature of PCM, a 
device with the step-type transfer characteristics 
shown in Fig. 1 can be constructed. Even if only 
one step is used, words and sentences can be un
derstood with surprising consistency. While this 
has been explained by noting that the informa
tion contained in the zero crossings of the speech 
signal (frequency modulation) is preserved with 
the one-step transfer characteristics, it is also true 
that the harmonic amplitudes in the output due to 
the signal are larger than the distortion compon
ents generated by the limiting.

If more than one step is used, it 
optimum values of step inters als (Xi 
. . .) correspond to each situation.

1959 576 pages
At your bookstore

WHEN a message is transmitted by means 
of pulse-amplitude modulation (PAM), a 

train of pulses with pulse spacing 2T is used to 
represent the signal if the highest significant fre
quency component in the message is 1 2T. The 
message is reconstructed without distortion when 
the PAM signal is passed through a distortionless 
low pass filter with cut-off frequency 1 2T. Since 
transmission using pulse code modulation (PCM) 
is particularly insensitive to noise in the com
munication channel, information from the PAM 
is encoded into binary signals. For this purpose' 
it is necessary to subdivide the amplitudes into 
discrete levels and transmit the PCM signal 
through a channel whose cut-off frequency is at 
least (]og2in)/2T if m levels are used. The use of 
discrete steps results in signal distortion which is 
generally described by a distortion factor k. 
where

440 FOURTH AVE., NEW YORK 16, N. Y. XJ 
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Glass to-metal sealed ELAPSED TIME ¡nd: 
cators. Compact, low cost, tamper-proof. 
Standard ASA MIL dimensions, 2’2" and 3 1 / 
sizes. Easy to read standard size counter 
registers 1 10 hour steps to 9999.9 or hour 
steps to 99999. Hermetically sealed Shielded. 
Starts, operates continuously from —55°C 
to +85°C. For 110-125 or 220-250 volts 
60 cycle A.C. Bulletin on request. Marion 
Electrical Instrument Co., Manchester, N. H.. 
U.S.A.

Copyright © 195S. Marion

meters
CIRCLE 369 ON READER-SERVICE CARD

is found that 
x, -.
These values

2 STEPS y 
Août

ELECTRONIC 
CIRCUIT THEORY

Volume 1

Devices, Models, and Circuits
By HENRY J. ZIMMERMANN and SAMUEL J. 
MASON, both of Massachusetts Institute of Tech
nology.
This book deals primarily with methods of analysis 
of electronic circuits The model concept—a general 
approach to the synthesis of resistive models for 
electronic devices—is stressed. Special attention is 
given to pieces ise-linear models suitable for large- 
signal operation.

Contents:
Electrical Conduction and Diodes. Resistive Diode 
Circuits. Rectification and Detection Transistor 
Models and Circuits. Vacuum Triodes. Other Con
trol Valves and Their Circuit Models. Wave Shap
ing and Amplification. Waveform Generation. 
Oscillations in RLC Circuits. Symmetry and Bal
anced Circuits.
A publication in the M.l.T. "core curriculum" pro
gram in electrical engineering.

JOHN WILEY & SONS Inc

advancement 
in instrument 

design



Why the new interest in
flame retardance of plastic laminates?

Automatic
Speech

Recognition

Sheet of Synthane to ivhieh blowtorch is being applied

E E P P E E E

P P G G E E

P P P P P E E E E E E

G G G G E E G Q

G G E E

GE G G G G E

E E G F E E

E E E EE E E

E = Excellent, G = Good, F »Fair, P = Poor

CORPORATION, OAKS, PENNA.

195S 125

Comparison 
Laminates

of Properties of Synthane 
with Relation to Flame 
Retardance
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tO IF
whic i
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wit

ites
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Yin

Low Mod Mod High-High Mod Low- High 
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Sheets, Hods, Tubes, Fabricated Parts 
folded-laminated, Molded-macerated

Property FR I FR 2 XX C L C M l M G-5 C-8 A M AA M

I that

alues 
is iu- 
gives 
in the

uelh
Zeit 

92.

A SURVEY of the published literature which 
deals with the automatic recognition of 

poken speech reveals four motivations for in
vestigation of the problem. The first of these is 
die narrower frequency band which can be used 
ri transmission; thus the Vocoder (II. Dudley, 
lour. Acoust. Soc. Amer., 11, 1939, p 169) makes 
possible the transmission of speech within a 50 
cps band and 40 db signal noise ratio while or
dinary telephone transmission requires a 3100 cps 
band with 48 db signal noise ratio. Sound-code 
telegraphy requires only a 15 cps band and 10 db 
signal noise ratio with correspondingly greater 
loss in “personalized” secondary information con- 
< '-ruing the speaker.

Second application for automatic speech recog- 
ition devices lies in the area of input devices for 
utomatic computers. While a digit recognition 

apparatus has been constructed at RCA, it can
not as yet be termed fully successful because it 
must be readjusted to recognize the speech “pe
culiarities” of individual speakers. The problem 

I the automatic typewriter forms the third class 
t potential applications and the transcribing of 
cech for the deaf is the fourth class.
Three, approaches to the problems can be dis

tinguished. The first of these is the analysis of 
d frequency spectrum of spoken language. 
Y hile a great deal of progress on vowels has 
I i n made, the spectrum of a consonant is deter- 
ii ned to a great extent by the vowels which 

acket it. A second approach deals with the 
irch for the information bearing elements of 
ech. A third line of investigation is concerned 

th the physiological process of speech and the 
i responding coding.
The original paper includes a brief summary 
the 43 references which are cited
Abstracted from an article by K. Steinbuch, 
ichrichtentechniache Zeitschrift, Vol. 11, No. 9, 
pt ember 1958, pp 446-454.

While it is unlikely you will ever take 
up your blowtorch to sample the flame 
resistance of laminated plastics, this 
property emerges as a lively topic for 
discussion among engineers.

Admittedly its import is for the 
councils of those whose equipment is 
flame-exposed or is powered, amplified 
or controlled by vacuum tubes and 
upon which, clustered or confined, you 
could properly fry an egg.

Under the circumstances, it is appro
priate to ask what laminated plastics 
(or Synthane, to name our choice) have 
to offer in the way of flame retardance, 
and how this property relates to the 
other, and more widely used, advan
tages of laminates.

The flame retardant grades FR-1 
and FR-2 offer good electrical and me
chanical properties (similar to Grade 
XX) plus excellent flame retardance 
and at n moderate cost. When the elec
trical or mechanical requirements are 
severe it is they that may control the 
choice of laminate even though flame 
retardance is still necessary. And it just 
so happens that the cost of producing 
grades with superior electrical and me
chanical properties tops the cost of pro
ducing flame-retardant Grades FR-1 
and FR-2.

for yourself the Synthane Grade which 
supplies all of the properties you need 
in combination and at a reasonable cost. 
Our aim is to help you obtain the most 
for your money so that you may find 
coming to us a profitable habit.

For further information about 
Synthane standard or flame retardant 
grades write Synthane Corporation, 
42 River Road, Oaks, Pa.

Two Specific Flame Retardant Laminates 
There are two grades of Synthane lami
nates specifically earmarked for flame 
retardance—Grades FR-1 and FR-2. 
Except for its flame retardance, Grade 
FR-1 closely resembles standard paper 
base phenolic Grade XX Synthane. 
Grade FR-2 is similar to Grade FR-1, 
but may be readily hot punched and 
would be used where flame retardance 
with emphasis on punchability was 
desired.

Many Grades of Synthane 
Self Extinguishing

Many standard grades of laminates— 
though they contain no flame retardant 
additives—are self extinguishing. That 
is, they do not support combustion 
when the flame is removed.

For example, the fabric and glass 
melamine grades are excellent for their 
self-extinguishing characteristics. The 
same is true of the asbestos grades. 
Why, then, special flame retarding 
grades? The answer is partly financial.

Flame 
Retardance 

Heat 
Resistance 

ARC 
Resistance 

Mecham- 
ical 
Strength 

Dimen
sional 
Stability 

Moisture 
Resistance 

Dielectric 
Strength 

Machina
bility

Cost

Flame retardant test on Synthane for switch
gear application. Heat is supplied by coi' - 
circling the sample. Temperatures up to 1600"- 
1800°F are measured with optical pyrometer.

Obviously there is more to this business 
of selecting an electrical insulation than 
flame retardance. In any spot where 
flame retardance is a factor it is pru
dent to counsel with us, directly or 
through our representatives, to secure

CIRCLE 318 ON READER-SERVICE CARD
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TEXAS TOWERS

WHITE ALICE DEW LINE

POLE VAULT

EIMAC KLYSTRONS performance proved 
in original Tropo-Scatter systems

Eimac klystrons are used in nearly every major military and 
commercial tropo-scatter system in the world. The list is impres
sive: Pole Vault, Texas Towers, Dew Line, White Alice, SAGE, 
NATO, Florida-Cuba TV, and numerous commercial networks. 
They have been selected for systems from Norway to N^rth 
Africa, from the Arctic Circle to the Andes, from the United 
States to the Far East.

In most of these systems Eimac klystrons are used exclusively. 
The reason is simple: Eimac-pioneered external-cavity klystrons 
make it possible to generate high power at ultra-high frequen
cies simply, reliably and at low cost. With the Eimac external
cavity system, tuning cavities, couplers and magnetic circuitry 
are all external to and separate from the tube. This permits ex

ElTEL-McCULLOUGH, INC.
SAN CARLOS, CALIFORNIA 

SitMC with ceramic tubes that can take it

ceptionally wide tuning range and simplifies equipment design. 
Cost is lowered because this external circuitry is a permanent 
part of the transmiiter and is not repurchased when tubes are 
replaced.

The reliability of these high-performance devices is excep
tional. Some of the original Eimac klystrons installed in Project 
Pole Vault —the first major tropo-scatter network ever estab
lished—are still going strong with more than 25,000 hours of air 
time logged to their credit.

Eimac manufactures a complete line of amplifier and pulse 
klystrons covering the most important areas of the UHF spec
trum. Write our Application Engineering Department for specific 
information.

Cable address
EIMAC

San Carlos

MEETINGS
Calendar of Events

March
31-2 9th Symposium on Millimeter Waves, New York, N.Y *

April
1-29 World Meteorological Organization, 3rd Session of 

Congress, Geneva, Switzerland

2-3 Electrically Exploded Wires Conference, Boston, Mass

2 4 Association for Computing Machinery, Cleveland, Ohio

5-10 5th Nuclear Congress, Engineers Joint Council, Cleve 
land, Ohio*

6-8 3rd Annual Astronautics Symposium (AFOSR), Wash 
ington, D.C.

6-9 16th Annual British Radio end Electronic Component 
Show, London, England

8 10 AIEE Southern District Meeting, Atlanta, Ga.

9-11 Southeastern Section, American Physical Society, New 
Orleans, La.

12-19 1st World Congress of Flight, Las Vegas, Nev.

13-15 Hydraulics Conference (ASME), Ann Arbor, Mich.

13-17 29th Annual National Packaging Conference (AMA), 
Chicago, III.

14-15 Electrical Heating Conference (AIEE), Philadelphia, Pa

14-15 Conference on Industrial Instrumentation and Control, 
Chicago, III.

16 18 Southwestern IRE Regional Conference and Electronics 
Show, Dallas, Tex.

16 30 Engineering, Marine, Welding, and Nuclear Energy 
Exhibition, London, England

17 Current Developments in the Production of High 
Vacuum Symposium, London, England

18-22 27th Annual Meeting ASTE, Milwaukee, Wise.

20-21 Techniques in Electronic Instrumentation (IRE), Phila 
delphia, Pa.

20-22 1st Annual Southeastern Regional ISA Conference & 
Exhibit, Gatlinburg, Tenn.

21-22 Technical Conference on Electronic Data Processing 
(IRE), Cincinnati, Ohio*

22-24 AIEE East-Central District Meeting, Akron, Ohio*

28 30 13th Annual Power Sources Conference, Atlantic Cit-.
NJ.

29-1 AIEE Empire District Meeting, Syracuse, N.Y.

May
3-7 Symposium on Electrode Processes, Philadelphia, Pa

4-6 11th National Aeronautical Electronics Conferen 
(IRE), Dayton, Ohio

5 -7 URSI Spring Meeting (PGI, PGIT, PGGT), Washin 
ton, D C.

5 7 7th National Conference on Electro-Magnetic Relo> 
Stillwater, Okla.

6-8 1959 Electronics Components Conference (IRE, AIE 
EIA, WCEMA), Philadelphia, Pa.

6 8 7th Regional Technical Conference and Trade She 
(IRE), Albuquerque, N. Mex.

ELECTRONIC DESIGN • April 1, 195
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1112

H 13

H 13

) 8 20

8-20
19-21
25-27

5-29

June
1-3

3-5

4-5

8 11

10 12

15 18

15 20

16 18

17-27
21 26

24 26

29 1

'Items

Symposium on Industrial Uses of Radioisotopes, At
lanta, Ga.

Notional Power Instrumentation Symposium, Kansas 
City, Kan.

Notional Symposium (PGMT, IRE), Boston, Moss.

2nd Annual Joint Conference on Automatic Tech
niques, Chicago, III.

5th Annual National Symposium on Instrumental 
Methods of Analysis, Houston, Tex.

Electronics Parts Distributors Show, Chicago, III.

AIEE Middle Eastern District Meeting, Baltimore, Md.

National Telemetry Conference (IAS, ISA, AIEE, ARS), 
Denver, Colo.

International Convention on Transistors and Asso
ciated Semi-Conductor Devices, London, England

Notional Symposium on Microwave Theory and Tech
niques (IRE), Cambridge, Mass.

Armed Forces Communications and Electronics Assoc., 
Annual Meeting, Washington, D.C.

3rd National Conference on Production Techniques 
(IRE), San Mateo, Calif.

Semi-annual Meeting, American Rocket Society, San 
Diego, Calif.

2nd International Symposium on Gos Chromatography 
(ISA), East Lansing, Michigan

Summer Meeting, Institute of Aeronautical Sciences, 
Los Angeles, Calif.

1st International Conference on Information Process
ing, Paris, France

International Symposium on Circuit and Information 
Theory (IRE), Los Angeles, Calif.

Magnet Wire
1050 (Class A), oleoresinous, P.E.

Engineered Wire for Engineered Products 
Supported by Complete Factory Stocks

International

Summer and 
Wash.

2nd Nuclear 
Idaho

Plastics Exhibition, London, England

Pacific General Meeting AIEE, Seattle,

Instrumentation Symposium, Idaho Fails,

National Convention on Military Electronics (IRE), 
Washington, D.C.

described herewith.

9th Symposium on Millimeter Waves, March 31- 
April 2’

ngineering Societies Bldg., New York, N.Y. Spon- 
>red by IRE with the support of the AFOSR. 
Hfice of Naval Research, and the U. S. Army 
^nal Research & Development Laboratory the 
ent will be held without a charge for admission 

। registration. As in the past, recognized au- 
orities will summarize the present state of the 
t and recent outstanding advances will be pre- 
nted by research workers from university, in- 
’strial, and government laboratories throughout 
< world. Further information may be obtained 
in: The Micro wave Research Institute, Poly- 
hnic Institute of Brooklyn, 55 Johnson Street, 

rooklyn 1, N.Y.
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1. Low cost.

2. Most uniform diameters of any film-coated wire (except CELENAMEL).

3. Outstanding electrical qualities—continuity of film 
(mercury test)—voltage breakdown.

4. Particularly suitable for paper section coils.

5. Extremely close wire tolerances—uniformly accurate 
coil resistances.

Other Magnet Wires—For Every Requirement

105C (Class A), Vinyl Acetal-Nylon—NYLCLAD*

130C-155C (Class B-F), Polyester—BELDTHERM*

105C (Class A), solderable Polyurethane—BELDSOL*

105C (Class A), solderable Cellulose acetate—CELENAMEL*

180C-130C-105C (Classes H, B, & A)—SQUARES & RECTANGULARS

'Belden Trademark 
Reg. U. S. Pat. Off.

One Wire Source for
Everything Electrical and Electronic

Belden
WIREMAKER FOR INDUSTRY 

SINCE 1902 
CHICAGO

01A01H8
CIRCLE 323 ON READER-SERVICE CARD

Magnet Wire • lead Wire • Power Supply Cords, 
Cord Sets and Portable Cord • Aircraft Wires 

Electrical Household Cords • Electronic Wire* 
Welding Cable • Automotive Wire ond Cable
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How do you 
suppress 
R. F.
interference 
without complicating 
design ?

At Metal Textile, we’ve been helping design engineers do just that since 1943! We’ve 

tackled RF suppression problems in applications ranging from radar cabinets (shown 

below) to highly sensitive navigational guidance systems-and we solved them all... 

without complicating the design factor. With over 600 proven electronic weather

stripping materials already to their credit-our engineers are equipped and ready to 

take on your particular shielding problem. For oest results, of course, we prefer to be 

called in during the development stage where shielding can be conveniently integrated 

into overall design. Yet even when RF leakage is detected in the actual production 

model-our experience can often help you solve the problem quickly, economically and 

without major redesign. Write or call without obligation: Metal Textile Corporation, 

Electronics Division, 647 East First St., Roselle, New Jersey.

MEETINGS

5th Nuclear Congress, April 5-10
Public Auditorium in Cleveland, Ohio. 
Theme: For Mankind’s Progress. Spon
sored by more than thirty leading en
gineering, scientific and management 
groups, forty sessions are to be held. 
Features of the meeting will be engineer
ing papers dealing with advances in re
actor technology and the use of radio
active materials, a trade show, the 
ATOM FAIR, talks devoted to problems 
of industrial management in the nuclear 
field and papers devoted to laboratory 
problems in radioactive materials. For 
information: Engineers Joint Council, 
29 West 39th St., New York 18, N.Y.

Technical Conference on Electronic Data 
processing, April 21-22
Enginering Society Bldg., Cincinnati, 
Ohio. Conference Theme: Electronic 
Data Processing. Papers to be presented 
on applications of data processing to 
such fields as communications, radar, 
computers, missile technology, chemical 
engineering, machine tools, and nucle
onics.

AIEE East-Central District Meeting, April 
22-24
Sheraton Hotel, Akron, Ohio. To be held 
in conjunction with the 11th Annual 
AIEE Rubber and Plastics Technical 
Conference, there will be a program ol 
more than 50 technical papers and dis 
cussions. A special symposium on “Heat
ing for Plastics Extrusion” has been 
scheduled together with such topics as: 
industrial heating and lighting; automa
tion; computers; communications; high 
voltage cables and transmission; electric 
drive equipment; relaying and distribu
tion; static components; nylon tire cord 
processing; rubber processing; standards 
for the rubber and plastics industry; its 
atmospheric contamination problems; 
and its use of new machines and proc
esses; magnetic amplifiers, transistors, 
and semi-conductors.

Paper Deadlines
May 1: Deadline for papers to be pre
sented at WESCON, Aug. 18-21 to be 
held in San Francisco, Calif. Required 
are 100-200 word abstracts, together with 
complete texts or detailed summaries 
which should be sent to Dr. Karl R 
Spangenberg, WESCON, 60 West 41st 
\ve.. San Mateo. Calif.

ENGINEERS 
Junior • Senior 

Project

YOU 
won’t get lost 

at LEAR
Lear offers unlimited opportunities for advancement and greater responsibili
ties to creative minded, electronic engineers because . . .

You aren’t submerged in a "chain of command. You are in 
direct contact with the decision makers.
Lear, for twenty-eight years a pioneer in precision Hight 
equipment, is moving ahead in many new fields. Investment 
companies recognize Lear as a prime growth" company.
If you are experienced in the design and development of air 
and/or ground based communication and navigation equip
ment, you can look for immediate recognition.

If you would like to work in sunny Southern California (just minutes from 
world famous Santa Monica beaches); write to:

L. S. PECK, Manager
I nd us trial R el at in ns

M METAL TEXTILE CORPORATION
...world's largest and oldest producer of knitted wire products 

XZX3233 A DIVISION OF GENERAL CABLE CORPORATION 
CIRCLE 324 ON READER-SERVICE CARD

V Hr INC., Dept ED-4
■ 3171 South Bundy Drive, Santa Monica, Calif.

CIRCLE 877 ON READER-SERVICE CARD
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Drop us a card, briefly stating 
your education & experi
ence. We’ll act im
mediately to get to- J 
gether with you If ADDRESS: 
and talk it over. X PROFESSIONAL 

PLACEMENT 
DEPT.

be held 
Annual 
clinical 
rani ol 
nd dis 
“Heat- 

! been 
lies as: 
utoma- 
!; high 
dectric 
strilli I-

n dards 
try; its 
blems; 
I proc- 
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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.

York, Penna.

AVIATION CORPORATION

York Division
York 47-2611

It's great to be proud of 
the place you work

To some engineers, a job is a job is a job. But 
it doesn’t have to be. It can be a career to take 
pride in. the wav the engineers and scientists at 
Autonetics do.

These young men have already made Autonetics 
a leader in electronics and electromechanics. For 
example, they designed the inertial navigation 
systems for the USS Nautilus and Skate and the 
monopulse radar system for the Air Force’s F-105.

These same young men now are working on new 
developments —an even more advanced inertial 
navigation system for the first nuclear-powered 
Polaris-earning submarines...the guidance and 
control systems for the Minuteman and GAM-77 
missiles ... and many more.

Today at Autonetics there is room for engineers 
and scientists who want to have a part in these 
histon-making activities. Please send your resume 
to Mr. V. D. Benning. 9150 East Imperial High- 
wav. Downev. California.

Autonetics
A DIVISION OF NORTH AMERICAN AVIATION, INC

INERTIAL NAVIGATION / ARMAMENT CONTROL / FLIGHT CONTROL / DATA PROCESSING

Among the achievements of Autonetics’ young men: the first successful 
airborne all-inertial navigation system...first navigation system accurate 
enough to guide the USS Nautilus and Skate on their historic voyages 
beneath Arctic ice... first successful automatic star tracking by an iner
tial navigation system during daylight flight...first completely maneu
verable, inertially stabilize* gyro platform... first successful completely 
automatic landing system for supersonic missiles and aircraft... first 
transistorized portable digital computer with "big computer" capabilities.



You can explore new areas at IBM in

FGH I J K
MN

V W X Y

COMMUNICA
( reative people at IBM are hard at work on a problem that has vexed man since the 
dawn of history communication with his fellow beings, The rapid transmission of precise data 
is vital in this fast-moving age. One group of engineers and scientists at IBM is working 
on multiplexing techniques to channel data. This data has Io be made available at maximum 
speed at desired times and places. Another group is developing computer systems that 
will control complete warehousing or industrial operations. For the military. IBM is designing 
a computer that will make available in retd time, data concerning troop strength and 
dispositions. This important work needs imaginative people. If you want to be a part of 
this world of discovery and development. there are many opportunities at IBM.

A NEW WORLD OF 0Pr RTUNITY. Both technical and administrative* engineering careers offer 
parallel advancement op, n t unit ies and rewards at IBM. You will enjoy unusual professional 
freedom, comprehensive (‘ducation programs, the assistance of specialists of diverse disciplines, 
and IBM’s wealth of systems know-how. Working independently or as a member of a small 
team. your individual contributions an' quickly recognized and rewarded. This is a unique 
opportunity for a career with a company that has an outstanding growth record.

IBN For details, write, outlining 
background and interests, to;
Mr. R. E. Rodgers, Dept. 555 D I
IBM Corporation
590 Madison Avenue
New York 22, N. Y.

INTERNATIONAL BUSINESS MACHINES CORPORATION

While in New York for the I.R. E. Show, you are 
cordially invited to visit the IBM booth and the 
IBM Product Display Center at IBM Head
quarters, 590 Madison Avenue at East 57th Street.
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SOLID STATE ENGINEERS AND SCIEN

it’s YOUR PROJECT all the way through

OPPORTUNITIES

CIRCLE 873 ON READER-SERVICE CARD

GENERAL DESCRIPTIONS 
OF SOME ASSIGNMENTS

CIRCUIT DESIGNERS to design tran
sistor amplifiers, relay lines, transistor 
tube conversion circuits Develop sys

tems circuit specifications, perform 
circuit evaluation experiments and reli
ability criteria. Other openings in cir
cuit design for magnetic devices.

INDUSTRIAL CONTROL ENGINEERS to 
perform precision AC and DC electric 
measurements. Assignments in ampli
fier design, relay circuit logic, test 

equipment development, analog to 
digital conversion, and noise reduction.

MATHEMATICIANS to do digital com
puter programming, handle analysis- 
of variance and multiple regression 
type problems Design experiments for 
wide variation of engineering applica 
tions Knowledge of application of 
probability or game theory desirable.

TISTS to do applied research on pre
cision linear circuitry employing solid 
state devices using analog to digital 
conversion techniques and sample 
data. Experience in feed back amplifier 
design desirable Also opening for 
engineers with experience in precision, 
low-level linear circuits employing 
solid state, to work on analog to digi
tal conversion techniques.

Qualifications: B S , M S , or Ph.D. 
in Electrical or Mechanical Engineer
ing, Physics, or Mathematics — and 
proven ability to assume a high de
gree of technical responsibility in 
your sphere of interest.

eCTRONIC DESIGN • April 1, 1959

CAREERS AVAILABLE 
IN THESE AREAS...

CIRCUIT DESIGN & RESEARCH 
COMMUNICATIONS 

COMPONENT ENGINEERING 
COMPUTER ANALYSIS & DESIGN 

CRYOGENICS 
ENGINEERING PHYSICS 

INERTIAL GUIDANCE 
INDUSTRIAL CONTROL 
INFORMATION THEORY 

LOGICAL DESIGN 
MATHEMATICS 

OPTICS 
PROGRAMMING 

RADAR 
REAL TIME STUDIES 

SEMICONDUCTOR DESIGN 
SOLID STATE DEVELOPMENT 

SYSTEMS DEVELOPMENT

SYSTEMS ENGINEERS to analyze and 
design computer systems Backgrounds 
required include analog to digital con
version; analyses and preparation of 
diagnostic programs; development of 
complex devices in servo-mechanisms 
or radar for advanced systems.

LOGICAL DESIGNERS with two to four 
years' experience outlining logical 
blocks Previous computer experience 
desirable. Some experience in transis
torized equipment specification helpful. 
Must have strong interest m the theo
retical and practical aspects of check
ing means and various codes, redun
dancy, error detection and correction, 
information flow, and other factors

Ideas are the life-blood of an operation devoted exclusively 
to diversified electronics research, development and produc
tion. So it’s logical, we think, for the project engineer to see 
his idea to completion ... from design through construction 
through field testing (and sometimes, alas, back to the draw
ing board). The effectiveness of this project approach is 
illustrated by our achievements in military and industrial 
electronics. If you generate sound ideas and would like the 
opportunity to follow through on them ... and if you like the 
idea of living beneath bright, sunny skies the year around ... 
write to Mr. Kei Rowan, Department B-4

Electronic Engineers, Mechanical Engineers, Physicists - SYSTEM ANALYSIS. DESIGN 
AND TEST—Radar • Missile Guidance • Navigation • Combat Surveillance • 
Communications • Field Engineering • Data Processing and Display— CIRCUIT 
DESIGN, DEVELOPMENT AND PACKAGING-Microwave • Pulse end Video • 
Antenne • Transistor • R-F and I-F • Servos • Digital and Analog 
TECHNICAL WRITERS AND ILLUSTRATORS, QUALITY CONTROL ENGINEERS, RELI
ABILITY ENGINEERS
Motorola also offers opportunities et Riverside, Celifornia and Chicago, Illinois
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Offices in major cities—Chicago • Kansas City • Los Angeles • Dallas • Dayton • Washington • 
Seattle • San Francisco • Canada: R-O-R Associates Limited, 1470 Don Mills Road, Don Mills, 
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inspect those tubes!"
Drake picked up a magnetron and looked at it. "Ahaf he

"Yours is a razor-keen mind indeed!" marveled Shakespeare 
led him away. "I haven't even written Macbeth yet!”

Garrett 
General 
General

Dept. 
General 
General



»EX I LITAR INDUSTRIAL
HERMETIC AUDIO AND POWER COMPONENTS. .FROM STOC^

.each Corp......................................................... 99
.ir, Inc...........  . 128

.ceds & Northrup Co............................... . . 118
mile Co............................................................. 58
h kheed Aircraft Corp........................ 55, 120

Magnetics Inc., Components D»v.
Xfalavan Tin Bureau
Mallory, K ( ,.

Marconi Instrument Co..................................  
darion Electrical Instruments ............. .
Mclpar, Inc. .....................................................
Metal Textile Corp...........................................
Methode Mig. Co.............................................
Metronix. Inc., a Subsidiary of Assembly

Products, Inc.................................................
Michigan Magnetics, Inc................................
Mu ro-Letric, Div. of Micro Machine Works
Micro Switch. Div. of Minneapolis 

I Iones well ......................................... 12
Miniature Precision Bearings .......................
Minneapolis-Honeywell Co.............................
Minneapolis-Honeywell Co.............................
Monitor Products ............................................
Monsanto Chemical Co....................................
Moseley, F. L. Co............ .........................
Motorola, Inc., Western Militärs Electronics

IOS
86

1 io
16, 17

86
121
118
128
27

88
92
74
13
66

10.3

Milliard Ltd.
131 
10(1

North American Aviation. Im.......................... 129

Oak Mfg. Co.....................................  .... 43
Ohmite Mfg. .. ................................................ 33

PCA Electronics, Inc.............................. 103
Pace Electrical ................................................. 90
Packard-Bell Electronics Corp.................... 52
Phalo Plastics Corp....................   24
Phelps Dodge Copper Products ( o........... 21
Philco Corp., Lansdale Tube Div. ... 7
Photocircuits Corp......................................... 29
Polytechnic Research Ar Development f e 111
Potter Instrument Co...................................... 6

Typical 
Miniature Audios

RC 25 Casa
61/64 x VI3/

1.5 i
1-9/16

Type 
NO. Application

MH 
Type

PH. Imp. 
Ohms

H-20 Single plate to 2 grids, can 
also be used for P.P. plates

H-21 Single plate to P.P. grids, 
DC in Pri.

H-22 Single plate to multiple line

H-23 P.P. plates to multiple line

H-24 Reactor

ideal for high reliability industrial applications. Listed 
below are a few of the hundred stock types available fo 
every application. Industrial ratings in bold.

UTC stock hermetic units have been fully proved to MIL 
T-27A. eliminating the costs and delays normally related 
to initial MIL T-27A tests. These rugged, drawn case, units 
have safety factors far above MIL requirements, and are

Type 
NO Application

MIL 
Type

Pri. Imp. 
Ohms

Sec. Imp. 
Ohms

Unbai. 
0C in

Pri. MA
Response

2 db (Cyc.)
Max. leve 

dbm
H-1 Mike, pickup, line to grid TF4RX10YY 50, 200CT, 500CT 50,000 0 50-10,000 + 5
H-2 Mike to grid TF4RX11YY 82 135,000 50 250-8,000 + 18
H-5 Single plate to P.P. grids TF4RX15YY 15,000 95,000 CT 0 50-10,000 + 5
H-6 Single plate to P.P. grids. 

DC in Pri.
TF4RX15YY 15,000 95,000 split 4 200-10.000 + 11

H-7 Single or P.P. plates to line TF4RX13YY 20,000 CT 150/600 4 200-10,000 +21
H8 Mixing and matching TF4RX16YY 150/600 600 CT 0 50-10,000 + 8
H-14 Transistor Interstage TF4RX13YY 10K/2.5K, Split 4K/1K split 4 100-10,000 +20
H-15 Transistor to line IF4RX13YY 1,500 CT 500/125 split 8 100-10,000 +20

TF4RX15YY 15,000 split

ÌF4RX15YY 15,000

IF4RX13YY 15,000

1F4RX13YY 30,000 split

IF4RX20YY

H-25 Mixing or transistors to line TF4RX17YY

Typical 
Subminiature Audios

Unbai.
Sec. lmp. 0C in 

Ohms Pri. MA
80.000 split 0

80,000 split

50/200, 
125/500

50/200, 
125/500

Response Max. level 
+ 2 db (Cvc.) dbm

30-20,000 +12

8 100-20,000

8 50-20,000

8 30-20,000
BAL. _____

450 Hys.-O DC, 250 Hys.-5 Ma. DC, 6000 ohms
65 Hys.-10 Ma. DC, 1500 ohms

500 CT

Type 
No

500/125 split 20

Application

40-10,000

H-31 Single plate to 1 grid, 3+
H-32 Single plate to line

+ 23

+23

+ 19

Typical 
Compact Audios

RC-50 Case 
1-5/8 x 1-5/8 x 2-5/16 

8 oz.

; Di'. t
. . . . 12
». .. IL
. .. . 1
.... ♦
... lb

. ’ . f 
»ihn ।

lb

►
Coir ?

ARD

hadio Corp, of \merica. Electron Tulx> Div. 51 
Hadio Corp, of America, Semiconductor &

Materials Div......................................... Cover TV
I , t . .1, \ft'J < • id

Raytheon Mfg. Co.. Semiconductor Div. , 2
Reeses Instrument Corp................................. 6K
Resistance Products Co.................................... 120
Rotron Mfg. Co................................................. 81
Royal McBee Corp. . ..................................... 94

safeway Heat Elements, Inc. .............. 102
sarkes Tarzian, Inc......................................... 122
sealectro Corp.................................................... 28
sei-Rex Precious Metals, Inc....................... 104
shallcross Mfg. Co........................................... Ill
Sigma Instruments......................................... 1-£
Simpson Electric Co........................................ 9.
Solid State Products ..................................... 13
sonotone Corp.................................................... 6"
southco. Div. of Smith Chester Corp .... 76
sperry Gyroscope Co...................................... 37
Sprague Electric Co......................................... 9
Stevens Mfg. Co................................................ 15
Synthane Corp......................................................125

Technic. Inc....................................................... 84
’eletronics Labs......................................... • • 77
enney Engineering. Inc....................  .... 4.

■ exas Instruments. Inc. ..... ................... 12
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CIRCLE 327 ON READER-SERVICE CARD ►

Type 
No.

SM Case 
1/2 x 11/16 x 29/32 

.8 oz.

H-33 Single plate to low imp.
H-35 Reactor
H-36 Transistor Interstage

H-39 Transistor Interstage
H-40A Transistor output

+ 30

MIL 
Type

Pri. Imp. 
Ohms

Sec. Imp. 
Ohms

Unbai.
0C in 

Pri. MA
Response 

- 2 db (Cyc.)
Max. lev! 

dbm I
TF4RX15YY 10,000 90,000 0 300-10,000 + 13|

TF4RX13YY 10,000 200 3 300-10,000 +131

TF4RX13YY 30,000 50 1 300-10,000 + 151

TF4RX20YY 100 Henries-0 DC, 50 Hennes-1 Ma. DC, 4,400 ohms.

TF4RX15YY 25,000 (DCR800) 1,000 (DCR110) .5 300-10,000
±icj

TF4RX13YY 10,000 CT (DCR60Ò) 2,000 CT 2 300-10,000 + 19

TF4RX17YY 500 CT (DCR26) 600 CT 10 300-10,000 +19

HV Sec. 
CT

H-80 450
H-81
H-82
H-84
H89

Type 
No.

H-121
H-122

500 550
540 600
700/750
850 1050

Military Rating
OC MA* Fil. Secs.

Industrial Rating 
DC MA* Fil. Secs.

12Ó 6.3 V, 2 A 130 6.3V,2.5A.
Case

65 55
110 65
170 110
320 280

Car 
Volts Amps.

10(12!
20(26)

6 3V.3A-5V.2A
6.3V.4A -5V,2A

75/65 
180/100

6.3V,3A.-5V,2A.
6.3V,4A.-5V,2A.

Typical 
Power 

Transformers

6.3V,5A.-6.3V,1A.,5V-3A
6 3V,8A.-6.3V,4A,5V-6A

Test 
Volts Case
10 KV
10 KV

H-125 5 10(12) Í0 KV KB

H-130 6.3 CT .61.75) 1500

And Special Units to 
Your Specifications

210/150
400/320

Type 
No.

H-131
H-132

6.3V,6A.-6.3V,1.5A-5V,4A
6.3V,8A.-6.3V,4A.-3V,6A.

Pri: 115V 50/60 Cyc. 
°Choke/Cond. inp.

See.
Volts Amps.

Test 
Volts Caso

6 3 CT
6.3 CT
6.3 CT

2(2.5) 2500
2500

Typical 
Filament

Transformers

H-13J 6.3 CT 7(8) 2500 HB
2500

Pri: 105/115/210/220V 
except H-130 (115) and 

H-131 (115/220)50/60 Cj6.3 CT 10(12)H-134

Type 
No.

MIL 
Type

Ind.
Hys.

@ MA 
DC

Ind.
Hys.

@ MA 
DC

Ind. @ MA
Hys. DC

Ind.
Hys.

@ MA 
DC

Res. 
Ohms

Max. DCV 
Ch.Input

Test V.
RMS Ca

H-71 TF1RX04FB 20 40 18.5 50 15.5 60 10 70 350 500 2500

H-73 TF1RX04HB 11 100 9.5 125 7.5 150 5.5 175 150 700
2500 j

H-75 TF1RX04KB 11 200 10 230 8.5 250 6.5 300 90 700
2500 1

H-77 TF1RX04MB 10 300 9 350 8 390 6.5 435 60 2000
5500 1

H79 TF1RX04YY 7 800 6.5 900 6 1000 5.5 1250 20 3000 9000 7x|

UNITED TRANSFORMER CORPORATION 
ISO Varick Street, New York 13, N. Y.

PACIFIC MFG. DIVISION: 4008 W. JEFFERSON BLVD., LOS ANGELES 16, CALIF. 
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y. CABLES: "ARLAB"



RCA Ceramic-Metal Power Tubes

RCA Developmental Type Available on Sampling Basis

* Electron Tube Division

Known throughout industry and military services for high- 
efficiency operation and ability to withstand high voltages at 
ultra-high frequencies, RCA Ceramic-Metal Power Tubes are the 
answer for the designer who requires higher power in a smaller, 
compact tube design. No other power tubes in this class combine 
features such as: coaxial-electrode design; low-loss ceramic 
bushings between electrode contact surfaces; matrix-type cathode; 
extra-sturdy heater, low screen current, virtually no primary 
screen grid or control grid emission!

RCA Ceramic-Metal Power Tubes merit the attention of new 
equipment designers for a wide variety of applications. Your RCA 
Representative will be glad to discuss with you your requirements 
for RCA Ceramic-Metal Tubes and the availability of 
developmental types on a sampling basis.

INDUSTRIAI PRODUCTS SAKS
NEWARK 2, N. I.
744 Brood St , HUmboldt 5-3900
CHICAGO 54, ILLINOIS
Suita I 154, Marchondita Mort Pioto, WHitahoU 4 2900
LOS ANGELES 22, CALIF.
6355 E. Wothington Blvd., RAymond 3 8361
DETROIT 2, MICHIGAN
714 Naw Cantar Building, TRinity 5-5600

c.l»nm(nt sails 
HARRISON. N f

Type 
No.

A-2582*

CW Service 
mu.

Plate Input 
(Watts) 

30

Pulse Service 
mas 

Peak Plate 
Input (Watts)

mas. 
Frequency 

for full 
Input (MC)

1215

mas. 
Plate 

Dissipation 
(Watts)

25
A-2587* — 3750 1215 25
6816 180 — 1215 115
A 2543 A* 9000 1215 115
A-2572* 1250 — 1215 600
A-2585* — 64000 1215 600
7213 2500 — 1215 1500
A 2576 A* — 180000 1215 1500
A-2545* 20000 — 400 10000
A-258P 2000000 500 10000

415 S. Fifth St., HUmboldt 5 3900
DAYTON 2, OHIO
224 N Wilkinton St , BAId- n 6 2366
WASHINGTON 6, D C


	GIVE YOUR PRODUCTS

	MORE RELIABILITY AND BETTER PERFORMANCE WITH

	ELECTRONIC

	to designers

	of missiles, computers, scalers

	mmunications equipment, etc


	ji) Filamentary

	SUBMINIATURE TUBES offer

	Broadcasting Techniques Vie for Attention

	BEHIND THE NEWS

	Russian Oil Lamp Powers Radio



	Now

	POTTER INSTRUMENT COMPANY, INC

	6

	\nti-Collision Alert for Autos


	El-JIlenco

	MPD

	THE ELECTRO MOTIVE MFG. CO., INC.

	All new Series 2 lighted display and pushbutton switch devices offer new modular versatility in lighted display

	BEHIND THE NEWS

	Typical subjects:

	Thermoelectrically Cooled Diode Breaks All Barriers

	High-Speed French Computer

	Time Reversal Studies

	NASA's Policies


	Printed Circuit Connector With Crimped, Snap-locked Contacts


	SNAP-LOCK in or out

	WITH CARBON FILM POTS

	servo iuu^o raster


	Improve Circuit Reliability

	21

	PHALO

	MILITARY CIRCUITS by

	CTRONIC DESIGN • April L 1959

	Variable Transformers

	Give a "Bonus” in Current Capacity

	ELECTRONIC DESIGN • April 1, 1959

	TENNEY OFFERS WIDEST RANGE OF

	ENVIRONMENTAL TEST EQUIPMENT



	Low-Power

	Switches

	High Fidelity Speakers

	Silicon PNPN Controlled Switches

	DC Insulation Testers

	PN II

	Circuit Breaker

	Miniature Chopper

	Twin-Triode Tube

	Beryllium Oxide Ceramic Insulator For use to 4600 F

	NEW PRODUCTS

	Transistorized Tachometer


	NEW PRODUCTS

	Insulation Resistance Tester

	CORPORATION


	NEW PRODUCTS

	Automatic Spectrometer

	Analog Computer Kit

	UNION CARBIDE

	ELECTRONIC DESIGN • April 1, K59

	256-Channel Analyzer

	Crossbar Scanner

	FOR TRANSISTORIZED

	APPLICATIONS


	50 VOLT SUBMINIATURE PAPER

	Design Tips

	NEW PRODUCTS


	on liquid cooling

	NO. 2: DESIGN STANDARDIZATION

	PROBLEM: Cool magnetron tube,

	power supply, pulse forming network,

	pulse forming transformer, and supply

	hydraulic power for tuning.

	coolant-dielectric for all components and

	also as the hydraulic fluid.

	Elapsed Time Indicator

	Panel Instruments

	ELECTRONIC DESIGN • April 1, 19 9

	Tachometers and Frequency Counters

	Impact Recorder



	Tape specs are getting

	tougher every year



	Now...

	262 Square Inches

	of information

	inSquare Inch!

	10,000 Watt Ceramic Tetrode

	THAN CONVENTIONAL RF VOLTMETERS

	from 10 KC to 600 MC

	Boonton ELECTRONICS Corp




	999

	Frequency Sensor

	EXTREMEI I I MINIATURIZATION!

	HIGH RELIABILITY!

	Scaler-Analyzer

	Heat Sinks

	CONDENSED

	PERFORMANCE DATA


	NEW PRODUCTS

	Contact Inserts

	Ribbon Cable

	Digital Voltmeter



	Why permanent magnets are only temporary

	11 nin in LUU in

	Bench Punch Press

	Automatic Memory Core Handler

	What every E. E. should know about Thermistor Applications

	Welding Probe


	What every E. E. should know about Thermistor Variety

	NEW

	MINIATURE

	SERVICES FOR DESIGNERS

	Coils Built to Your Specifications

	Reliability Laboratory

	Testing Facilities

	ns

	Jesign and Development Facilities

	Precision Plating Techniques




	What every Thermistor user should know about Fenwal Electronics

	Ultrasonic Machining

	Ratios from 3:1 to 2700:1

	HOWARD INDUSTRIES, INC.

	NEW LITERATURE



	Magnavox

	Now you can pick the right handle design from Chassis -Trak

	Amperex*

	WELCH DUO-SEAL VACUUM PUMP

	Mtk VENTED-EXHAUST

	THE MOSELEY


	X - Y - @ RECORDER

	MODEL 2 S

	MODEL 3S





	FORMING PROBLEM

	Before you say it can’t be solved . . . see KENT

	F. C. KENT CORPORATION

	YOU CAN T BREAK THE SEAL ON THESE

	Low in cost...

	easiest to program and operate... most in demand

	PATENTS

	x\\\\\\\\\\\\\\ 	


	’5

	§

	Optimizes electronic component and system design!



	15-AMP

	POWER TRANSISTOR SERIES

	PATENTS

	96



	The only VOM with 100,000 """voir sensitivity

	269

	19 9

	195

	Making a Log Scale On Linear Paper

	ELI CTRONIC DESIGN • April 1, 1959

	Solving switch problems fast...

	your job... and

	IT’S ALWAYS "WINTER” SOMEWHERE

	Near-Perfect Output From Fast, One-Shot Multi



	TIME DELAY TOLERANCES AS TIGHT AS l/10th OF 1%

	+ 28

	LINEAR -

	Honeywell

	105

	REPORT BRIEFS

	I . S. Army Signal

	Laboratory designs computer to measure wind effects

	on missile launchings...

	... and Vernistat* is there!

	We promise you will receive a reply within one week!

	Generation of Oscillations



	DIGITAL PRINTER

	’ * * * cu cù cu cû ru nj nj cû nj rj nj oj cu cu cu cù cu <u cù cu cû eu cù cû eu cù nj rù cu cu ru cu cu a

	95


	FERRITI ISOLATORS

	DESIGN • April


	TODAY. AND TOMORROW!!

	1959

	119

	CTRONIC DESIGN • April 1, 1959

	s

	195

	ECTRONIC DESIGN • April 1, 1959

	127

	MEETINGS

	Paper Deadlines

	ENGINEERS Junior • Senior Project




	YORK

	GUIDED MISSILE ELECTRONICS

	York Division







	FGH I J K

	MN

	V W X Y

	COMMUNICA

	»EX

	I LITAR

	INDUSTRIAL

	HERMETIC AUDIO AND POWER COMPONENTS. .FROM STOC^




