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Director Ray Schulze to transform the 
concept of pulse code modulation and 
time sharing into a visual pattern ca­
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press.
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Special Report on Digital 
Communications. See pp 51-6?
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Highlights of This Issue
Current developments in the field of 

digital communications represent a new 
challenge for the design engineer. Be­
cause of the development of solid-state 
devices, smaller, less complex and less 
costly digital equipment can now be 
designed for more widespread use.

Alert to both the present and future 
needs of its many readers, our editors 
have assembled the latest information 
on the latest techniques in digital com­
munications. This issue contains the first 
part of a three-part ELECTRONIC DE­
SIGN SPECIAL REPORT on the subject.

Appearing in this issue are an over-all 
summary of digital communications, an 
article on pulse code modulation, an 
article on digital transmission over wire, 
and an article on the role of digital 
techniques in industrial radio communi­
cations systems.

This is the first time that the field 
of digital communications has been so 
thoroughly treated from the design en­
gineer's standpoint.

ED’s editors, in compiling this report, 
contacted the top companies engaged 
in digital-communications work. Experts 
from such companies as Bell Labora­
tories, Stromberg-Carlson, Motorola and 
International Telephone and Telegraph 
agreed with ED on the need for this 
report. They gladly contributed feature 
articles covering their special fields.

Much of the material appearing in the 
three parts of this SPECIAL REPORT has 
never before been presented.

Following this issue's opening articles, 
the next issue of ED will include a con­
tinuation of the articles on pulse code 
modulation and applications.

The third and final part of the series 
on digital communications will include 
the last part of the article on pulse code 
modulation, as well as an article on 
delta code modulation.

As a designer, you will want to be 
prepared to meet the increasingly strin­
gent requirements military and industry 
is demanding in its digital equipment. 
Our editors are pleased to present such 
thorough coverage of this rapidly ex­
panding field—called by many the most 
important area for exploitation in the 
future.
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1.25 V

ble Communication

RAYTHEON CK7246
A

□T submin triode

OPERA IS 500 MC
This Raytheon filamentary subminiature triode? 
was developed under U. S. Signal Corps contract, 
and is now commercially available for use in 
battery-operated communications equipment. 
Circuit applications include:

• Superregenerative detector 
o High frequency oscillator
• Class C amplifier
• Frequency multiplier
• Mixer

TYPICAL OPERATING CHARACTERISTICS
Class A Amplifier

Filament voltage (de)................
Filament current..........................
Plate voltage..................................
Plate current..................................
Grid voltage....................................
Transconductance........................
Amplification factor.....................

....... 1.25 V.
.......150 ma.
......... 105 v.
.......4.5 ma.
......-2.5 v. 
2700 /xmhos 
.................22

TYPICAL OPERATING CONDITIONS 
420MC. Superregenerative Detector

Filament Voltage DC 
Filament Current . 
Plate Voltage (B+)..
Plate Current...........
Sensitivity................

.......1.25 V.
. . .150 mA.

. 105 v. 
... .4.5 mA. 
5 to 10 gV.

7246 3

6 
-1.25V

^2 ANTENNA

1,1 him *12 copper wwe 
I, RFC lor 420 MCS.

C. 05 - 3 ppi
C. 10 ppi 
C,I5h4 

R, 47K, H wo* 
Q.C, 350^4

600 KCS 
APPROX.
20 VRMS

QUENCH 
OSCILLATOR

CHOKE 
lOOmH

. OUTPUT TO A.F.
È AMPLIFIER

ÓB+ 
105V

'Adjust position of antenna for maximum sensitivity 
All Dimensions Are Approximate

TYPE 7246 — 420MC. SUPERREGENERATIVE DETECTOR

Small order and prototype quantifies available directly from your local Raytheon electronic parts distributor

RAYTHEON COMPANY Industrial Components Division
55 CHAPEL STREET, NEWTON 58, MASSACHUSETTS

® Sole» Office«. Boston • New York • Chicago • Los Angeles • Baltimore • Cleveland • Dallas • Orlande 

Corernment Sale«. Boston • Dayton • Washington
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• High Output (1.0V into 70 ohms) 
Wide Range (4-120 mc, at fundamental) 
• Constant Output (Fast-acting AGC)

... For Communications Front Ends, 
IF Strips, Ooppler Radar and other 

Receivers and Transmitters 
in Missile Systems.

Kay Vari-Sweep Model IF fundamental 
frequency sweeping oscillator provides flat, 
wide and linear sweeps over the entire 
range — generates sufficient output volt­
ages to permit the testing of lossy networks 
without additional amplifiers — eliminating 
usual errors. The RF output also permits 
adequate padding in applications requiring 
feeding of two or more paths. A linear saw­
tooth voltage, synchronized with sweeping 
output, is provided as a horizontal deflec­
tion voltage for the 'scope — eliminating 
phasing adjustments.

KAY
Vm-Swt

MODEL IF

SWEEPING 
OSCIUATOR
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Digital systems of the future will be so refined that machines will communicate 
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Pulse Code Modulation Terminal And Repeater Methods, Part 1
Discussion of pulse code modulation techniques for digital system 
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Digital Data Transmission By Wire

52 
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58
Problems involved in transmitting digital data over wire lines—C Fisher
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Applications of digital techniques in industrial communications systems 
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Frequency Range: 4 to 120 mc in six overlapping 
bands Fundamental frequency. Direct-Reading fre­
quency dial.
Sweep Width: Continuously variable to maximum of 
at least 30 mc (above 50 mc) or 60% of center 
frequency below 50 mc.
Sweep Rate: Variable around 60 cps. Locks to line 
frequency.
RF Output: 1.0 vo" rms into nominal 70 ohm; (50 
ohms upon request] Output held constant to within 
±0.5 db over widest sweep and over tuning range 
by AGC circuit
Zero Reference: A true, zero reference line is 
produced on the oscilloscope during display re­
trace time
Attenuators: Switched 20 db. 10 db, and 3 db plus 
continuously variable 6 db.
Fixed Markers: Up to eleven, pulse type, crystal-con­
trolled markers at customer specified frequencies. 
Accurate to ±0.05%.
Variable Marker: “Birdie pip” marker continuously 
variable from 2 to 135 mc in six overlapoing bands. 
Direct-reading frequency dial accurate to within 
±1.0%.
Marker Amplitude: Continuously variable from zero 
to approx. 5.0 V peak
Sweep Output ^egulai sawtooth synchronized with 
sweeping oscillator Amplitude approx. 7.0 volts 
peak.
Power Supply: Input approx. 180 watts, 117 volts 
(±10%). 5060 cps B+ electronically regulated.
Dimensions: 10Vz x 19“ rack panel 12" deep. Suit­
able for rack mounting. Supplied with cabinet — 
1116" x 20" x 15".
Weight: 46 lbs.
Prices: $985.00, f.o.b. factory, including cabinet and 
eleven crystal markers.

Contlnuously 
Variable

Center Frequency - 4 to 120 me
Sweep Widths - Keto 40 me 
frequency Marker - 2 to 135 mc

Vari-Sweep
MODEL RADAR

The Vari-Sweep Model 
Radar is similar in de­
scription and specification 
to the Model IF. Fre­
quency range is 10-145 mc. 
Other frequency ranges on 
request. Price: $985.00, 
f.o.b. factory.

Write tor New Kay Catalog

■CAY
Dept ED-8 CApiUI 6-4000 

Maple Ave., Pine Brook, New Jersey

Recommendations Of Ad Hoc Study Group On Components Reliability 
Program Unveiled................................................................................

Highlights and implications of program discussed

Trigger-Rate Converter Syncs Scopes To 30 Mc .. 
Converter helps scopes trigger on vhf signals

So You’ve Got To Make A Speech!........
How to go before an audience—and live!

Coming Next Issue
Electronics has rapidly assumed a major role in the rapidly expanding 

science of oceanography. The complexities of precision measurement of 
the sea, with attendant problems of instrumentation, have created a 
vast new field for ingenious design ideas. To compile a SPECIAL RE­
PORT detailing the opportunities, ELECTRONIC DESIGN Assistant 
Editor Manfred Meisels and West Coast Editor Tom Mount talked to 
leaders in government, science, and industry. The first of two articles, 
dealing with the problems posvd in this unique field and the instrumen­
tation needed, will appear in the June 22nd issue. The second article, 
a discussion of broad areas where design ideas are badly needed, will 
appear in the July 6th issue.
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Two tin cans, a lengthy piece of taut string and two kids...many wondrous

bits” of information have been communicated by this process. As a matter of

fact, the signals were oftentimes so conditioned that no adult decommutator

existed that could decode them. Through experience such as this (plus quite a

bit of an exorbitantly more technical nature), Canoga has developed a number of

telemetry components ..from the ground up (or vice versa, as the case may be).

From transmitter,amplifier and airborne antenna to ground telemetry, tracking

antenna and receiver... all at 2200 me... Canoga ties both ends together.

CANOGA
CANOGA/A SUBSIDIARY OF THE UHOCRWOOO CORPORATION VAN NUVS, CALIFORNIA • FORT WALTON BEACH, FLORIO*
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(continued on page 6)

What FCC Needs to Know
However, with demands for space communica-
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Army Shifting It’s Molecular-Circuit Research
Signal Corps Beginning Program This Summer 
On Vapor-Phase Decomposition Technique

A RESEARCH shift to vapor deposition 
methods of producing molecular circuits is 

planned for this summer by the U. S. Army 
Signal Corps Research and Development Labo­
ratories, Fort Monmouth, N.J.

The vapor phase decomposition method, de­
veloped by Merck & Co., Inc., Rahway, N.J. (ED, 
March 16, p 66), will supplant current Signal 
Corps efforts in molecular circuitry in which 
single-crystal silicon slabs are diffused and 
etched to produce circuit functions. This work 
is felt to be paralleling research being done by

FCC Sets Space-Radio Data Deadline
Agency Seeks to Set Spectrum Allocations for Industry,

THE FEDERAL Communications Commission, 
■ determined to make adequate allocations of 

spectrum for space communications, has called on 
all segments of the industry to come forth and 
state their needs, both short- and long-range.

The FCC has long had an extensive inquiry in 
the works to determine all spectrum users’ re­
quirements in the range above 890 me. All testi­
mony had been placed in the record by Nov. 15, 
1957, and the Commission has been wrestling 
with the job of proper spectrum division ever 
since.

the Air Force, Texas Instruments, and Westing­
house Electric.

Some of the major advantages seen for the 
vapor phase decomposition process, according to 
William B. Glendinning, deputy branch chief, ad­
vanced device development branch of Fort Mon­
mouth’s Evans Laboratories, are:
■ Complex layer structures of eight or more ori­
ented single-crystal layers of p, n, or intrinsic 
material might be produced.
■ High-resistivity layers can be introduced at 
the center of a sandwich, permitting isolation be­

tions suddenly burgeoning, the Commission re­
cently decided it better update its information. 
Therefore, it asked all interested parties to hurry 
in with statements containing the latest informa­
tion by July 8. Then, on July 18, the Commission 
will listen to oral justifications by each organiza­
tion. The FCC wants to know:
■ The nature and extent of any experiments 
which have been conducted involving utilization 
of frequencies for space communications of vari­
ous kinds.
■ What segments of the radio spectrum are now 
known to be required for the various space-com­
munications functions to be performed—earth­
space-earth, space-space, telemetry, tracking, 

tween circuit elements to be achieved.
■ Production of devices from the layered material 
would require only simple, easily handled etching 
processes.
■ Low-temperature electrochemical etch process­
ing could eliminate high temperature conversion 
problems—in which p or n characteristics or re­
sistivity change from desired values.
■ The structure can be adapted to simple proc­
esses for interconnection of circuit elements.

The decomposition process involves the heat­
ing of silicon tetrachloride to the vapor phase, ■< 

guidance, command, etc.? How much spectrum 
space is required for each such function? At what 
point of time will access to these bands be re­
quired for each such function? Does each func­
tion require the same degree of protection from 
interference?
■ Can and should frequencies used for space com­
munications be shared with other services and 
under what conditions?
■ Present plans of non-govemment entities for 
launching either active or passive communication 
satellites.
■ If there are no plans for active satellites, by
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Price: $2995
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KIN TEL

COHU

HERE’S WHY 
CALCULATING ENGINEERS 

USE KIN TEL 
DIGITAL VOLTMETERS

AC CONVERTER Price: $850
The Model 452 AC converter can be added to the basic 
501 DC digital voltmeter to permit 4-digit measure­
ment of 0.001 to 999.9 volts AC, RMS, 30 to 10,000 
cps. Accuracy is 0.2% of full scale and ranging is 
manual (auto-ranging models are available).

These let you measure AC, 

increase sensitivity, 

measure ratios, 

scan multiple inputs

and then passing silicon-carrying hydrogen gas 
formed over a single crystal of silicon. Some of 
the silicon carried by the hydrogen is deposited 
during this pass. Impurities in vapor form can 
be introduced into the process to achieve the de­
sired layer characteristics.

A reaction furnace and associated equipment 
for performing vapor phase experiments are al­
ready being used for preliminary studies at the 
Evans Laboratories.

Although the primary work on the process has 
been done by Merck, International Business Ma­
chines Corp., New York, has also begun to study 
the technique, according to Mr. Glendinning. 
This work is being tied in with resistor-capacitor 
network layer deposition work on micromodule 
wafers being done by IBM for the Signal Corps.

The passive components for an OR circuit have 
been produced by IBM by depositing 17 layers 
on a wafer. The vapor phase decomposition tech­
nique is being studied as a possible method of 
adding active elements to this type of layered 
circuit.

DC PREAMPLIFIER Price: $1475

DVM & RATIOMETER Price: $3835
The Model 507B measures both DC voltages from 
±0.0001 to ±1000.0 volts and DC/DC ratios from 
.0001:1 to 999.9:1. Ranging is automatic and accuracy 
is 0.01% ±1 digit both for ratios and voltage. Any 
external reference between 1 and 100 volts may be 
used for ratio measurements.

INPUT SCANNER Price: $2500
The Model 453M master scanner automatically or 
manually scans up to 400 1-wire, 200 2-wlre, or 100 
4-wire inputs. Addition of a slave scanner (453S) 
permits scanning up to 1000 data points.

6 7 8 9 10
MODEL 501 

DC DIGITAL VOLTMETER

Current Signal Corps research program using dif­
fused and etched silicon single crystal slabs has led 
to the am demodulator circuit shown here. Raised 
diode and capacitor sections are n material with p 
materiat making up the lower portion of the 5-mil slab. 
Circuit will operate from —65 C to -f-150 C, environ­
mental tests indicate.

The Model 459 differential DC preamplifier has a gain 
of —100 which extends the DC sensitivity of KIN TEL 
digitel voltmeters to 1 microvolt. Overall system accu­
racy when the 459 is used with e digital voltmeter is 
0.15% ±5 microvolts. Input resistance Is greater 
then 5 megohms, and input and output circuits are 
completely floeting and isolated from each other and 
chassis ground. Common mode rejection is 180 db for 
DC and 130 db for 60 cps with up to 1000 ohms input 
unbalance. Input can be floated up to ±250 volts.

AC-DC PREAMPLIFIER Price: $1225
The Model 458A is a single-ended preamplifier with a 
gain of —100 which extends the sensitivity of KIN TEL 
digital voltmeters to 1 microvolt DC, and 10 microvolts 
AC from 30 to 2000 cps. An additional +1 DC gain 
position provides >10,000 megohms input impedance 
and 0.001% gain accuracy.1, Single-Plane Readout...no superimposed 

outlines of "off" digits...readout lamps 
have ten times longer life.

2, Automatic Polarity Indication ...no 
lead switching.

3. Ten Times Greater Resolution at decade voltage 
points than other 4-digit voltmeters. A unique 
extra fifth digit in the left decade indicates 
"0" or "1” to provide 100% over-ranging.

4, Automatic Ranging...decimal point is 
automatically positioned for maximum 
resolution and accuracy.

5 Remote Readout Mounting...no electronic 
circuitry in readout allows easy 
remote mounting.

6 Floeting Input...input may be floeted above 
or below chassis ground... 10 megohms input 
impedance...input connectors on front and rear.

7.Adjustable Sensitivity...control permits 
decreasing sensitivity to allow reading of 
noisy signals...greatly Increases 
instrument usefulness.

Molecular Circuit Already Built
An am demodulator circuit, containing a re­

sistor, a capacitor and a diode, has been built by 
Signal Corps researchers during the current pro­
gram. Further development work, expected to 
last for about three months before program ter­
mination, is expected to result in a 100-mc tran­
sistor structure suitable for use in the molecular 
circuits.

Low frequency units have been built according 
to Robert Yatsko, physicist in the laboratory, how­
ever narrower base widths must be achieved to 
reach higher frequency. Base widths on the order

(continued on page 6)

8 . Built-in Printer Drive for parallel input 
printers... control permits either automatic 
operation when voltmeter reaches null, or 
remote operation by external contact closure.

9 .Reliability...transistor drive circuits provide 
"cushioned" DC drive for stepping switches 
for long, trouble-free operation.

10,Accuracy...measures DC from ±0.0001 to 
±1000.0 volts...continuous, autometic 
calibration against internal standard cell provides 
0.01% ±1 digit (of reading) DC accuracy.

5725 Kearny Villa Road, 
San Diego 11, Calif.

Phone: BRowning 7-6700 
Representatives in all major cities
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whether such allocationscommunications

GENERAL SPECIFICATIONS

FEATURES
DC—10V, IV, 0.1V, and 0 01V

Dimensions-

JOHN FLUKE MANUFACTURING CO., INC.
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what means should access to active relay satel­
lites be achieved for non-govemment use?
■ Whether separate frequency allocations are re­
quired for government and non-government space

Vnitage Ranges: AC—5, SO, and 500V 
DC—05,5, 50, and 500V
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DIRECT IN-LINE READOUT 
STANDARD CEU REFERENCE 

AUTOMATIC LIGHTED DECIMAL

of 1 micron should give the 100-mc performance, 
he said.

The integrated circuits being built by the labo­
ratories begin as a 5-mil thick slab of single- 
ciystal silicon. This is diffused to produce p 
material, and then antimony is diffused into a 
surface layer to produce n material.

A rectangle about 1/8 x 3/16-in. is cut from 
the slab with a diamond saw. The surface is then

r. ©. box nei 
SEATTLE 33, WASHINGTON

Accuracy 0.2% of input voltap» 
Converter frequency lesponsa 
30 CPS to 5KC
Measures RMS value of true sine wave

should be made jointly.
■ Whether the receiving sites for space communi­
cations systems will be generally distributed 
throughout the United States or limited to spe­
cific areas thereof.
■ The purposes to be served by space communi­
cations which are not met by other systems.

In its long-range inquiry’, almost exactly the 
same questions are asked. However, in the latter 
proceeding, the Commission set a March 1, 1961, 
deadline, preparatory to international conferences 
in 1962 and 1963—so that the United States can 
determine its position in bargaining with other 
nations.

• Accuracy 0.05% of input voltage
• Four March ranges and four null 

MnsitWiti»«
• Infinite input redstone» a* null

Null Sensitivity AC—100V, 10V, IV, o IV, and 0 01V 
Ranges:

The jf 800 series differential voltmeters may bo 
used to measure DC voltages in excel* of 500 volts 
by utilizing an appropriate voltage divider (Volt 
Box). The division ratio of all models is accurate to 
0.01% and long term stability is better than 0.01% 
per year The approximate magnitude and the polar­
ity of the unknown high voltage may be easily ob­
served with the newly incorporated center zero 
panel meter

The Model 803 is the end result of more than six years 
of concentrated engineering effort in the Differential 
Voltmeter field. Excellent customer acceptance plus 
service records which reflect extreme reliability are 
evidence that this Voltmeter is truly a proven instrument.

Cabinet—9y4"Wxl3”Hxl6"D 
Rack—19wWx8%"Hxl7-5/16''D

Cabinet—30 lbs., Rack—33 lbs.

Cabinet—$875.00, Rack— $895.00

Weight.

Price:

International Allocation for Research
Last year in Geneva, an international alloca­

tion of frequencies for space use was made—but 
for research only, not for regular communications 
traffic. In Geneva, the International Telecommu­
nications Union concluded that a regular com­
munications service might be established by 1965 
and that preparations should be made to provide 
adequate spectrum space. In light of that, the 
FCC said in its latest action:

“In view of the expected rapid developments 
in space communications, it is appropriate for the 
Commission to initiate a general inquiry concern­
ing the needs of frequency bands for space com­
munications. The complex nature of this subject 
and the imminence of international conferences 
make it imperative for the Commission to initiate 
a proceeding to obtain such technical information

Max. Meter 
Resolution;

Input 
Impedance.

Accuracy: AC—* 0.2% from 0 5 to 500 VAC, 30
CPS to 5 KC

DC—*0.05% from 0.1 to 500VDC 
10.1% or 50uv, whichever is 

greater, below 0.1V

50uv

AC—1 Megohm, 25uuM 
DC—Infinite at null

DIFFERENTIAL 
VOLTMETER

MODEL

$875.00 • 803

Prices and technical 
dola subject to change 

without notice

MODEL 8OA VOLT BOXES
I Model

Division Maximum Total
¡ Nc Ratio Input Resistane» Prie»
1 8OA-1 2:1 1 KV 1 Megohm $ 6C.Û0

BOA-2 4:1 2KV î Megnhnu $ 70.00
' MA-3 6:1 3 KV 3 Megohm: $ 80.00

VOA-4 8:1 4KV 4 Megohm* $ 90.00
I WA-5 10.1 5 KV 5 Mogohms $100.00

ÌOA-é 2:1 1 KV 10 Megohms $120.00



masked and a fast etch is used to form the re­
sistive region. The surface is remasked and a slow 
etch is used to remove all the n layer except in 
the diode and capacitor regions. Back biasing 
of the capacitive area provides the storage ca­
pability.

The transistor under development is a double­
diffused silicon type. After further work, the re­
searchers may build an if stage, using the high- 
frequency transistor, which will feed through a 
demodulator to an audio-driver circuit, showing 
the feasibility of the concept for many useful 
circuit requirements. ■ ■ 

and assistance as might become available before 
these conferences.”

Indicative of the kind of demand for space is 
the current report that AT&T will seek no less 
than 500 mc in the area between 890 and 10,000 
mc for space communications. Though usage of 
frequencies becomes less and less as one goes 
higher and higher in the spectrum, FCC engi­
neers point out that there never has been a surfeit 
of usable frequencies and that serious organiza­
tions would do well to state their needs, estimates 
and claims now. ■ ■

Radio Guidance System in Atlas

Atlas radio-command guidance system used in recent 
9,000-mile shot is shown here being checked over by 
Chuck Whitington, General Electric’s Defense Systems 
Department. Black box at left is the tracking beacon 
which transmits signal through two antennas—white 
stripes on the panel—to ground station, which returns 
command signals to the missile.

BULOVA
3.5, 6, 12W 

SERVO 
AMPLIFIERS

In addition to their "greater-than’’ conver­
sions at high temperatures, the new Bulova 
Servo Amplifiers promise maximum flexi- I 
bility in systems design with a minimum 
of ounces and inches. I

The all-silicon transistors potted in these 
amplifiers assure continuous operation 
from— 50’C. to 4-125’C.and provide maxi­
mum wattage output per unit volume and weight. Under varied 
and severe environmental and operating conditions, Bulova 

¿ Bulova
ELECTRONICS

DIVISION

Servo Amplifiers exhibit outstanding per­
formance, portray the following charac* 

"*teristics: shock and vibration resistance, 
thermal and electrical stability.

I If your requirement for a 3.5, 6 or 12w 
servo amplifier is a little more sophisti­
cated, a bit more demanding than the 

— I average, take it to Bulova. There’s a stock 
unit suited to your needs and budget. For additional data write( 
Department 1671, Bulova Electronics, Woodside 77, New York.
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NEWS
TEN MEGACYCLE

u

PULSE GENERATOR
FEATURING...HIGH REPETITION RATE WITH A LOWER 

THAN 8 MILLIMICROSECONDS
RISE AND FALL TIME

Serious Talk About Parametric Amplifiers

This unit features an electronic pulse delay that can be 
set to zero or is continuously variable from 030 microseconds 
to 500 microseconds in five ranges. Pulse width is continuously 
variable from 02 to 12.5 microseconds in four ranges.

SPECIFICATIONS Amplitude: 40 volts positive, 45 volts negative • Attenuator: 
60 db in y2 steps * Polarity: Both positive and negative pulses 
simultaneously available • Output Impedance: 185 nhms * 
Output Decay Constant: 750 micfuseconds when terminated in 
185 "iims • Synchronizing Pulse Out: 10 volts, positive • Rise 
Time: Less than .02 microsecond • Width: .03 microsecond • 
External Trigger: Pulse required: 1U volts minimum with rise 
time 'ess than .05 microsecond * Pulse Repetition Rate: Con 
tmuously variable from 1 cycle/sec to 10 mc/sec in seven 
ranges • Delay: A fixed delay of .1 microsecond occurs between 
the synchronizing pulse out and the mam pulse 
$2,400.00 F.O.B. Culver City. Calif.
Also available in 10 MC double pulse version B5-2

> I

MODEL A-2

TIME DELAY GENERATOR
EXTREME ACCURACY: After calibration: ± .1% 
of full scale, long term: ± 1% of full scale 
FEATURES: .8 to 100.000 microseconds in

5 decimally related ranges
Low ptter • Linear scales • Small repetition rate 
effects • External connector provided for delay 
voltage so that unit may be externally time modu­
lated • Easily read dial controls
$750 00 F O.B Culver City, Calif

ENGINEERS: If your field is Pulse Circuitry Design, a bright future 
awaits you at Rutherford Electronics Company. Send resume to 

Glen Stout, Industrial Relations Manager. *

ßtMbtcL
ELECTRONICS CO

¡«OEB» mil

Dept ED4 . 8944 Lindblade Street • Culver City, California • TWK-CVRCY4133 

pulse generators / pulse systems / accurate time delay generators
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THE SPOTLIGHT was on parametric 
amplifiers during three days of inten­

sive microwave discussions at the Na­
tional Symposium of the Professional 
Group on Microwave Theory and Tech­
niques. In supporting roles were solid­
state materials as such and the generation 
of millimetric waves. These three topics 
were the subject of 22 of the 39 papers 
presented. Masers, the center of micro­
wave interest last year, were brought up 
only by way of odious comparison.

The intense interest in parametric am­
plifiers, according to Dr. Eric Strumwas- 
ser of Micromega Corp., is based on 
economic factors. Improved system sensi­
tivity, which, R. Weglein of Hughes Re­
search Laboratory said, has exceeded 6 
db. can be achieved in existing radars at 
low price. There are thousands of such 
radars in the country, creating a ready 
miirket for such devices.

Further work at Bell Labs using gal­
lium arsenide, described by Dr. William 
Sharpless, has produced solid-state para­
metric amplifiers approaching masers as 
far as noise figures are concerned. Using 
multiple resonator filters such as coupling 
networks, according to George L. Mat- 
thaei of Stanford Research Institute, pro­
vides bandwidths as great as 27 per cent 
in non-degenerative parametric ampli­
fiers.

A modulator-demodulator parametric 
amplifier, described by Fred Sterzer of 
RGA’s Electron Tube Div. at Princeton, 
provides stable gain that is not limited

by any frequency ratio, such as is the 
case with upper-side-band up-converters. 
The narrow-band L-band parametric am­
plifier, has a forward gain that peaks at 
nearly 30 db. Noise figures as low as 
2.5 db were obtained, he said.

In an unscheduled paper presented 
during the Monday-evening panel dis­
cussion, Richard T. Denton of Rell Labo­
ratories described a new ferrite para­
metric amplifier in which longitudinal 
pumping is employed (rf magnetic field 
applied parallel to the de magnetic field). 
A 42-mil diameter single crystal ferrite 
was used. In this device, pumping re­
duced the losses in the ferrites. The pur­
ported advantage of the device is that it . 
can probably be used to amplify at very 
high frequencies, since ferrites are used 
now at millimetric wavelengths. In addi­
tion, the external circuitry of such a device 
is simple, and the crystal will not bum 
out. A narrow line width is obtained by 
the very fine finish of the sphere’s sur­
face. Since power required increases with 
line width squared, this leads to a low 
power requirement, solving one of the 
main disadvantages of ferrite amplifiers 
of the past.

In a paper delivered for George Heil­
meier by Fred Sterzer, both of RCA, 
Princeton, the higher molecular activity 
and lower capacitance of gallium arsenide , 
material were cited as resulting in a 
higher cut-off frequency. The device can 
be driven farther into the forward direc- | 
tion where nonlinear capacitance is I

8 ELECTRONIC DESIGN • June 8, 1960



RELIABILITY !

The Philco MADT line, now with cadmium junctions, include

For complete specifications and applications data, write Dept. ED-ÌÌ860,
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hit TEST -IE iULTS AT MAXIMUM DISSIPATION ON RANDOMLY SELECTED 2N1500S- LEAKAGE CURRENT VS. TIME (Vc, - - SV) _

LIFE TEST RESULTS AT MAXIMUM DISSIPATIONON RANDOMLY SELECTED JNI5O0 S - SATURATION VOLTAGE VS TIME (lc*-» ma, I,-—1 ma.AMPLIFIERS 
2N5O2 2NSO2A 2NSO3 

2N544 2N11SR 2N1154A

SWITCHES 
2NSO1 2NS01A 2N12O4 2N1494 

2N149S 2N1494 2N1SOO

Philco Micro Alloy Diffused-base Transistors (MADT) are 
now manufactured with cadmium junctions. This is another 
major advancement in transistor engineering . . . developed 
and offered exclusively by Philco! The higher thermal con­
ductivity of cadmium insures cooler-running junctions for 
any given power dissipation . . . providing far greater tran­
sistor reliability and an extra margin of safety. It permits 
rating high-frequency germanium transistors for 100°C 
maximum junction temperature. Cadmium permits higher 
power dissipation, higher storage temperature, and improved 
capacity to withstand temporary overload. In addition to 
these advantages of cadmium, Philco MADT transistors 
have retained all the proven superb characteristics of the 
famous MADT line:

low collector capacitance 
low saturation voltage 
high beta and excellent 
beta linearity with 
t emperature and current

• excellent high-frequency 
response

• low hole storage time
• excellent temperature stability
• low noise figure

Available in quantities 1-999 
from your local Philco 
Industrial Semiconductor 
Distributor

greatest, without drawing much cur­
rent,

Mr. Heilmeiers conclusion, that 
nonlinear capacitance devices are 
superior to resistance devices, met 
with some disagreement from the 
floor.

The ability of ferrites to store en­
ergy in their electron spin was cited 
by H. J. Shaw’ of Stamford as allow’- 
ing use of an intermittent-pulsed 
magnetic field. The energy thus 
stored is then re-radiated at the 
characteristic microwave and milli­
metric frequencies. The high elec­
tron-spin density and the ability to 
operate at room temperature were 
also cited as advantages for ferrite 
materials. Bernard Epsztein of 
Microwave Research Institute of 
Brooklyn, stated that although a 
multiplicity of schemes are under­
way for generation of millimetric 
energy, no clear-cut solution toward 
an optimum generator has been 
found.

Dr. Stuart Miller, Director of 
Microwave Research at Bell Labs, 
Holmdel, N.J., took a broad look at 
a microwave communication system 
now becoming possible as a result 
of advances in microwave compo­
nents. Out of current development 
work on circular waveguide, Dr. 
Miller predicts 7/8-in. pipes carry­
ing 100.000 telephone conversations 
or 100 TV channels. Pulse-code 
modulation is being used with these 
links

In his banquet address, Dr, Wil­
liam A. Edson of GE’s Microwave 
Lab, Palo Alto, Calif., foresaw* 
trends to multi-vacuum-tube feed of 
large arrays, involving hundreds or 
thousands of smaller tubes. He also 
saw the trend vary from the micro­
wave oscillator as the output tube 
and toward the generator-amplifier- 
antenna arrangement, common at 
low’er frequencies.

The symposium was attended by 
more than 500 people, remarkable 
considering its off-the-beaten-path 
location The relative remoteness 
probably contributed, along with 
the selection of papers in very cur­
rent areas, to the high level of in­
terest obvious throughout the meet-

ONLY

TRANSISTORS HAVE

TO INSURE



NEWS

L. Berkeley Davis, vice president of General Electric 
Co. and general manager of GE’s electronic compo­
nents facilities, has been appointed president of the 
Electronic Industries Association. Mr. Davis succeeds 
D. R. Hull of Raytheon Co.

SLOW 
ORDINARY SLIDE 

INSTALLATION TIME 
(INCLUDING SHIMMING)

110,000 Engineers
Companies Total Nearly 3,500; 
Hull Calls Future 'Unlimited'

There’s no need to shim when you use Grant Self­
Aligning slides. These slides automatically adjust 
to fit misaligned chassis’or cabinets. They have a 
unique “built-in” design feature which produces 
the same efficient slide action found in perfectly 
aligned chassis.' All Grant Self-Aligning slides meet 
military specifications for material and finish. Load 
ratings on Grant Self-Aligning slides are the same 
as those for regular Grant Slides.
tyrant Self-Aligning slides are manufactured under 
U.S. Pat. No. 2,370,861.
We’ll be pleased to send you additional data on 
request.

FAST 
SELF-ALIGNING SLIDE 

INSTALLATION
TIME
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AMONG THE estimated 760,000 persons cur­
rently employed in electronics manufactur­

ing are more than 110,000 engineers, reports the 
I960 edition of the Electronic Industries Associa­
tion Fact Book.

These engineers work in 4.500 to 5,000 plants 
of an estimated 3,500 companies scattered in all 
parts of the country. However, states the Fact 
Book, nearly three-fourths of the total dollar 
volume of electronic production is concentrated 
in the seven states of New York, Illinois, Cali­
fornia, New Jersey, Pennsylvania, Massachusetts, 
and Indiana. This production comprises well over 
2,000 classes of equipment.

In its review of 1959, the Fact Book points 
to a quick recovery from the 1958 recession. This 
comeback brought total factory sales to a record 
high of $9.2 billion in 1959. Revenues from dis­
tribution, servicing and broadcasting pushed the 
total to more than $14 billion, the Fact Rook 
states.

The Fact Book credits rising missile expendi­
tures and greater electronic content of military 
equipment with boosting military electronic sales

WHEN 
YOU 

START 
USING 
GRANT 4c 

SELF-ALIGNING 
SLIDES

YOU 
STOP 
USING 
SHIMS

„ ■ GRANT INDUSTRIAL SLIDES
ilil^ GRANI POLLI ï K HARDWARE CORPORATION

Easte»» Division / . High Street West Nyack, N V 
Western Division /944 Long Beach Ave.. Los Angeles 21, Calif. 

CIRCLE 10 ON READER-SERVICE CARD

SELF ALIGNING "FLAT GROOVE" SLIDE CHANNEL
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new transistors from Sprague*

Work in Electronics
to an estimated total of $4.7 billion, 7 per cent 
over the $4.4 billion total of 1958.

Industrial, commercial and non-military gov­
ernment sources reached an estimated $1.6 bil­
lion in 1959, a figure substantially greater than 
the $1.38 billion of the previous year.

Factory sales of tubes, semiconductors and 
parts increased from $2.3 billion in 1958 to $2.8 
billion last year. Semiconductors scored the heav­
iest advance, with factory sales of transistors 
alone totaling an estimated $222 million. Com­
ponent sales for replacement purposes made up 
$900 million of the 1959 total. The correspond­
ing figure for 1958 was $860 million. At the annual 
EIA meeting in Chicago, president David R. Hull 
said the industry, already favored by almost un­
paralleled expansion, can look forward to “un­
limited” future growth. He added that he hoped 
“we will not lose our adolescent enthusiasms as we 
grow older and more mature." Hull handed over 
his presidency to L. Berkley Davis of General 
Electric.

THREE YEARS OF ELECTRONIC GROWTH

1957 1958 1959
Factory sales, 

In million $ 8,000 8,240 9,200
Consumer 1/00 1,600 2,000
Replacement 900 860 900
Industrial 1300 1,380 1,600
Military 4,100 4,400 4700

TV set production, 
In thousand sets 6,399 4,920 6349

Factory Value of 
Sets in thousand $ 833 668 896

Stations in U.S. 
AM 3,180 3318 3,450
FM 537 571 665
TV 521 546 570

Receiving tubes 
Factory sales, 
Millions of tubes 456 397 433

Transistor sales, 
Factory, thousands 28/38 47,051 82,294

Transistor value, 
Thousand $ 69,739 112,730 22,010

Semiconductor diode 
And rectifier sales, 
Factory, million 103 113 155

Component sales, 
Factory, million $ 2,435 2,200 2,833

Employment in mfg. 
of communications 
monthly av., thousands 579.8 551.4 627.3

In circuit with current gain of 10 and voltage turnoff.

Typical Maximum Units

Rise Time (L) 9 18 mpsec

Storage Time (tj 9 12 mpsec

Fall Time (tf) 7 10 mpsec

This table tells the story. Sprague Type 2N5O1 germanium micro-alloy diffused-base 
transistors are the fastest mass-produced transistors available anywhere! They are 
unexcelled for high-speed computer applications. The ultra-low rise, storage, and 
fall time cannot be matched by any other transistor.

Ultra-precise process control in manufacture results in superb and consistent high 
quality. The basic electrochemical process of fabrication takes the guesswork out of 
transistor manufacturing. The result is outstanding uniformity of product.

Because of the electrochemical process, Sprague is able to fabricate a graded-base 
transistor with no intrinsic base region. The Type 2N5O1 can thus maintain its super 
high-speed switching characteristics right down to its saturation voltage, providing all 
the advantages of direct-coupled circuitry with no impairment of switching speeds.

Type 2N5O1 Transistors are available from Sprague now at extremely reasonable 
prices. They are transistors you can use today! You need not delay your development 
work for the future when you design high-speed switching circuits with Type 2N501 
Micro-Alloy Diffused-Base Transistors.

Write for complete engineering data sheet to the Technical Literature Section, 
Sprague Electric Company, 347 Marshall Street, North Adams, Massachusetts.

Sprague micro-alloy, micro-alloy diffused-base, and surjace barrier transistors are fully 
licensed under Philco patents. All Sprague and Philco transistors having the same 
type numbers are manufactured to the same specifications and are fully interchangeable-

SPRAGUE COMPONENTS:

TRANSISTORS • CAPACITORS • RESISTORS 
MAGNETIC COMPONENTS • INTERFERENCE FILTERS 
PULSE NETWORKS • HIGH TEMPERATURE MAGNET 
WIRE • CERAMIC-BASE PRINTED NETWORKS 
PACKAGED COMPONENT ASSEMBLIES

F SUPER HIGH-SPEED 1 
SWITCHING TRANSISTORS 
k TYPE 2N501 A

Also available as special type 2N501A for 
100° C. maximum storage and 

junction temperatures.

SPRAGUE
the mark of reliability
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EECO

CORE

CIRCUITS
NEWS

Commercial Ilses
Growing for Space Hardware

nique,

Electronic Welding Methods Described
Some electronic welding advances were 

described at another session by John J. 
Chyle, director of welding research, 
A. O. Smith Corp., Milwaukee, Wis. Im­
provements in ultrasonic welding equip­
ment are broadening use of this tech-

said, particularly where

ELECTRONIC DESIGN • June 8, I960

Electron-beam welding in a high vacuum was one of the recent electronic developments 
useful in machine design described at the 1960 Design Engineering Conference. This welder 
was developed by Air Reduction Co., New York.

many non-military applications. It is still 
too early to predict what industrial uses 
may be found for current experimental 
propulsion methods, such as ion accelera­
tors, plasma jets, and methods of pro­
pelling gases magnetically, commented 
Dr. Arthur R. Kantrowitz, director, Avco- 
Everett Research Laboratory, Everett, 
Mass.

DESIGNERS should be alert to the 
possibilities of adapting space-age 

developments to commercial equipment, 
panelists urged during a session of the 
1960 Design Engineering Conference in 
New York.

Some specific recent defense and space 
research developments already appearing 
in commercial applications, cited by 
speakers at a session on New Horizons in 
Engineering Design, include:

■ New materials.
■ Virtually frictionless bearings—air 

and magnetic types.
■ Auxiliary power supplies.
■ New fabrication processes.
■ Weather-forecasting aids.
■ Communications improvements.
■ Navigation devices.
■ Medical electronics equipment.
Unfortunately, commented Dr. Hugh 

L. Dryden, deputy administrator, Na­
tional Aeronautics and Space Adminis­
tration, it is easier to get funds for de­
fense projects than for promising scientific 
programs. Because of the close relation­
ship between defense and industrial re­
search, however, often military develop­
ments make important commercial 
contributions.

Power-sources research was singled out 
as an outstanding example of this. Fuel 
cells will soon be used in civilan equip­
ment and are expected eventually to find

ENGINEERED

ELECTRONICS

Company J 1441 yjy CHESTNUT AVENUE • SANTA ANA, CALIFORNIA 

Kimberly 7-5651
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now you can choose
In designing digital systems and equipment employing EECO T-Series 
Transistor Circuits, you now have en extra choice—EECO Magnetic Core 
Circuits that are both physically and electrically compatible with the 
EECO T-Series. This new family of compatible magnetic core circuits 
for the frequency range 0 to 250 kcs includes a large selection of shift 
registers (in single or dual units), pulse gates, and core drivers.

ADVANTAGES
The ability of magnetic cores to maintain one of two discrete states makes 
them ideal for shift registers, or counters. A pulse sent through one set 
of windings will set the core to the "High-Level” state. A pulse sent 
through another set of windings will reset the core to the “Low-Level” 
state. Thus you get flip-flop action with a single core. In transistor 
circuits, on the other hand, it is normally necessary to use two transistor* 
for each flip-flop.

Core circuits are used to good edvantage in our line of shift registers. 
They offer versatility and space saving at a price tower than that of an 
aquivalent transistor circuit.

COMPATIBILITY WITH T-SERIES
EECO Magnetic Core Circuits are electrically and physically compatible 
with EECO T-Series Transistor Circuits. They are packaged in T-Serles 
containers, measuring W diameter x 2X." seated height, and they plug 
into the same miniature tube sockets as the T-Series.

Write, wire, or ’phone today for detailed 
information on EECO Magnetic Core Circuite.

ENGINEERED ELECTRONICS COMPANY

dissimilar metals must be joined. High 
vacuum electron-beam welding has al­
ready proved successful on tungsten, 
molybdenum, beryllium, tantalum, zir­
conium, and hafnium, according to Mr. 
Chyle.

Power sources are also improving, he 
said. A new ac square-wave source for 
arc-welding has already been used with 
aluminum and some other metals. Self­
correcting resistance welding sources 
using computer control are now commer­
cially available, he added.

Cites Reliability Design Factors
Basic prerequisites in designing for re­

liability were outlined by Harry R.



Powell, member of the senior staff, Space 
Technology Laboratories, Los Angeles. 
Component derating and the avoidance 
of complexity to achieve super-perform­
ance at the expense of reliability were 
cited.

Design reviews are a valuable aid in 
achieving reliability, he said. This per­
mits the engineer’s knowledge to be sup­
plemented by that of other specialists— 
in such fields as materials, processing, 
testing, procurement, human factors, and 
quality control.

Reviews also increase chances for op­
timum trade-offs in performance, size, 
weight, cost, producibility and maintain­
ability, according to Mr. Powell. Design 
weaknesses are more likely to be spotted.

He stressed the importance of careful 
design of experiments. Usually the num­
ber of tests are limited on complex, ex­
pensive systems so that they should be 
planned for maximum usefulness. Design 
engineers should be familiar with the 
statistics of small samples in order to 
meet this requirement.

The use of elapsed-time meters or 
counters on equipment to provide data 
needed to investigate reliability in field 
use was recommended by Mr. Powell.

The inadequacy of manual logging 
methods have often been demonstrated, 
he said, and also dependence on central 
clocks, stop watches, timers attached to 
cables, and similar methods have proved 
unsatisfactory.

Mechanical Role for Electronics Cited
The growing importance of electronics 

in mechanical designs was apparent in 
displays and in the remarks of speakers 
during the show, sponsored by the Amer­
ican Society of Mechanical Engineers’ 
Machine Design Div.

Machine designers must familiarize 
themselves with electronic controls, Dr. 
Dryden commented. The need for auto­
matic machines to deposit complex mo­
lecular electronics networks was pointed 
out by Elmer P. Wheaton, vice president 
for engineering, missiles and space sys­
tems, Douglas Aircraft Co., Santa Monica, 
Calif., at one session.

Technical papers on control systems, 
automation, and the use of computers 
in design kept electronics in the limelight 
throughout the four-day meeting. ■ ■
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2N696
2N697

^2N717 
¿2N718

NEW NUMBERS
SAME POPULAR TRANSISTORS 
SMALL PACKAGE OPTION

THE FAIRCHILD 2N696 and 2N697 are the world’s most copied 
transistors. We have now copied them ourselves in scaled down versions. 
The 2N717 and 2N718 are exactly the same as these popular types 
but packaged in the TO-18 case. They occupy *4 the volume of the standard 
TO-5, making them ideal for high-density equipment designs.

With maximum power dissipation of 0.4 watt at a free air temperature 
of 25°C (or 1.5 watts at a 25°C case temperature), the small packaging 
still gives more than adequate power handling capability for the majority of 
applications. All other specifications are identical to those given in the 
2N696 and 2N697 data sheets.

These new types are options. Fairchild, as the originator of the 2N696 
and 2N697, remains your best source for these most reliable types.

For specification sheets, write Dept. B

A wholly owned 
subsidiary of Fairchild Camara 

and Instrument Corporation

545 Whitman Road • Mountain View, California • Yorkshire 8-8151 * TWX MTN VIEW 853
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by POLAROID

Permanent TRANSPARENT
records of your oscilloscope
traces—for immediate pro-
jection, enlargement or study

¿ft

Tie unbeatable combination for fast, sharp slides of 
scope traces —Polaroid® Land Projection Film and a 
Du Mont Oscilloscope Record Camera. In two minutes, 
3%" x 4" or 214" x 2W black and white slides are 
ready for projection in a meeting. To record transients 
too fast for the eye to see — in the millimicrosecond 
rise time region - use the new Type 47, 3000 Speed 
Land Film.
Du Mont’s complete line of cameras includes three 

ou Mor
Wrife for technical details,

“Polaroid”« by Polaroid Corporation
precision electronics is our business

ELECTRONIC TUBES/INDUSTRIAL TV/MILITARY ELECTRONICS/MOBILE COMMUNICATIONS/SCIENTIFIC INSTRUMENTS/AUTOMOTIVE TEST EQUIPMENT

ALLEN B. DU MONT LABORATORIES, INC., CLIFTON, N. J., U. S A.
INTERNATIONAL DIVISION • 51S MADISON AVENUE, NEW YORK 22, N. V • CABLES ALBEEOU, NEW YORK';
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models especially designed for use with 60second 
Polaroid Land films. The Type 302 permits multiple 
exposures per picture frame for 5-inch scopes. The 
Type 339 does the same for 3-inch scopes, while the 
Type 353 enables full-size (1:1 object-to-image ratio) 
recordings of 5-inch scope traces for precision studies.
In less than a minute — your important scope infor­
mation is recorded forever.

NEWS
Wooldridge Sees Design Challenge 
In Process-Control Automation

Instruments for industrial process control must 
be designed to accept instructions from and feed 
back data to centralized process-control com­
puters, designers were told at the recent Summer 
Instrument-Automation Conference and Exhibit 
of the Instrument Society of America. Dr. 
Dean E. Wooldridge, president of Thompson 
Ramo Wooldridge, Inc., made the statement.

“One of the things this will mean,” he said, 
“is that measuring instruments will have to be 
designed to provide electrical rather than pneu­
matic outputs/’

He said it did not necessarily follow, however, 
“that instruments will need to be designed to 
provide digitally coded electrical outputs.” This 
conversion can be handled by a computer, he 
said. These specific areas of challenge to the 
instrument designer were pointed out by Dr. 
Wooldridge:
■ Reliability. The growing complexity of com­
puters and their ability to offset individual com­
ponent failure will demand auxiliary instruments 
of equal reliability.
■ Higher accuracy. Computer control will allow 
closer process control than is otherwise practical, 
making higher instrument accuracy economically 
worth-while.
■ Shorter time constante. Computer control 
speeds up the response of industrial processes 
to input parameter changes. Instruments with 
parallel reflexes, or with known and reproducible 
dynamic response characteristics, are needed.
• Auto-analysis. There will be an increasing 
need for instruments such as gas chromatographs, 
spectroscopes, mass spectrometers, viscometers, 
density, thickness and color measurement devices, 
and surface finish measuring equipment U’hich 
can provide electrical information as to chemical 
type and proportion in a stream of material.

San Francisco Mayor Proposes 
World Science Center There

A World Technical Information and Exchange 
Center to promote international cooperation of 
science and scientists has been proposed by 
George Christopher, mayor of San Francisco.

Speaking at a luncheon meeting during the 
ISA conference and exhibit (see above), Mr. 
Christopher said such a center would provide a 
world reservoir of technical knowledge that can 
be made available to all peoples for the common 
good. “We need means for bringing scientists
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together, and better ways to collect and distribute
information on

A COMPLETELY NEW KIND OF SHIFT REGISTER
USING MAGNETIC ELEMENTS ONLY

For complete information, including operating data, send for our AMP-MAD* Shift Register brochure.

space, the mining of the

Japan • West Germany

Here is the first commercially available line of all* 
magnetic shift registers. Now you can have both non­
destructive dynamic and static output in the same 
register. Now you can have the minimum number of 
components, the minimum number bit to bit inter­
connections and any serial/parallel input and output 
combination. Made with AMP multiaperture ferrite 
cores and copper wire only (see schematic below),
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Donald S. Macko, BS in Mechanical Engineering, 
Case.
Richard W. Rodgers, BS in Mathematics, Cornell 
College (Iowa), and MS in Mathematics, Iowa 
State.

seas, the development of underdeveloped coun­
tries, and the control of armaments,” he said.

The center would be affiliated with the United 
Nations and would be supported by contribu­
tions from member nations.

10 BIT REGISTEI 
ACTUAL SIZE

Computer College to Specialize 
in Systems Research and Design

A proposed Systems Research Institute to be 
located in New York City will specialize in train­
ing people in computer system solutions, accord­
ing to Thomas J. Watson Jr., president of Inter­
national Business Machines Corp. (IBM).

The curriculum will include such subjects as 
case studies in systems-design, workshops in sys­
tem planning, advanced programing, and busi­
ness simulation techniques, Mr. Watson told a 
meeting of GUIDE, an international organization 
of business computer users.

The faculty will include senior IBM systems 
personnel and visiting lecturers from industry and 
universities, Mr. Watson said. The director of the 
institute will be IBM Vice President John C. 
McPherson. The first group of 30 students is ex­
pected to be enrolled this fall.

•Trilli Mark

AMP Incorporated

the AMP Shift Register line has a number of other 
useful features:
• —40°C to +75°C temperature operating range 

minor aperture output level up to 100 mw at sev« 
eral volts
immune to nuclear radiation

• small size—ideal for miniaturization requirements 
ultimate in reliability and simplification

Eight Students Named Fellows 
At Systems Research Center

Eight graduate students have been awarded 
fellowships for work in the Systems Research 
Center at Case Institute of Technology, Cleve­
land, Ohio. They are:
Irwin Gross, BS in Electrical Engineering, New 
York University, and MS in Electrical Engineer­
ing, the University of Southern California.
William R. King, BS in Industrial Engineering, 
Penn State.
Lee Johnson, Jr., BS in Electrical Engineering, 
Vanderbilt.
Joseph A. Marquisee, BS and MS in Physics, 
Syracuse.
Robert N. Linebarger, BS in Mechanical Engi­
neering, Stanford, and MS in Instrumentation 
Engineering, University of Michigan.
George A. Coulman, BS in Chemical Engineering, 
Case, and MS in Chemical Engineering, Michi-

AMP products and engineering assistane« ara available through subsidiary companies in: Australia • Canada • England • France • Holland
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AMP-MAD SHIFT REGISTER

INPUT

DYNAMIC OUTPUT

non-destructive 
STATIC OUTPUT

CLOCK DRIVE INPUT 
advance *e* to *e- 

AOVANce -W-TD'O" 
PRIME CURRENT



Engineered by Tinnerman...

SPEED CLIPS* reduce costs, simplify assembly 
and servicing on Maytag "Halo of Heat" Dryer

Clothes are dried efficiently in the famous Maytag 
“Halo of Heat” automatic dryer. And now the 
quality of the “Halo of Heat” dryer is even better 
than ever because its unique circular heating ele­
ment is fastened quickly, securely by 22 special 
Tinnerman Speed Clips developed by joint efforts 
of Tinnerman and Maytag designers.

Each one-piece Speed Cup eliminates a separate 
welding operation on the “Halo of Heat” assembly. 
Various screw-driving operations formerly required 
on Maytag’s assembly line to capture the ceramic 
insulator and secure the mounting clamp were also 
eliminated, with equally interesting reductions in 
cost Now, the stainless steel, vibration-proof 
fastener is snapped in place with simple “button­
hook” action. No special skills or equipment are 
required. Assembly and parts costs have been 
reduced ..substantially! Serviceability in the field 
has been improved

UMM: Mm Fntatn IM. Mita tart MUi IMTW Mm* taxrarts IM. Irtmt Mt. HMCi MM t L1 m Mm M MiM Sman (Sm) SIMM! Mxm Mf Ml. Irtltai. 
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A free Tinnerman Fastening Analysis of your 
own product can show you where similar assembly 
and cost-saving advantages are possible. Call your 
Tinnerman representative—he’s listed in the Yellow 
Pages under “Fasteners”. Or write to:

Dopt. 12 • P. O. Box 6688 • Cleveland 1, Ohio

FASTEST THING IN FASTENINGS*

NEWS

Ionosondes Help Predio

NBS Probes Ionosphere Layers; 
IGY Contributed Valuable Data

THE National Bureau of Standards’ radio 
■ propagation prediction service, widely used in 

long-range radio communications, has recently 
increased in scope and reliability. Experience 
gained over 18 years of predictions got a boost 
through data gathered during the International 
Geophysical Year to make possible the improved 
service.

The studies have centered around the reflection 
of electromagnetic waxes by electrons or ions in 
that part of the atmosphere between 40 and 350 
miles above the earth’s surface, since much of the 
world’s radio transmission depends on that reflec­
tion. The four levels of the ionosphere—labeled 
D, E, F-l, and F-2—are ill-defined amorphous 
groupings of particles.

These layers differ from each other in charac­
teristics of height, density, and critical frequency 
(the highest frequency transmissions normally re­
flected by that level) and act much as mirrors, 
reflecting high-frequency radio waves back toward 
the earth. By alternate reflection from the iono­
sphere and the earth’s surface, radio signals in 
the range between 3 and 30 me can be transmitted 
up to 2,500 miles. The E and F regions are the 
most important ones to long-range communication.

Information about the ionosphere is collected 
and analyzed by the Bureau’s Central Radio 
Propagation Laboratory at Boulder, Colo., and 
these data are used to predict optimum frequen­
cies for communications between any two points 
in the world. The three-month predictions are 
based on vertical incidence for one-hop, F-2 trans­
missions with average layer height for 2.500 miles 
over a great circle path. They are published 
monthly as the CRPL-D series.

Characteristics of the ionosphere vary with geo­
graphic location and with sunspot activity, pri­
marily, although there are other phenomena not 
completely explained. For effective radio trans­
mission between two points, a frequency must lie 
chosen which is low enough to be reflected off 
the upper layers of the ionosphere and yet high 
enough to pass through the denser lower levels 
without absorption. Intensified study of the iono­
sphere was made during IGY and the 161 report­
ing stations were more than double the number 
reporting before that 18-month period.
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est Radio Frequencies

HON (55 ml

j REGION 50 ml

ACTUAL SIZE

65°C to +200°C

Available TODAY in produetion quantities through all Tl Sales Offices ond Authorized Tl Distributors.
2N1564 2N15662N1565
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Collector Junction Temperature 
Storage Temperature Range .

0 6w 
175°C

GENERAL-PURPOSE 
MESA TRANSISTORS

.only mesas give you maximum mechanical ruggedness 

... Note how active element is bonded directly to 
header, close to unit's center of gravity—for maximum 
resistance to vibration and shock.

Total Device Dissipation at 25°C Case temperature 
(see note ?)....................................................

Total Device Dissipation at 25‘C Ambient Temperature 
(see note 3)....................................................

Note 1: The voltage at which hFB approaches one when the emitter-base 
diode is open circuited This value can be exceeded in applications where 
the dc circuit resistance (Rbe) between base and emitter is a finite value. 
Note 2: Derate linearly to 175°C case temperature at the rate of 8.0 mw/°C. 
Noto 3: Derate linearly to 175°C ambient temperature at the rate ol 4.0 
mw/°C.

, only mesas give you maximum dissipation... Note how 
wafer is bonded directly to header, forming a direct, 
high-efficiency metal-to-metal thermal path through 
the header. High dissipation capabilities permit you 
to design conservatively for maximum reliability!

Instruments
INCORPORATED

SEMICONDUCTOR-COMPONENTS DIVISION 
13SOO N. CENTRAL EXPRESSWAY

absolute maximum ratings at 25 C ambient (unless otherwise noted)
Collector-Emitter Voltage (see note 1)..................................... 60 v
Emitter-Base Voltage.................  ..............................5 v
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Design now with industry’s first 
small-signal silicon mesa tran­
sistors ... the new TI 2N1564- 
series! Take advantage of guar­
anteed -55°C betas of 12, 20 and

Tl 2N1564 series GUARANTEES -55°C beta 
6OO-mw dissipation and gain at 30mc

40... guaranteed 600-mw free-air dissipation 
... guaranteed current gain at 30 me. Apply the 
design flexibility of 1 to 50 ma collector current 
operating range; 20-50, 40-100 and 80-200 beta 
spreads at 25°C and 60-v collector-emitter break­
down voltage to your audio, medium-power and 
higher frequency amplifier and switching de­
signs... Specify the new TI 2N1564-series.

Schematic representation of ionosphere, showing 
the D, E, and F regions, or layers, together with pulse- I 
sounding technique of vertical ionosonde.

Sunspot activity was particularly important in 
the activity, and hence IGY was timed to take 
place during a period of intense solar activity. 
During this period, maximum usable frequencies 
rose high enough to create many interference 
problems, particularly on mobile communication 
circuits and on forward-scatter transmission in the 
25-60 me range.

The Bureau of Standards feels that a similar 
intensive study should be made during a period 
of minimum sunspot activity, pn‘dieted to occur 
sometime between 1965 and 1967.

C-4 ionosonde in use at Boulder Laboratories. Tech­
nicians keep careful notes of meter readings to make 
predictions on maximum frequencies for radio com­
munications.

Parameter Test Conditions Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Unit
Icbo Collector Reverse 

Current Vcb - 40 v Ie -n 1 1 1
BVcbo Collector-Base 

Breakdown Voltage •c - 10 pa l£-0 80 80 80 volt
BVceo* Collector-Emittei 

breakdown Voltage Ic - 10 ma lE -0 60 60 60 volt

A-C Common-Emitter 
Forward Current 
Transfer Ratio

i - 5 v 
- 1 kc

Ie - —5 ma 20 50 40 100 80 200

hfe ’ VCE
} 1A

- 5 v 
- —55°C

Ie - —5 ma 
t -Ike

12 20 40

( r« - 5 v
- 30 me

Ie — —5 ma 1 4 2 4 5 2 5.0



HU■■__

io mc flip-Flops
ntra high-speed, compact, rugged and 

completely reliable. These are the words 
to describe Cambion's new bistable multi­
vibrators.

Available now in prototype quantities, 
these macromodule flip-flops have a 
superior frequency response — DC to 10 
MC. They weigh only 9 grams, are .35 
cubic inches in size and operate over a 
wide temperature range. The 12 volt 
logic provides a superior level output 
capable of driving many related circuits.

The standard 7-pin base design per­
mits easy insertion into sockets for devel-

opment work, dip-soldering in printed 
circuit boards and rapid assembly 
into finished computers. Fully guaran­
teed, these flip-flops are ideal for the de­
signer developing the newest in digital 
computers.

18

For complete details on these exciting, 
new components, write, wire, or 
phone: Computer Components Division, 
Cambridge Thermionic Corporation, 457 
Concord Avenue, Cambridge 38, Mass. 
TRowbridge 6-2800.

CAMBRIDGE THERMIONIC CORPORATION

The guaranteed electronic components 
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NEWS
Conference Sees Increased Need 
For Electromagnetic Relays

An increase in the demand for electromagnetic 
relays was predicted by Dr. L. T. Rader, a vice 
president of the International Telephone and Tele­
graph Co. at a recent relay conference held at 
Oklahoma State University.

Dr. Rader, addressing the 238 conferees at the 
Eighth Annual Electromagnetic Relay Conference 
in Stillwater, Okla., said that not only would there 
always be a need for relays but that engineers 
throughout the IT&T system supported him in 
this view.

Accent on Reliability

Other speakers at the meeting, however, said 
that this need would have to be coupled with 
the production of reliable relays in the face of 
heavy competition from transistor switching tech­
niques. W. O. Hansen of the General Electric 
Co. said that in a particular aircraft circuit, 
studies had shown that the failure rate of the 
transistorized version was more than double that 
of the electromagnetic.

“Reliability has been used as a blind justifica­
tion favoring the use of transistors over relays.” 
Dr. Hansen said, “because of the intuitive feeling 
that static devices which have no moving elements 
that can wear or stick or consumable elements 
that can be expended are more reliable.”

This assumption, he said, is fallacious and 
cited the aircraft circuit which transfers load 
from the main electrical system when a fault 
occurs which does not clear itself after being 
reset. The transistorized version of the circuit, he 
said, is far more complex than the electromagnetic 
version and showed a failure rate of 18.77 per 
cent per 1,000 hours versus 7 per cent for the 
relay version.

Contamination Causes Failure

Main cause of relay failure, according to Horace 
Robertshaw of Union Switch and Signal, was con­
tamination introduced during manufacture. 
Eugene T. Sliwinski of Guardian Electric Mfg. 
Co. described his company’s elaborate precautions 
to prevent contamination during manufacture.

This contamination is a prime cause of contact 
failures and, L. D. Carr of Sperry Gyroscope said, 
contact failures are responsible to up to 75 per 
cent of total relay failures at Sperry. He called for 
adequate specifications on contact loads such as 
nature of inductance, peak currents and voltages, 
time constant, duration of inductive kicks, and 
required number of contact operations.

The association’s committee on testing said a
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Correction Notice
The audio circuit booklet put out by Amperex 

Electronic Corp, of Hicksville, N.Y., is not free, 
as implied in ED, May 11, p 203. The booklet is 
priced at $1.50.

Nike Zeus Zooms in Test

TYPICAL OPERATION 4CXI000A (4I0ÜC FN AaplifKr)

shock test machine would soon be available to as­
sure uniform testing procedures.

Considerable interest at the conference was 
generated by discussion of the proper method of 
specifying inductive loads. Louis D. DeLalio of 
Filters, Inc., pointed to what he called the 
inadequacy of current user and military speci­
fications and recommended that all inductive- 
load ratings be specified in terms of maximum 
current and maximum inductive load energy.

Anti-missile missile Nike Zeus is shown streaking sky­
ward from o new underground launcher. The successful 
test indicates that the missile, when it becomes opera­
tional, might be fired from attack-resistant underground 
cells. The test was conducted at White Sands Missile 
Range in New Mexico. The Army Rocket and Guided 
Missile Agency supervised Bell Telephone Laboratories 
and Douglas Aircraft Corp, launching crews. Western 
Electric Co. is prime contractor for the over-all de­
velopment of the system.

ELECTRONIC DESIGN • June 8, 1960

One kilowatt power in a compact 
ceramic package is now available to 
400Mc., with the Eimac 4CX1000A 
radial-beam power tetrode.

The new, expanded frequency range 
coverage of the versatile 4CX1000A 
makes it ideal for AM, FM and SSB 
operation in the important govern­
ment communication band, 225- 
400Mc., and for FM and VHF-TV 
broadcasting.

An excellent linear amplifier tube,

the 4CX1000A has low voltage, high 
current, high gain characteristics. It 
achieves maximum rated power output 
in Class ABi, SSB service without 
grid current.

Illustrated here, actual size, it is 
easy to see why this compact, rugged 
ceramic tetrode is ideal for tight 
space, high power situations.

A companion air-system socket to 
meet your specific requirement is 
available with the 4CX1000A.
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DC Plate Voltage 3000 volts
DC Screen Voltage 250 volts
DC Plate Current 750 ma
DC Screen Current 45 ma
Driver Power Output 15 watts
Useful Output Power 1100 watts

EITEL-McCULLOUOH, INC.



RECENT RAYTHEON DEVELOPMENTS 
IN MICROWAVE FERRITE DEVICES NEWS

Mobile Communications Systems
Designed For MARS Network

FERRITE DEVICES FOR HIGH-POWER RADAR

CLH2 CIRCULATOR

4 ILH15 ISOLATOR

TYPICAL SPECIFICATIONS
ILH1S ISOLATOR CLH2 CIRCULATOR

Frequency range (me) 1250-1350 1280-1350
Power, average 2.5 KW 5 KW
Power, peak 2 MW 6.5 MW
Isolation, min. 22db 26db
Isolation, max. 24db 32db
Insertion loss, min 7db 65db
Insertion loss, max. .9db •8db
VSWR, min. 1.28 1.04
VSWR, max. 1 30 1.12
Weight, lbs. 60 140
Length, in. 22 69K.
Flanges id ht. L-band mates with UG418/U
Waveguide (liq. cooled) V» ht. L-band WR 650
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RAYTHEON ISOLATORS AND 

CIRCULATORS IN IMPROVED L-BAND 

“FLIGHT TRACKER” SYSTEM THAT BOOSTS

OUTPUT TO MORE THAN 5 MEGAWATTS

With an output of more than 5 megawatts at 1,280 to 
1,350 me., the improved FAA “Flight Tracker” radar 
system has ten times the power of its predecessor. In 
the microwave generator and amplifier circuits, 
Raytheon isolators and circulators help achieve this 
power level by providing the required broadband match 
between magnetron and Amplitron®...and between 
Amplitron and antenna. The isolator also aids in main­
taining frequency stability during the 5 megawatt pulse 
peaks by acting as a buffer between magnetron and 
Amplitron.
The L-band ILH15 isolator and CLH2 circulator in 
the “Flight Tracker” are part of Raytheon’s line of 
L-band devices with ratings from 1.5 to 10 kilowatts 
average and peak power capabilities as high as 6.5 
megawatts.

On Massachusetts* Route 128 in the Waltham Indus­
trial Park, Raytheon has recently opened the most 
modern facility devoted exclusively to microwave fer­
rite device and materials development, testing and pro­
duction. To learn more about the work now underway 
at these new facilities, or for information on your par­
ticular microwave ferrite problem, please write to the 
address below.

RAYTHEON COMPANY
SPECIAL MICROWAVE DEVICE OPERATIONS 
WALTHAM INDUSTRIAL PARK 
WALTHAM 54. MASSACHUSETTS

ft Excellence in Electronic»

Five hundred mobile transmit-receive systems 
are being built for use in the Air Force com­
munications network known as MARS (Military 
Affiliate Radio Systems). The single side-band 
systems consist of a transmitter and receiver, each 
measuring 12 in. long and 7 in. high, a control unit, 
and power supply. All units and parts are said to 
be completely standardized.

Dynamics Corp, of America is building the 
systems under a $500,000 contract with Griffiss 
Air Force Base of Rome, N.Y. The equipment is 
being manufactured at the company’s plants in 
Long Island City, N.Y., and Farmingdale, N.J.

Radiosonde Data Helped 
Ensure Safe Saturn Firings

Data gathered by balloon-carried radiosondes 
helped predict sound levels near the Saturn static 
test firings at Redstone Arsenal, Ala. Because of

Army personnel prepare to release balloon-carried 
radiosonde to gather information on atmospheric pres­
sure, temperature, and humidity. Data will be used to 
help insure that static test firings of the Saturn space 
rocket can be conducted with complete safety.
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New tests confirm high reliability and stability
of IRC Molded Metal Film Resistors

FILM COMPOSITION

.PRECISION WIRE WOUND O

IRC (MD-ME, IK)

IRC (MD-ME, TOOR)

ISO
IRC (MD-ME SOR)

Leading supplier to manufacturers of electronic equipment
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Rocket-borne radiosonde is loaded into the nose of 
□ 77 Ib Areas rocket by Army personnel for its trip 
40 miles into the atmosphere. After separating from the 
rocket at that height, the radiosonde parachutes to 
earth, transmitting weather information as it falls.
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TYPICAL HIGH FREQUENCY PERFORMANCE 

OF IRC MOLDED METAL FILM RESISTORS

Saturn’s 1.5 million-Ib thrust, measurements were 
necessary for safety.

Radiosonde instruments measured atmospheric 
pressure temperature and humidity. A miniature 
radio transmitter sent the measurements to the 
ground.

Data derived from the radiosonde flights pre­
dicted what the sound intensity of the Saturn 
firings would be at any given location on the 
ground.

The balloon burst at an average height of 
90,000 ft and a small red parachute attached to 
the balloon carried the radiosondes gently to 
earth.

Each radiosonde has a return tag on it, asking 
the finder to mail it to the Lexington, Ky., Army 
Signal Depot. There the device is rebuilt for fur­
ther use whenever possible.

IRC has completed a new series of tests upon 7500 
molded metal film resistors. The charted results are pre­
sented in a booklet just released: "Performance and 
Reliability of IRC Molded Metal Film Resistors.”
This booklet is a sequel to IRC’s report on a similar series 
of tests conducted in 1958. Where data are comparable, 
the earlier results are plotted against the new findings.
Tests are based upon MIL-R-10509C specifications, and 
are presented through the use of the probability tech­
nique. They include Temperature Cycle, Low Temper­
ature Operation, Short Time Overload, Terminal 
Strength, Dielectric Strength, Effect of Soldering, Mois­
ture Resistance, Temperature Coefficient and Load Life. 
Noise characteristics, shelf and operational stability, and 
high frequency characteristics are also reported and 
graphed.
The tests encompass IRC’s full line of Molded Metal 
Film Resistors—5 types: J^, K, 1 and 2 watts. The 
overall superiority of these advanced precision film resis­
tors is shown conclusively. Their capability to provide 
high reliability over extended periods is confirmed again 
by this rigorous series of tests.

10 MC \ 3S7S%

— IRC (MD-ME) ------------  
' FILM COMPOSITION

— SLUG COMPOSITION
PRECISION WIRE WOUND

10 MC. (FREQ.) SO MC. 100 MC 200 MC. 400 MC

A booklet is reserved for your company and available by 
request on your company letterhead or through your 
local IRC representative. For product data, write for 
Bulletin B-3. International Resistance Co., Dept. 333.
401 N. Broad St., Philadelphia 8, Pa.

Rocket Radiosonde Gathers 
High-Altitude Weather Data

The Army is gathering weather data with a 
new rocket-borne radiosonde which probes the 
atmosphere at altitudes up to 40 miles.

The device, developed by the Army Signal 
Research and Development Laboratory of Fort 
Monmouth, N.J., reportedly offers a more eco­
nomical and flexible method than the complex 
rocket system now in use above balloon ceilings.

The radiosonde has a radio transmitter and 
silver zinc batteries encased in an 18-in. fiber­
glass shell. The sensory and radio system are 
packed into the nose cone of a 77-lb Areas rocket, 
specially developed by the Office of Naval Re­
search for upper atmospheric conditions.

After release from the rocket, the radiosonde 
floats earthward on a 15-ft parachute. Wind speed 
and direction are plotted by an automatic ground 
tracker called a rawin set, originally developed by 
the Army Signal Corps for monitoring balloon 
flights.

HIGH FREQUENCY PERFORMANCE 
SOR TO 1.IK RESISTORS ____
______ % OF DC RESISTANCE

EQUIVALENT SHUNT CAPACITY



THE AMCO MODULAR 
INSTRUMENTENCLOSURESYSTEM

TWO COMPLETELY NEW LINES ADDED IN STEEL AND ALUMINUM TO GIVE 
3 COMPLETE MODULAR FRAME LINES IN ONE OVER-ALL SYSTEM

A Amco Custom Une. Removable multi­
panels and cowlings based on 19' incre­
ments of width. Custom, single-unit ap­
pearance for frames mounted in series— 
ideally suited for complex console ar­
rangements. The 19^« width of frame 
saves space in series mounting of frames. 
Constructed of double-channel 16 gauge 
cold-rolled steel. Conforms to EIA 
mounting standards.

• Amco Semi-Custom Uno. Removable 
multi-width cowlings provide a semi- 
custom, single-unit appearance for 
frames mounted in series. Extra rugged, 
wide box-type channel frames provide 
greater internal mounting area. 19* wide 
panels of any thickness can be recessed 
—from a flush-mounted position to any 
desired depth. Box type channel con­
struction of 14 gauge cold-rolled steel. 
Conforms to EIA mounting standards.

C Amco Aluminum Uno. This system of 
aluminum box extrusions and cast 
corners allows easy assembly of cabinets 
in any size from 7* to 20' in height, 
width or depth. Corners and extrusions

lock together by hand with built-in lock­
ing device. All sizes are standard. Ideal 
for stocking and odd-ball sizes. Cast 
and hardened corners of 356-T6 alumi­
num as described in Federal Spec. 
QQ-A-596a. Extrusions of 6061-T6 
aluminum as described in Federal Spec. 
QQ-A-270a.
Amco Accessories. A full line of Amco 
integrated accessories such as blowers, 
chassis slides and mounts, lighting, doors, 
drawers, dollies and many more avail­
able for A, B and C shown.
Cost savings. All the above—or any 
part thereof—may be ordered under one 
combined discount schedule base de­
termined by order dollar value. Orders 
received at one time with one delivery 
date may also be combined. Free pre­
assembly by Amco provides additional 
savings in time and installation.
3 wook delivery on oil standard parts. 
We welcome inspection of our plant and 
facilities. Send for your free literature 
now.

D

Mo-taM iqnaitih« ■ < friKipl II. S. atm al ■ Cut*

AMCO ENGINEERING CO
7333 W. Ainslie Street, Chicago 31, Illinois 
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WASHINGTON 
REPORT

Ephraim Kahn

ELECTRONIC FIRM’S ERROR in bidding on a military contract 
has prompted a clarification of the government's responsi­
bility in evaluating bids. The Judge Advocate General's 
Office says it should try to protect low bidders against 
"gross error. " This duty need not apply "merely because 
a particular bid is low in relation to the existing eco­
nomic climate." In the case at issue, the bidder said that 
four years ago it had offered the same price for the elec­
tronic item that was under bid. Since then, costs have 
gone up. Truly competitive bidding "would be adversely 
affected if the contracting officer were under a duty to 
assure that the low bid was computed in accordance with 
current conditions and prices," the Army noted.

CENTRALIZED DATA PROCESSING is being considered by the 
Federal Government. Officials think that it may be more 
efficient to set up a single data-processing agency and 
make it responsible for all computer activity. The agency 
would advise other government bodies on the best way to 
make use of available computer time, and it would stand­
ardize machine language so that all government data would 
be interchangeable. A single federal buyer for computers 
would, of course, constitute a major market—and selection 
by the government could influence other purchasers.

TIGHTER NEGOTIATING RULES for fixed-price incentive con­
tracts are urged in a bill introduced by Chairman Vinson 
(D, Ga.) of the House Armed Services Committee. He would 
limit incentive payments severely. They would be allowed 
only when a contractor can prove that the government ac­
tually saved money because extra efforts were made to 
heighten efficiency. Widespread use of negotiated buy­
ing would be allowed only in emergencies "hereafter de­
clared" by the President or Congress. Under present 
conditions, the military would have to justify in writing 
its use of negotiation rather than advertised bidding, 
"setting out facts and circumstances sufficient to clearly 
and convincingly establish that use of formal advertising 
would not have been feasible and practicable."

ANTI-SUBMARINE WARFARE management by the Navy will not be 
changed despite strong suggestions from the House Appro­
priations Committee. The Congressmen doubted that the 
Navy could meet its anti-submarine warfare goals without 
establishing a "single manager” system. Complaining that 
the Navy had not been vigorous enough in this area, the 
group added $321 million to the fiscal 1961 budget request.
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As the Navy sees it, anti-submarine activity is "a multi­
tude of weapons systems meeting requirements for all 
phases of naval warfare.* It is "managed as an integral 
part of the entire Navy management plan," and the present 
set-up is believed "both adequate and appropriate to cope 
with" the anti-submarine warfare problem.

± 0.1% 

L TOL. j
I

AUTOMATED PRODUCTION of high-reliability electronic 
parts for the Nike-Zeus anti-missile system seems assured. 
The Army, which had asked §25 million to set up automatic 
production of miniature electronic components, will get 
about $18 million for the job. The Army's Director of 
R&D, Richard S. Morse, says that even though Nike-Zeus is 
not going into production right away, "advanced produc­
tionmethods and automated techniques will be required in 
order to insure the future capability of producing such 
new and complex components in the required quantity and 
with the required reliability." The $18 million is to be 
used for "new automatic processes for production of mesa 
type transistors, precision resistors, and other Zeus 
components which require an extreme degree of reliability 
and ultimately will be required in large quantities."

DEFENSE COMMUNICATIONS AGENCY, to handle long-haul high- 
level military traffic, has now been established. It will 
take another eight months or so before unified communica­
tions control will start working at all appropriate 
levels. The agency will run communications centers, al­
locate frequencies and circuits, and specify standards 
for maintenance. It will have a key role in communications 
R&D and in purchase of equipment, though it is not going to 
do much buying itself. It has been directed to "insure 
effective integration, standardization and compatibil­
ity” of communications systems "and to eliminate unneces­
sary duplication in research and development effort and 
expense." The Director of Defense Research and Engineer­
ing will, however, be given recommendations for the "pro­
gressive improvement" of the system through R&D, and the 
agency will draw up plans for meeting new needs.

PROGRESS PAYMENTS POLICY on defense contracts may change 
sharply. Senator Byrd (D, Va.) has taken sharp exception 
to the 80-20 plan on the ground that it is excessively 
costly to the government. Furthermore, he persuaded the 
Senate to pass a bill forbidding the Defense Department to 
pay more than the going rate of interest on Treasury bonds 
to reimburse contractors for the 20 per cent of required 
funds that they must supply. This could involve a loss to 
the contractor of two per cent or more, depending on the 
rate he must pay to borrow money. Adoption of the Byrd 
proposal by the House would make it well-nigh impossible 
for the military to stick to its 80-20 policy and still 
offer "just compensation" to the firms which provide this 
financing. Modification is likely in any event, since it 
is clear that Congressional opposition to the practice is 
widespread, and the General Accounting Office has made it 
clear that it thinks some of the "additional fees" paid 
under 80-20 contracts have been far too high.

direct hit
on target !

FOR USE IN: RC Network» • Timing 
Circuit* ' Servo & Gyro Test Equipment 
• Precition Filler* • A no log Computer* 
• Referente Standard.

OTHER ARCO PRODUCTS INCLUDE:
Type P poly*tyrene capacitor*, both her­
metically *ealod and in plattic jacket* . . 
multiple competition temperature con­
trolled capacitor* . . . energy (forage 
reference unit* . . . capacitor standard* 
. . . precition RC network* . . . special 
capacitor product*.

PRECISION
POLYSTYRENE
CAPACITORS
DESIGNED FOR ULTRA • PRECISION 
CIRCUITRY REQUIRING RELIABLE 
PERMANENCE OF CAPACITANCE 
VALUES WITHIN NARROW LIMITS 
HERETOFORE UNAVAILABLE IN 
STANDARD COMPONENT DESIGN!

A new line of capacitors for modern highly 
precise circuitry has been developed to 
provide compact units of “standard" ac­
curacy. Tolerance is ±0.1%. Long term 
operating stability is ±0.05%; allowing 
these capacitors to maintain reliable op­
eration throughout life of the equipment. 
High "Q” is also a principle feature of the 
line. All capacitors are hermetically sealed 
in non magnetic enclosures with compres­
sion glass seals for compliance with rigid 
environmental requirements. Calibration is 
made at 23°C. at a frequency of one 
kilocycle.

Writ* today lor Ano Catalog No, A-10 precision 
film 
capacitors

ELECTRONICS INC. «4 Whit« Street, New York 13
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NEWS

coming this fall

MICA CAPACITORS of all types, paper and 
plastic film capacitors, and electrolytic capacitors 
have been increased 10 per cent in price by 
Sangamo Electric Co. of Springfield, Mo.

SILICON RECTIFIERS have been reduced in 
price from 4 per cent to 75 per cent by General 
Instrument Corp, of Elizabeth, N.J. The price 
reductions affect 123 standard types of medium 
power silicon rectifiers, used in military, indus­
trial and commercial electronic equipment. Typi­
cal reduction on the seven JAN types of silicon 
rectifiers are as follows: JAN IN253, from $1.95 
per unit, in quantity lots of more than 100, to 
$1.85; JAN IN254, from $2.25 to $2.09; JAN 
IN255, from $3.90 to $3.70; JAN IN256, from 
$7.40 to $4.47; JAN IN538, from $1.55 to $1.33; 
JAN IN540, from $2.50 to $2.19; JAN IN547, 
from $4.80 to $2.80. The IN435 has been re­
duced from $3.40 to 84 cents.

Trying to remember who makes a 
certain product? Now you can find 
it easily! EDC lists over 6000 new 
product items carried in Electronic 
Design during the preceding 18 
months. Follows up with complete 
manufacturer’s product data in cata­
log form. A tremendous aid in the 
quick selection of electronic compo­
nents, materials and test equipment 
to solve design problems. Also con­
tains a list of manufacturers' and 
representatives' sales offices. Lists 
what’s available and where to buy 
it. Your copy will be a valuable 
reference source throughout the 
year. Free to Electronic Design 
subscribers.

.. THE CATALOG 
TO USE FIRST 
FOR PRODUCT 
INFORMATION

Report Finds Science Interest 
Diverts Many From Engineering

Fewer qualified students are studying engineer­
ing because they believe there is more glamour 
in sciences such as physics or chemistry or be­
cause they do not feel they can meet the de­
mands of an engineering education.

This was the conclusion of a recent study by 
the Engineering Manpower Commission of the 
Engineers Joint Council, New York.

The study found that the schools most affected 
by the decline in engineering enrollment were 
public institutions in the Southern, South Central 
and Rocky Mountain states. Private schools, par­
ticularly those in the East and Midwest, did not 
report as great a decline.

The study concluded, however, that the 1960-61 
engineering freshman class will be larger than 
this year’s class of 67,704. Last year’s class of 
70,029 was the first since 1950 to number fewer 
students than the one of the year before.

TEST CHAMBERS have been increased up to 
7-1/2 per cent by Tenney Engineering, Inc. of 
Union, N.J. Tenney produces a standard cata­
log line of chambers as well as custom units. The 
price change affects both areas.
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presenting 182 high quality

~ l, ¿I. 2Q .

Your (ti) representative offers two very important advantages

the world’s most complete (and rapidly 
expanding) microwave line

complete assurance that the equipment 
will perform precisely as specified

(if) makes sure you get what you pay for by rigid quality control 
plus 100% electrical testing using developed methods including 
reflectometer and swept frequency techniques. knows when a 
parameter is out of spec; never gambles your money and time that 
3 or 4 sample measurements taken across an instrument’s range 
truly indicate its full-range performance.

See your if rep now for FULL-RANGE TESTED microwave 
equipment... get what you pay for.

if 344A Noise r igure Meter
Quickly, accurately measures noise fig­
ure of operating radar sets Automatic 
operation; simple front panel calibra­
tion Militarized, transistorized, reliable 
in extreme environments, minimum size 
and weight. Continuous noise figure 
presentation on most radar receivers. 
Extremely high sensitivity permits de­
coupling noise source up to 20 db from 
main transmitter line to minimize sys­
tem degradation. Provision for auto­
matic alarm, remote noise figure moni­
toring. modulating. Meter scale/excess 
noise options; 30 MC input frequency, 
1 MC bandwidth. 75 ohms input im­
pedance. Approx. $1,600.00 (depending 
on options and modifications selected).

NEW NOISE MEASURING EQUIPMENT

340B/342A Noise Figure Meters
General-purpose instruments making pos­
sible, in minutes, receiver and component 
alignment jobs that once took hours. Sim­
plifies accurate alignment; encourages bet­
ter maintenance; better performance.

340B automatically measures, continu­
ously displays IF or receiver noise fig­
ure at 30 or 60 MC: other freq, on order. 
$715.00 (cabinet) $700.00 (rack).
if 342A, similar, operates on 30, 60, 70, 
105, 200 MC. 30 MC and 4 other frequen-

microwave
measuring 
instruments

FREE 
TEST METHOD 
DESCRIPTION

Interested in swept frequency test­
ing? Ask your rep, or write direct 
for “Applications of 416A Ratio 
Meter,” describing reflectometer 
systems and swept frequency 
measuring techniques.

cies between 38 anti 200 MC on order 
$815.00 (cabinet) $800.00 (rack).
(Note: Models 340B and 342A available 
only in the U.S.A, and Canada)
if 343A vhf Noise Source, temperature 
limited diode broadband source, 10 to 600 
MC, 5.2 db excess noise, $100.00.
if 345B IF Noise Source, 30 or 60 MC 
(others to order); 4 impedances, 5.2 db 
excess noise. $75.00.
if 347A Waveguide Noise Source, Ar­
gon gas discharge tubes in waveguide sec 
tion: tor bands S, G, J, H. X, P, 2.6 to 
18.0 KMC, 15.2 db excess noise. $190.00 
to $250.00.

Basic test, power and

impedance measuring

equipment



BASIC TEST EQUIPMENT

uators now include in and R’

$ 532 Waveguide Frequency Meters

Wide

$ 914 Moving Loads

POWER MEASURING EQUIPMENT

IMPEDANCE MEASURING EQUIPMENT
ìf 809B/814B Universal Probe Carriages

•hp- 809B and 810B

Quick, laep
waveguide interchange

■hp- 814B, 81SB. 446B

Waveguide section containing sliding, 
tapered, low - reflection load. Plunger 
controls load position, travels Va wave­
length at lowest frequency to reverse 
phase of residual load reflection Mod­
els for S, G 1 H, X, M, P K R bands, 
2.6 to 40 0 KMC. $55.00 to $250.00-

New design for H. M,

ance 50 ohms approx.: input SWR less than 
1.7 full range, less than 1.3 to 5 KMC. Accu­
racy within 5% full scale. $1.400 00 (cabinet) 
$1,385.00 (rack mount).

bands, 18.0 to 40.0 KMC. “K”, “R” band 
attenuators are of new, space-saving de­
sign (see photo) Direct reading, one- 
control setting, high power handling 
capacity. Attenuation 0 to 50 db full 
range, independent of frequency. Phase 
shift constant with attenuation. G, J, H, 
X. M. P. K. R bands. $275.00 to $500.00.

ip 421A, 420A/B Crystal Detectors
$ 421A (shown), silicon crystal de­
tector of rf signals in waveguide 
systems. High sensitivity, for H, X, 
M, P bands, 7.05-18 KMC. $ 421A, 
$75.00 to $105.00. $ 420A. similar hut 
ior Type N coax lines, 10 MC to 12.5 
KMC. $50.00 each. Also £ 420B. 
same in matched pairs, $150.00 pair.

if P932A/934A Harmonic Mixers
Mixer for wide band beat detecting, 
beat frequency mixer for stabilizing a 
signal source. P932A 12.4 to 18.0 
KMC; & 934A (coaxial) covers 1 to 
12.4 KMC. Both models: max input 
power 100 mw <$> P932A. $250 00 
934A, $150.00.

K
 housing. Probe 

penetration easily 
variable; locks in 

Tf position No tun­
ing; sensitivity su­

perior to elaborate single, double 
tuned probes Range 3.0 to 18 
KMC; fits 3/4" hore. New 446B 
for 814 Probe Carriage, similar 

but rovers- K and R bands, 18 0 to 
40.0 KMC $ 444A, «40.00. $ 
446B, $145 00 $ also offers model 
44OA, for barretter or crystal, Type 
N coaxial, $85.00.

if 444A/446B 
Untuned Probes

$ 444A (shown) is 
modified crystal 
(lN7b of 1N26I 
plus small anten­
na in convenient

% 382A Precision Attenuators
Popular $> 382A series precision atten-

nance indicated by 1.5 
db dip m output. Simi 
lar model for X-band. 
$150.00 to $275.00.

hand, direct reading, 
no interpolation or 
charts. Has a high Q 
resonant cavity tuned 
by choke plunger; no 
sliding contacts. Trans­
mits almost full power 
at resonance; re?o-

ip 434A Calorimetric 
Power Meter
Connect and read pow­
ers 10 mw to 10 watts, 
de to 12.4 KMC. No bar­
retter, thermistor need­
ed, no external termi­
nations or plumbing. 
Measures CW or pulsed 
power. Two simple con­
trols. De input imped-

Models 8091$ and 814B are precision 
built m<»chanical assemblies operating, 
respectively, with 810B and 815B 
series slotted sections.
Combination of the 809B carriage and 
810 slotted sections covers 2.6 to 18.0 
KMC. Combination of 814B carriage 
and 8151$ series sections covers 18.0 to 
40.0 KMC.
On either carriage, waveguides can be 
interchanged in seconds. Only one 
probe (for each carriage) covers full 
frequency range. Manufacture is of 
highest quality, assures positive me­
chanical positioning of interchange­
able waveguides and precise mstalla- 
tion of mating $ probes. 809B has 
vernier scale reading to 0.1 mm. is 
equipped for dial gauge mounting.
814B has dial read directly to 0.1 mm, 
interpolated to 0.01 mm. $ 809B, 
$160 00. $ 814B, $200.00

ip 430C Microwave Power Meter
No computations! Provides instantane­
ous, automatic power readings direct in 
dbm or mw at all frequencies for which 
there are suitable bolometer mounts. For 
CW measurements, uses either 1/100 
amp fuse or Sperry 821 barretter Also 
measure« CW or pulsed power with nega­
tive coefficient thermistor Provides up 
to 16 ma bias current Operates with 
$ 476. 477, 485, 487 mounts. Range 0 02 
to 10 mw. $250.00 (cabinet) $255.00 (rack 
mount).



TESTED waveguide and coaxial equipment

752 Multi-Hole Coupler
Precision directional couplers, 3 
models, coupling factors 3, 10 and 
20 db Coupling accuracy ± 0 4 db 
or 0.7 db. Directivity better than 40 
db full range, SWR less than 1.05. 
S through R bands, 2.6 to 40.0 
KMC. $100 00 to $375.00.

% 372 Precision Attenuators
Rugged, broadband fixed attenuators 
retaining precise calibration regardless 
of humidity, temperature or time. In­
variant attenuation assured by perma 
nent, “multi hole coupler” joining of 
two waveguides. 10 and 20 db models 
for S, G, J, H, X and P bands, 2.6 to 
18.0 KMC. $100 00 to $375.00

1

«j» 764D-767D Dual Directional Couplers
High directivity 
dual coaxial cou­
plers make reflec­
tometer measure­
ments practical in 
vhf and uhf coax

systems. Flat response, high power capacity, 
low insertion loss. Four models, covering 216 
to 1.000 MC collectively. 764D/765D $160 00 
766D/767D $150 00

$ 375A Variable 
Flap Attenuators
Simple, convenient for adjusting wave­
guide power or isolating source and 
load. Max. SWR less than 1.15 full 
range; attenuation variable 0 to 20 db. 
dissipates average powers up to 0.5 or 
1 watt S through R bands. 2.6 to 40.0 
KMC. $90 00 to $180 00

870A Slide Screw Tuners
For flattening 
waveguide sys­
tems, matching, 
etc. Probe posi­
tion, penetration 
adjusts to set up

reflection canceling existing re­
flection. Precision lead screw or 

micrometer varies probe insertion; vernier 
adjusts probe position. Corrects SWRs of 
20 with accuracy of 1.02 SWR For S, G, 
.1, H, X, M P, K, R bands. 2.6 to 40.0 
KMC $125 00 to $300.00.

WR75 Components—10 to 15 KMC
An increasing number of precision waveguide 
instruments shown here are available in the 
M-band, recently allocated for private micro­
wave communications.

SEE TABULAR LISTINGS 
NEXT PAGE FOR DETAILS

t476A, 477B 
Detector Mounts
<$i 476A Universal 
Bolometer Mount, 
for rf power measure­
ment 10 to 1.000 MC; 
no tuning, SWR less 
than 1.25. $85.00. <$> 
477B Coaxial Therm­
istor Mount (shown) 
for rf power measure­
ment 10 MC to 10 
KMC; no tuning, 
SWR less than 1.5, 
$75.00

if 485 Detector 
Mounts
Three basic series of­
fered. S485A for S 
band (no tuning, 1.35 
SWR, 821 element); 
185B, for G, J. H, X 
bands (tunable, uses 
1N23. 1N21, 821 ele­
ment, 1 25 SWR 
using barretter); 
485D for S, G, J 
bands (factory-in­
stalled 821 barretter). 
$75.00 to $170.00.

if 487B Thermistor 
Mounts
Each covers full range of 
its waveguide. No tun­
ing, SWR 1.5 or 2.0 max. 
Max. power 10 mw. Rug­
ged construction, nega­
tive temperature coeffi­
cient thermistors virtu­
ally eliminate burnout. 
G through R hands. 3.95 
to 40.0 KMC. $75.00 to 
$225.00

V 810/815B Slotted Sections
% 810B Slotted Sections $)810B,for809B 
carriage, flanged, waveguide section with ac­
curately machined slot Slot tapered at ends 
to minimize reflection. Available m 6 wave 
guide bands (including M-band), 3 95 
through 18.0 KMC. $90.00 to $110.00.
|r S810A. Complete slotted section assem 
bly mcluding probe carriage In 2.6 to 3.95 
KMC (S-band) size only. $450.00.
$ 815B Slotted Sections For mounting m 
814B carriage. A vailable in K and R bands, 
18.0 to 40.0 KMC. Accurately machined; 
easy interchange, precise positioning $265.

806B Coaxial Slotted Section 3 to 12 
KMC. mounts in 809B, has Type N con­
nectors. $200.00.
$ 805A/B Slotted Lines
Utmost mechanical rigidity, less leakage, 
greater accuracy, SWR 1 02 or 1 04 Range 
500 MC to 4 KMC, reads in cm and mm to 
0.1 mm. $ 805A, for 50 ohm Type N, $ 
805B, for 46.3 ohm RG 44/U. 17 805A B 
$450.00.

$ 415B Standing 
Wave Indicator
For all waveguide and 
coaxial slotted sec­
tions. Gives readings in 
SWR or db. Single fre­
quency operation; 315 
to 2,020 cps. Low noise 
level. 0.1 nv (full scale) 
sensitivity, 60 db calib.

attenuator. $200.00 (cabinet), $205.00 
(rack mount).

$ 416A 
Ratio Meter
Displays 
ratio be­
tween two

signals, irrespective of common ampli­
tude variations. Ideal with directional 
couplers and swept frequency sources 
for swept frequency measurement of 
VSWR, reflection coefficient, gain, in­
sertion loss and other microwave param­
eters. Calibrated in VSWR, % reflec­
tion. db Oscilloscope, recorder output. 
$475.00 (cabinet) $460.00 (rack mount)

HEWLETT-PACKARD COMPANY
1032A Page Mill Road 
Cable '‘HEWPACK”

Palo Alto. California, U.S.A. 
DA venport 6-7000

Field representatives in all principal areas 
HEWLETT-PACKARD S.A., Rue du Vieux Billard No 1, 

Geneva, Switzerland
Cable “HEWPACKSA’ Tel. No. (022) 26 43. 36



WAVEGUIDE TEST EQUIPMENT-2.6 to 40 KMC

♦ For use with barretter or crystal. fFor use with barretter only. ‘Complete assembly including carriage §Moants in 809B Carriage
■ Includes Thermistor, installed “J530 * 5.85 to 8.2 KMC, $>20; J530B, 5.20 *o 7 05 KMC $150 “ Includes barrettei; checked for square law characteristics.
ft Available with cin alar flanges equivalent to UG-425/u f >r K bands and UG-38l/u for R bands. Specify by adding suffix "C ' to model number, i.e., K487BC.

Instrument Coaxial 
Type N

"S" 
2.6 - 3.95 

KMC

"G" 
3.95 - 5.85 

KMC

"J"
5.2 - 8 2 

KMC

"H" 
7.05 • 13 

KMC

"X" 
8.2 - 12 4 

KMC

"M" 
10 - 15 
KMC

"P" 
12.4 - 18 

KMC

"K" 
18 - 26.5 

KMC

"R"
26.5 ■ 40 

KMC

Adapter. Waveguide to Coax S28IA $50 G28IA$40 J28IA $35 H28IA $30 X28IA $25
Cover to Choke Flange S290A $65 G290A $50 J290A $35 H290A $30 X29OA$I5 P290A $25

Waveguide to Waveguide -hp- 292 Series- HX292B $25 MX292A $40 MP292A $40. NP292A $40 NK292A $40
Attenuators 

Fixed 3 6. 10, 20 db S370A $75 G370A $75 J370A $65 H370A $60 X370A $55 P370A $60 K370A $100 R370A $100
Precision Fixed S372 $375 G372 $250 J372 $140 H372 $120 X372 $IOO P372 $115
Flap, 25 db max. S375A $120 G375A $H0 J375A $100 H375A $90 X375A $90 P375A $100 K375AH $140 R375Aff $180
Calibrated, precision 5380A $260 G382A $500 J382A $350 H382A $350 X382A $275 M382A $300 P382A $275 K382Aff $425 R382Aff $450

Datactor Mounts 420A $50 420B $75 H42IA $95 X42IA$75 M42IA$I25 P42IA $105
440Af $85

S485D $170 G485D*$I7O J485D" $170
S485AI $140 G485Bf $95 J485Bf $90 H485Bt $85 X485Bt $75

Thermistor Mounts 
(Fixed tuned)* 477B $75 G487B $95 J487B $90 H487R $80 X487B $75 M487B $110 P487B $113 K487Bff $150 R487Bff $225

Frequency Matars. Reaction J530A/B“ H530A$l20 X530A $120 P530A $150
Direct Reading H532A $195 X532B $150 M532B $275 P532A$2l0 K532A $230 R532A $250

Directional Coupler, 
Cross Guide' 20. 30 db S750 $150 G750 $120 J750 $80 H750 $70 X750 $50

Directional Couplers, 
Multi Hole: 3,10. 20 db S752 $375 G752 $250 J752 $140 H752 $120 X752 $100 M752 $130 P752 $1 IS K752ff $175 R752H $200

Slotted Sections, Waveguide SB IDA* $450 Gol iB§ $110 J8IOB§ $110 H8IOB§ $110 X8l0B§$90 MSI0B§ $110 P8IOB§ $110
Slotted Sections. Waveguide K8l5Bff $265 R8l5Bff $265
Tuners. Slide Screw SS70A $225 G870A $185 J870A $150 H870A $130 X870A $125 M870A$l30 P870A $130 K870Aff $250 R870Aff $300

E-H X880A $130 P880A $150
Waveguide Phase Shifter J885A $500 X885A $4C0 P885A $550
Terminations. Low Power S9I0A $60 G9luA $50 J9I0A $35 H9I0A $30 X9I03 $25 P9I0A $30
Terminations High Power S9I2A $20C X9I2A $75
Moving Load S9I4A $100 G9I4A $75 J9I4A $70 H9I4A $60 X9I4B $50 M9I4B $65 P9I4A $55 K9l4Btt $250 R9l4Bff $250
Standard Reflections X9I6 $100
Adjustable Shorts S920A $150 G920A $125 J920A $100 H920A $75 X920A $75 M920B $75 P920A $75 K920Aff $140 R920AH $150
Waveguide Shortina Switch X930 $100
Harmonic Mixer 934A $150 1 to 12.4 KMC P932A $250
Broad Band Probe, Untuned 442 B§ $43 444A $40 2 4 to 18 KMC 446B $145 IB to 40 KMC

MICROWAVE POWER MEASURING EQUIPMENT

FULL-RANGE TESTED

MICROWAVE EQUIPMENT

Check these tables for detailed 
information, prices on micro­
wave equipment you need. Call 
your representatives for more 
details, technical application 
help.

HEWLETT-PACKARD CO.
IO32K Page Mill Road 

Palo Alto, California, U.S.A.
DAvenport 6-7000 

Cebi“ "HEWPACK" 

Field representatives in all principal areas

Hewlett-Packard S.A.
Rue du Vieux Billerd No. I, Geneva, Switzerland 

Cable "HEWPACKSA" - Tel. No (022) 26. 43 36 200.00

Instrument Primary Uses Frequency Range Characteristics Price

-hp- 430C Microwave 
Power Meter

Measurement of 
rf power

Depenas on 
Bolometer Mount

0.02 to 10 mw ±5% 
accuracy S 250.00

hp- 434A Calorimetric Measurement of 
Power Mater rf power de to 12 4 KMC

Direct reading, no 
barretters, thermistors 

O' terminations: 
CW pulsed

I.II5.00A

hp 475B Tunable 
Bolometer Mount

Measurement 
of rf power 

(with 430B/C)
1,000 to 4,000 MC

Matches 50 ohm 
line to 100 or 

200 ohms
225 00

hp- 476A Universal 
Bolometer Mount

Measurement 
of rf power 

(with 430B/C)
lOto 1,000 MC No tuning required 

SWR less than 1.25 85.00

hp- 477B Coaxial 
Thermistor Mount

Measurement 
of rf power 
(with 430C)

10 MC to 10 KMC No tuning required 
SWR less than 1.5 75.00

-hp- 764D/M7D Dual 
Directional Couplers

764D, 216-450 MC, 
Reflectometer and rf ’"nur
power measurements

MC '

Coupling attenuation* 
20 db, directivity 

30 ar 26 db

764D, 765D. 
$160

766D, 767D, 
$150

♦Power handling capacity all 764/767 series couplers 50 watts CW. 10 Kw peak.

MICROWAVE IMPEDANCE MEASURING EQUIPMENT
Instrument Primary Uses Frequency Range Characteristics Price
hp- 4I5B Standing 

Wave Indicator
SWR indicator or 

null indicator
Uses external 

detectors
0 Io 70 db. attn. 

Max. sensitivity 0.1 pv $200.00
hp- 4I6A 

Ratio Mater
Reflection coefficient 

measurements Usas external 
detectors

Continuous swept freq- 
pres'tat'n; accur ±3% 475.0OA

-Ap-4I7A 
vhf Detector

vhf bridge detector 
(for -Ap- 803A) 10 to 500 MC Approx, 5 /tv 

sensitivity 350.00
hp- 803A 

vhf Bridge
Measurement ol vhf 
impedance, SWR 52 to SOO MC ’ to 2 000 ohms impedance 

-90' to +90° phasa angle BOO 00
-hp- 805A Coaxial 
Slotted Section Measurement of 

SWR 500 to 4,000 MC For Type N Connectors 
flexible cables 450.00

■hp- 305B Coaxial 
Slotted Section Same as above Sama as above For rigid %" 

RG44/U line 450.00
hp- 806B Coaxial 

Slotted Section
Same as above 

(mounts in 809B) 3,000 to 12,000 MC For Typa N Connectors 
flexible cables 200.00

hp- 809 B Universal 
Probe Carriage____

G, J H X and P Bin Waveguide Sections 
Supports 806B section, also Accepts 442B, 444A 

probes 160.00

Probe Carriage
Supports K and R 8I5B 

Waveguide Slotted Sections Accepts Untuned 
Probe 4461



Make Milady Want Components, 
Hi-Fi Manufacturer Says

Special selling techniques intended to win 
women over to component high-fidelity have been 
described by a Midwest advertising man. In a 
statement to manufacturers and distributors, 
H. T. Harwood, advertising director of Shure 
Bros., Inc., Evanston, Ill., deplored the industry’s 
emphasis on hardware. This nuts-and-bolts ap­
proach has made women feel that components 
are strictly for audiophiles and hobbyists, he said.

To win women as customers, the industry must 
cater to their tastes. Harwood added. He listed 
several approaches which his company is study­
ing to stimulate female awareness and apprecia­
tion of components.

First is a program of advertising and promo­
tion intended to stress the playing of pleasant 
background music to ease the housewife’s chores, 
and to provide a soothing atmosphere when her 
husband comes home.

The second area in need of attention is the 
hi-fi retail outlet, he said. These should be made 
more attractive, with less emphasis on hardware 
and more on beauty. Harwood rec ommended that 
distributors hire an interior decorator to make 
the high-fidelity “salon” more attractive to women.

Third, specialized floor selling must be* used. 
In this area. Harwood thinks that a woman sales­
person can do a better job than a man.

Finally, Harwood suggests that distributors 
take component high fidelity out to the women 
instead of waiting for the women to come to 
them. Special Ladies’ Day demonstrations at the 
showroom, with promotion and door prizes, are 
suggested to bring in the women.

“In short,” Harwood said, “it takes salesman­
ship and homemanship to win the women over.”

Correction

The illustrations used in Paul Wrablica’s article 
entitled “Concepts in Packaging” in ED, March 
30, p. 60, were part of a design study accom­
plished for the Applied Science Corporation of 
Princeton, a division of Electro-Mechanical Re­
search, Inc The article failed to point out that the 
material shown was a specific assignment dealing 
with new approaches to packaging sub-carrier 
oscillators designed by Electro-Mechanical 
search as well as those manufactured by 
Hoover Company, which was mentioned in 
article.

The techniques referred to in the article 

Re- 
the 
the

are
expected to be applied to other ASCOP teleme­
tering products.
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PUTTING MAGNETICS TO WORK

Smaller filters ease the squeezel
Filter designers! First 16O-mu moly-permalloy 

powder cores pack high performance into smaller space
Filter and inductor designers specify our 160-mu moly­
permalloy powder cores for low frequency applications. 
Where space is precious, such as in carrier equipment 
and telemetering filters, the high permeability ot these 
160-nni cores eases the squeeze.
In many cases, 160-mu cores offer designers the choice of 
a smaller core. In others, because inductance is 28 per­
cent higher than that of 125-mu cores, at least 10 percent 
fewer tui ns are needed to yield a given inductance.
If Q is the major factor, 160-mu cores permit the use of 
heavier wire with a resultant decrease in d-c resistance.
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Like all of our moly-permalloy powder cores, the 160’s 
come with a guaranteed inductance. We can ship eight 
sizes from stock, with a choice of three finishes—stand­
ard enamel, guaranteed 1.000-volt breakdown finish, or 
high temperature finish. Further information awaits 
your inquiry. Magnetics Inc., Dept. ED-78. Butler, Pa.

mu en ETICS ine.



WELDING. Heliarc welding joins parts of this control central case. Dow facilities 
and personnel for welding are government certified.

ASSEMBLY of this 4-deck housing with rivets, bolts and welds precedes 
FINISHING with Dow Number 17 anodic treatment.

DRAWING. This gyro cover is drawn in a single operation. It replaces 
a part which consisted of welded components.

DOW FABRICATION PLANT SAVES WEIGHT, TIME, 
COSTS ON ICBM COMPUTER HOUSINGS

Working closely with the customer, Dow engineers 
suggested design modifications for a three-deck com­
puter housing that yielded improvements in both 
production and application.
Over-all production costs were lowered 20%-30%, 
compared to the original design. Per-unit tooling 
costs were also lowered. The new design resulted in 
better load distribution and increased interchange­
ability of parts. Delivery schedules were speeded. 
The use of magnesium permitted a weight savings of 
approximately one-third, weld joint efficiencies of 
85% and more, and excellent resistance to thermal 
shock. The high damping capacity of magnesium 
alleviates vibration considerably.

DOW THE DOW METAL PRODUCTS COMPANY
DIVISION OF THE DOW CHEMICAL COMPANY 
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Because we are working in both magnesium and 
aluminum, The Dow Metal Products Company can 
offer the best solution to weight problems. Dow’s 
experience, plant facilities and quality control system 
have helped many firms solve tough application 
problems. Production capacity is now available for 
fabricated parts and assemblies of magnesium, alumi­
num and other metals.
For more information contact your Dow Sales Office 
or write today for illustrated brochure describing 
Dow fabrication facilities and services, the dow 
metal products company, Midland, Michigan, 
Merchandising Dept. 1040BC6-8.

NEWS
Regular Telephone Lines
Can Send Punched-Card Data

A teleprocessing system said to permit trans­
mission of complex data over ordinary telephone j 
lines has been successfully tested by the Firestone I 
Tire & Rubber Co. of Akron, Ohio.

The system enables Firestone to transmit 
punched-card data without leasing a telephone 
line or converting the card information into paper | 
tape for transmission over teletype circuits. In­
ternational Business Machines Corp, and Ameri- ] 
can Telephone & Telegraph made the equipment 
used in the system.

To transmit, a field office operator phones the 
teleprocessing room at Firestone’s main office in 
Akron, gets a clearance, then starts an IBM 
transceiver he has previously loaded with cards. | 
The transceiver reads the cards and produces im­
pulses that pass through an AT&T dataphone. 
The impulses are then converted into signals suit­
able for phone transmission.

At the receiving end, the process is reversed. 
Should an error occur, both transceivers stop and I 
buzzers sound at each end. The erroneous data 
are corrected and retransmitted. When transmis­
sion is completed, operators at both ends hang 
up their phones and line charges cease.

The new system, said to be the first of its kind 
in industry, is expected to be put into operation 
immediately. Its primary use will be in assembling 
payroll and retail accounting data.

Time-Code Standardization 
Tested for Missile Sites

A standardized timing code for satellite and 
missile ranges in the U.S. is now being tested at 
the National Bureau of Standards Radio Station 
WWV in Beltsville, Md. Transmitted during the 
third minute of 10 five-minute periods, the signal 
indicates day-of-the-year in hours, minutes and | 
seconds. The data are read out 60 consecutive 
times during the one-minute period.

The experimental signal is generated by the 
ZA-810 solid-state time code generator. The out- | 
put of the unit is in two forms—de level shift and 
modulated 1,000 cps carrier. The 36-bit code is 
read out once per second at a 1000 pps rate, ac­
cording to the developer Electronic Engineering 
Co. of Calif.

At station WWV, the generator’s accuracy is 
said to increase from three parts in 108 to about 
one part in 1010. The increase in accuracy is said 
to be due to the high accuracy crystal oscillator 
input possible at the bureau’s facility. At the re-

ELECTRONIC DESIGN • June 8, 1960



ceiving end, accuracies of 1 msec are said to be 
possible.

The testing, still in the first experimental stages, 
was undertaken as a cooperative effort by the 
bureau’s Boulder Laboratory, the Electronic En­
gineering Co. of California and Convair Astro­
nautics Div.

Magnetic-Field Plotting System 
Helps Evaluate Cyclotron Design

A new magnetic-field plotting system enables 
designers to evaluate the performance of cyclo­
trons before they are built.

The heart of the system is a wafer of semi­
conductor material that is positioned in the field 
by electronic and mechanical devices. A voltage 

( generated in the probe is proportional to the 
intensity of the magnetic field.

The measuring device has been used to record 
data on many types of field configurations. Hence 
new designs can be compared quickly with the 
known data by computers. The evaluation pro­
cedure takes about 36 hr.

Knowledge of the magnetic field configuration 
is needed to calculate the paths of the particles 
to be accelerated. In the past this often was done 
by the lengthy process of building a machine and 
then modifying it to give the desired results.

The system was developed and is being used 
by the Oak Ridge (Tenn.) National Laboratory.

Engineers...

RCA and
■ ivFsrcoAsr

OFFENSE

AM-FM All-Transistor Radio

Zenith’s new portable radio is reported to be the 
first U.S.-made, all-transistor am-fm model. Fm sensi­
tivity is said to be 15pv for 30 db quieting; and 
for am reception, 18 pv/m at 50 mw above noise. The 
radio is priced to sell for about $190.
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A Sunday punch in a velvet-covered gauntlet—this is the state of America’s 
offensive muscle.

Missiles “at ready” in concrete silos buried deep in the earth. Swift 
submarines roaming the depths with missiles tucked away inside. Pentomic 
airborne divisions able to move anywhere on earth in a matter of hours. 
Far-reaching carrier groups controlling the seas. Space stations, atomic 
aircraft—the list is lengthy.

Some of this offensive might is now operational, some is being built, 
some exists only as germs of ideas in an engineer’s mind. The engineer is 
the pivotal point around which revolves the development of well-rounded, 
imaginative offensive capabilities geared to today and tomorrow. This is 
the work of creative specialists.

Because of RCA’s tremendous West Coast expansion program, we have 
need for electronic and mechanical project engineers, and development 
and design engineers to work on information handling and data processing 
systems, electronic countermeasures and missile launch control and check­
out systems for the operational ATLAS missile. We also have openings __________________  
for systems engineers to study future military needs and synthesize systems ।
to meet these requirements. You’ll work in the pleasant surroundings of ^rwrite^

our new, modern electronic center in the San Fernando Valley and you’ll । Mr. o. s. Knox
work on a number of high priority projects that mean added strength for EMpire 4-6485

a I 8500 Balboa Blvd.our country s offense. । Dept. 360-f
If you’d like to grow with RCA on the West Coast, we’d like very much j Van Nuys, California [

to hear from you, in all confidence of course. i------------------------------- 1

RADIO CORPORATION Of AMERICA
WEST COAST MISSILE AND SURFACE RADAR DIVISION

The name you know is the place to grow!

CIRCLE 901 ON CAREER INQUIRY FORM, pag* 169



NEWS
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Measuring capacity to five 
significant places.
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At a G-R workshop session, Anthony 
LaRosa (Douglas Aircraft) checks the effect of 
hand capacity in measuring the impedance of 
standard capacitors; Herbert Ingraham (RCA 
Camden) reads the G-R 1605 Impedance Com­
parator; and Brown Wiggins (North American 
Avirtion) records data.

COMPANY-SPONSORED seminars are 
fast becoming an important vehicle 

for post-graduate engineering education. 
Most recent of these was the “Space­
Flight Symposium” which was held by 
Kearfott Co. on May 21 at its Little Falls, 
NJ. plant.

At this symposium, some 150 invited 
engineers heard presentations on various 
design aspects of space flight by Dr.

Coleman Donaldson (Aeronautical Re­
search Associates of Princeton), Bernard 
Lichtenstein (Kearfott), Robert Abra­
hams (Kearfott), and Dr. Charles Stark 
Draper (MIT).

Two other important seminars, both 
on measurements, were held in April. 
A two-day seminar sponsored by the 
Weston Instruments Div. of Daystrom. 
Inc. used classroom sessions on derivation

919 JESUP-BLAIR DRIVE 

SILVER SPRING 
MARYLAND

Company Seminars—
New Tool for Engineering Education





fast response
WRIGHT SIZE 8 SERVOMOTOR TACHOMETER 
SETS HEW LEVEL OF HIGH PERFORMAHCE

N L. SPEED - 10,250 RPM

r63.2^ N. L. SPEED

TACHOMETER OUTPUT VOLTAGE VS. TIME

6.5 CYCLES ! 
(0.01625 SEC.) j

Hwrt-——
' , ti Li I ■ : - ¡'

This Size 8 motor tach (.75” diameter; weighing 
2.72 ounces) is an example of the engineering and 
production capabilities of Sperry Rand’s Wright 
Machinery Company. Investigate this dependable 
source for precision motors and related components 
whenever your requirements demand exacting 
specifications. We will be glad to work with you.

WRIGHT MACHINERY COMPANY 
DIVISION OF SPERRY RAND CORPORATION
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Rotor Moment of Inertia—0.18 GM.-CM *

Mechanical Time Constant—0.01625 SEC.

2 
Theoretical Acceleration @ Stoll—58,800 RAD./SEC.

Average Acceleration to 63.2% N L. S. 41,600 RAD./SEC.^

DURHAM, NORTH CAROLINA 
ESTABLISHED 1893

NEWS
Self-Teaching Computers 
Urged At Fieldata Meeting

A plea for the development of self-teaching 
computers—machines that can program themselves 
and learn as they go along—was voiced at the 
Fourth Fieldata Applications Systems Techniques 
Meeting in Los Angeles.

Dr. Martin Klein of Franklin Electronics told 
the meeting that computers “are being used in­
discriminately for process control. They are being 
ingeniously programed to operate like a wild man 
who is randomly trying all possibilities until one 
works,” he said.

Computers, he said, were often used as “a cess­
pool into which data are poured from high-speed 
automatic data-processing machines.” This ap­
proach, he said, is “simply not working” and re­
fineries and like installations need a machine 
which programs itself and learns as it goes along 
from human beings who know how to operate 
a process successfully. Although such a machine 
is possible, it is not being built, he said.

He called for a machine built to throw away 
all numbers that are wrong and to operate only 
with numbers that are right.

In other business at the meeting:
■ A charge of “premature disclosure” was leveled 
at industry by Milton A. Lipton, chief of the Sig­
nal Corps’ Data Equipment Branch of the Com­
munications Division at Fort Monmouth, N.J. 
Mr. Lipton said military requirements for privacy 
went beyond mere considerations of security in 
cases where products had not been fully tested 
and put into final production form.
■ Standards were set for program documentation 
and for tape data formats. The new standards, 
to be adopted by all Fieldata members, will be 
published in a short time.

Mobile Computer Provides 
On-the-Spot Checks in Refineries

A mobile data-processing system said to pro­
vide a wide range of uses in the petroleum, chem­
ical and petrochemical fields has been developed 
by Hagan Chemical & Controls Inc. of Pitts­
burgh, Pa.

Called the Kybemetes 2000, the system is 
transported by trailer to sites of new processing 
plants so that engineers can check on initial plant 
performance. After that, it can be used for peri­
odic data-processing needs throughout the plant.

The trailer carries its own power supplies per­
mitting input data to be fed directly into the
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CORNING GLASS RESISTORS

system. In addition to logging flows, levels, tem­
peratures, pressures and other functions, the 100- 
point system scans all points for off-normal or 
out-of-limit conditions, Hagan says.

Process engineers can also use the system for 
dynamic analyses, it is reported. In this applica­
tion, the system scans selected points at the rate 
of four points per second, and transfers data to 
punched tape for examination.

The mobile system is expected to go into op­
eration in late 1960. To fit space requirements of 
the trailer, it will consist of six basic racks of 
components, each 22 in. wide and 6 ft high.

Off-the-Shelf Programs 
Planned for Computer Users

Pretested computer programs for industry’ are 
under development by the Data Processing Divi­
sion of International Business Machines Corp. 
The programs, each designed to handle a major 
data-processing function within a specific indus­
try, will be made available to users of IBM equip­
ment through the company’s new Programmed 
Applications Library.

The programs are expected to perform about 
80 per cent of the computer user’s particular data- 
processing job. Each program will include in­
structions, block diagrams and the problem defi­
nition which a customer needs in preparing for 
computer processing of his industry application. 
To meet specific requirements, the customer will 
have to make only limited additions or modifica­
tions to the library program, the company says.

The first library program is expected to be 
available by September, 1960. This is described 
as a public utility customer-accounting program 
which is designed for the solid-state 7070 data- 
processing system.

When you’re faced with a rush job that requires high 
stability resistors, do this:

1. Specify the components from Corning’s 
complete line of glass resistors;

2. Call your local Corning distributor 
and tell him what you need;

3. Send him a confirming order.
Almost before the order is typed—depending on the distance 

from the distributor and/or the speed of your typist—you’ll 
have the components... in plenty of time to meet your deadline.

Your Corning distributor takes pride in this fast service.
He’s in business to help your production line or test lab.
Give him a call. Watch him go to work.
For the name of your nearest Corning distributor write to: 
Electronics Distributor Division • ERIE RESISTOR 
CORPORATION • Erie, Pennsylvania

Computer Business May Double 
RCA Volume in Next Decade

A program of all-out activity in the area of 
electronic data processing is expected to double 
Radio Corp, of America’s present corporate in­
come within the next decade, president John L. 
Bums said at the company’s annual meeting.

He indicated that present orders for computer 
systems made by the company have reached $125 
million, and probably will exceed $200 million 
by the year’s end. The company’s major systems 
include the RCA 301, 501 and 601, said to pro­
vide a complete range of data-processing services 
to both large and small businesses.

CORNING
ELECTRONIC COMPONENTS

Distributed exclusively by

DISTRIBUTOR DIVISION

This Corning fusion-sealed glass resistor defies all environ­
mental conditions . . . heat, moisture, vibration. See for 
yourself. Boil it in water as shown here Bounce it. Drop it. 
It's practically indestructible.

CIRCLE 31 ON READER-SERVICE CARD

ELECTRONIC DESIGN • June 8, 1960



NEWSmajor advance in design: 
SUPRAMICA® 555 
ceramoplastic 
commutator plates

ACTUAL SI7F

tAUimMlU^

POLE NO. I

\ POLE NO. 2

POLE NO.

MYCALEX SWITCH 
TM MODEL CP 499

3.000* O.D.

PRECISION-MOLDED 
SUPRAMICA "555* 
CERAMOPLASTIC

^miii iiiM

.015* SPACING

Five Firms Start Work 
On Army's Mauler Missile

A five-company team has begun work on the 
Army’s highly mobile Mauler missile system un­
der a $5.5 million contract covering the first year 
of development.

General Dynamics Corp.’s Convair Div., Po­
mona. Calif., is the prime contractor. Other team 
members and assignments are: Raytheon Co., 
Waltham, Mass., fire-control system; Burroughs 
Corp., Detroit, digital computers; Food Machin­
ery and Chemical Corp., San Jose, Calif., pod 
assembly and single-track vehicle; and Stromberg- 
Carlson Div. of General Dynamics, Rochester, 
N.Y., communications equipment.

Convair is developing the solid-fuel missile 
which will be designed for battlefield use against 
tactical missiles and jet aircraft employed by the 
enemy on close-support and forward-echelon 
harassment missions.

Mauler units will include the missiles and a 
single-track vehicle which carries the missile 
guidance and fire-control radar and associated 
equipment. The units will be light enough to be 
transported by air.

The Army Rocket and Guided Missile Agency, 
a part of the Army Ordnance Missile Command 
at Redstone Arsenal, Huntsville, Ala., has over­
all charge of Mauler development.

MIM

MYCALEX
ELECTRONICS CORPORATION

combine: up to 540 channels...long life 
... low noise... in a 3 inch diameter
The unique properties of SUPRAMICA 555 ceramoplastic make possible an equally 
unique standard of performance in commutator switching plates.

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

A new low in noise level—less than 1 millivolt, when switching 5 volts into a 150 
ohm load—allows the sampling of transducers with peak output as low as 10 milli­
volts and noise level of 10-20 microvolts, without the use of pre-amplifiers.

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

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

General Offices and PZanr;121-M.Clifton Blvd., Clifton, N. J.
Executive Offices: 30 Rockefeller Plaza, New York 20, N. Y.

EXCLUSIVE LICENSEE OF MYCALEX CORPORATION OF AMERICA 
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TV Observes Missile Impacts 
With Rocket-Borne Camera

Remote observation of missile impacts has 
been accomplished with a TV monitor device 
tested by the Army.

A TV capsule ejected from a Redstone missile 
during flight sent back views of the impact dur­
ing recent tests at the White Sands Missile Range, 
N.M. The TV equipment and receivers located at 
a command observation post were supplied by 
Radio Corp, of America, Camden, N.J.

Army's Mobile Missile Monitor 
Aiding Air Defense Abroad

Missile Monitor, said to be the first mobile air­
defense, missile-fire direction system, is now being 
deployed to operational sites in Europe, the Army 
has announced. Designated AN/MSG-4, the sys­
tem can detect, track and store information on 
hundreds of airborne targets. It also stores infor-
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mation on the readiness and action of each de­
fense missile battery.

The system uses a corps command post with 
equipment mounted in Army trucks and vans. The 
equipment includes Frescanar detection radar, a 
digital computer that identifies and tracks air­
borne objects, and four large screen consoles to 
provide command personnel with a graphic pic­
ture of the ground-to-air battle.

The command post is electronically linked to 
the missile batteries, either Nike or Hawk units. 
Information flowing to the batteries includes track 
data on assigned targets. Missile batteries send a 
constant report back to the command post on fir­
ing readiness and hostile airplane destruction 
results.

The mobile system, developed jointly by the 
Army Signal Corps and the Ground Systems 
Group of Hughes Aircraft, is said to “eliminate 
the old grease-pencil and voice-telling methods 
for coordinating air defense units.”

Experience—the added alloy in A-L Electrical Steels

Army missile systems, used to track and assign targets 
using digital techniques, are going to operational Army 
sites in Europe. Interior of one of the vehicles shows 
how transistor circuits are packaged in pull-out draw­
ers. The system, using Frescanar 3-D radar for multi­
target tracking, was designed by Hughes Aircraft Co. 
The Army is tracking Hawk and Nike missiles with the 
system.
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Higher permeability values now guaranteed 
for Allegheny Ludlum's Moly Permalloy
Means new, consistent and predictable 
magnetic core performance
Molybdenum Permalloy nickel-iron strip is now available 
from Allegheny Ludlum, with higher guaranteed perme­
ability values than former typical values. For the buyer, 
this new high quality means greater uniformity .. . more 
consistent and predictable magnetic core performance.

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

ALLEGHENY LUDLUM
STBBLMAKBRS TO TMB ■LBCTRICAL INDUSTRY 

Export distribution. Eloctrical Matoriols: AIRCO INTERNATIONAL INC., NYC 17 
Export distribution. Laminations: AO. AURIEMA, NYC 4 
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including Silectron, well-known grain-oriented silicon 
steel, and other magnetic alloys.

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

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

Address Dept. ED-6.
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[yûlÂ/T CONTACT f W F BY CONT/MENTAL CONNECTORS

Closed Entry Cartridge completely protects socket contact
against probe damage or handling inside and outside molding

ENLARGED VIEW IU SHOW DETAIL
OF PRECISION MADE SCREW MACHINE CONTACT

Eliminate all connector soldering operations with 
Continental Connector’s new, improved removable 
contact with crimp terminations. Extra wide, three- 
tine spring clutch on pin and socket provides maximum 
holding area between contact and molded block. Con­
tacts are supplied separately and are wired independ­
ently. This permits mounting of plug and socket 
connector units at any convenient time without wait­
ing for completion of wiring operation.

Wire crimping is fast and easy with hand or 
automatic power crimping tools readily available for 
small or quantity production. Contacts are quickly 
removed and replaced with a simple, low cost hand tool.

These removable contacts are designed for use with 
Continental Series 25 Miniature Rectangular con­
nectors in sizes of 14, 26, 34, 50, 75 and 104 contacts. 
Both socket and pin contacts are made of phosphor 
bronze with gold plate over silver plate. Terminations 
accommodate any # 16 to #22 AWG wire. Removable 
contact connectors are interchangeable with existing 
fixed contact types.

For complete technical data bulletin on Continental 
Removable Contact Connectors, write to Electronics 
Division, DeJUR-AMSCO CORPORATION, 45-01 
Northern Boulevard, Long Island City 1, N. Y. 
(Exclusive Sales Agent.)

EASY 3-STEP PROCEDURE FOR 
WIRING AND INSERTION OF CONTACTS

El

1—CRIMPING . . . One motion 
with crimping tool quickly 
crimps contact securely to wire

MANUFACTURED BY 
CONTINENTAL CONNECTOR CORPORATION, 

AMERICA’S FASTEST GROWING LINE OF 
PRECISION CONNECTORS

CIRCLE 34 ON READER-SERVICE CARD

ELECTRONIC DESIGN • June 8, 1960

Fii 
D. 
cl< 
m< 
si< 
of 
mi 
tu

2—INSERTION ... Simple hand 
held insertion tool inserts 
crimped contact into molding

3—REMOVAL... Special spring- 
loaded removal tool removes 
contact and wire with one 
motion

Airline Gets Weather Radar 
Under New RCA Lease Program

Allegheny Airlines has contracted to receive 23 
airborne weather radar units under a new leasing 
program set up by the Radio Corp, of America. 
The equipment includes the RCA AVQ-10 and 
AVQ-50 radars, and AVQ-60B air-traffic control 
transponder.

The AVQ-10 is said to peer through fog, dark­
ness or storm to a distance of 150 miles. Its weight 
is less than 125 lb. The AVQ-50, a smaller radar 
weighing 57 lb, is said to have a range of 80 
miles. It is intended for small commercial aircraft 
or private planes.

The transponder is carried in the aircraft and 
can be triggered as soon as it comes within range 
of a ground interrogator station. It broadcasts the 
plane’s identification in coded form and this is 
indicated on a radar scope in the traffic center.

The lease agreement is on a five-year basis 
with a two-year option at reduced rates. Alle­
gheny is said to be the first commercial air car­
rier to use the lease program.
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Research Shifted by Avco-Crosley 
To Cincinnati Facility

Research work of Avco Corp.’s Crosley Div. 
will be consolidated at the division’s Cincinnati 
plant, according to a Crosley spokesman.

Researchers for the division now attached to 
various Avco facilities in the Boston area will 
move to Cincinnati under the consolidation plan. 
The exact number of people to be shifted has 
not yet been determined, the spokesman said.

Test Sphere Simulates 
Altitudes Up to 285 Miles

Materials and components for space vehicles 
will be tested at simulated altitudes of up to 285 
miles in a new spherical test facility developed by 
the Guardite Co. of Wheeling, Ill. This is three 
times “deeper” into space than earlier tests.

In addition to simulating the vacuum encount­
ered in outer-space travel, the test chamber will 
duplicate such extra-terrestrial conditions as:

■ Solar radiation from the soft X-rays and ultra­
violet rays through the visible and infrared range



Correction Notice

TV Minds Fires at Power Plant

KEMET COMPANY EXPANDS
ITS SOLID TANTALUM CAPACITOR UNE!

KEMET COMPANY
CIRCLE 35 ON READER-SERVICE CARD

These new, smaller sized J-series capacitors 
— an addition to the proved and accepted 
H-series solid tantalum line—comply with and 
in many instances exceed the requirements of 
MIL-C-26655 (USAF).

For example, these capacitors are avail­
able in capacitances up to 22 microfarads at 
working voltages of 50 volts at 85 degrees C. 
At 125 degrees C., they operate at two-thirds 
of the 85 degree C. working voltage. Available 
with or without insulating sleeves, the new 
J-series capacitors maintain the excellent low
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leakage current characteristics associated 
with the H-series line, even though they oc­
cupy about y3 of the space of the earlier types.

These new capacitor designs are made 
possible by the advanced research facilities 
available at Union Carbide Corporation, plus 
the fact that “Kemet” is not dependent on 
other suppliers for the mining or processing 
of tantalum.

For literature, write Kemet Company, 
Division of Union Carbide Corporation, 11901 
Madison Avenue, Cleveland 1, Ohio.

"Kemet'* and “Union Carbide" are 
registered trade-marks for products of

In “Find Transistor Gain and Impedance 
Quickly Using Hybrid-Pi Equivalent” (ED, May 
11,1960), there is an error. The first paragraph on 
page 55 states that since the impedance is capaci­
tive. it will increase with frequency. The imped­
ance, of course, will decrease with frequency.

of the solar spectrum at an intensity as measured 
at the earth’s orbital radius.

■ The 420-F temperature of outer space.
■ High-energy radiation, such as the hard 

X-rays, electrons and low-energy protons.
■ Simulated re-entry of a test vehicle from outer 

space to level, duplicating the true effects of at­
mospheric friction.

Larger test chambers with diameters up to 
300 ft are now being planned by Guardite. These 
units will permit future astronauts to experience 
precise conditions nf extended space travel and 
re-entry without leaving the ground.

Fire watching has taken on a new dimension at the 
Dept of Water and Power m Los Angeles. Using n 
closed-circuit TV system, this operator at the depart­
ment's Scattergood Steam Plant monitors the fires in­
side the plant’s boilers. The system, built by Kin Tel Div. 
of Cohu Electronics, consists of four Vidicon cameras 
mounted outside the boilers. Each camera sends its pic­
ture to one of four 14-in. monitors in the control room.

UNION 
CARBIDE
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Let KNAPIC

SILICON

for you!

GERMANIUM MONOCRYSTALSSILICON AND
For Semiconductor,

Solar Cell and

Infrared Devices

microseconds. Specification Sheets Available.

Material

Knapic Electro-Physics, Inc.

CIRCLE 36 ON READER-SERVICE CARO

Electron Mobility 
cm1 volt-'sec-'

Crystals are grown by a 
modified Czochralski technique.

<426
268
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SILICON 
SILICON 
SILICON 
GERMANIUM 
GERMANIUM

936-40 Industrial Ave-, Palu Alto, Calif 
Phone DAienport 1 5644

Major manufacturers of semiconductor devices have found that Knapic 
Electro-Physics, Inc. can provide production quantities of highest quality sili­
con and germanium monocrystals far quicker, more economically, and to 
much tighter specifications than they can produce themselves. Knapic Electro­
Physics has specialized in the custom growing of silicon and germanium 
monocrystals. We have extensive experience in the growing of new materials 
to specification. Why not let us grow your crystals too?

Knapic monocrystalline silicon and germanium is available in evaluation 
and production quantities in all five of the following general grade categories 
—Zener, solar cell, transistor, diode and rectifier, and high voltage rectifier.

Check these advantages . . .
Extremely low dislocation densities
Tight horizontal and vertical resistivity tolerances.
Diameters from to 2". Wt to 250 grams per crystal Individual crystal lengths to 10". 

Low Oxygen content L x 10” per cc., 1 x 10” for special Knapic small diameter material. 

Doping subject to customer specification, usually boron for P type, phosphorous for N type. 

Lifetimes: 1 to 15 ohm cm -over 50 microseconds; 15 to 100 ohm cm -over 100 microseconds. 
100 to 1000 ohm cm -over 300 microseconds. Special Knapic small diameter material over 1000

TUNNEL (ESAKI) DIODE MATERIALS
RECOMMENDED SPECIFICATIONS

Future Space Transmitter 
May Use Solar Radiation

Interplanetary communications using radiation 
from the sun as a means of transmission is the 
object of a development program at Electro- 
Optical Systems, Inc., Pasadena, Calif., under an 
Air Force contract.

The solar communications system (SOCOM) 
would collect radiation from the sun in one 
Cassegrainian mirror unit, intensity modulate 
the resulting beam, and retransmit in any de­
sired direction. The system would be most use­
ful outside of the atmosphere, where there is 
almost no attenuation of optical signals.

SOCOM offers systems designers narrow beam­
widths, low weight and power requirements, and 
high signal-to-noise ratios, according to Electro- 
Optical.

EOS engineers estimate that a system using 
JO to 15 w, exclusive of control system needs, 
with a 30 to 40 lb transmitter, could provide a 
signal-to-noise ratio of 10 db at 10 million miles, 
if the mirror antenna is 1 sq m in area and band­
width is 10 cps. A factor of 10 improvement in 
signal-to-noise would result from cooling the 
cathode of the photomultiplier detector.

Variable-orientation Cassegrainian arrays would 
be used for both receiving and transmit­
ting. The receiving system might have a detector 
mounted behind the primary parabolic mirror,

Dislocation density, Knapic silicon mono­
crystals* Crystal diameters to %" — None; 
%" to Va"— less than 10 per sq cm ' W to 
Iga"— less than 100 pit sq. cm.; 1 Vj" Io 2" 
— lets than 1000 per sq. cm

Air Force's Project Gusto 
Seeks Ultrastable Oscillators

Ultrastable oscillators for use in radio-guidance 
systems for space travel are being developed un­
der the Air Force’s Project Gusto—Guidance by 
UltraStable Oscillators.

Oscillators with an atomic-clock order of sta­
bility promise a new standard of performance in 
radial acceleration measurements, according to 
Jack Yolles, technical advisor to Wright Air De­
velopment Div.’s Navigation and Guidance Lab­
oratory'.

Signals from a ground transmitter compared 
w ith those of a local oscillator in the space ve­
hicle could provide a rate of change of phase­
shift output proportional to the velocity of the 
vehicle with respect to the ground station. Ra­
dial acceleration might be obtained by differat- 
ing the velocity measurement.

Project Gusto is part of an over-all Air Force 
program to achieve the extreme coherence and 
stability required for long-range space guidance 
systems, Mr. Yolles explained

SALES OFFICES.
lattare—405 Lexington Avenue, New York, N. Y. • Phone YUkon 6-0360
Rettati—204 South Beveriy Dr., Beverly Hills, Calif. • Phone CRestview 6 7175 
lartgete—F2 Prins Frederick Hendrikleen, Nearden, Holland • Phone K 2959 8988

. Also manufacturer of large diameter silicon and 
germanium lenaea and cut domes for infrared use

Phosphorous Concentration 
x IO”««-»

Specific Resitivity 
in ohm cm

67.8 .OO1OS
11.0 .00078
16.0 .00065

1 6 .0009 1
3.-4 .00067



or the detector might be mounted at the focal 
point of the primary. The transmitting array 
would have a series of mirrors so that the radia­
tion can be directed independently of the loca­
tion of the source.

The sun must be tracked accurately in order 
to orient the collecting system properly. This 
might be possible using a radiation tracking trans­
ducer recently developed by EOS. The modula­
tor must be designed to radiate away heat ab­
sorbed from the beam to prevent overheating, 
since there is no convection or conduction cooling 
in space.

LEADS THE
INDUSTRY IN

ULTRAHI6H-P0WER
Transformer Can Resist Heat 
Up To 1,200 F, Developer Says

A newly developed transformer is capable of 
resisting the heat in a missile nose cone or tem­
peratures up to 1,200 F.

Under a two-stage Navy contract, the Raytheon 
Co. of Waltham, Mass., is constructing the high- 
temperature-resistant units for final testing.

The temperature limit of transformers currently 
in use is about 400 F. Under the first stage of the 
contract Raytheon engineers developed a trans­
former which could withstand up to 700 F.

The goal of prototypes now under construction 
is a minimum operation time of 2,000 hr with 
the units’ internal temperatures 200 F above an 
ambient temperature of 1,000 F. The prototype 
will represent the various types of transformers.

Although the new transformers will be using a 
glass-fabric-covered wire and mica-layer insula­
tion, new high-temperature-resistant insulating 
materials have been developed by Raytheon un­
der this contract. A bentonite clay compound, 
which can resist temperatures up to 1,000 F, can 
be made in sheets of 0.0005 in. thickness. It is 
mixed with inorganic fibers such as glass, quartz, 
or asbestos, depending upon the extent of heat 
resistance needed.

Another Raytheon development is a copper­
tantalum wire. Upon being anodized, the wire 
receives a tantalum oxide insulated coating which 
resists high temperatures.

Engineers have also developed a chromium- 
plated copper wire to which a ceramic formula­
tion is fused. Nickel-coated wiring now on the 
market has limited heat resistance because it will 
alloy with copper in high temperatures and has 
50 per cent more conductivity than nickel-plated 
wire. The chromium-plated wire is coated with 
a ceramic mixture and fired at a high temperature, 
resulting in the chromium oxidizing on the wire’s 
surface forming a good bond between the ceramic 
and the chromium.

DUPLEXING
with both 6AS DISCHAR6E 

and FERRITE DUPLEXERS

Selecting a duplexer for high-power applications 

involves consideration of peak power, 
average power, transmit loss, receive loss, 
expected life, and versatility of operation.
All Microwave Associates high power gas 
duplexers utilize special window structures for 
optimum switching efficiency without sacrifice 
in low-level loss characteristics. These windows 
insure reliable, long-life performance. Both our 
gas and ferrite duplexers may be operated over 
very broad bandwidths at the common 
microwave frequencies.

Exceptionally complete ultra-high-power design 
and test equipment is utilized by our Research 
and Production Departments. Each duplexer 
is fully tested at maximum rated power 
before shipment.

We have extensive experience in designing 
and manufacturing high-power duplexer devices 
and are interested in working on newest 
ultra-high-power applications. We are now 
developing ultra-high-power duplexers for more 
efficient switching at UHF, L, C, and S bands.
Our Applications Engineers would like to discuss 
the future of high power duplexing with you.

’Th* duplexer receiver loss includes the loss due to receiver protector TR tubes.

Frequency 
Band

Duplexer 
Type

Peak 
Power

Average 
Power

T ransmit 
Loss (max.)

•Receive 
Loss (max.) Bandwidth

UHF
Gas 5 Mw 300 Kw 0.1 db 0 4 db Tunable

Gas 25 Mw 75 Kw 0.1 db 0.4 db

L Gas 25 Mw 50 Kw 0.1 db 0.5 db

S
Gas 6 Mw 30 Kw 0.1 db 0.7 db

Ferrite 3 Mw 5 Kw 0.5 db 0.9 db

C
Gas 5 Mw 5 Kw 0.1 db 0.7 db

Ferrite 5 Mw 7.5 Kw 0.3 db 0.8 db 10% Nominal

X
Gas 500 Kw 500 W 0.2 db 1.0 db

Ferrite 1 Mw 1 Kw 0.3 db 0.9 db

Ku
Gas 150 Kw 150 W 0.2 db 1.0 db

Ferrite 150 Kw 150 W 0.3 db 0.9 db

Ke Ferrite 75 Kw 75 W 0.3 db 1.1 db 4% Nominal

All Microwave 
Associates duplexers 
incorporate low-loss, 
long-life, receiver 
protectors which 
guarantee crystal 
protection over wide 
temperature ranges 
and under extreme 
environmental 
conditions.

At each frequency band of the 

microwave spectrum, Microwave 

Associates has devices for efficient 

switching of high power.

MICROWAVE ASSOCIATES, INC.
BURLINGTON, MASSACHUSETTS 

Western Union FAX-TWX: Burlington, Mess., 942 • BRowning 2-3000
CIRCLE 37 ON READER-SERVICE CARD
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FAA Seeks Interim Air-Collision Systems

Proposed Anti-Collision Systems Are of Two Types
NON-COOPERATIVE SYSTEMS

VISUAL

TARGET

—• OPTICS —• ETE

AIRBORNE EQUIPMENT

RADAR

TARGET AUTO TRACK LINK

|PROGRAMER| i

AIRBORNE EQUIPMENT

RJSITCNINFRAREC

AUTO TRACK LIN«

COOPERATIVE SYSTEM

AUTO TRACK link

Airborne breadboard version of the Bendix colli­
sion-avoidance system that is ■'ibout to undergo tests of 
system capability at the FAA's National Aeronautical 
Facilities Experimental Center m New Jersey. The sys­
tem uses a 400-mc pulse-separation coded signal to 
broadcast range and altitude data via a ground-bounce 
communications technique. The company is developing 
a special airborne computer for the system.

For designers, the difference be­
tween the two classes of collision­
avoidance systems means choosing 
between problems of measurement, 
which are inherent in non-coopera- 
five (or self-contained) systems, and 
problems of communication, which 
are a result of the need to transfer 
data between cooperating systems. 
The FAA and industry expect that if 
a collision-avoidance system is ever 
developed it will be cooperative.

that FAA policy on collision systems extends only 
to the idea that positive, ground-based air-traffic 
control is the optimum way of preventing aircraft 
collisions. Beyond this, the FAA’s only commit­
ment in anti-collision work is to see that all pro­
posals are reviewed.

Until positive air-traffic control is achieved the 
FAA will continue looking for an interim system, 
Mr. Weber reported. He said that in the last two 
years more than 200 proposals for collision pre­
vention systems were submitted to the FAA.
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Out of these and earlier proposals and out of 
much military work have come only two develop­
ments that the FAA considers promising. One is a 
collision-avoidance system developed by Bendix 
Radio; this system is about to be put through 
second-phase tests at FAA’s NAFEC facility near 
Atlantic City. Tests just completed have estab­
lished the validity of the ground-bounce ranging 
technique used in the Bendix system.

The other development is the growing confi­
dence in infrared detection as a potential collision-

T HE FEDERAL Aviation Agency is about to 
■ move into second-phase tests of a promising 

collision-prevention system, but it is still a long 
way from committed to any one approach to the 
problem. It is a wide-open field for design engi­
neers.

This was brought out during an IRE section 
meeting in Boston last month by a panel of avia­
tion specialists representing the FAA and other 
organizations.

At the meeting, which was arranged to brief 
Boston-area engineers on the air-collision problem, 
J. A. Weber, chief of the Data Acquisition Branch, 
Bureau of Research Development, FAA, reported

Alan Corneretto
Assistant Editor



Wide Variety of Anti-Collision 
Proposals Cover Electronic Art

The hundreds of proposals for anti-collision 
systems considered by the FAA and the Air 
Transport Association in only recent years in­
volve most of the areas of electronics, ranging 
from radar to nucleonics, from infrared to radio. 
Here's a rundown of what some companies have 
suggested to prevent aircraft collisions.

Pilot Warning Instruments
SELF-CONTAINED SYSTEMS

Aerojet General—infrared, possible using lead 
selenide or indium antimonide sensors.

Collins—constant-rate-of-closure, radar-type sys­
tem.

Farnsworth—infrared.
ITT—limited-use attachment to weather radars.
Nevada Air Products—infrared.
RCA—weather-radar attachment.
Raytheon—IR system and optical system.

COOPERATIVE SYSTEMS
Aviation Instruments Mfg. Co.—nuclear emitter 

in wings and tail of craft, to act with direc­
tional radiation detector.

Decker—Modulated polarized light with photo­
multipliers and scanners.

Minneapolis-Honeywell—dual-mode infrared.
Sperry—modified Air Force rendezvous equip­

ment.
Sylvania—directional ultraviolet scanners detect­

ing pv sources in all aircraft.

Collision Avoidance Systems
Bendix—omnidirectional altitude transfer broad­

casts via ground-bounce uhf (see story).
Fairchild—PADAR ground-bounce system derived 

from countermeasures work.
Norden—-altitude-coded transponder signals.
Panoramic Radio Products—coding of rf carrier 

for measurement and display of relative alti­
tude.

Other organizations in air-collision work in­
clude Stanford Research Institute, Diamond Ord­
nance Fuze Labs, Packard Bell, Melpar, Thomp- 
son-Ramo-Wooldridge, Curtis Wright, Motorola 
and Boeing.

avoidance method. Many companies are working 
on infrared systems, and the Navy is conducting 
tests for the FAA that will result in a catalog of 
IR signatures of small aircraft. Signatures of most 
military’ and large commercial aircraft have al­
ready been developed.

In organizing its attack on the air-collision 
problem, the FAA classifies equipment into two 
categories:

■ Collision Avoidance Systems (CAS) detect 
the presence of other aircraft, evaluate the colli-
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SILICON

• In All Basic Circuit 
Configurations

• 2 Weeks’ Delivery on
Standard Assemblies

• Traditional High 
Vickers Quality

Vickers’ Electric Products Division has 
been a leader in the development and 
manufacture of selenium rectifier stacks 
for many years. This extensive practical 
experience and specialized skill have now 
produced a new line of silicon rectifier 
stacks. Like all Vickers rectifiers, they are 
outstanding for their exceptional quality, 
reliability and durability—characteristics 
verified by thorough laboratory testing. 
These pre-assembled stacks are easy to 
install, and are low in both initial cost 
and operating cost.

ELECTRICAL CHARACTERISTICS
• Available in all p.i.v. ratings from 50V to 1800V, and with current 

ratings from 2 to 105 amperes
• Voltage-dividing resistors provided in stacks employing series cells
• Extremely low reverse current and forward drop
• Stability at high temperatures

MECHANICAL CHARACTERISTICS
• Copper fins for high, fast heat dissipation
• Nickel-plated and epoxy-coated for maximum corrosion resistance
• Melamine High Voltage Insulation
• Available in fin sizes of 2”x 2”, 3*x 3", and 5*x 5”, all .064 

thick
• Keyed shaft, sturdy, dimensionally accurate construction and 

assembly. Ruggedness insures reliability in high vibration and 
shock applications

Write for new 3320 Series Bulletins and price list (on your letterhead)

DIVISION OF SPERRY RAND CORPORATION

1841 LOCUST STREET / SAINT LOUIS 3, MISSOURI

Seles Engineering Offices: BOSTON (R.p.)-CEdar 5-6815 • CHICAGO-JUniper 8-2125 e CLEVELAND—EDison 3-1355 
DETROIT—TOwnsend 8-5100 • SAN FRANCISCO (Rep.)—Fireside 1-3433 • ST. LOUIS—CEntral 1-5830 e ST. LOUIS (Rep.)—JAckson 1-4877 
SYRACUSE (Rep.)—GRanite 4-4889 e LOS ANGELES—DAvenport6-8550eNEW YORK CITY—LEnnox9-1515 e WASHINGTON, O.C—Executive3-2650

CIRCLE 38 ON READER-SERVICE CARD

39



NEWSflùuk about (¿Me 2 appfcakouA

Donner Modal 5002 Null Voltmeter costs only $245 for cabinet model. 
$230 for rack mount.

oonncfl NULL VOLT Mt TER 
MODEL S002

Then you'll want a 
dodder NULL VOLTMETER

10 TURN 
20K 
^0.1%

O+IOW

■o w

Functional Diagram, Donner Model 5002

0.05% 
POWER SUPPi*

1 As a Sensitive 0.1% Direct Reading de Voltmeter

In operation, the user measures voltage by 
simply twisting the ten turn precision poten­
tiometer dial until the meter nulls. Voltage is 
read directly off the potentiometer dial to 
a resolution of 0.1 %. Operation over a range 
of 0 to 4-100 volts or 0 to —100 volts without 
range switching. Features negligible loading 
over whole range with infinite impedance at 
null. The meter is protected against burnout 
from overvoltage.

2 As a 0,1% Reference Power Supply

Generates any de voltage in the range of 0 to 
4-100 volts or 0 to —100 volts at 10 ma. Volt­
age can be set at 0.1 volt with a ten turn heli­
cal potentiometer with direct dial readout. 
Other features include stability of 0.1% in 
8 hours, 0.5% per year. A source voltage of 
±100 volts ( ±0.1 %) is always available for 
reference in addition to selected output volt­
age. Hum and noise is 2 mv rms maximum.

25

Your nearby Donner engineering sales representative will I] II II Ilf* K
be happy to furnish you with complete information and W mV II II w II GUMPAIVY
arrange an opportunity for you to use the Donner 5002 aaa . - ...
in your own lab. For complete technical specifications idoo ' Concord, Californio
please address Department 36. Phone; MUIberry 2-6161
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sion risk by measurement and computation, and, 
at the proper time, alert the pilot and indicate or 
initiate evasive maneuvers.

■ Pilot Warning Instruments (PWI) are simpler; 
they alert pilots to the presence of nearby aircraft 
and indicate the direction to look for them.

CAS and PWI equipment can be either cooper­
ative or self-contained. Cooperative devices re­
quire equipment to be installed in other aircraft 
for greatest effectiveness.

Self-contained systems do not require the help 
of beacons or other equipment on other aircraft.

Currently the FAA thinks that the CAS, when 
and if it comes, will be cooperative and compli­
cated, and that it will be the only type of system 
practicable for jets. Small craft will probably not 
be able to carry a CAS, which will include a com­
puter. But the PWI gear of small aircraft will 
contribute to the effectiveness of collision avoid­
ance systems of larger craft.

The FAA expects that rather than a successful 
CAS appearing complete on the scene there will 
probably be an evolution of devices leading to a 
practical system. The agency’s program is geared 
to steady methodical development of anti-colli­
sion equipment.

Limited R&D Funds Available
Government money is available for develop­

ment of such interim equipment but the amount 
is small compared with that earmarked for the 
eventual nationwide automatic air-traffic-control 
system.

Designers of anti-collision equipment have two 
basic problems to surmount, Mr. Weber told his 
Boston audience: accuracy of measurement and 
capacity of communications.

Measurement difficulties hamper self-contained 
collision-avoidance systems, which must, in effect, 
predict an event at ranges of 20 to 30 miles. The 
predicted event is the future position of two or 
more aircraft, or the magnitude of the collision 
threat. The range of 20 to 30 miles is determined 
by the closing speeds of modem aircraft.

Such values as altitude, heading, airspeed and 
others must be measured accurately. The intruder 
bearing angle, 0, must be measured, in a self-con­
tained system, to accuracies of less than 1 deg.

Cooperative systems, which are able to trans­
fer information from one craft to another, do not 
require such great accuracies. But they are subject 
to communications problems that result in a 
trade-off between information capacity and traffic 
capacity. The greater the number of aircraft that 
must exchange collision-avoidance information, 
the lower the capacity of the communications 
system.
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The problems of measurement and communica­
tion are relatively insignificant in pilot-warning 
instruments, but the protection provided by a 
PWI is proportionally less than that afforded by 
a CAS.

Because the FAA will continue to base its air­
traffic control system on altitude separation, with 
aircraft flying in specified layers of airspace, most 
anti-collision systems need to consider only air­
craft at the same altitude.

Systems Use These Basic Equations

Three basic ways of evaluating the threat of 
collision underlie most of the systems proposed 
to the FAA. Two methods are frequently sug­
gested for self-contained systems: 0' = 0, where 
collision is expected when the angle, 0, between 
two aircraft is constant; and R" = 0, where the 
time rate of change of the closing speed between 
two aircraft is zero.

A common threat-evaluation criterion for co­
operative systems is M = 0, where collision is 
expected when the magnitude of minimum ap­
proach, M, equals zero—minimum approach being 
the smallest distance between two aircraft.

The cooperative Bendix system is based on 
what the FAA calls a unique idea: t = R/R' 
where R is the range between two aircraft and R' 
is the closing speed between the craft; r becomes 
in effect, the time-to-minimum approach, which 
is what the Bendix CAS computer uses as a basis 
for evaluating the collision threat.

7000 and 9000 Series
6000 and 8000 Series

■ Lowest Cost

■ Rugged Construction

■ Reliable Performance

• Interchangeable

■ Wide Selection of 
Time Delays

■ Wide Range of 
Operating Voltages

Dual-Path Transfer of Data

The Bendix system transfers data via a dual 
path, to-whom-it-may-concem signal that carries 
pulse-separation-coded altitude information. 
Bange is determined by receiving equipment 
capable of comparing signals received directly 
with those received via a ground bounce. A com­
puter determines the time to nearest approach 
and whether this time will approach minimum 
escape time.

The collision threat is indicated (and escape 
can be initiated) automatically before time to 
nearest approach equals minimum escape time. 
Because only the range between aircraft and the 
time-rate-of-change has to be measured, the diffi- 
cult-to-make measurement of closing angle are 
avoided in the Bendix system.

So far, the system’s theoretical performance as 
it applies to ranging has been verified by tests. 
The FAA is about to test the complete system. 
Bendix is readying a breadboard version of what 
will be a specially designed transistorized digital 
computer for the tests. At NAFEC, the FAA 
hopes to determine the collision-threat-measuring 
and escape-decision capability of the system. ■ ■
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THOMAS A.

EDISON
MINIATURE TIME DELAY RELAYS

FOR MISSILES
AND JET AIRCRAFT

Here’s an opportunity to lower costs and at the same time improve the performance of your electronic prod­
ucts or equipment by using Edison Model 250 Miniature Time Delay Relays. An exceptionally rigid internal 
construction permits this relay to withstand vibration to 1500 cps for jet aircraft and missile applications 
while providing highly reliable performance. Since the operating structure of the relay is independent of the 
outer shell, damage or deformation of the latter does not affect the timing. The fast rate of contact closure 
insures positive contact operation under the most severe environmental conditions. ■ These permanently 
calibrated and hermetically sealed relays are available in a wide range of time delays and operating voltages to 
meet your particular application requirements. ■ Whether you need time delay relays for tube protection, 
gyro-erection or for other purposes, you will get better performance at lowest cost with Edison relays. Write 
for Bulletin 3046 showing timing ranges and operating performance or send your special requirements to:

Thomas A. Edison Industries
INSTRUMENT DIVISION

55 LAKESIDE AVENUE, WEST ORANGE, N.J.
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FAIRCHILD BONDING NEWS
30 ways to save on construction costs

flie Fairchild Aircraft & Missiles 
Division offers 30 different bond­
ing techniques — each designed to 
cut your construction costs sharply. 
As practiced and perfected by 
Fairchild, bonding provides greater 
strength and durability than con­
ventional riveted assemblies, sim­
plifies design and saves substantial 
weight by permitting the use of 
thinner gauge materials.

80,000 square feet of modern 
facilities and equipment—the most

complete m the world—enables 
Fairchild to perform bonding 
projects of any scope, size or com­
plexity. Air conditioned, humidity- 
controlled working areas and 
stringent quality control assure 
work of the highest order.

Write today for information on 
your needs.

Representative of Fairchild’s 
diverse production capabilities 
are: VTOL/STOL projects • 
High flotation gear • Boeing 
B-52 assemblies* RD-5 surveil­
lance system* Antenna and in­
stallation housing for Project 
Defender Pincushion radar • 
F-27 propjet • Aluminum 
boats, lampposts and bridges.

Packages Take Bumps, Grinds 
On Transport Test Machine

A testing machine said to subject packaged 
objects to the accelerations, bumps, jars and weav­
ing which are typical of railroad freight cars and 
motor trucks is now being manufactured by the 
L.A.B. Corp, of Skaneateles, N.Y.

Called the 1.000-SC transportation simulator, 
the machine consists of a wooden platform sup­
ported by two shafts, one near each end of the 
table. It produces a circular motion in a vertical 
plane with the table top always horizontal, and 
reportedly can produce up to 2 g when testing 
maximum loads of 1,000 lb. A variable speed 
drive permits operation at speeds from 160 to 
300 rpm.

The simulator can provide testing conditions 
equal to 1,000 miles of normal transportation in 
about one hour, according to the company.

□ O
□□

Whatever your construction re­
quirements, there is a Fairchild 
performance-proved bonding meth­
od specifically suited to fill them.

Servicing for Radiation Equipment 
Offered on Nationwide Basis

A nation-wide organization to service nuclear 
and radiation equipment has been formed by the 
Service Co. division of Radio Corp, of America. 
Known as Atomic Energy Services, the organiza­
tion, through its activities, is expected to free cus­
tomers* scientific personnel for important proj­
ects, relieving them of installation and mainte­
nance work.

One service the organization offers is providing 
warranty and non-warranty maintenance for man­
ufacturers of nuclear equipment. Other services 
will include installation, maintenance, inspection 
and instrumentation of equipment and systems. 
Training and technical publication preparation are 
also offered.

Four regional service offices have already been 
opened. They are: Northeast region, New York, 
N.Y.; East Central region, Camden, N.J.; Western 
region. Woodland, Calif., and Northwest region, 
Livermore, Calif. Service centers for the Mid­
west and South are in the planning stage.

Powder Metal Parts Makers 
Start Major Expansion Plans

The Powder Metallurgy Parts Manufacturers 
Association has recently initiated two major ex­
pansion activities for the metallurgy industry. 
One is the development of standards and specifi­
cations for products; the other the expansion of
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a program of public relations and industry devel­
opment begun several years ago.

These plans are said to be feasible at this time 
because of the added strength the association 
gains through its union with the Metal Powder 
Industries Federation. Negotiations to unite were 
completed during the federation’s sixteenth an­
nual meeting in Chicago.

Other trade groups within the federation in­
clude the Metal Powder Producers Association, 
Powder Metallurgy Equipment Association, Metal 
Powder Core Association and the Ferrite Manu­
facturers Association.

specify OHM ITE Reliability

WESCON Distributor-Rep Meeting 
Expected to Attract Over 600

WE SCON’s sixth annual Distributor-Represen­
tative Conference will attract more than 600 per­
sons to the Ambassador Hotel in Los Angeles, 
chairman W. Bert Knight predicted.

The conference will be held on Monday, Aug­
ust 22, a day ahead of WESCON’s official open­
ing. It will bring together distributors, factory 
sales managers and sales representatives from 
throughout the West for a day-long series of bed­
rock business discussions.

The program will include 20 individual 20-min- 
ute conference sessions divided between morn­
ing and afternoon. Booking for companies at each 
session is planned in advance, Mr. Knight said. 
The program of sessions is expected to end at 
5:00 p.m.

Forms for participation in the conference have 
been received or are now on their way to 
tributors, WESCON exhibitors and reps.

dis-
3. Relay* with Special Construction2. Typical Relay Enclosures1. Eleven Standard Models

COMPANY BRIEFS
AN ELECTRONICS-PRODUCTION UNIT 
manned entirely by handicapped people has been 
established at the Institute for the Crippled and 
Disabled in New York City.

A PROPOSED SILICON-RECTIFIER plant that 
is expected to increase production by eight times 
the present capacity is planned by the Syntron 
Co., Homer City, Pa.

EXCLUSIVE! Contact Combinations on New
Ohmite Relays Are MOLDED*

Permanence and ease of adjustment of the individual contact springs 
are the result of a revolutionary, new innovation found in two new 
Ohmite Relays—Models TT and TS. This innovation is the unique 
“Molded Module”* contact spring construction. The “module” is 
a standard, single-pole, double-throw spring combination molded 
into a single compact assembly. As many as six modules can be 
incorporated into a relay. *(Pat. Applied For)

QUALITY CONSTRUCTION— All Ohmite relays embody the same 
meticulous engineering, strict quality control, and generous use of 
high quality materials which have made Ohmite components the 
standard of the industry. Parts are plated where necessary for 
corrosion resistance. Springs are of nickel-silver or phosphor- 
bronze. Contacts are fine silver. Special contact materials, such as 
silver, tungsten, palladium, or gold alloy, can be supplied. Protec­
tion against humidity and moisture is paramount and is accom­
plished in layer-wound coils, through complete sealing with cellu- 
lose-acetate. Relays are available in a wide range of coil operating 
voltages and contact combinations in both AC and DC types.
65 TYPES IN FOUR STOCK MODELS— For fast service, four 

models in the Ohmite relay line are carried in stock in 65 types at 
the factory, and by Ohmite Distributors from coast to coast.
HERMETICALLY SEALED AND DUST-TIGHT RELAYS—You can 
specify many of the basic Ohmite relays in nonremovable, her­
metically sealed enclosures for applications requiring complete 
relay protection. These high-quality relays are sealed in seamless 
steel enclosures which are exhausted and filled with dry, inert gas 
under control of Ohmite engineers. Ohmite hermetically sealed 
relays are available with either plug-Jn or solder terminals. Relays 
are also made with nonremovable dust-tight covers and removable 
dust covers.
RELAYS WITH SPECIAL CONSTRUCTION—Ohmite relays are 
available with special terminals or special construction, such as 
relays with push-on or screw terminals, relays with binding-post 
terminals. Where quantities warrant, Ohmite will manufacture 
relays made to your specifications. Ohmite can furnish not only 
special terminals, special contact combinations, contact materials, 
and coils but also special enclosures, connectors, impregnation, or 
frames. Ohmite relays can be engineered to meet your special 
pull-in, drop-out, or time-delay^ requirements.

For your special or unusual 'relay applications, let Ohmite's ex- 
' out the best solution.perienced engineers help you work

TELECHROME MANUFACTURING CORP, 
of Amityville, N.Y., now has complete ownership 
of the Hammarlund Manufacturing Co. of New 
York City. Combined sales exceeding $7 million 
are expected for the next fiscal year.

Write on company letterhead 
for Catalog and Engineering 
Manual 58.

OHMITE
OHMITE MANUFACTURING COMPANY RHEOSTATS 

3643 Howard Street, R p CHOKES
Skokie, lllinoi*

RELAYS TAP SWITCHES 
TANTALUM CAPACITORS 

VARIABLE TRANSFORMERS 
DIODES
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♦SHOCKLEY 4-LAYER DIODES used in Roto-Tellite two-lamp reliability alarm 
circuit designed by Master Specialties Company, Los Angeles, California.

When alarm circuits are required by critical 

military and industrial applications, two lamps 
are often connected in parallel for maximum re­
liability. The circuit shown above, now in produc­
tion by Master Specialties Company, Los Angeles, 
uses the Shockley 4-layer diode to provide a shunt 
path around the defective lamp when one lamp fails.

The 4-layer diode, the semiconductor equivalent 
of a single directional relay, is ideal for alarm 
circuits where space, weight and positive opera­
tion are important. This simple, inexpensive and 

UNIT OF CLEVITE TRANSISTOR CLEVITE

dependable device performs a function which for­
merly required four or five components in alarm 
and annunciator circuits. It is suitable for circuits 
of every type—a basic alarm with one lamp or two— 
flashing or continuous master light indication—high 
or low power alarm signal.

For application notes on alarm circuits...or on 
pulse modulators, flip-flops, ring counters, de to ac 
inverters, pulse generators...or just plain solid state 
switching—call or write your local Shockley repre­
sentative or write Dept. 11-2.

TRANSISTOR

NEWS
Experimental DME Equipment 
Tested on Voice Channels

Experimental aircraft distance-measuring 
equipment operating on voice-communications 
channels has been demonstrated for the Federal 
Aviation Agency and the Signal Corps Research 
and Development Laboratory.

The prototype DME equipment, weighing 5.3 
lb, has been developed by Bendix Aviation Corp, 
for possible use in light aircraft. One unit can 
serve as either an interrogator or a responder.

An interrogator unit in the airplane transmits 
a closely controlled 750 cps tone over a voice 
channel—interrupting communications for about 
0.5 sec. A transponder on the ground returns a 
signal matched in phase and frequency to the one 
it receives. Phase shift between the signal origi­
nally sent from the plane and the one received 
from the ground transponder is used to give a 
meter read-out of distance.

Schools Spent $186.4 Million 
On Engineering R&D in 1958

American colleges and universities spent $186.4 
million on engineering research and development 
in 1958, the National Science Foundation re­
ported.

In a preliminary report called “Funds for Re­
search and Development in Colleges and Uni­
versities. Fiscal Year 1958,” the foundation said 
the money spent on R&D was 25 per cent of the 
total expenditures by the schools on science and 
technology.

The Federal Government supported the bulk 
of the engineering R&D with grants totaling 
$158.4 million, according to the report. Basic 
engineering research by the schools cost $49 mil­
lion, of which $39 million came from the Govern­
ment, the report said.

Cable-Insulation Tests 
Use Radioisotopes

Radioisotopes are now helping to test cable 
insulation over a continuous period.

In a new device, developed by Britain’s Atomic 
Energy Authority, radiation from two isotope 
sources is split by lead blocks into two slightly 
divergent pairs of thin beams. These form a 
frame of radiation around the conducting wire. 
As long as the wire remains in the middle of the 
frame while the cable moves through the device,
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the intensity of the four beams emerging from 
the cable will remain the same, since they will 
be passing through appreciably equal thicknesses 
of the same material.

However, if there is a thin spot in the covering 
material or if the wire core moves to one side, 
one of the two beams will be affected since the 
metal will have a different degree of absorption 
of the radiation.

Detectors employed to pick up the emergent 
beams indicate this change in intensity and can 
be linked to show on which side the thinning lies. how

Army Forming New R&D Div.
At Redstone Arsenal

A Research and Development Div. has been 
set up by the Army Ballistic Missile Agency at 
Redstone Arsenal, Huntsville, Ala., replacing the 
Development Operations Div. which will be 
transferred July 1 to the National Aeronautics 
and Space Administration.

A total of $216,328,000 will be budgeted to the 
new division in fiscal year 1961, primarily for 
tactical missile systems. Key positions in the new 
unit are now being filled and a manning level of 
about 1,000 is expected to be reached by July 1, 
the Army says.

split

SPU T SECOND
Field IR Scanner Will Catch Mice New HUGHES® nanosecond diodes switch 50 times 

faster than standard germanium diodes. If your circuits require 
faster response, faster recovery, with greater accuracy, you can solve your problem with 
Hughes nanosecond diodes.

Hughes nanosecond germanium diodes are designed to make today’s circuits better— 
and tomorrow’s possible. They combine the most wanted parameters into one subminiature. 
component. They switch 50 times faster than the usual germanium diode; they have con­
ductances 50% higher; and they have rectification efficiencies greater than 70%. They have 
higher Q*and faster recovery (both forward and reverse), which give your circuits greater 
accuracy and extremely low transient losses.

These new semiconductors were created especially for high-speed computer logic, . 
high-frequency transistor circuits, extremely fast reference switching, and low-noise, 
low-level RF modulation and demodulation. If you’re working with sophisticated circuitry 
with exacting requirements, the Hughes Semiconductor sales engineer in your area is a 
good man to know. Call him.

Or write Hughes Semiconductor Division, Marketing Department, 500 Superior Avenue, 
Newport Beach, California.

Thermograph T-2 is the Army's designation for this 
mobile infrared scanner developed by the Engineer 
Research and Development Laboratories and shown 
here at Hunter Liggett Military Reservation, Calif., 
where it is being evaluated by the Army's Combat 
Development Experimentation Center. Sensitivity is 
claimed to be good enough to spot a mouse.
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TYPICAL PARAMETER RANGES
Forward Voltage @ 100mA ,75V to .56V

Reverse Current @ —3V 5pA

Peak Inverse Voltage 1 to 25V
Reverse Recovery** 1.5* to 2.5n sec.

Shunt Capacitance @ zero bias i.Owfd

Rectification Efficiency © 100mc 70%

O @ zero bias 10
Maximum Power Dissipation 80m W

•1.5n sec. limits PIV to 10 volts
♦•Switching 10mA Io -« volts and recovering to 2KQ 

with a loop resistance of 1009. A sampling scope 
is used for measuring this recovery.

Creating a new world with ELECTRONICS

HUGHES

«MICONDUCTOR DIVISION
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Polyester Film Electrical Tape
New key to better electronic deslgn...from 3MS/K where research is the key to tomorrow

sticks on IflK both sides!

W “SCOTCH” Brand Electrical Tape X-1115 
F is coated on both sides to give you 
J two sides of non-corrosive, pressure­

sensitive, thermosetting adhesive—so 
tacky it sticks virtually anything to any­

thing. A new way to eliminate insulation 
holding problems on the assembly 

line —no glue, ties, or mechanical 
fasteners needed. Write for complete 

information, including data on specially 
designed applicator to dispense and 

pressure-sensitize materials right on the 
line. Address: 3M Co., 900 Bush Ave.. 

St. Paul6, Minn., Dept. EAC-60

V ' SCOTCH' IS A REGISTERED TRADEMARK OF THE IM CO

FNICOTA J^IMNO AND J^ANORACTIRIMO COMPANY

. ..WHIM RISIARCH IS THS KIT TO TOMORROW

A New product 
of 3M Research!

NEWS BRIEFS
ELECTRONIC COMPUTER EQUIPMENT, 
bound for the Lawrence Radiation Laboratory in 
Livermore, Calif., is being transported by special 
moving vans from the Remington Rand Univac 
Division plant in N. Philadelphia. The vans con­
tain the $5 million Univac Larc computer.

1105 DIGITAL COMPUTER has been put to 
work helping industry select new locations for 
plants and improve efficiency of distribution sys­
tems. This is a result of the development of new 
techniques in the location-allocation field by 
Armour Research Foundation of the Illinois In­
stitute of Technology.

THE AIR FORCE BALLISTIC MISSILE 
CENTER awarded the Ford Motor Co.’s Aero- 
nutronic Division at Newport Beach, Calif., a 
$2,676,000 contract for system and test work on 
the high-altitude rocket-space program called 
Hyper-Environmental Test System 609A.

A NEW ELECTRONICS FACILITY of Sparton 
Corp., Jackson, Mich., is scheduled for comple­
tion by about December 1. The facility, to be lo­
cated in the South-West, will cost $1 million.

AN ELECTRONIC COMPUTER, the GE-210, 
will be installed in the Marine Trust Co. of West­
ern N.Y. in Buffalo. General Electric’s Computer 
Dept, expects the system to be installed by Octo­
ber, 1960.

HIRING OF SKILLED WATCH MAKERS 
is becoming a desperate must for the nation’s 
instrument makers, according to Dorothy Vogel, 
vice-president and general manager of Colvin 
Laboratories, Inc., East Orange, N.J. “The watch­
making industry is the proving grounds for sorely 
needed, highly skilled instrument personnel,” she 
said.

A NEW HEARING-AID DESIGN developed by 
Telex, Inc., St. Paul, Minn., for eyeglass-mounted 
sets, eliminates connections between the eyeglass 
bow and earpiece. The bow-mounted detector 
and amplifier detects sound, and operating as an 
oscillator, transmits an amplified 200-mc carrier 
at 1 mw, a distance of less than 1/2 in. to a re­
ceiver coil in the earpiece. Two subminiature cells 
power the device, which uses one transistor in the 
oscillator and five in the receiver.
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TRAVELING-WAVE TUBE type RCA-6861 has 
completed a life-span of more than 19,200 hours 
of continuous service in the surveillance-radar 
equipment of Switzerland’s Zurich Airport, re­
ports Radio Corp, of America.

ENVIRONMENTAL TEST LABORATORY 
.simulating space conditions at altitudes up to 
million ft and at temperatures from minus 100 
F to plus 200 F is under construction by Fairchild 
Camera and Instrument Corp., Syosset, L.I. Ad­
ditional equipment will be used to gage equip­
ment reaction to heat, rain, salt spray, vibration 
and G forces.

NEW BENDIX CERAM ETERM offered as a 
(CERAMIC-METAL TERMINAL)

superior solution to glass terminal problems confronting 
manufacturers of military electronics gear, transformers, 
condenser banks, relays, transistors and similar equipment.

ONE-PIECE 
MOLYBDENUM 

PIN WITH 
SINTERED COPPER 

PLATING

TRUE HERMETIC SEAL

AN AIRBORNE RECORDER-COMPUTER 
EQUIPMENT for anti-submarine warfare will 
be made by Packard Bell Electronics Corp, of 
Los Angeles, Calif., under a $600,000 contract 
awarded by the Navy Bureau of Weapons.

HIGH-DENSITY 
ALUMINA BODY \ZZZZ- FLATTENED AND 

PUNCHED 
TERMINAL ENDS

AN ELECTRONIC COMPUTER for the 
Mauler air defense system will be developed by 
the Burroughs Corp, of Detroit, Mich., for the 
Convair Pomona Division of General Dynamics 
Corp.

INFRARED DETECTOR COOLING SYS­
TEMS will be studied by the Garrett Corp’s 
AiResearch Manufacturing Co. of Las Angeles, 
Calif. The Wright Air Development District 
awarded the contract.

ELECTRONIC POWER SUPPLY SYSTEMS 
for Air Route Traffic Control Centers will be made 
by Kaiser Electronics. Inc. of Union, N.J. under 
a contract with the Federal Aviation Agency.

RADAR ALTIMETER SYSTEMS for use in 
the Navy A3J attack aircraft will be made by 
Emertron, Inc., Silver Spring. Md. Prime con­
tractor North American Aviation Inc. of Colum­
bus. Ohio awarded the contract.

ELECTRONICALLY-CONTROLLED master 
caution systems for the F-I04G Starfighter will 
be made by Radar Relay, Inc. of Santa Monica, 
Calif., under a contract awarded by the Lock­
heed Aircraft Corp.

Development ol this new and bett' । 
miniatuie rr "hl ceramic terminal was 
made possible by our extensive ex­
perience in pmaucing vacuum tight 
miniature ceramic stems for the Bendix 
line of metal-ceramic receiving tubes.

Now in production—this new and better terminal with 8 big 
advantages: 1 Developed especially for super-reliability on 
high-performance applications involving shock and high 
temperatures. 2 Vacuum-tight seal. 3 Will withstand 
brazing temperatures at 1500 F. 4 Tested to 11,000 psi 
shear stress without failure. 5 Ideal for encapsulated de­
vices. 6 For both replacement and original equipment 
use. 7 Extreme resistance to cracking under mechanical
or thermal 
full details.

stresses. 8 Variety of configurations. Send for
ELECTRON TUBE PRODUCTS

Red Bank Division
EATONTOWN. N J.

Electron Tubes Dept B6 8 
Bendix Aviation Corporation 
Eatontown New Jersey

Gentlemen Please send me complete 
details on your new Bendix CERAMETERM

I have in mind the following applications_______________________

A NEW ELECTRONIC SYSTEMS Division has 
been created by Mechanical Products, Inc. of 
Jackson. Mich., as part of its expansion program. 
The company recently announced its entry into 
the electronics field.

NAME____

COMPANY

ADDRESS

CITY_____

TITLE

ZONE__ STATE
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MICRO
MINIATURE

excrutiating tests. It’s never tested toFor reliability—superior manufacturing
arbitrary specifications but to the3-unitAutomatic wash-cycles

Stat«.

GENERAL^ ELECTRIC
Before a G-E relay qualifies for pro­

duction, it must withstand a battery of

Pogress Is Our Most Important Product

GENERAL«^ ELECTRIC

UNIMITE: World’s smallest 1- 
amp sealed relay! Operates ir 
1.5 millisecond, releases ir 
3.5 milliseconds. Isolated 
contact chamber; all-welded 
construction.
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General Electric Company
Section B792-16 
Schenectady, New York
Please send me a free copy of the 
1959—60 Sealed Relay Catalog.

console to automatically check 12 elec­
trical characteristics in one setup . . . 
100% contact resistance checks by the 
scope method . . . these are but a few 
of the manufacturing techniques Gen­
eral Electric employs to minimize the 
human factor in relay assembly.

And, in the General Electric Micro 
White Room—perhaps the most ex­
acting relay assembly facility ever 
conceived—relays are built in an at­
mosphere a hundred times more pure 
than that in which we live. What’s 
more, operators are judged primarily 
on quality. So, the incentive to achieve 
perfection is paramount!

New grid-space, 4-pole double-throw mi 
cro-miniature relay features all-welded 
construction to eliminate flux containin' 
ants. Knife-edge armature bearing and 
other design features provide structure 
capable of mechanical life in excess ol 
10 million operations. Rated 2 amps al 
28 volts DC, or 115 volts AC resistive 
requires only 100 milliwatts per pole; 
Other specifications are:
Operating sensitivity: 400 milliwatts al 
pickup voltages; continuous duty.
Vibration: 55 to 2000 cps at 30G’s with 
0.195" max. excursion 10 to 55 cps.
Shock: 50G’s for 11 ms operating.
Temperature range: 125 C to —65 C.
Operating time: 6 milliseconds max. ini 
eluding bounce.
Insulation resistance: 1000 megohms min.
Dielectric strength: 1000 volts rms ex« 
cept 600 volts across contact gap.
Contact resistance: 0.050 ohms maximum 
(0.1 ohms max. after life).
Release time: 5 milliseconds maximum in­
cluding bounce.

MINIATURE: Long-life type; 
rated 5 amps at 28 volts DC; 
in 2- or 4-pole double-throw 
and 6PNO forms. Ideal foi 
ground jobs.
MICRO-MINIATURE: Crystal 
can type, all popular coils and 
mounting forms; 2 amps, 28 
v DC or 115 v AC. Grid­
spaced terminals available.

limits of its capability! Once the relay 
is accepted, these same exhaustive test­
ing procedures—simulating actual oper­
ating and atmospheric conditions—are 
repeated . . . continually ... to verify 
its high level of reliability.
For reliability—-call General Electric

When you need a sealed relay that 
has to operate, you can’t afford any­
thing less than the best! Call your Gen­
eral Electric Apparatus Sales Engineer 
today. Specialty Control Department, 
Waynesboro, Virginia.

Perhaps the relay is a key element in 
a missile guidance system . . . the fire- 
control system of a supersonic fighter 
. .. the rocket-launching mechanism for 
a nuclear sub . . . and, it must not fail!

That’s where General Electric comes 
in. Though absolute reliability is impos­
sible, making “super-reliable” sealed 
relays is a way of life at General Elec­
tric. But, we don’t make industry’s most 
reliable sealed relays with good inten­
tions alone. It all stems from GE’s ad­
vanced technology, manufacturing tech­
nique, and testing procedure.
For reliability—advanced technology

G-E technological leadership is best 
exemplified by the application of in­
ert arc welding in sealing Unimite and 
4-pole micro-miniature relays. Solder 
and solder flux—long a major source 
of contamination—are completely elim­
inated . . . reliability is boosted!

Renerai Electric sealed 
relays for the ’60’s
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The PGMTT "Retreat
The 1960 meeting of the Professional Group on Microwave 

Theory and Techniques might have been like any one of the 
other several hundred technical meetings held each year. But 
from the start this one was different. A conference at a resort 
hotel is not unusual but PGMTT people picked one farthest 
from the reaches of the microwave center.

The PGMTT conference was not planned as a vacation, nor 
did it turn out to be one. From all reports, it was among the most 
successful symposia ever held under the auspices of the IRE. 
The conduct of the meeting definitely shattered some old myths 
about the narrow bandwidth and information-handling capa­
bilities of the human being. Information passed steadily soon 
after 8 in the morning until midnight. Whenever the neuron 
activity’ rose too high or existed for too long a duration, signal 
sources were shut down temporarily and nerve conductors were 
cooled by a dip in the ocean. Buffer storages were cleared by a 
quick inhalation of sea breeze. Within a few minutes the flow 
of information would continue.

The quality of the information was high. The best papers of 
the year, in this field, were programed for this convention.

If one calculated the figure of merit of the convention as the 
dividend of information received over miles traveled, even the 
Boston visitors fared well. Cost of travel proved no barrier as 
attendance at the southwestern tip of the United States was as 
high as if the conference were held in the center of the micro­
wave industry’.

The convention did not try’ to be all things to all people. All 
papers focused on only a few themes. There were no commercial 
exhibits so the noise level of all communications was exception­
ally low.

One thinks of a religious retreat as a place where one can 
withdraw from worldly tensions to study and think in quiet. In 
many respects the 1960 PGMTT conference was such a retreat. 
The conference committee is to be congratulated.

BEHLMAN
ENGINEERING COMPANY

2911 Winona Avenue Burbank. California

..controlled to a frequency 
accuracy of 0.00001% 

The Behlman INVERTRON 
is synonymous with 

electronic AC power... 
single, two or three phase 

with output from 
milliwatts to kilowatts. 

INVERTRON is 
available in both 

fixed and variable 

frequencies 
with extremely 

high stability 
and extremely 
low harmonic 

content The 
test of the test

is INVERTRON 
Complete specifications 
will be sent on request.



Where can fflame-retardance improve your product
make it safer function better or sell faster?
Choose from 11 Notional Materials—in sheets, tubes, rods, formed shapes, or precision-fabricated parts

Computers, high-voltage switchgear, home appliances, 
television receivers, radios and radar . . . aircraft and 
missile instrumentation ... in fact, with any product 
where fire is a potential, flame-retardant laminates pay-off 
in design features and product protection.

The “pay-off” comes in protection of lives and expen­
sive equipment from fire, because these materials are self- 
extinguishing. As barriers, base plates, terminal boards, 
support members, printed circuits—National’s family of 
flame-retardant materials is solving problems of fire contain­
ment and those involving both fire and electrical insulation.

Surprisingly, low cost is a feature of several of these mate­
rials. And since they mean more safety and product protec­
tion for the user, the “pay-off” also comes in the form of 
added product sales features.

Write for complete property values on these eleven ma­
terials, and let us know what your particular problem is. 
If you wish samples and price information, drop us a note 
on your letterhead. National Vulcanized Fibre Co., 
Dept. D-6, Wilmington 99, Delaware.

Grift Iks Red* Eilqdskiif 
Tioi(sic.)UL

PYRONIL Cellulose None <1
X-121 Paper Phenolic 2-4
X-122 Paper Phenolic 1

XX-326 Paper Phenolic 1^-2
XXXP-475 Paper Phenolic <1-1 >4
GP-9202 Glass Mat Polyester <1
GP-9204 Glass Mat Polyester <1
G-5-813 Glass Cloth Melamine <1
G-7-832 Glass Cloth Silicone <1
GH-871 Glass Cloth Phenolic <1
EP-491 Paper Epoxy <1

VW VULCANIZED FIBRE CO. 
WILMINGTON 99, DELAWARE

In Canada, R1TIIN1L FUIE tl. IF UHM. I’«., Flint* 1. Iltirll

CHOOSE FROM THESE MATERIALS...
Vulcanized Fibre: 10 standard grades; 
many special grades.
Phenoute* Laminated Plastic: over 80 
standard and modified grades; paper, 
cotton fabric, nylon, asbestos, glass 
fabric, cotton and glass mat bases; 
phenolic, melamine, polyester, epoxy, 
teflon or silicone resins.
Peerless Electrical Insulation: coil, strip, 
corrugated.
Extruded Nylon: 2 grades; rod, strip, 
pressure tubing, special shapes.
Polyester Glass Mat: 4 standard sheet 
grades; custom molded shapes.
Phenoute Copper-Clad Laminates:
10 standard grades.
Combination Materials: Rubber- 
Phenolite; Rubber-Fibre; Wood-Fibre; 
Metal-Fibre; Asbestos-Fibre; Peerless- 
Phenolite.

BACKED BY THESE SERVICES...
Field Application Assistance 
Complete Fabricated Parts Service 
Slock Program for Immediate Shipment

BY CALLING THESE OFFICES
Baltimore 
Boston..........
Chicago. . . .
Cincinnati . .
Cleveland..
Dalla*..........
Denver . 
Detroit..........
Griffi n, Ga.
Indianapolis

Milwaukee. . 
New Haven . 
Newark . . .. 
New York. 
Philadelphia 
Pittsburgh .. . 
Rochester . . . 
St. Louis . . . . 
St. Petersburg 
San Francisco 
Seattle..........  
Wilmington..
IN CANADA:

VAlley 3-0393 
TWinbrook 4-3500 
. . . AUstin 7-1935 

. . . GArfield 1-0632 
. .ERieview 1-0240 

.........DAvis 4-4386 
. . Main 3-2077 

.UNiversity 3-3632 

.................... 8-1308
WAlnut 3-6381 

. RAymond 3-0291 
. BRoadway 6-6995 
.... LOcust 2-3594 

. Mitchell 2-6090 
.COrtlandt 7-3895 
SHerwood 8-0760 
... FAirfax 1-3939 
. . . Hillside 5-0900 

. . PArkview 5-9577 
....................5-5505 
DAvenport 6-4667 
.. . MElrosc 2-7298

OLympia 5-6371

National Fibre Co. of Canada, Ltd.
Toronto . 
Montreal

LEnnox 2-3303
AVenue 8-7536

JVATIOJVAZ
VVLCAKIIRD riBRt CO

WILMINGTON 9 9, DELAWARE 
In Canada, 
HTWIiL FUIE CMffWT IF CIUM, ITI, liristi 1. Mart* 
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digital communications

oooo
New techniques enable man to digitalize his voice 
for communication with other men, or even with machines. Some 
day digital systems will be so refined that the machines 
will be communicating with one another.

IN AN ERA of ever-growing, ever-more-prom­
ising electronic developments, digital tech­

niques are offering exciting challenges to the 
designer of communications equipment. With 
digital systems, great stores of information can be 
transmitted speedily and accurately. The human 
voice can be converted for communication not 
only with humans but with machines. With more 
and more refinements in digital methods, engi­
neers are looking forward with confidence to the 
day when machines wall be communicating with 
one another.

But what of today? What specifically is the 
present state of the art? How are designers think­
ing? What are some of the major problems still 
to be solved?
Advantages and Disadvantages

Most engineers are agreed that the advantagas 
of digital techniques in communications systems 
include:

■ Ability to eliminate noise and distortion at 
each repeater.

■ Ability to use poor-quality bandwidth.
■ Greater accuracy than analog systems.
■ Ability to use error-detection and correction 

codes.
The disadvantages:
■ Fairly complex equipment.
■ Limited transmission speed.
• Need for increased bandwidth.
■ Need to quantize analog signal.
■ Possibility of quantizing noise.
These factors make up some of the elementary 

knowledge now available to the design engineer 
seeking to improve communications systems. 
What lies ahead?

Experts are quite emphatic about at least one 
area that needs further investigation. That is the 
medium-frequency (3-30 mc) band. Very little re­
search has attempted to understand propagation 

characteristics in this band. Equipment designers, 
some experts contend, do not know enough about, 
and fail to appreciate, the characteristics of the 
propagated signa), especially in the transmission 
of digital data. Fading, for example, is not rec­
ognized as it should be. Selective fading has been 
utilized to gain greater diversity.

Engineers have a long way to go, many com­
munications specialists believe, to make present 
digital systems work better.

Most experimental data, have been based on 
experience. Engineers have had, they say, such 
experience over many years in the medium fre­
quencies, but it has yielded hit-and-miss data. 
Relatively little formal research effort has been 
expended. Thus the background data available 
to todays equipment designers has a patchwork 
quality.

Another area that needs study is that of modu­
lation techniques. One expert believes that im­
provements here could result in a 10-db improve­
ment in transmitter performance.

Still further areas in need of research include:
■ Antenna design.
■ Frequency selection.
■ Reduction of 

bandwidth

■ Diversit)' reception.
• Filtering.
■ Coding.

■ Receiving and demodulation techniques.
Industry has started to demand more precise 

reliability from communication systems. Existing 
knowledge of transmission channels is inadequate. 
“Blind-fold engineering” cannot provide the an­
swers, the experts say, and a sound, coordinated 
program of evaluation and research is urgently 
needed.

As industry leaders become more aware of the 
advantages of digital systems, they will demand 
more efficient, less complex and less costly equip­
ment. New system circuits, such as ties between 
computers, will be required.

How will engineers meet these challenges? In 

what areas should they be working? Experts have 
some very definite answers to these questions.

Solid-state devices now permit the design of 
smaller, more efficient equipment. New circuit 
designs are possible, utilizing some of the new 
diodes and transistors. These devices especially 
are opening the way to high-speed operation at 
much higher frequencies with equipment that 
costs less.

An important consideration in the design of a 
system is the means of transmission—that is, wire 
or radio. Two basic design problems involved in 
digital transmission over wire are distortion and 
impulse noise (see article on p 58, this issue).

Many Systems in Use Today
As to techniques, many digital systems are in 

use today. Pulse duration modulation (PDM) or 
pulse width modulation (PWM) are commonly 
used. Pulse amplitude modulation (PAM), delta 
modulation and pulse code modulation (PCM) 
are other methods of digital data transmission 
Frequency modulation is also used in digital sys­
tems, especially for telemetering. In the case of 
amplitude modulation systems, a tone-modulated 
carrier is used.

Each of these systems has its own advantage. 
For example, though fm equipment costs more 
than am, it will operate satisfactorily through up 
to 10 db more noise than am. Am frequency sta­
bility is superior to fm, but fm is unaffected by 
all but extreme level variations.

Most of the top communications experts feel 
that PCM offers the greatest possibilities for fu­
ture exploitation. With it, the information is car­
ried in a form of a pulse code. PCM. according 
to studies, is nearly ideal as a means of transmit­
ting information.

The article on p 52 in this issue, the first of 
three parts, takes up in detail the design aspects 
of PCM. ■ ■
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digital communications
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Pulse Code Modulation
Terminal and Repeater Methods

Part 1
R. L. Carbrey
Bell Telephone Labs., Inc.
Murray Hill, NJ.

Of all of the digital transmission methods known 
today, pulse code modulation seems to offer the most 
promise for future applications. It is so worthy of 
detailed investigation that Bob Carbrey (photo 
below) has prepared this article dealing with PCM 
in depth. This first of a three-part series includes a 
discussion of sampling, time separation multiplex 
and binary code representation. Coding and timing 
will be covered in subsequent parts.

“Signals ranging from slow telemetering data to broadband 
multiplex and video have been reduced to a common denomi­
nator of simple pulses and spaces by Pulse Code Modulation 
techniques. We appear to be at the beginning of an era of 
widespread application of digital coding, transmission, and 
switching to almost all phases of communication. Applica­
tions for transmission circuit capacities from a few bits per 
second to several hundred megabits per second are already 
apparent, and path lengths should stretch as far ac man Is 
willing to send the appropriate hardware on earth and Into 
space.”

OF ALL THE pulse modulation systems, those 
employing digital techniques“ appear to 

offer the greatest advantage over the more con­
ventional analog and carrier signal processing and 
transmission methods. The reason is that signals 
can be regenerated. Noise, crosstalk and distortion 
effects on the transmission line can be nearly 
eliminated. (“This discussion will be confined to 
binary signals although higher order signals can 
be used.)

When information signals such as voice or tele­
vision are transmitted in continuous (analog) 
form, there is no way of separating band noise, 
distortion, and crosstalk from the signal. When die 
signal reaches a repeating amplifier, the best it 
can do is to reproduce precisely an amplified ver­
sion of the signal and noise which appeared at its 
input. Therefore, the noise and crosstalk which is 
picked up in any link is added to that of all the 
other links In addition the distortion in all of the 
amplifiers can be cumulative.

The art of designing negative feedback ampli­
fiers has been developed to such a high state that 
even with a thousand repeaters in tandem (such 

52

as in a transcontinental transmission system) this 
distortion can be kept to the order of 40 to 50 db 
below the signal. But the repeaters must be both 
expensive and complex, and they cannot eliminate 
unwanted disurbances.

Analog-to-Binary Conversion
When analog signals are converted to binary 

signals, they are transmitted as simple pulses or 
spaces of known shape, amplitude, and spacing, 
as shown in Fig. 1. Either a pulse or a space must 
appear in each of the time slots. Repeaters for this 
type of signa] are not designed to reproduce the 
wave forms which arrive at their input. Instead 
they are designed to regenerate the- signals. That 
is, they make a completely fresh set of new pulses 
and spaces at the output of each repeater to pass 
on to the next repeater. To do this a simple "yes 
or no” decision has to be made once in each time 
interval.

A signal sequence which started out as shown 
in Fig. la might appear at the input to a repeater 
decision circuit as shown in Fig. lb. The pulses 
are assumed to be band limited, but no other 
noise or distortion is indicated. Whenever the 
signal exceeds the double horizontal line at the 
half amplitude level, it can be assumed that a 
pulse is present. Whenever the received signal 
amplitude is below this double-barred line it can 
be assumed that a space is present. A doubled 
barred line is shown because decision circuits do 
have a finite region in which they cannot decide 
on a “yes or no" and come out with a “maybe.” 
The narrower this ‘‘maybe’" region the better the 
regenerative repeater.

Amplitude regeneration is only half the story, 
however. Regeneration in time is also provided. 
This is indicated by the narrow gating pulse
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Fig. 1. Input of a coded sequence to a repeater, effects of 
noise and distortion, and the regenerated output.

Although the first electrical communications systems were 
pure pulse systems and early multiple channel transmission was 
accomplished by switching in one channel after another onto a 
common transmission path1, pulse modulation and time separa­
tion multiplex methods did not receive any real impetus until 
World War II. Carrier frequency multiplex using filter separa­
tion techniques had proven to be easier to develop because the 
bandwidth requirements could be met by adding one channel 
at a time to the basic single channel capacity requirements. 
Pulse systems, on the other hand, are basically wideband sys­
tems, and it was not until pulse techniques were developed for 
radar and fire control computers that a substantial amount of 
serious consideration was given to pulse modulation methods.

Contributing to the impetus for this development is the 
search for less expensive terminals, the use of new transmission 
media and extension of the old into ranges where a “rugged” 
circuit is required, and the possibilities digital circuits offer for 
cryptography.

DECISION 
LEVEL

DECISION 
LEVEL

0

(b) 
equalized 

REPEATER INPUT

(d) 
PERMISSIBLE 

NOISE RANGE

(e) 
REGENERATED 

REPEATER 
OUTPUT

(C) 
EQUALIZED 
INPUT WITH 

SEVERE NOISE & 
DISTORTION ADDED

(a) 
OUTPUT BINARY 

PCM GROUP

occurring at the center of each time slot. Retiming 
restricts the final decision to only those signal 
levels occurring during the gating pulse and as­
sures that the pulses will maintain their original 
separation. A pulse will be produced only when 
the signal is above half amplitude at the time 
the gate is passing signals. The significance; of this 
is indicated in Fig. lc where the same received 
signals are shown as they might appear with a 
severe interfering signal added to them.

Regeneration Reduces Noise and 
Interference Effects

Although the first pulse is depressed by almost 
half the normal base-to-peak pulse amplitude, it 
still exceeds the amplitude threshold during the 
timing interval, so a fresh new pulse will be gen­
erated as shown in Fig. Ie. The space in the 
second time slot will also be regenerated cor­
rectly in spite of the high level interfering signal. 
When the interference adds to the pulse magni­
tude or further decreases the space magnitude, as 
shown in the third and fifth slots, a correct de­
cision is obviously easy to make.

In the limit, with an ideal amplitude regenera­
tor and an infinitely narrow timing interval, the 
peak impulse noise and distortion can be half the 
peak-to-peak signal magnitude. Although such 
ideal characteristics are difficult to obtain, prac­
tical repeaters have been designed which operate 
within 1 db of the theoretical 6-db signal-to-im­
pulse noise margin. Operating this close to the 

margin is not good practice, however. When an 
interfering signal is ac in character, the peak-to- 
peak interference can approach the peak-to-peak 
amplitude of the signal. See cross-hatched section 
of Fig. Id.

Because a new set of signals is developed at 
the output of each repeater, it is only necessary 
to design the circuits to be able to get the signal 
from one repeater to the next. The signal degra­
dation need not be cumulative. When the re­
peaters are not perfect, only partial regeneration 
occurs, and some small part of the input disturb­
ance may be passed on. Following regenerators 
will wipe out this small residue so that the effec­
tive regeneration is complete. Precise recovery of 
the control timing wave from information trans­
mitted over the circuits is difficult with simple 
circuits so that timing disturbance may accumu­
late. When many repeaters are connected in 
tandem, this will not interfere with the correct 
regeneration of the individual bits of information 
at each repeater. It may be necessary, however, 
to use special timing clean-up at the final ter­
minal. Although most of the emphasis on PCM 
has been concerned with multiple repeater cir­
cuits, it should be pointed out that there are 
many applications where direct transmission from 
the coder to a repeater at the decoder will permit 
transmission where noise would completely mask 
analog signals.

This marked improvement in protection against 
disturbances is not obtained without cost. A much 

greater bandwidth is required to transmit the 
information signal in binary* form, and an inherent 
distortion called quantizing noise is produced. 
This latter is due to the transmission of a finite 
number of signal amplitudes. These will be dis­
cussed under the sections on repeaters and coders.

There are eight basic phases to digital voice 
frequency communications. They are: sampling, 
time separation multiplexing, coding, transmission 
via regenerative repeaters, decoding, synchroni­
zation, demultiplexing and filtering. Most of the 
discussion will be concerned with the first four.

Sampling
A rigorous discussion of sampling and the 

sampling principle is given by Black2. Loosely 
stated, the sampling theorem says that uniformly 
spaced short samples of the instantaneous ampli­
tude of a continuous signal wave, taken at a rate 
slightly higher than twice the highest signal fre­
quency, contain all of the information in the 
continuous signal. The information may be re­
covered by passing the samples through an ap­
propriate low-pass filter with a cut-off equal to 
half the sampling frequency*. If the samples are 
not infinitely narrow, a modest aperture effect 
correction must be made by inserting an equal­
izer in the output which gradually reduces the 
loss as the upper edge of the signal band is ap­
proached.

For normal telephone speech in which the 
maximum frequency is limited to about 3600
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125 
A SEC

(a) CONTINUOUS SIGNAL WITH SAMPLES

cps, a sampling rate of 8000 cps is used. A sam­
ple of the signal magnitude is, therefore, taken 
every 125 psec, as represented in Fig. 2. A pulse 
generator closes an electronic switch for a few 
microseconds every 125 psec and thus gates a 
short sample of the signal magnitude through to 
the output load resistor. When the switch is open, 
no current can flow so the output remains at 
ground potential. Note that the information con­
tent of the signal is maintained, although there 
may be appreciable power loss because the signal 
is present for only a small fraction of the time.

This sampling process is really nothing more 
than double-sideband modulation except that a 
pulse with a substantial number of harmonics of 
the sampling frequency is used instead of a sine 
wave carrier. Usually, too, the carrier frequency 
is many times higher than the signal frequency 
while here the fundamental sampling frequency 
is just slightly greater than twice the maximum 
signal frequency. An arbitrary frequency spectrum 
showing the upper and lower sidebands about 
zero frequency and the first three harmonics of 
the sampling frequency is shown in Fig. 3. The 
signal recovery filter is usually arranged to pass 
the band from zero to half the sampling fre­
quency thus passing the baseband signal and 
avoiding the lower sideband of the fundamental 
sampling frequency.

The signal could be recovered by filtering off 
any double sideband pair and using conventional 
double sideband detection. Similarly the input 
information can be recovered from the sampled 
signal when the input frequency band is less than 
half the sampling frequency wide but displaced 
to one of the sampling frequency harmonics.

Tim« Separation Multiplex
The amplitude-modulated pulses from a single 

channel could be converted to pulse code modu­
lation. However, it is usually desirable to multi­
plex a number of channels together, so one high­
speed coder can be used for a number of 
channels. This multiplexing operation is done by 
systematically connecting one after another of the 
input signals to the common load during the idle

This is illustrated in Fig. 4 where the input 
and output switching circuits are represented by 
synchronous commutators. For speech, the elec­
tronic commutators are revolving around 8000 
ips. The resulting sequence of PAM samples is 
shown in Fig. 4b. At the common load point, the
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Fig. 2. Samples of a continuous sig­
nal taken every 125 microseconds. 
Note that in both (b) and (c), the in­
formation content of the signal is 
maintained.

îœlxMyI
fs 2fs

FREQUENCY
3fs

individual channels can be identified only by 
knowing the particular time at which they appear. 
These input signals are thus multiplexed onto a 
common circuit by separating or dividing the 
total time up into individual time slots. Hence 
the terms Time Separation Multiplex (TSM) or 
Time Division Multiplex (TDM). The signals 
occupy discrete time intervals, the frequency

FILTER

- \ ^#000

CH 1
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CH. 2

CH. 3

CH.

AUDIO 
CHANNELS

PCM 
CODER

(a) FOUR CHANNEL PCM SYSTÊM 
SIMPLIFIED DIAGRAM

REPEATER REPEATER

PCM 
DECODER

(b) PAM SAMPLES FOR FOUR CHANNELS 
(WITH GUARD SPACE)

Fig. 4. How several channels are multiplexed (a), and pulse samples (b).

8KC 
PULSER

(b) BALANCED PAM SAMPLES

(C) UNBALANCED PAM SAMPLES

Fig. 3. Upper and lower side bands 
and first three harmonics of the sam­
pling frequency.

spectra of the pulses all overlap. Frequency sepa­
ration multiplex signals, on the other hand, oc­
cupy discrete frequency bands while they over­
lap in time.

In order to properly recover die TSM signals 
which ultimately appear at the output of the de­
coder in the same sequence, a demultiplexing or 
distribution commutator must be used which re­

'!- - - - - - -’ nnnuiiui 
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CH. 3
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DECIMAL PAM
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Fig. 5. Binary notations for each 
of eight signal levels.
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volves at the same rate and in the same relative 
phase as the input commutator.

Although the sampling process converts the 
continuous signals to short amplitude modulated 
pulses, the signal is still in analog form because 
the pulses can have any amplitude within the 
input signal range. They are subject to all of the 
disturbances of ordinary analog signals, and in 
addition the bandwidth must be maintained wide 
enough to keep the pulses from stretching out to 
fall in adjacent time slots. Accordingly it is desir­
able to encode the signals into digital form before 
transmission or subsequent switching.

Binary Code Representation
The number of possible combinations of signal 

magnitudes which it is possible to represent with 
a code of base b and number of digits n is bn. This 
discussion will be limited to the representation of 
the input signals by a simple binary (base 2) 
code. Each digit can have only one of two states— 
a unit height pulse which is frequently listed in 
binary notation as a “1” or a space which is listed 
as a “0”.3 Binary signals have the greatest margin 
against disturbance and usually require simpler 
apparatus than higher order codes.

When n = 3, 23 or 8 combinations of pulses 
and spaces are possible. Because only eight com­
binations are possible, the peak-to-peak amplitude 
pulse must be quantized into eight discrete ranges, 
with one code combination representing each, 
Fig. 5. All signals falling within the range zero to 
one will be coded as three spaces. Those between 
one and two will be coded as two spaces followed 
by a pulse, etc. Although the pulses are all alike, 
the time or place of their appearance is impor­
tant. The first pulse represents one-half the peak- 
to-peak magnitude, the second one-quarter, and 
the third one-eighth. Three-digit intervals are 
required for each PAM sample; so 24,000 bits per 
sec are needed to represent the 8000 PAM sam-
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DESIGN WITH
ARNOLD 6T CORES...
SAME-DAY SHIPMENT OF
STANDARD DELTAMAX CORE SIZES
Arnold 6T tape cores (aluminum- 
cased and hermetically-sealed) 
offer you three very important de­
sign advantages. One: Maximum 
compactness, comparable to or 
exceeding that previously offered 
only by plastic-cased cores. Two: 
Maximum built-in protection 
against environmental hazards. 
Three: Require no supplementary 
insulation prior to winding and can 
be vacuum impregnated after 
winding.

Now we’ve added a fourth vital 
advantage: Maximum availability. 
An initial stock of approximately

20,000 Deltamax 1, 2 and 4-mil 
tape cores in the proposed EIA 
standard sizes (See AIEE Publica­
tion No. 430) is ready on ware­
house shelves for your conveni­
ence. From this revolving stock, 
you can get immediate shipment 
(the same day order is received) on 
cores in quantities from proto­
type lots to regular production re­
quirements.

Use Arnold 6T cores in your 
designs for improved performance 
and reduced cost. They’re guaran­
teed against 1000-volt breakdown 
. . . guaranteed to meet military

CIRCLE 51 ON READER-SERVICE CARD
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READY 
TO ROLL!
RIGHT 
FROM 
STOCK

test specifications for resistance to 
vibration and shock... guaranteed 
also to meet military specifications 
for operating temperatures. The 6T 
hermetic casing method is extra 
rigid to protect against strains.

Let us supply your requirements. 
Full data (Bulletin TC-101A and 
Supplements) on request. • Write 
The Arnold Engineering Company, 
Main Office and Plant, Marengo, III.

ADDRESS DIPT. ED-6

^ARNOLD
SPECIALISTS In MAGNETIC MATERIALS

BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL 
CITIES • Find them FAST In th. YELLOW PAGES





point plotting or continuous trace

OPERATING

4. W.

LI 9-20

CIRCLE 52 ON READER-SERVICE CARD

Slimmer, flatter, push-button fast...Librascope’s 
newest, most advanced plotter is the result of per- 

sonally-conducted field research by Librascope 
engineers. Compact design permits rack 

mounting in groups, saves desk space. 
Many new conveniences have been added 
to answer your needs.
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PUSH BUTTON PANEL controls opera< 
tions rapidly, even at remote locations.

B.S.T.J., July 1958, pp 446-472.
5. P. A. Reiling, “Companding in PCM," Bell Labora­
tories Record, Dec. 1948, pp 487-490.
6. P. F. Panter and W. Dite, “Quantization Distortion 
in Pulse Count Modulation with Nonuniform Spacing of 
Levels,** Proc. IRE, Jan. 1951, pp 44-48.
7. Bernard Smith, “Instantaneous Companding of Quant­
ized Signals,” B.S.T.J., May 1957, pp 653-710.

Bennett, “Spectra of Quantized Signals,’

engineered for ease of operation., .new

1. Joseph Henry, 1831, Samuel F. B. Morse, Jan. 24, 
1838, and Moses B. Fanner, 1852.
2. H. S. Black, “Modulation Theory,” D. Van Nostrand 
Co., New York, 1953.
3. C. E. Shannon, “A Mathematical Theory of Com­
munication, ’• Bell Telephone System Technical Journal, 
July 1948, pp 379-423.

For full details — dimensions, applications, list of accessory equipment, call our Sales

INTERCHANGEABLE MODULESadd ver­
satility. ..interchange with basic control 
section.

FLAT VACUUM PLATEN assures positive 
hold down of roll or sheet paper up to 12n 
width. Plot area, standard 10x15'.

POWER: 115-volt, 60 cycle 
—180 watts

INPUT: X and Y inputs 
isolated from each other and 
from ground.

INPUT RESISTANCE:
2 megohms nominal on 
most scales. 1 megohm per 
volt on .5 millivolts per inch 
to .1 volts per inch scales.

INFORMATION
INPUT SENSITIVITY: .5 millivolts per inch 

to 50 volts per inch with calibrated push 
button scales at .5, .1, 5,10 and 50 milli­
volts per inch and.l, .5,1,5 and 10 volts per 
inch. Vernier controls permit continuous sen­
sitivity adjustment between fixed scales, per­
mitting full scale plotting for any sensitivity.

ACCURACY: Static .IX, dynamic .2% at 10* 
per second.

PLOTTER CALIBRATION ACCURACY: 
.05% on all scales.

SLEWING SPEED: 20* per second.

PRINTING FEATURES: Multiple symbol 
printing head—12 symbols...self contained 
ink supply.
Pen System—capillary action; splatter-proof. 
Point joiner available.

Engineering Department or send for illustrated brochure on Model 210, XY Plotter. 

For information on career opportunities at Librascope, write Glen Seltzer, Employment Manager.

It is very difficult to distinguish between a 
television picture which was transmitted as seven 
digit PCM and an unquantized signal. The in­
telligibility of speech signals is very good with as 
few as five digits when the talker speaks at a 
volume which uses the full range. Even seven 
digits (S/N ratio of 45 db) are not enough, how­
ever, to handle the range of talker volume which 
must be met in good telephone practice unless 
some form of speech compression and expansion 
is employed. An instantaneous “compandor”— 
contraction of compressor and expandor—is usu­
ally used which operates on the individual speech 
samples so that the weak sounds of even loud 
talkers benefit.4'5'8 7

A comparison of the input-output characteristic 
for a linear four-digit coder and a combination of 
a compressor and coder is shown in Fig. 8. The 
high-level speech sounds are assigned relatively 
few of the 16 possible code combinations in the 
compressed characteristic. If the low-level sine­
wave used to illustrate a weak sound such as a 
whisper had been drawn 25 db down on the peak 
signal instead of 20 db, it would have been lost 
altogether on the linear characteristic. Although 
the steps are large at high levels, the signals are 
so loud that the noise is not heard. Subjective 
tests have shown that noise is masked when it is 
at least 26 db below the corresponding signal.

The signals are restored to their original rela­
tive levels by an expansion process at the decoder 
terminal. The expansion characteristic is shown 
as the broken line of Fig. 8d. Coders and decoders 
can be built which are self companding, but the 
most common practice is to use balanced diode 
circuits in the common PAM busses to provide the 
desired nonlinear characteristic. Any crosstalk in 
the PAM signals between the compressor and ex­
pandor is effectively reduced by the amount of 
the companding margin. Compression ratios of 
22 to 26 db appear to be desirable for speech 
with seven digits.

Part 2 of this three-part series will cover 
methods of coding.
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Fig. 1 . Effect of passing the digital signal (top) 
through a low-pass filter.

CROSSOVER ON I
NO CROSSOVER ON 0

into the terminal equipment to correct errors when 
they occur.

Delay distortion is a property germane almost 
only to wire lines. Many early attempts were 
made to overcome delay distortion, but recent ef­
forts have almost all been toward cancelling it 
out rather than trying to live with it
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MUCH HAS been written on information theoiy 
that would at first appear to be applicable 

to the wire transmission problem. Designers soon 
realize that the anomalies of the medium demand 
changes in concept to allow maximum utilization 
of the available bandwidth. The classical approach 
has been directed toward overcoming the prob­
lems encountered in radio transmission (fading 
and random noise). The problems in wire line 
transmission :ue primarily delay distortion and 
impulse noise.

Statistic properties of impulse noise are such 
that the types of redundancy used to overcome 
random noise are not very efficient. It appears 
more efficient to strive for very high bit rates 
between noise impulses. Logic can then be built

Digital transmission over 
wire presents some unique problems. In 
this article, author Charlie Fisher 
discusses various phases of operating under 
these conditions using amplitude 
modulation techniques.

Charles R. Fisher
Section Head, Digital Communication Laboratory 

Stromberg-Carlson Div. 
General Dynamics Corp. 

Rochester, N. Y.

Predistortion
Nyquist has shown that all the essential infor­

mation in any transmission of binary information 
is contained in bands of frequency spectrum con­
sisting of 1/2 the bit rate each. That is, all of the 
necessary information to reconstruct the original 
signal is contained in a band extending from zero 
cycles per second to 1/2 the bit rate and the
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same information is contained in a band from 
1/2 the bit rate to 1 times the bit rate, etc. up 
the spectrum. Therefore, a transmission system 
generally can be made more efficient by choosing 
one of these bands and eliminating all compo­
nents outside the one band chosen This can be 
accomplished by passing the original step func­
tion signal through a bandpass filter. This is com­
monly called predistortion.

In addition to bandwidth limiting filters, there 
are other types of predistortion which can be ap­
plied to the signal to obtain a signal which has 
characteristics more desirable for transmission on 
a limited bandwidth. One of these is modifying 
the signal so that the marking or “yes” conditions 
correspond to transitions in the signal at the bit 
rate, and spaces or “no“ conditions correspond to 
lack of transitions in the signal. It is apparent 
that we have eliminated any consideration of 
polarity from our received signal. If we are using 
a transmission medium wherein we transmit only 
the base band, we can eliminate any difficulties 
from transpositions of transmission conductors.

It should also be noted that this type of signal 
modification causes the average signal (even 
though certain repetitive codes are transmitted) 
to remain at a level one-half way between the two 
signalling conditions. An advantage to this may 
be on lines which have compandors. The satura­
tion level on the compandor would be relatively 
constant with this type of signal. If we place the 
restriction on transmitted signal that there be at 
least one mark every eight bits, this would mean 
that no more than eight bits could go by without 
a transition from one level to the other level. If 
this rime is less than the time constant of the 
compandor, the level at which the compandor 
stabilizes will remain constant. Fig. 1 shows this 
type of signal and the result of passing such a 
signal through a low-pass filter.

Besides transition modification, the binary sig­
nal can be shunted by a shorted delay line which 
will reflect equal and opposite amplitude signal 
back onto the line one bit length later. This, in 
essence, causes the signal to always return to 
zero in the absence of transitions. It does, how­
ever, give a trinary signal.

A major advantage of this modification is that 
the shorted delay line amounts to what is com­
monly known as a cone filter and gives a great 
deal of attenuation to the low-frequency com­
ponents of the transmitted signal. Since the in­
formation is carried primarily by the higher fre­
quencies, the lows which have been removed 
were superfluous and were only adding to the 
level put on the line without carrying any infor­
mation. Therefore, by removing these lows, a 
higher average level of the remaining frequency 
components can be accommodated and a greater 
immunity to noise and other interference is ob­
tained. In addition, the absence of the low fre­
quencies may make the design of the modulators 
and demodulators less stringent Fig. 2 shows a 
typical design and response curve for such a 
shorted delay line.

Modulation
When information is transmitted over commer­

cial telephone facilities which have single side­
band carrier equipment, the received or demodu­
lated signal may vary in frequency from the 
modulated signal. This is due to the absence of 
phase lock between the modulating oscillator and 
the demodulating oscillator.

Therefore, it is necessary to transmit informa­
tion in a manner which is not frequency-translated 
in going through the various commercial tele­
phone facilities.

The most logical and efficient method of doing 
this is to use a vestigial sideband type of modula-

BINARY INPUT
SIGNAL

I FLIP-FLOP I

ZZKZ
SHAPING 
NETWORK

AMPLITUDE 
MODULATOR

VESTIGIAL 
-IDE BAND 

FILTER

SUBCARRIER 
OSCILLATOR AMPLIFIER

TO TELEPHONE 
LINE

Fig. 3. Vestigial sideband data trans­
mitter.

Fig. 2. Typical response curve for a shorted 
delay line for 2500 bits per sea 

tion. It is theoretically possible to transmit the 
same bandwidth as that of the baseband infor­
mation with a vestigial sideband system. An ad­
ditional advantage of the vestigial sideband trans­
mission is that the transmission need not take 
place at bandwidths which are multiples of the 
original baseband bandwidth.

Normally, the amount of modulation which can 
be applied to a vestigial sideband transmission is 
limited by the quadrature distortion which oc­
curs in the envelope detection normally used. 
However, it may be well to limit the per cent 
modulation on transmissions so that the level of 
signal as seen by compandors on the circuit may 
stay more nearly constant. Fig. 3 illustrates the 
typical arrangement of a vestigial sideband data 
transmitter.

Delay Equalization
Equipment is on the market which allows an 

adjustable degree of delay equalization and the 
techniques for achieving the optimum adjustment 
are quite simple and straightforward. Generally, 
delay correction can best be done at the sub­
carrier frequencies rather than at the baseband 
frequency. This eliminates any frequency shift 
which could occur in a baseband frequency due 
to the translation effects of the common carrier’s 
single sideband equipment. Filters therefore have 
been designed which have a constant differentia] 
phase delay.

Demodulation
Use of vestigial sideband in transmission was 

to achieve a method of eliminating the frequency 
translation effect. This can generally be done only 
by using ordinary envelope detection. More 
sophisticated means of detection such as multi­
pliers do not have the reference frequency readily 
available at the receiver.

Using a vestigial sideband signal, and demodu­
lating it with envelope detection, a quadrature 
effect will be noticed. This gives rise to distortion. 
Since the signal is essentially a binary signal, the 
distortion in some eases will present itself only as 
a lack of symmetry above and below a central 
axis and, therefore, certain detectors can be used 
to detect the signal without being adversely af­
fected by this lack of axis symmetry.

Digital Detector
A simple cross-over detector is the most 

straightforward. In many cases it is the most re­
liable detector of the baseband information. In 
fact, if there is no phase distortion at all present, 
the cross-over detector will give the least amount 
of time jitter of any type detector. Regardless of 
amplitude distortions, assuming no change in rela­
tive phase position between the components of 
the original signal, all frequencies have zero trail-
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sitions at equal time intervals which are in turn 
equal to the bit rate.

It is not entirely feasible to eliminate all delay 
distortion. More sophisticated detectors can be 
used to detect transitions in the baseband infor­
mation. One such type detector makes use of a 
magnetic square hysteresis loop core as shown in 
Fig. 4. This type of detector is capable of less 
distortion in the presence of nonlinear phase de­
lay than is the simple cross-over detector. It may 
also eliminate some of the errors that the simple 
cross-over detectors might give in the presence of 
impulse or a high level of white noise.

Fig. 4. Magnetic core detector using a 
magnetic square hysterisis loop core.

Fig. 5 (Below) 
quency control 
over.

Timing
Because of the time jitter added to the signal 

due to uncompensated differential phase delay, it 
is generally expected that the receiver will have 
an automatic frequency control circuit which is 
tracking the transmitter. In order to get into syn­
chronism, this automatic frequency control should 
be very rapidly correcting at the original seizure 
of the receiver and, once it is recognized that the 
receiver is in synchronism with the transmitter, 
then the corrective factor per bit should be re­
duced to give the equivalent of a large flywheel 
on the receiver clock.

A typical circuit for gaining automatic fre­
quency control from the received cross-over (even 
though there may not be a cross-over present at 
each cycle of the receiver clock) is shown in 
Fig. 5. For commercial applications, parity bits 
can usually be depended upon to furnish the sync 
pulse every so-many-bits of information. These 
will be of sufficient regularity to keep the re­
ceiver in synchronism with the transmitter. In the 
cases where even parity is used, this can be con­
verted to odd parity for the purposes of transmis­
sion, and reconverted simply to even parity at the 
receiver or an inversion of the original signal can 
be used which is, of course, reinverted at the re­
ceiver; thus, giving the equivalent of odd parity.

Refinements
Various refinements can be added to these sys­

tems to increase their reliability, speed or other 
desirable parameters. One of these refinements is 
to eliminate some of the granulation effect in the

OUTPUT
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Visualizer (which simulates actual switch 
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listing detailed electrical and mechanical 
specifications on all Centralab switches and 
including a complete listing of all standard 
types available for immediate delivery.
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envelope detector at the receiver by using a fre­
quency translation in the received signal and 
translating it from its relatively low frequency at 
approximately 2500 cps to a frequency which is 
one or more magnitudes above the bit rates and 
envelope-detect this. This eliminates some in­
herent noise problems as well as the slight granu­
lation effect that is present with the lower fre­
quency demodulation.

The use of phase coherence between the bit 
rate and the subcarrier frequency may achieve an 
increased operational efficiency in the equipment. 
In general, there has been little variation noticed 
as the vestigial sideband carrier frequency is swept 
through various frequencies relative to the bit 
rate frequency.

Unfortunately, use of the lower sideband for 
vestigial sideband type of modulation gives a dis­
tribution of frequencies which is exactly converse 
to the distribution the common carriers would like 
to see applied to tbeir lines. The interference 
effect of frequencies is greater at higher frequen­
cies, and the vestigial sideband type of modula­
tion gives the highest amplitudes at lower fre­
quencies on the line.

If by the use of frequency translation the upper 
sideband of vestigial sideband transmission was 
derived and translated down to a frequency band 
within the baseband, it might be possible to have 
the frequency distribution be more nearly the dis­
tribution which the common carriers desire.

The switch you need is available fast from 
Centralab. From the simplest general pur­
pose units to the most highly specialized, 
you get speedy service on samples, quota­
tions, and production.

In fact, on a wide variety of standard 
switches you can get immediate local de­
livery, in industrial quantities, at factory 
prices — from your near-by Centralab 
distributor.

Homodyne Detection

One other possible improvement is the use of 
homodyne detection. By careful filter design and 
other rather complicated techniques it should be 
possible to derive a pilot signal on the transmis­
sion which is not used for envelope detection but 
is filtered out at the receiver. Then the pilot signal 
is amplified and reapplied into a multiplier type 
detector so that single sideband system could be 
essentially applied. This, at most, would gain a 
2 to 1 ratio of the amount of energy being trans­
mitted. This is insignificant in view of the in­
creased cost of the homodyne detection. In addi­
tion, this type of signal would be more susceptible 
to changes in level added by compandors because 
the compandor would not be running in nearly a 
constant saturation value as in the 50 per cent 
modulation vestigial sideband case.

The area which has received the least amount 
of attention is the digital detector. Much more 
sophisticated correlation techniques could be ap­
plied to the digital detector to reconstruct the 
signal. By correlating such factors as amplitude, 
rise time, zero crossing and other parameters of 
the received signal, it may be possible to derive 
much more information than is now derived from 
our somewhat fundamental detectors of both 
cross-over and magnetic core types. ■ ■
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Digital Techniques inIndustrial Radio Communications
Newly developed design techniques 
and solid-state components have 
resulted in new highs in reliability 
and efficiency in lower-cost digital 
systems. This article discusses some 
of the general concepts of indus­
trial digital systems and describes 
some current practices.

REMOTE STATION

Fig. 1. Block diagram of a typical radio digital communications system.

Theodore Saltzberg 
Motorola Inc. 
Chicago, III.

^IGITAL communication refers to the trans- 
mission and processing of numerical informa­

tion described by a set of discrete electrical sig­
nals capable of being transmitted over a radio 
communication system. On this basis digital com­
munication encompasses the implementation of a 
number of radio system functions which include:
■ Selection of an individual station or group of 
stations which comprise the total system
■ Remote control
■ Alarm and status reporting
■ Data gathering
■ Digital data transmission

AU radio digital communication systems which 
provide the preceding functions can be described 
by a set of generic equipment building blocks. 
In practice these building blocks will vary in 
physical implementation from system to system.
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PERFORM TO PERFECTION IN B-52G "HALF MILLION” TEST
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ducted jointly by ARDC, SAC, and Boeing flight test 
personnel—the aircraft was “fine-tooth-combed” in 
inspection. According to Boeing, it was “sound as a 
thoroughbred.”

Products of the Scintilla Division, the Bendix igni­
tion systems, connectors, and cabling proved once 
more that there is no substitute for experience when 
it comes to delivering reliable, high-key performance 
such as required on the mighty B-52G.

Bendix® Ignition Systems, Pygmy® “ Crimp Type” 
Electrical Connectors, and Fuel Cell Cabling passed 
the acid test with flying colors aboard a Boeing B-52G 
missile bomber as it was put through a special, rigorous 
test program.

This Stratofort flew half a million miles during the 
1000-hour test. Included were a 9,000-mile non-stop 
flight without refueling and a 13,000-mile non-stop 
refueled mission. At the conclusion of the test—con-

Canaâiar Affiliate« Aviation Boctnc, Ltd. 200 Lauranhen Blvd , Montraal 9, Ovabac. Export Solca & Sarvlea Bandi« Infamalional, 205 E. 42nd St.. New York 17, N.Y.
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However, in each case, the same basic system 
function will be provided. The major building ele­
ments are.
• Pulse generator
■ Pulse detector
■ Digital encoder 
■ Digital decoder 
■ Control
■ Call selector
■ Call indicator
a Digital converter
■ Analog to digital converter
■ Display and indicators
■ Terminal processing equipment

The system incorporates all of these system 
functions and is shown graphically in Fig. 1. The 
system represented is a two-way system in which 
a central controller collects and processes data 
from a large number of remote installations and 
provides supervisory control.

In tracing the signal flow from the central con­
troller to the remote installation (left to right in 
Fig. 1), we first encounter the block labeled Con­
trol Group (1). It governs the sequence of opera­
tions at each station, exercising some degree of 
control on each of the other blocks. For example, 
one of its functions might be to control the se­
quence of operation so that a specific call number 
is transmitted followed in order by a specific su­
pervisory control instruction. In doing so the con­
trol group (1) would first initiate the readout of 
the call selector (2) containing the desired call 
number, and then the readout of the digital con­
verter (3) which might in this example contain the 
supervisory control instruction, into the digital 
encoder (4) for subsequent transmission to the re­
mote installation.

The specific purpose of the digital converter 
(3) is to transform digital signals from one coded 
form to ¡mother. At the central controller station 
in Fig. 1, it converts a supervisory control input 
to a common code for insertion into the encoder 
(4). For example, a number provided in a teletype 
baud-dot code might be converted to a straight 
binary code.

Scintilla Division
SIDNEY, NEW YOBK

Encoder Operation

The purpose of the digital encoder (4) is to 
arrange it.® various digital inputs into the proper 
order and time sequence for input into the pulse 
generator for subsequent transmission. For ex­
ample, the output of the encoder (4) might con­
sist of a serial train of pulses, which denotes the 
address of the recipient remote stations, followed 
by another train of pulses corresponding to a su­
pervisory control instruction. At a responding re­
mote installation the encoder output (11) might 
correspond to the address of the responding sta­
tion or information corresponding to a measured 
quantity. The inputs to the encoder (4) may come
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(b) TYPICAL IMPLEMENTATION
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Fig. 3. One type of a pushbutton control head that is 
now in mobile service.
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with a given variable may be transmitted simul­
taneously or sequentially.

DIAL MULTIVIBRATOR

from different sources.
As noted earlier, an input might be provided 

by a digital converter. An input may be provided 
by an analog-to-digital converter (3) which trans­
forms a measured quantity whose output is in ana­
log form, that is, voltage or current into a suitable 
digital form. Another input may be provided by 
a set of contact closures which represent the con­
ditions of functions being monitored, or the output 
of a call selector (2) which sets up the address of 
a remote unit to be called.

The pulse generator (5) develops the audio 
modulation signals which correspond to digital 
signal inputs, normally in binary form, for trans­
mission over the radio link. The outputs of the 
pulse generator (5) may be in various forms since 
digital information can be transmitted in a number 
of ways by using the available signal properties. 
For example, digital information can be trans­
mitted by utilizing discrete frequencies, phase re­
lations and signal waveshapes, each denoting a 
different digit. The digits which are associated

transmitted, and provides outputs which are in the 
correct form for future processing.

The digital decoder (8) receives the output of 
the pulse detector (7). It may be used to store the 
digital signals for further processing, or to process 
the received digital signals to initiate the required 
control action. For example, if the signal corre­
sponds to the address of the receiving station, the 
decoder would activate the call indicator (10), 
which would indicate that the station has been 
selectively called.
Typical Industrial Systems

First, a one-way mobile selective calling system 
will be examined. Fig. 2. In terms of elementary 
building blocks, such a system, at the transmitting 
end, would consist of a call selector, by which 
the address of the unit to be called is chosen and 
a digital encoder which converts this output into 
a digital form for activation of the pulse gener­
ator. The receiver equipment would consist of the 
pulse detector which converts the received signal 
to a suitable digital form. This in tum is fed into 
the digital decoder which, upon recognition of 
the correct address, alerts the call indicator.

The system under discussion is characterized by 
the simplicity of the coding and modulation tech­
niques employed and its compatibility with stand­
ard telephone signalling practices. Selection of a 
particular number is accomplished by means of a 
standard telephone dial. The address is generated 
by dialing five digits. The sum of digits will nor­
mally add up to a prescribed total, say 23 or 25, 
to permit error checking in the remote selector. 
Under these conditions the selector is capable of

Transmission Method
The particular form of transmission used will 

depend to a large extent upon the application and 
the communication facilities employed. Such fac­
tors as the phase and amplitude characteristics of 
the equipment, the available bandwidth, the 
transmitted signal power, the characteristics of 
the propagation medium, the coding techniques 
employed, and the degree of transmission reliabil­
ity required will be important in the selection of 
the modulation techniques.

The hub of the system is the radio communica­
tions network (6) which interconnects the central 
and remote installations. In most industrial appli­
cations, the radio network consists of vhm-fm 
equipment operation in the 30-, 150-, 450-, and 
900-mc bands or microwave equipment operating 
in the 6000-mc band. Although the microwave 
equipment is capable of handling wideband 
signals, the band is normally multiplied into a num­
ber of 3-kc channels. The usual vhf-fm audio chan­
nel is nominally 2700 cps wide, with a low-fre­
quency cut-off at 300 cps and a high-frequency 
cut-off at 3000 cps, and has usually been designed 
specifically for the speech transmission.

The output of the receiver is coupled into a 
pulse detector (7) which recovers and retimes the 
digital signals from the audio modulation signals

(c) TRANSMISSION SCHEDULE

Fig. 2. Basic one-way mobile selective calling system (a), detailed block dia­
gram of the vital components (b), and (c) a typical transmission schedule.
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recognizing 18,000 compatible codes. With an ex­
pansion of the number of digits this number can 
easily be increased to over 100,000.

The output of the dial, as each digit is dialed, 
is a group of pulses at about a 10-pps rate. The 
number of pulses in the group is equal to the 
digit dialed. The digit “1” is reserved as a system 
cleared symbol and therefore is not available as 
an address digit.

These pulses are translated into a frequency 
shift-keyed signal by the pulse generator. A pulse 
is defined as a transition from one frequency to 
another. In practice the signal frequencies em­
ployed are 600 cps and 1500 cps. The essential 
elements of the pulse generator are a bistable 
multivibrator, which changes state with the re­
ceipt of each dial pulse; two oscillators, which 
generate the signal frequencies; and two “AND” 
gates, which select one of the two signal frequen­
cies depending upon the state of the bistable.

A typical transmission schedule is shown in Fig. 
2c. Note that the first portion of the signal cor­
responds to a single pulse, preceded and followed 
by a continuous tone of at least 0.5 sec. This fact 
is used to sense the completion of each digit.

The pulse detector consists of two resonant cir­
cuits, whose outputs are differentially summed 
and fed to a level sensitive bistable, to reproduce 
the train of transmitted pulses. These pulses are 
fed into a decoder consisting of a five-stage binary 
counter and a decoding matrix which has five out­
puts. The decoding matrix configuration is such 
that each output is energized when the counter 
contains a sub-total which is equal to a sub-total 
of digits comprising the call number. For example, 
if the call number of the selector is 45365, the 
decoding matrix will be arranged so as to provide 
an output when the binary counter contains the 
sub-totals, 4, 9, 12, 18, and 23.

Upon recognition of the interdigital spacing by 
the reset generator in the control section of the 
selector, a reset pulse is produced which, unless 
inhibited, resets the selector to a zero condition. 
When a correct sub-total exists in the counter 
during the interdigital period, the reset is inhib­
ited, permitting the counter to continue to store 
the sub-total. When the correct total is received, 
the call indicator, consisting of a call lamp and 
bell, is activated.

A somewhat different approach using pushbut­
tons (Fig. 3) instead of a rotary dial as a call se­
lector was placed on the market and is now in use 
in a number of independent telephone com­
panies. It permits a mobile radiotelephone sub­
scriber to dial numbers directly into the land 
telephone system as well as to call other mobile 
radiotelephone units and to receive dialed calls 
itself.

Part 2 of this article will discuss some of the 
more complex digital data transmission systems.
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—we have a plug to solve your temperature problem. Another reason why 
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Synchronous Switches
Their Many Forms and How to Use Them
Raymond Goldstein
Sperry Phoenix Co.
Div. of Sperry Rand Corp.
Phoenix, Ariz.

Ray Goldstein doesn't believe in
tiptoeing apologetically over fundamentals. He wrote this 
article, frankly, because there's a need
for it. Synchronous switches aren't covered in most
text books. In others, they are lightly glossed over. Mr. Goldstein 
discovered this deficiency through helping experienced 
electronics engineers absorb the circuit fundamentals in this article.

I I

TO USE synchronous switches to best advan- 
■ tage, and to select the best of many types for 

a given application, it is necessary to understand 
their basic features, advantages and limitations.

An important but inadequately-understood 
servo component, the synchronous switch plays 
many roles. It serves as modulator, demodulator, 
phase filter and frequency filter.

INPUT 
SIGNAL

OUTPUT 
-VA----  

SIGNAL

a -CARRIER 
REFERENCE

Fig. 1. In essence, a synchronous switch 
vibrates an arm between two contacts. 
The input signal is rectified when it reverses 
phase in synchronism with the movement 
of the switch arm as shown in a. Vacuum tube 
and transistor versions of a passive 
synchronous demodulator appear in b and c.

Synchronous Switch Applications
In servo systems, it is necessary to extract modu­

lating intelligence from a suppressed carrier. 
Then, simple RC networks can be used to make 
mathematical computations on the modulating 
signal. The synchronous switch separates the 
modulation from the carrier, then recombines 
them after necessary computations.

Most electromagnetic transducers, such as syn­
chros and tachometers, generate unwanted quad­
rature signals. These may cause amplifier satura­
tion or may obscure low-level, in-phase signals. 
In this application, the synchronous switch can 
be used as a demodulator to eliminate quadrature 
components. It thus functions as a phase filter as 
well as a frequency filter.

Passive vs Active Switches
Synchronous switches can be divided into two 

broad classes: passive and active. The passive 
type performs commutation without contributing 
power or voltage gain to the input signal. It con­
verts ac to de or de to ac with optimum efficiency.

The principal difference between using diodes 
and amplifiers as passive switches is that the am­
plifier requires less switching power. However, 
this represents inefficient use of amplifier gain. 
Fig. 1 shows versions of a passive switch.

An active switch contributes power or voltage 
gain to the input signal in addition to performing 
commutation. This circuit uses the self-rectifying 
properties of tubes or transistors and exploits 

gain possibilities. Examples of half-wave demodu­
lators are shown in Fig. 2.

The Beam-Switching Tube as a Demodulator
The 6AR8 serves to show how to apply a syn­

chronous switch as a demodulator. It is the first 
commercial tube built specifically to operate as an 
spdt electronic switch; to date no semiconductor 
equivalents have been built.

The 6AR8 also has pentode characteristics, 
providing gain as well as signal conversion. 
Through electronic coupling, it obviates a double- 
ended signal for the demodulator, thus effectively 
including a five-terminal, biphase coupling sys­
tem between the pentode and demodulator func­
tions of the tube. Though designed as a TV-color 
phase detector, its characteristics suggest poten­
tial usefulness in the servo field.

Schematically, the 6AR8 is like a twin pentode 
with a common cathode and grids as shown in 
Fig. 3. Its constant-current Eb-h curves seem to 
classify it fully under this type. There is, however, 
this fundamental difference: there are two deflec­
tion electrodes which may position the electron 
stream on either plate. The tube thus resembles 
a one-axis oscilloscope having a pair of plates 
rather than a viewing screen.

Conventional vs Beam-Switching Tubes
It is worthwhile to compare the methods of 

cutting off electron flow in a conventional tube 
and in a beam-switching tube.

In conventional-tube circuitry, switching results 
from turning plate current on or off. The tubes 
operate more as controlled rectifiers than as linear 
amplifiers (for which their ratings apply). As such, 
they may have life-span limitations due to high 
peak inverse voltages and peak forward currents.

The 6AR8 overcomes these disadvantages. It 
switches by using deflection anodes to position 
the beam rather than by cutting the beam off and

66 ELECTRONIC DESIGN • June 8, 1960



r>

signal

SIGNAL

Fig. 2. Active synchronous demodulators 
yield power or voltage gain in these 
half-wave demodulators.

INCREASING K FACTOR-----  
(MINIMUM DELAY)

Fig. 4. Curves show that switching rations (K factors) from 4 to 
5 yield optimum commutation

on. Since the control grid plays no part in switch­
ing, it is available for amplification.

The 6AR8 has three notable characteristics:
1. It is a pentode amplifier which is capable of 
voltage gain.
2. It is an electron-coupled phase splitter which 
converts the single-ended pentode signal to a bal­
anced signal with respect to ground.
3. It is a full-wave switching demodulator. The 
same results can be obtained with the dual twin­
triode circuit of Fig. 1 if a gain stage is added.

For K 1, fractional commutation occurs, and

A, « = K 2 (2)
As K increases indefinitely, lava in Eq. 1 ap­

proaches 2/n, the maximum theoretical average 
value of a rectified sine wave in terms of its peak.

When a transistor switch serves as a modulator, 
the delayed commutation resulting from its energy 
gap reduces the fundamental output as a function 
of the K factor by

DEFLECTION 
ANODE

SIGNAL

PHASE 
SPLITTER

SWITCHING 
DEMODULATOR

a
PHASE 

SPLITTER

OUTPUT

AMPLIFIER

6AR8

.EP

♦ SWITCHING 
j DEMODULATOR

CARRIER 
REFERENCE

o EXCITATION 6 
(SWITCHING REFERENCE) 

C

Fig. 3. The 6AR8 beam-switching tube in block­
diagram and functional form.
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How to Determine Demodulator Gain
In designing a demodulator using the BARS. the 

gain may be closely approximated by the standard 
pentode equation Gain = GmRr,. A conversion fac­
tor E^ = (2/x) Epeak, applied to the resultant 
gain, gives the full-wave demodulated output as 
a function of the ac input signal.

Following this procedure, a gain of 11.86 was 
calculated for one circuit and 11.50 measured.

How Large Should Excitation Be?
To assure commutation early in each half cycle, 

a minimum sinusoidal switching voltage is re­
quired. A greater excitation contributes no more 
than a minor increase in demodulated output but 
does cause* increased deflection-anode dissipation

A few simple equations can yield the best com­
promise. In these equations, E& is the deflector 
voltage n «essary to transfer the beam current 
from one anode to the other; K is the ratio of the 
peak excitation voltage to the voltage to be com­
mutated. in this case Eg, iae is the carrier fre­
quency, and lav o is the average output current.

For K > 1, and with constant input signal, the 
average output current is

. K^K 4- 1 - Ï/K* iavo (D

e(t) = sill tot (3)

Fig. 4 shows that commutation delays of up to 
14 deg are quite acceptable in terms of net output 
for a switch having a cut-off characteristic, such 
as a mechanical chopper or a transfer.

Avoid High Switching Ratios
Excessively high-switching ratios, above a K fac­

tor of 5, should be avoided. The null voltage 
may go up in direct proportion to excitation, while 
the output will not. In general. K factors from 
0 to 2 should be avoided as the commutated out­
put is a linear function of the line excitation sup­
ply, and switching efficiency is low.

‘Swamping” the modulator or demodulator with 
excess switching voltage is not advisable for best 
performance. A K factor of 4 to 5 is adequate for 
efficient commutation.

To some extent, a square-wave supply can mini­
mize the problem. A clipper-operated double­
based Zener can supply the square waves. But 
this method requires more components. Further­
more. too abrupt switching in a high-Q circuit 
can shock-excite ringing transients.

Constant Ratio vs Constant Excitation
Analysis of the K-factor problem suggests that 

an improved type of diode switch may be con-
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INPUT

INPUT

Fig. 6. This sensor 
provides quadrature o 

rejection.

Fig. 5. Equivalent 
circuits of a ring 
modulator.

DC INPUT

OUTPUT AC 
INPUT

FILTER MOO — FILTER

AC OUTPUT DC OUTPUT

Fig. 7. An electronic 
feedback integrator 
in block-diagram form.

A POSITIVE 
A OUTPUT 

SPIKE

SU SPIKE GENERATING AMPLIFIER .COUPLING 
NETWORK V AXIS 

.SIGNAL

Fig. 9. Circuit for 
using beam-switching in 

optical modulation.

INPUT

structed with a constant K for all inputs instead 
of constant excitation. A switch designed to exploit 
this concept would have optimum signal-to-noise 
characteristics for a far greater range of signals 
than a conventional circuit.

Such a switch could make the excitation a con­
tinuously variable function of the input signal. A 
test circuit built on this principle resulted in bet­
ter than a 5 to 1 improvement in signal-to-noise 
ratio over a fixed-excitation modulator.

Fig. 8. This signal sensor allows selective control of 
the polarity of relay response.

Synchronous Switches in Many Roles

Phase Discriminator or Filter. The average out­
put of a demodulated sine wave including the 
effect of phase shift between the signal and refer­
ence is 

= 0.637 I„ cos «
where G is the phase angle between the signal and 
excitation voltage. When G = 90 deg, the average 
output of the demodulator is zero; when G = 0, 
the output is maximum in accordance with the 
cosine function. Thus the switch behaves like a 
phase discriminator or filter.

The harmonic components resulting from de­

modulating a quadrature signal are easily re­
moved with a low-pass filter. Summing a number 
of signals derived from electromagnetic trans­
ducers is usually followed by quadrature removal. 
Ring Modulator. Conversion of low-level signals 
(150 mv, maximum) is rather difficult. Such signals 
may be derived from an instrument-landing-system 
cross-pointer indicator. Silicon diodes help solve 
this problem with standard circuitry, eliminating 
the usual requirement for nonlinear temperature­
compensating networks.

The circuit in Fig. 5 has given good results 
using a simple, two-point matching procedure to 
select individual diodes in the ring.
Quadrature Rejection Sensor. It is often necessary 
to operate relay-type sensors from signals with a 
large quadrature component, and to make the 
relay respond only to the in-phase component. 
Fig. 6 shows how a pair of ac-on-the-collector 
transistors can furnish power gain for relay opera­
tion and simultaneously reject quadrature compo­
nents. The diodes block inverse switching peaks 
and thus protect the transistors from damage.
De Amplifier. Direct-coupled, high gain, de am­
plification is difficult with miniaturization tech-
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niques because of circuit complexity and the need 
for drift stabilization. By converting the de sig­
nal to an easily-manipulated carrier frequency, 
one can amplify it by using standard ac tech­
niques, then demodulate it to obtain a higher- 
level de output. The results depend almost wholly 
on the quality of the signal converters.
Integrator. An electronic feedback integrator has 
been developed which uses silicon diodes as 
switches. It has a 1000-sec time constant with a 
basic feedback time constant of 0.75 sec. Its block 
diagram is shown in Fig. 7.

Variations have been used in place of servo in­
tegrators in some applications. Either tubes or 
transistors can be used in the ac amplifier.
Asymmetric Signal Sensor. The circuit of Fig. 8 
will energize a relay for a given phase of an input 
signal and will desensitize the relay for opposite­
phase signals. In this circuit, a single transistor is 
operated class B with ac applied to its collector. 
Thus, relay current flows only when the switching 
voltage on the collector is positive, provided the 
signal to the base is also positive during this time. 
Should the input signal reverse phase during the 
half cycle when the collector is positive, the tran­
sistor will be driven further into cutoff.
Optical Demodulator. The Z-axis, or optical de­
modulator is an interesting application of beam­
switching. In servo measurements, it is customary 
to demodulate the reference and output signal of 
the system to measure phase displacement with 
an oscilloscope and a phase-shifting synchro.

This method requires two critically-designed
demodulators whose 
errors.

Since the Z axis is 
axes, one may gate

filters may introduce lag

common to both V and H 
the Z axis synchronously,

once per cycle, and thus provide simultaneous 
demodulation of the V and H axes. See Fig. 9.

The positive-spike generating amplifier is 
coupled to the Z axis with the intensity turned 
down to remove the pattern. Once per cycle, as 
the spike makes the intensity grid more positive, 
a dot appears on the screen. The output appears 
as a circle, ellipse, or line, depending on the 
phase displacement between the V and H axes.

In the presence of noise, the position of the car­
rier spike may be adjusted by a phase-shifter 
which gates the most intelligible portion of the 
signal. This method causes no filter lags.

A further refinement requires a circular sweep 
reference on the V and H axes. The intensity 
spike, now generated from the signal, would then 
turn on the beam at a time depending on the 
phase displacement between signal and sweep 
reference. Relative phase angle can then be read 
directly on the crt screen from a transparent dial 
calibrated from 0 to 360 deg. ■ ■

HILOPt EXERTC 1

HILOPlEXERTC

hiloplexep

hiloplexertc t

adcon TAD-1

VECTOR MODULAR CONCEPT
MANUFACTURING COMPANY, INC. 
TELEMETRY COMPONENTS & SYSTEMS IN P C M SYSTEMS

The combination of Sampling Switch, Vector Model TC-1, and Analog- 
to-Digital Converter. Vector Model AD-1, forms a highly flexible PCM 
System. Up to 10 information bits available for a 5 volt input. Maxi­
mum bit rate 250 KC. Sampling rate and output format available to 
meet individual requirements. A
Write Dept. E, Vector Manufacturing Company, Inc., Southampton, Pa. /|y
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Magamp
Regulator

For DC-to-DC
Converters
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Baruch Berman 
Chief Engineer, Avion Division 

ACF Industries Inc.
Paramus, NJ.

Author Baruch Berman feels that a 
magnetic amplifier makes an excellent 
regulator for solid-state dc-to-dc convert­
ers. He presents a design for an efficient, 
light-weight unit that will provide ±2 per 
cent regulation over a wide range of input 
voltages and loads.

magnetic amplifier is used as the regulating ele­
ment. The pulse-width modulation principle is 
utilized. Although filtering has to be heavier than 
with transistor regulators, several advantages are 
gained.

In a transistor regulator, the series transistor has 
to absorb the difference between line or battery 
voltage and the regulated voltage, and must dis­
sipate it as direct loss in the form of heat. The 
magnetic amplifier regulator, on the other hand, 
impedes the flow of current until the right instant 
in the cycle, as determined by a Zener type error 
detector, and only then allows load current to 
flow. This results in appreciably improved effi­
ciency.

The common drawbacks of magnetic amplifiers 
are their excessive weight and slow response time 
as compared with transistor circuits. This is over­
come in the circuit described. The transistor- 
coupled magnetic oscillator is designed to oper­
ate at a relatively high 1000-cps frequency. This 
makes for an appreciable size reduction. The re­
sponse time problem is also overcome by using 
the high operating frequency.

The regulated circuit is shown in Fig. 1. To 
show the versatility of application, more than one 
output is regulated, although only one will be

T RANSISTORIZED multivibrators, of the push- 
■ pull transformer-coupled type, are highly ef­

ficient and are ideal for dc-to-ac or for dc-to-dc 
power conversion (ED, Sept. 16, 1959, p 40; Sept. 
30, 1959, p 36). They usually provide a square­
wave output which is ideal for full wave rectifica­
tion. Both the frequency and amplitude of the 
square wave are directly dependent on the de 
supply voltage. If the output is to be rectified, 
the change of output frequency with input voltage 
is of little concern. However, if constant output 
voltage is desired with changing input voltage, 
an output regulator must be added.

Light-Weight, Fast Magamp Regulator Outper­
forms Transistor Circuit

A circuit has been developed which controls 
the output to maintain a constant voltage. A
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where Res is the saturation resistance of the tran­
sistors used.

Traces b and c demonstrate what happens when 
the input voltage V, is raised. The output voltage 
attempts to follow the input as in a non-regulated 
converter. However, the error detector provides a 
signal to the magnetic amplifier that retards its 
firing angle. The square-wave of traces b and c 
develop a step at the point where the magnetic 
amplifiers saturates.

which requires the most exact regulation with 
respect to load variations. Regulations with re­
spect to varying input voltage is in the same order 
of magnitude on both outputs, for constant load.

Input and output specifications, for the circuit 
shown, are as follows:

Output #1: —25 vdc at 0-20 ma, regulated 
* 2 per cent
Output #2: 4-300 vdc at 10 ma constant, 
regulated * 2 per cent
Temperature: —55 to 4-71 C ambient
Ripple: 0.1 per cent

Transistor Ratings Must Take Account Of Varying 
Duty Cycle

The full collector current starts flowing only 
after the magnetic amplifier has saturated. Duty 
cycle rating of the transistors, with respect to peak 
current and mean dissipation is therefore neces­
sary. As the supply voltage is raised higher, the 
duty period becomes shorter and the collector 
current peaks are higher. With the highest rated 
input voltage, the transistors have to supply the 
full load current in a fraction of the cycle. Base 
drive of the transistors has to be computed to 
allow the transistor to pass the peak current an­
ticipated. This has to be done while keeping in 
mind that (3, (transistor current gain,) falls off at 
high collector current.

Although dissipation will go up because the 
equivalent rms collector current has gone up, bet­
ter than 65 per cent over-all efficiency can be 
easily obtained. What is more important, most of 
the losses incurred will not have to be dissipated 
by the transistors. They will appear, instead, as 
magnetic IX and IR drops in the core.

A safe supply voltage is half the open circuit 
emitter breakdown voltage. The base breakdown 
voltage of the transistor should preferably also 
be twice the supply voltage. The power dissipated 
by the transistors is of great importance because 
the flow of collector load current is not continuous 
over the full cycle.

Three Sections Of The Circuit
The regulator circuit is comprised of three 

major sections:
1. Magnetic multivibrator and transformer.

a. Transistors Qla and Qlb = 2N386, Philco 
b. Bias resistors
c. Transformer TI — Core #1050, orthonol, 2 

mils (G & L electronics or equivalent,) 
primary turns 200, #26, center-tapped. Feed­
back turns 80, #31 center-tapped. Secondary 
turns—as determined by design.

2. Error Detector
a. Zener diode = 651 C.
b. Resistor R3 = 3900 ohms, 1/2 w, composi­

tion.
c. Resistor R4 = 3600 ohms, vamistor.
d. Resistor R5 = trimming resistor approxi­

mately 500 ohms.
e. Resistor R6 = 910 ohms, vamistor.
f. Control winding = blue and gray leads of 

LI in the magnetic amplifier.
3. The magnetic amplifier LI comprises two cores, 

A1010-02, (G & L Electronics or equivalent.) 
In addition, filtering is obtained with capacitors

Cl and C2. A 0.1 per cent ripple was obtained 
with Cl = 4 uf, 450 v and C2 = 100 pf, 50 v. 
Capacitance requirements are determined under 
worst conditions: (1) high input voltage, when 
the conducting period is short with high peaks;

Duration Of Current Flow Reduces With Increas­
ing Line Voltage

Fig. 2 illustrates the mode of operation in­
volved. Three oscillograms tracing the voltage 
across transformer TI are shown. Trace a indi­
cates the condition of low-input voltage. This 
trace approaches an ideal square wave. When the 
input voltage is low, the magnetic amplifier is 
saturated always and allows full collector current 
to flow from time zero. This condition is the same 
as the one existing with conventional non-pulse 
width modulated inverters. Maximum power out­
put (Punt) may be computed in this case for 50 
per cent efficiency from the equation:

Fig. 2. Waveforms across trans­
former TI illustrate action of regu­
lator as input voltage rises.



(2) full load, when the filter time constant
minimum); (3) low tempera-
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Low voltage (25 vdc): 2.63 X 16.2 
(to center tap)
High voltage (300 vdc): 30.8 X 12.6 
(across full winding)

Magnetic Multivibrator Designed Around Trans­
former Tl

v X 90 X103 X100 X 0.035

shortest (R^
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X 100 = 3080 turns, #38 hi.

X 100 = 263 turns #38 hf

The frequency of oscillation f is determined 
from the equation:

The magnetic amplifier LI will have two sets 
of gate windings. One set will have to support 
8 v at nominal conditions and the other 90 v. To 
improve production lot yields, a safety factor of 
33 per cent will be added. This will cover manu­
facturing variations of core saturation flux den­
sity, stacking factor variation, winding tolerance, 
forward drop of the transistors, etc. Thus, the 
high voltage gate will have to support VL = 120 
v, and the low voltage gate VL = 11 v.

11 X 2460 QQP , , ,— --------= 226 turns, #38 hf.

ture, when the capacitor changes from rated to 
lowest value.

The theory of the basic transistor-coupled mag­
netic multivibrator is covered adequately in tech­
nical publications and textbooks published to date. 
Therefore only the features typical to the type 
of regulator described here will be dwelt upon.

For 25 vdc, diode drop should also be consid­
ered To continue with the example, a center-tap 
circuit will be used.

Transformer Tl has to supply to the magnetic 
amplifier, LI, the voltage:

The effective load is 3.5 w, while the actual 
load is 5.5 va. For 300 vdc output, the secondary 
of thé transformer should be designed to provide 
300 vdc 4- 10 per cent. The output is a square 
wave with low voltage input.

If regulation is to start at 10.7 vdc and full 
wave-bridge circuit is used, then:

As the input into the multivibrator rises, so does 
the output of Tl. However, simultaneously with 
it, the frequency of this output rises. Thus the 
magnetic amplifier has to block a higher voltage, 
but at a proportionally higher frequency. The im­
pedance rises automatically even though the con­
trol current of the magnetic amplifier has not 
changed.

Fig. 3 shows an oscillogram of the voltage im­
pressed across the magnetic amplifier gate wind­
ing under conditions of nominal input. LI ab­
sorbs the voltage until a specific angle is reached, 
as determined by the control winding. At this 
angle the magnetic amplifier LI saturates and 
lets the transformer Tl voltage be impressed on 
the capacitors and load.

Because of the fast switching, a spike appears 
across the gate winding of the reactor LI. This 
spike is not troublesome as long as its peak am­
plitude does not exceed the rated inverse voltage 
of rectifiers CB1 on the high voltage output, and 
CR2 on the low voltage output. At nominal con­
ditions, the ac outputs of Tl will be:

where N\ = 100 turns #26 hf;
y (feed back) = 40 turns #31 hf
Np = 200 turns
2jV (feed-back) = 80 turns #31 hf

Space factor check of the magnetic amplifier 
winding is obtained by adding the areas occupied 
by all the gate winding plus the bias and control 
winding and dividing by the core case window 
area. The design above gives 50 per cent space 
factor and the actual measured temperature rise 
is a comfortable 20 C. Class A insulation, as con­
templated, is quite adequate even under the high 
ambient condition of 71 C.

DIGISWITCH® PROVIDES 
THE HUMAN ENGINEERED APPROACH 

For Converting Visual Decimal Setting to Electrical Coded Output 
■ Ease of <-ial Setting 
■ Accuracy of In-line Visual Read-out 
■ Modular Assembly and Presentation

where: V, = supply voltage in volts
B„t = Saturation flux density of transfor­

mer Tl core in kilolines
ATi = Half the number of primary turns, 

Np.
Ni = Np/2
A = Cross section of transformer Tl core 

area in square inches.
K = stacking factor

For this circuit,

Magnetic Amplifier Design, 11

The design of the magnetic amplifier is carried 
out at nominal conditions. Conditions above and 
below nominal adjust themselves automatically.

4 X 1000 X 90 X IO3 X 0.156 X 0 87 

turns, #40 hf

THE DIGITRAN COMPANY 
MJ SOUTH ARROYO PARKWAY, PASADENA, CALIFORNIA 

A Divisier »* Endevcn Corporation

Model Electrical Output

7301 Binary Coded Decimal

7302 10-Position, Single-pole

7303 Octal Coded, with O-output
7304 10-Position, Double-pole

7306 10-Position 1-pole, Standard Connector

7307 BCD Excess 3
7300 Octal Coded, with Complement

7309 nCD with Odd-bit Parity
7312 Modified Biquinary Complement
7313 Berkeley 1224

Also available-special codes, special dial characters, color-coded 
decades, decade spacers, dial stops, internal lighting.

Write for Catalogue 7300-A
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Ji exactly equals 
thus established

the error detector resistor leg v 
the Zener voltage of CR3. Nr. A 
at nominal conditions.
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Fig. 3. Waveform across mag­
netic amplifier LI shows spikes 
that must not exceed rated peak 
inverse voltage of CR1 and CR2.

Error Detector Design
The magnetic path length of the magamp core 

is 1.96 in. With good low-leakage silicon rectifiers 
in the saturating legs, one-half ampere turn will 
drive the cores from cut-off to saturation. A bias 
winding, in series with a trim resistor R7, is con­
nected across the supply voltage. This allows set­
ting of the outputs to the desired level without 
making use of the control winding. The control 
winding loop may then be closed to a point on

The control current will operate the magnetic 
amplifier in a push-pull mode and the impedance 
it will present to the error detector will be high. 
This is most desirable from the point of view of 
gain and signal level power availability. The bias 
is connected to help retard the firing angle with 
rising input voltage. The control ampere-turns 
will also be assisted by the fact that frequency 
is proportional to input voltage. With 2000 turns 
#42 AWG control turns, wrapped around both 
cores in pineapple fashion, the maximum control 
current that will flow through the control winding 
is 100 pamp.

The maximum error voltage allowed across the 
detector bridge is ±2 per cent, that is ±0.5 v. 
Bridge input impedance is 0.5 v/0.1 ma = 500 
ohms, minimum. Bridge output impedance is made 
up of R4 in parallel with R6, and in series with 
CR3 in parallel with R3. R3 is high with respect to 
the impedance of CR3 and may be neglected, CR3 
presents an impedance of not more than 10 ohms. 
Thus the output impedance consists mainly of 
R4 in parallel with R6, which is 700 ohms. The 
bridge presents a low output impedance to the 
control winding of the magnetic amplifier which 
has an input impedance of 5000 ohms minimum.

The unit was designed and packaged into a 
unit having minimum size and weight require­
ments. Actual size comes to less than 14 cu in., 
and actual weight to less than 370 g, including 
the case and epoxy potting compound. ■ ■

The Atlas climbs toward outer 
_ space! Inside, a delicate instru- 

ment—an inertia compensated 
telemetering device, shown left 
—'sat work Manufactured by

■■■ «■’ the Speidel Corporation of
j* a, Provident ।. Rhudi Island, th:

'' a sealed unit contains a continu

recorder that capable 
porting, via telemetry as re- 
quired, pre-selected conditions 
that a missile might encounter, 
i.e.: temperatures, strains, 
stresses, vibrations, air pressures.

The problem: find a protective “cushion” that will isolate the telemetering device 
from the missile’s violent motion and even a fall to earth, yet permit it to operate 
accurately and with great sensitivity.
The answer: 3M Brand Fluorochemical Inert Liquid FC-75. Why? FC-75 
protects the tape and all associated moving parts of the tape transport from 
vibrations, shocks, acceleration. And, at the same time, FC-75 remains stable 
over the entire temperature span of the missile’s effective range. It has a pour 
point of less than minus 100°F„ will not break down even at 750°F.
Furthermore, FC-75 undergoes no chemical or electrical changes. It is completely 
compatible with various materials such as metals, plastics, elastomers, even 
above the maximum practical temperatures permissible with other dielectric 
coolants. Therefore, it will not attack the recording tape or any other part of 
the telemetering mechanism.
FC-75 is ideally suited for many uses in the field of missiles and rocketry because 
it is nonexplosive, nonflammable, nontoxic, odorless and noncorrosive. It is one 
of 300 specialty chemicals from 3M serving industry and country. For complete 
performance characteristics, write today, specifying area of interest to: 
3M Chemical Division, Dept. KAP-60, St. Paul 6, Minnesota.

CHEMICAL DIVISION

NUFACTURING COMPANY



F Two great Convair Jets 
set reliable 
connections throughL CREMER 

conn octronics " *

Recommendations Of Ad Hoc 
Study Group On Components

Reliability Program Unveiled

*(f) Gremar Mfg. Co., Inc.
General Dynamics corporation’s CONVAIR Division speci­
fies Gremar RF connectors for its new 880 commercial jet, 
the world’s fastest airliner. For reasons of top reliability 
Gremar RF connectors are also on their military B-68. Here’s 
why__

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

GREMAR DELIVERS ... by stocking America’s most 
complete line of RF Connectors and fittings ... by maintain­
ing a shelf stock of more than 500,000 assembled units ...of 
over 2,000 types . . . and 4,000,000 component parts ready 
for assembly! dspn.
SPECIFY GREMAR for top-level reliability and I 
performance in RF Connectors. Write for litera- / W’ / 
tore on any series of standard RF Connectors... I / 
or send us your specs on special requirements. ~ /

Specialized high potential test equip­
ment developed by Gremar determines 
voltage breakdown point up to 25 KV, 
juat une of the 142 separate quality 
checks that make Gremar RF connec­
tera specified on every major missile 
program.

SCREMAR
CREMER

MANUFACTURING COMPANY, INC.
y \ V RELIABILITY THROUGH QUALITY CONTROL
I * * Dept. B, Wakefield, Mass., CRystal 9-4580
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HIGHLIGHTS and implications of the long- 
awaited report of the Ad Hoc Study on Parts 

Specifications Management for Reliability were 
covered at the 1960 Electronic Components Con­
ference (ED, May 25, p 16).

The central recommendation of this recently 
concluded study is the establishment of an Ad­
visory Group on Management of Electronic Parts 
Specifications (AGMEPS) as an activity of the 
Office of the Assistant Secretary of Defense for 
Supply and Logistics reporting directly to that 
Assistant Secretary, said Paul S. Darnell, chair­
man of the Ad Hoc Study Group.

The function of this new advisory group would 
be to provide, on a continuing basis, technical ad­
vice that will aid the Defense Dept, in planning 
and directing an adequate, economical, and ef­
fective program of specification development and 
technical documentation in component parts.

The new advisory group would also provide 
similar advice to the Director of Defense Re­
search and Engineering and to the individual 
services relative to their interests in these areas.

Explaining the consequences of this recom­
mendation, Mr. Darnell said that it would: 
■ Place the centralization, coordination, and ad­
ministrative direction of all electronic part speci­
fications at the Defense Dept, level and thus con­
solidate what are now diversified specification 
activities carried on in various areas of the three 
military services.
■ Establish a central point at an operating level 
for producers and users of electronic parts as 
well as industrial and technical societies to ap­
proach when they wished to have existing parts 
specifications revised or new ones initiated.

"The recommendations of the Ad Hoc Study 
Group constitute the most advanced step in re­
liability ever taken in the United States,” said 

J. M. Bridges of the Office of the Director of 
Defense Research and Engineering. A reported 
7,000 to 8,000 man hours went into the study, 
which was jointly sponsored by the Offices of the 
Assistant Secretaries of Defense (R&E and S&L).

Reliability Neec^gfft In 
Prototype Specifications

Other highlights and recommendations of the 
Ad Hoc Study Group were covered by E. J. 
Nucci, the group’s co-chairman.

Three prototype specifications were prepared 
by the group. They covered paper dielectric 
capacitors, relays, and electron tubes. These units 
were selected to provide features representative 
of the wide range of problems inherent in the 
mission of the over-all Ad Hoc Group and in 
the total range of electronic parts. Significant 
features of the prototype specifications are:
1. There will normally be four or five reliability 
levels specified in terms of failure-rate per cent 
per 1,000 hours under a specified test condition. 
The highest level will represent the level rep­
resentative of present military specifications items 
and the other levels aimed at 1, 0.1, 0.01, and 
0.001 per cent per 1,000 hours.
2. The specifications will provide the necessary 
life-test sampling plans to prove compliance with 
the reliability levels specified and provide a 
means or methodology for accumulating the nec­
essary failure-rate data and of computing failure­
rates for monitoring. The exponential distribution 
of failures has been assumed and used in the 
prototype specifications. To cut down sample 
sizes and test time, the statistical plans used 
deviate from a lot-by-lot acceptance on the re­
liability requirements and treat the accumulated 
lot-by-lot life-test data sequentially. Acceleration 
factors are used where known.
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3. Modified qualification approval procedures are 
recommended wherein qualification approval 
shall be established for a specific reliability level 
that will be monitored during production. The 
manufacturer shall maintain life-test data for 
periodic audit and requalification. If the audit 
shows that the failure-rate increases, qualifica­
tion is dropped to the next higher failure-rate 
level; if the manufacturer can lower the failure 
rate, he can qualify for the next level. Prior to 
submission of samples for qualification approval, 
the manufacturer should show evidence that he 
has (a) the test equipment to conduct the tests 
required by the specification and (b) satisfactory 
in-plant process control. Qualification approval 
should be given only on submission of sufficient 
data representative of production quality; the 
manufacturer should conduct all qualification 
tests under surveillance of the appropriate gov­
ernment inspection agency.
4. Sampling plans being proposed for acceptance 
inspection propose greater consumer protection.
5. The report recommends that equipment manu­
facturers require parts manufacturers to conduct 
acceptance testing and to supply certified test 
data with each shipment of parts as evidence that 
the parts do conform to the specification.

4

FNEW MOTOROLA 
a * 

diffused-junction
;

SUB-MINIATURE 
temperature compensated 

ZENER DIODES
Temperature Coefficients 
to ,0005%/°C

-55°C to +150° C Range

TYPICAt YOi TAGE VS TEMPERATURE CHARACTERISTICS
•° A 9% volts 

NOMINAL AT 7.5 MA

Specification Writing Standards 
Recommended in Report

With respect to specification writing and co­
ordination procedures, the report contains an 
Outline of Form and Instructions for the Prepa­
ration of Design and Procurement Documenta­
tion for Military Components. It recommends a 
standard format, standard sequence of require­
ments and tests, consistent organization of test 
procedures groupings for sampling levels, the 
addition of the reliability requirement and test 
plans to assure conformance, establishment of 
environmental requirements in standard groups 
to conform with MIL-STD-446, the Environ­
mental Guide for Electronic Parts.

Coordination of Specifications 
Within Six-Month Period

As for coordination of specifications, the report 
recommends that the program establish a control 
to effect full military and industrial coordination 
within a 26-week period. Also, existing definitions, 
regulations and, perhaps, the name “Limited Co­
ordinated Military Specifications” should be re­
vised to ensure that they will be binding upon 
all other services immediately upon issuance, ex­
cept that a period of 60 days will be allowed 
any service to show why the specification is not

ELECTRONIC DESIGN • June 8, 1960
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REFERENCE VOLTAGE SUPPLY

TRIAD N5IX---------- ä |M53a (4>

IOA
IIS VOC 
Kept

1009 V

2.3K.IOW

100

These new Motorola diffused-junction, temperature 
compensated zeners combine smallest size with tightest 
stability. The hermetically sealed glass package is ideal 
for automatic circuit assembly and is designed to meet 
the most stringent environmental requirements. Type 
numbers are marked on all units .. . making it unnec­
essary to translate color coding.

Maximum Dynamic ImpedanceTyH Minisi

Voltage Range 
@ 7.5 ma (25*C Ambient) Volts

Voltage-Tem­perature Coef­
ficient 
%fC

Temperature

1M3M 8.55—9.45 .01 -55 to+150
1NI3U 8.55-9.45 .005 -55 to+150
IMITI 8.55-9.45 .002 - 55 to+150
1M3M 8.55-9.45 001 - 55to+150
1M3M 8.55-9.45 .0005 -55 to+150

20
20
20
20
20

•Measured by superimposing .75 mA rms ac on 7,5 mAdc.
Type numbers with no suffix indicate 0 to + 75‘C temperature 
range. "A" suffix indicates —55 to + 100’C. “B" iuffix indicates

TYPICAL APPLICATIONS Types 1N935. 1N93G. 1N937, 1N938 and 1N939 
arc designed for voltage reference applications . . . digital volt­
meters. precision high-stability oscillators, frequency meters, 
analog to digital converters and precision DC power supplies 
(See voltage supply circuit illustrated).

IMMEDIATE AVAILABILITY These new sub-miniature temperature 
compensated devices are immediately available from your 
Motorola Semiconductor distributor.

10*12275

IH93» soon

I2«i 
150 V

«WA 4K
-----------ilOOA

* * 8.553 V

A SUBSIDIARY Of MOTOROLA. INC.

BOSTON 385 Concord Aco.. Belmont 78, Mom.
CHICAGO 8», 5234 Wett Diveney Avenue
DETROIT 27. 13131 Lyndon Avenue
LOS ANGELES 1741 Iver Avenue, Hollywood 28, Celif.
MINNEAPOLIS 27. 7731 «th Avenue North
NEW YORK 1051 Bloomfield Ave., Clifton, NJ. 

from New York .......................
SAN FRANCISCO 1299 Beychore Highwey, Burlingeme, Celif.
SYRACUSE 101 South Selin, .......................

. J Vinho» 4-5070 
.......... AVenue 2-4300 
. . . BRoidwiy 3 7171

HOIlywood 2 0821 
. llbarty 5-2198 

GRegory 2-5300
Wisconsin 7-2980 

Diamond 2-3228 
GRanito 4-3321

MOTOROLA
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Is your problem

Quality 
Mainten

Reliability

Here is your solution!

100% testing
—systems, circuits, 

and components—

satisfactory for its use. For purposes of service 
coordination, approval of a specification should 
be based upon a majority vote of the working 
group preparing the specification.

«

of electronic equipment by Automation

specializes in assuring the reliability of electronic and electrical 
equipment, whether components or complete systems. Automatic testing, 
for factory or for ground support, can accurately and completely diagnose 
electronic systems. Existing and incipient faults are found in far less time 
than by other quality control or maintenance methods. 90% cost reduc­
tions can be expected! Benefit from our extensive experience in adapting 
automatic methods to test problems, either with equipment designed to 
your requirements or with oui standard equipments.

Tapt-Programmed Circuit Tatter
Tests electronic end electrical circuits and 

systems according to values punched in tape 

Model 180

Missile Test Console
Continuously monitors circuits of main mis­

sile wiring harness undergoing 15-minute

vibration test.

Automatic Circuit Tester
Voltages, impedances, resistances, etc. of 

complex circuits and equipment are checked

Missile Check Out
Performs final electrical test on missile guid-

ance head.

on a go/no-go basis. Model 100

Automatic Circuit Totter
Designed especially for rack-mounted test 

installations, this is another in the series of 

CTI Superleslers shown above. Model 104

Missile Hi-Pat Test Station
Hi-pots main forward and aft missile wiring

harnesses

Component Tetter
Insertion of a punched card instantly pro­

grams test series and test limits for any one 

of the seven basic electronic components.

Model 176

Tape Reader
For programming automatic equipment, this 

reader provides 80 bits of information at each 

advance of the punched tape. Model 171

Cable Totter
Simultaneously measures continuity, leakage, 

and d-c hi-pot on complex cable harnesses. 

The latest state of the art in cable testing. 

Model 165

Tape Punch and Tape Duplicator
Facilitates tape programming, and. used with 

above reader, reproduces and speeds editing

of tapes.

CALIFORNIA TECHNICAL INDUSTRIES 
DIVISION OF TEXTRON INC. 

BELMONT 6, CALIFORNIA

Custom made

Custom made

Custom made

Models 173 and ¡74

Parts Characteristics Data 
And Control Called For

In the development of parts characteristics data 
(including failure rates and application data) the 
recommendations include suggestions to improve 
failure reporting systems, establishment of a parts­
evaluation program to obtain failure-rate data, 
and the establishment of a control organization 
to collect and disseminate technical information 
on parts defined by military specifications. It rec­
ommends that, for those items not completely 
described by military specifications, military con­
tractors and subcontractors be required contrac­
tually to submit copies of their electronic-parts 
procurement documents to a central organization 
in the DOD, along with test data substantiating 
the conformance of these parts to such documen­
tation.

Finally, the report recommends that there be 
established an appropriate time schedule for the 
revision of specifications and that a period of 12 
months be considered the objective time table 
for implementing« ihese recommended procedures 
in specifications for essential items.

Engineers' Cartel oppcrUmtie« art currtntly available al CFI
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Possible Improvements 
Suggested by Darnell

Some of the impacts the group s recommenda­
tions, if adopted, would have on government and 
manufacturing organizations were outlined by 
Mr. Darnell. He said parts producers would be 
required, on the average, to do considerably 
more testing of their products and to apply in­
creased process control in manufacturing. Meas­
ures to improve product-quality control may also 
result in increased yield of product, thus offset­
ting to some degree the cost of increasing quality. 
It appears likely that considerable expense would 
be incurred in establishing sufficient testing fa­
cilities to perform all of the testing required for 
parts having very low failure rates. However, 
the required testing programs could start at once 
with the present facilities and additional testing 
facilities acquired over a reasonable period of 
time. The net effect of greater amounts of testing 
would be to increase the load on the Govern­
ment inspection services responsible for the sur­
veillance of such testing.

The impact on the equipment contractor would 
be to increase very' significantly the cost of parts 
he uses in equipment. If marked improvement in 
reliability of these parts enabled him to get his 
equipment out with major reduction in parts re­
placement and repair operations during produc-
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tion, the higher cost of parts would be offset to 
some extent.

The impact on the military services will be 
greater initial first cost of equipment This greater 
initial cost should be more than balanced out by 
major reductions in service maintenance costs. 
The strategic capabilities of systems would be 
greatly enhanced by significant increases in the 
meantime between equipment failures resulting 
from use of better components.

Manufacturer makes unique guarantee 
for new “EVEREADY” Energizers 

with cathodic envelope construction
AGMEPS: What It Will Do 
And How It Will Work

The AGMEPS Advisory Group, the Ad Hoc 
Study Group recommends, should review all pro­
posed DOD programs relating to electronic-parts 
specification development and technical docu­
mentation and the management thereof. The Ad­
visory Group will assist the ASD (S&L) by sub­
mitting recommendations regarding: (1) the most 
efficient implementing actions, (2) the most ef­
fective program, and (3) changes to any proposed 
program that will ensure the implementation of 
the report’s detailed recommendations. The ad­
visory group will provide similar advice to the 
Director of Defense Research and Engineering 
and the services according to their interests in 
these areas.

The Ad Hoc Study, to be specific, provided 
in the report a Proposed DOD Instruction Estab­
lishing the Advisory Group on Management of 
Electronic Parts Specifications. The members of 
this group should be (1) appointed by the ASD 
(S&L) after their selection has been coordinated 
with the Director of Defense Research & Engi­
neering and (2) drawn from representatives of 
OASD (S&L), ODDR&E, the Military Depart­
ments and consultants to OSD.

Administrative Control of the AGMEPS should 
be delegated to the OASD (S&L) office that has 
been delegated the responsibility for standardi­
zation.

The members selected for AGMEPS should 
represent a balanced team, with management and 
technical experience in the areas of electronic 
parts, tubes and semiconductors, electronic-sys­
tem design area, and the engineering, procure­
ment, and logistic areas of the DOD.

The chairman of the Advisory Group should 
be an OSD Consultant rather than a representa­
tive of the OASD (S&L), the ODDR&E, or the 
services, so as to gain a greater objectivity in 
directing the Advisory Group’s activities.

The Advisory Group should of necessity main­
tain liaison with the Advisory Group on Elec­
tronic Parts, the Advisory Group on Electron 
Tubes and other OSD Advisory Groups that have 
programs relating to parts specifications.

(continued on page 78)

New Battery Design Makes These Energizers So Reliable They 
Can Be Guaranteed Leakproof Up to Value of Device Which Houses Them

Union Carbide Consumer Prod­
ucts Company, in answer to the 
growing need, now offers 
“Eveready” brand Energizers 
designed especially to meet the 
requirements of modern transis­
torized devices.

MORE POWER, 
LOWER COST

These “Eveready” Energizers 
(now available in many different 
sizes) are guaranteed leakproof 
and provide more power, longer 
life and lower operating cost than 
conventional battery construc­
tion. They also offer the radio 
set manufacturer many cost sav­
ings such as the elimination of 
the contacts needed when round 
cell batteries are used.

ENERGIZERS NOW 
GUARANTEED 
LEAKPROOF

Proof of the complete reliability 
of these sensational new cathodic 
envelope batteries can be read in 
the unprecedented leakproof 
guarantee which reads: “If this 
battery is defective through fault 
of the manufacturer, satisfac­
tory adjustment will be made 
within the limits of the value of 
the electronic device”!

NEW ADVANCE IN BATTERY 
DESIGN GIVES NO. 2762 OVER 

3 TIMES LIFE OF 6 D-CELLS

Cathodic Envelope design doubles anode 
and cathode areas to give high current, 
low impedance required for transistor 
circuits, provides volume efficiency un­
known to other carbon zinc cells with no 
side penalties for peak performance!

COMPLETE PORTABILITY
New “Eveready” Energizers 
ideal for radios, marine depth 
finders, telephone amplifiers, 
barricade flashers and similar 
devices. Make countless addi­
tional electronic devices truly 
portable.
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Energizers now available in many different sizes
Write for complete technical 

information on "Eveready" Energizers.

UNION 
CARBIDE

"Evereidy" and “Union Carbide” are registered trade-marks for products of
UNION CARBIDE CONSUMER PRODUCTS COMPANY • OMsion of Unte* Carbide Corporatfon « 270 Par

DESIGNERS CITE SEVEN 
MAJOR ADVANTAGES!

1. No instrument damage 
from leakage.

2. Reduction of tooling and 
manufacturing cost for 
mounting batteries.

3. Elimination of corrosion of 
contacts.

4. Ease of battery replacement 
— no reversed polarities to 
damage circuit.

5. More compact design because 
Energizers give more energy 
per cubic inch.

6. Easy availability of batteries 
through any “Eveready” 
distributor.

7. Outstanding service life.
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BLOWERNEW STANDARD

AIRFLOW- C.F.M

Comments On The Report 
Mode By The Ad Hoc Study 
On Parts Specifications Man­
agement For Reliability:

Available with 28 volt DC-400 Cycle Single Phase or 3 
Phase power. The D & B Powair Series offers a pressnre, 
flow, size combination never before obtained. A completely 
new design approach can be taken to your electronic cool­
ing problems, resulting in weight and size reductions. For 
additional information on performance and other models

Flange 
location 
anywhere 
at no additional cost.
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J. M Bridges: "... Most ad­
vanced step in reliability ever 
taken in the United States."

P. 5. Darnell: “The Ad Hoc 
Study Group believes that it has 
proposed a practical and work­
able operation which will lead 
ultimately to monetary savings of 
a ma ।or magnitude."

wn.. » .od.T, cOjvstruCtion versatility

E. J. Nucci: "To gain maximum 
benefits from these recommended 
procedures, immediate imple­
mentation is necessary."

Related to the establishment of the Advisory 
Group as a control unit, the report recommends 
that the Armed Services Electro-Standards 
Agency (ASESA) be organizationally relocated in 
the Office of the Assistant Secretary of Defense 
(S&L), reporting to the (S&L) office that is re­
sponsible for standardization. In this position, 
ASESA should provide administrative support to 
the program of electronic-parts specifications 
management and secretarial support to the Ad­
visory Group (AGMEPS). By providing a single 
point of responsibility at an OSD level ASESA’s 
production capacity will be more directly used to 
improve its efficiency and effectiveness.

In pursuit of its functions, AGMEPS shall: 
1. Review all proposed DOD programs relating 
to the development of electronic-parts specifica­
tions and technical documentation and the man­
agement thereof, and recommend to the Assistant 
Secretary' of Defense (S&L) the most effective 
programs and changes to proposed programs that 
will ensure the timely implementation of the 
parts specification programs.
2. Prepare and recommend DOD policy, pro­
gram and implementation plans for the develop­
ment of specifications, standards and handbooks 
for electronic parts regarding:

(a) Priorities and schedules for the specifica­
tion-development program that will be consistent 
with the operational needs of the Military De­
partments,

(b) All specifications programs and actions to 
ensure their adherence to established schedules,

(c) Techniques and guidelines, to be used in 
preparing military specifications, that will ensure 
the completeness and adequacy of specifications 
for procurement. This shall include the specifica­
tion of performance and reliability in standard 
levels; test plans necessary to prove compliance 
with specification requirements; procedures for 
qualification approval; and the development and 
dissemination of parts application data, including 
failure rate as a function of time and levels of 
application severity,

(d) The collection, analysis and u-e of parts 
characteristics data in the development of new 
specifications or the revision of existing ones.
3. Review of the programs on specifications de­
velopment and technical documentation in rela­
tion to the many other programs of the Military 
Departments, such as the Long Range Parts and 
Tubes Research and Development Program and 
the Industrial Mobilization Planning Program, to 
ensure that the programs are properly coordi­
nated. This coordination shall be extended to en­
sure the programs’ compatibility with industrial 
facilities and with activities in the areas of elec­
tronic parts.
4. Assist in resolving areas of conflict in the over-

2,000 HOUR LIFE 
OUTPERFORMS ALL OTHERS

• Low sound level
• Square or round flange.
• Optional flange location over entire length of 

housing.
• AC or DC motors.
• Speeds from 8,000 to 22,000 RPM.

DEAN & BENSON 
RESEARCH

Division ol Benson Manufacturing Co., Kansas City 1, Mo.
Consult our Soles Engineering Staff for full information
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all program and detailed problems which will be 
arising in the preparation and coordination of 
parts specifications.
5. Develop and recommend criteria for the gen­
eration of preferred-parts lists to be contained in 
military standards and approved sources of supply 
for qualified electronic parts list to be included 
in military specifications or procurement docu­
ments, where applicable, so that:

(a) Preferred parts lists are developed or 
brought up to date and promptly issued,

(b) Efficient methods and techniques are em­
ployed by the Military Departments to ensure 
maximum use of parts on the preferred parts lists. 
Where necessary, the Advisory Group shall rec­
ommend actions to improve the methods and 
techniques,

(c) Application data, including failure rates, 
are developed and promulgated,

(d) A Parts Qualification Activity for each 
specification category is established,

(e) Qualified product lists are developed and 
promptly issued.
6. Review budget requirements for the programs 
relating to specification development, technical 
documentation and standardization and recom­
mend adequate required funding levels and rec­
ommend action to ensure efficient management 
and implementation of the over-all program.

In performing its functions, the Advisory Group 
shall operate under the supervision, administra­
tion and control of the Director of Supply Man­
agement, OASD (S&L).

The Advisory Group is authorized to establish 
such working groups or ad hoc groups as may 
be required, subject to the approval of the Di­
rector of Supply Management, OASD (S&L), co­
ordinating with the Director of Electronics, 
ODDR&E.

The above outline on the operation of the 
Advisory Group was given by Mr. Nucci.

To put all of the recommendations into effect, 
Mr. Darnell said, “will require the determined 
support and wholehearted cooperation of every­
one involved.”

He added: “The Ad Hoc Study Group believes 
that it has proposed a practical and workable 
operation which will lead ultimately to monetary 
savings of a major magnitude. Without doubt 
there are questions we have not anticipated and 
procedural problems we have not foreseen. It is 
to be expected that there will be disagreements 
with some of our recommendations.

“However, if these are taken as issues to be 
resolved in forthright fashion and not as loop­
holes through which to escape the disciplines 
imposed by the implementation of the recom­
mendations, the Ad Hoc Study Group will feel 
well repaid for its efforts.” ■ ■

from PSI...Very High Voltage Cartridge Rectifiers

NO VOLTAGE DERATING
«^^TEMPERATURE RANGE

55°C to 150 C!
EXTREMELY RUGGED • NON-METALLIC “COLD” CASE • 

WIRE-IN LEADS • EASY-TO-MOUNT • USE IN PRINTED CIRCUITS
No need to “over specify” for voltage derating con­
siderations! These PSI 1N1730 and 1N2382 silicon 
rectifier series provide the lowest voltage drop, the 
highest current ratings and best reverse leakage 
characteristics of any available types.

The component diode strings are welded and 
packaged in non-metallic cases. The units are com­
pact, light weight and easy to mount. With no heat 
sink requirements they are particularly suited to 
printed circuit board applications.
Electrical Specifications

Maximum surge current (8msec.) at 100’C: 2.5 amperes.
Operating temperature range: -55*C to 150’C.

1--------- MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS

EIA 
TYPE

Peak Maximum 
RMS Input 

Voltage* 
(V)

Maximum 
Average Rect. 
Current* (mA) Max. DC Fwd.

Max. DC 
Rev. Current 

@ Rated PIV (pa)

NUMBER Voltage 
(v) <8 2S°C @ 100 C

@ 100mA DC
Ö 25°C g 25’C @ 100’C

1N173O 1000 700 200 100 5 10 100

1N1731 1500 1050 200 100 5 10 100

1N1732 2000 1400 200 100 9 10 100

1N1733 3000 2100 150 75 12 10 100

1N1734 5000 3500 100 50 18 10 100

1N2382 4000 2800 150 75 18 10 100

1N2383 6000 4200 100 50 27 10 100

1N2384 8000 5600 70 35 27 10 100

1N2385 10000 7000 70 35 39 10 100

• Resistive or inductive load.
OTHER SPECIFICATIONS:
Continuous DC voltage same as PIV.

SALES

OFFICES

NEW YORK-2079 Wantagh Ave., 
Wantagh. L. I., SUnset 1-7470 

TWX: WANTAGH NY 2320

BOSTON — 471 Washington Street, 
Wellesley 81 • CEdar 5-0171

PHILADELPHIA - 320 Huntingdon 
Pike, Rockledge • Pilgrim 2-8089 

TWX: ROCKLEDGE PA 1064
PSI Authorized Distributors from coast-to-coast can supply up to

IB) Pacific Semiconductors. Inc.
• J A SUBSIDIARY OF THOMPSON RAMO WOOLDRIDGE INC.

Nine types...1,000 to 10,000 VOLTS!

ACTUAL SIZE

Leads: All Types 
.030" diameter 
minimum length

Typet 1N1730 
and 1N1731 
Length .50" 
Diam. .375"

Typet 1N1732 
and 1N1733 
Length 1.0" 
Diam .375"

Typet 1N2383 
and 1N2384 
Length 1.5" 
Diam .500"

Types INI734 
and 1N23B2 
Length 1.0" 
Diam. .500"

Type 1N2385 
length 2.0" 
Diameter 

.500'

FAST DELIVERY...
IN PRODUCTION QUANTITIES!
Phone, wire or write for detailed specifications, 
curves, prices and delivery schedules.

Also ask about the extensive line of PSI Standard 
and Special Encapsulations . . . Ring Modulators, 
Bridge Rectifiers, Matched Pairs and Quads.

WESCON BOOTHS 2812-2813
BALTIMORE - 1811 North Rolling 

Road, Windsor Building • 
Windsor 4-3622

MADEIRA BEACH, FLA.-P.O Box 
8215 • WAverly 1-9735

OTTAWA-227 Lauier Ave., West • 
CE 2-8504 

CHICAGO-6957 W. North Avenue, 
Oak Park, Illinois • Village 8-0750 

TWX: OPK 1547

DALLAS —2681 Freewood Dr. 
P. O. Box 6067 • Riverside 7-1258

DETROIT-1204 No. Woodward, 
Royal Oak • Lincoln 8-4722

LOS ANGELES-8271 Melrose Ave.
OLive 3-7850

PALO ALTO-701 Welch Road. 
Suite 305 • DAvenport 1-2240

999 units at factory prices.
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Trigger-Rate Converter

space-age assignment:

TOTAL RELIABILITY

Syncs 
Scopes to 

300 Me

The incredible complex of electronic instruments and 
equipment required to assure the safe return of early 
voyagers in space presents a great challenge to the elec­
tronics industry.
The Gudeman Company maintains a comprehensive com­
ponents research and development program, dedicated to 
an ultimate goal of total reliability. The success of this 
and similar programs of progressive manufacturers 
throughout the nation can assure continuing progress for 
America’s conquest of space.

A new Gudeman Development! The new Gudeman 
MR463 MEGA-REL capacitors (25% smaller than 
MIL-C-14157A & MIL-C-26244 (USAF) requirements, 
yet equivalent electrically and environmentally) reflect 
the creative engineering and constant design improve­
ments that mark all Gudeman products.

80

CAPACITORS BY GUDEMAN
THE GUDEMAN COMPANY
MAIN OFFICE—340 W. Huron St, Chicago 10, III.
MFG. BRANCHES: Terryville, Conn.; Visalia, Calif.

CIRCLE 4« ON READER-SERVICE CARD

HF 
SIGNAL 
INPUT

Two countdown stages provide stable, low-frequency output triggers 
from high-frequency input signals.

O
scilloscopes which could show 
high-frequency signals but could 
not trigger on them can now be triggered 
reliably by signals as fast as 300 me. Most 
30-mc scopes can now show rock-stable 

traces of 60-mc signals, while ultra-high­
speed scopes whose triggering abilities 
don’t match their bandwidths, can dis­
play steady, 300-mc waveforms.

The instrument which eliminates the 
high-repetition-rate triggering problems 
of most scopes is the model 602 Trigger 
Rate Converter manufactured by Luma- 
tron Electronics, Inc. of 116 County Court 
House Road, New Hyde Park, L.I., N.Y.

The converter uses avalanche transis­
tors to generate extremely fast pulses 
with 5-nsec rise times at a 50-kc repeti­
tion rate. These pulses are synchronized 
to the input signal.

In use, the 602 is connected between a 
trigger source and the external trigger 
input of a conventional oscilloscope. Only 
one control is necessary to adjust the 
unit for input frequencies below 30 me. 
A second control is used, in addition, to

ELECTRONIC DESIGN • June 8 1960



tune for higher frequencies.
In the instrument, a single-stage, 

broadband, transistor amplifier feeds the 
high-frequency input signal to an oscilla­
tor, tunable from 20 to 30 me. The signal 
synchronizes the oscillator.

A countdown stage, basically a 1-mc 
relaxation oscillator, generates a single 
pulse for every 20 pulses from the 
oscillator. For inputs below 30 me, this 
stage is fed directly from the input ampli­
fier, and the synchronized oscillator is 
bypassed.

The 1-mc pulses out of the countdown 
stage are further counted down by a 
similar circuit which delivers the syn­
chronized output pulses at about 50 kc. 
The pulses, about 40-nsec wide, have a 
positive amplitude of 10 v.

Available from stock, Lumatron’s 
model 602 costs $440. A model 603, fea­
turing an additional low-frequency trig­
ger output at about 700 cps, costs $480.

For more information on these trigger­
rate converters, turn to the Reader-Serv­
ice Card and circle 350.

New temperature controlled MICROSTACK* meets

55°C to+85°C
MILITARY REQUIREMENT

High-speed scope shows 60-mc sine wave but can't 
trigger on it. I
Same scope, triggered by new trigger-rate converter, 
shows clean, stable 60-mc signal.

Same scope, uisng a sampling converter and trigger­
rate converter shows dean sine wave at 300 me.

ELECTRONIC DESIGN • June 8, 1960
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For additional information, please write on company 
letterhead. Address inquiries to Section ED.

KEASBEY, NEW JERSEY, U.S.A.

APPLIED LOGIC DEPARTMENT

NERAL CERAMICS
INDIANA

G3 ge

The General Ceramics MICROSTACK, one of the most 
important advances in memory core packaging, now 
operates in a temperature range of from —55°C to 
4-85’C. Core characteristics remain constant. By main­
taining temperature stability inside the MICROSTACK 
unit, General Ceramics engineers have developed a 
memory core package that is smaller, more rugged, 
requires no external cooling or heating, and meets MIL 
shock and vibration specifications.



NEW PRODUCTS

251

252

Covering all new products that might gener­
ally be specified by an electronics engineer 
engaged in the design of original equipment.

Tunnel Diode Curve Tracer 
Tests Forward Characteristics

Solid State Microwave Switches 
Operate In Less Than 10 Musec

ELECTRONIC DESIGN • June 8, 1960

This tunnel diode curve tracer pennits the study ot 
forward characteristics of tunnel diodes made by vari­
ous manufacturers, including gallium arsenide units. 
A plug-in adapter can be changed to accommodate dif­
ferent package configurations; one adapter is included, 
others may be purchased. Any sensitive oscilloscope 
may be used with the tracer to create current and 
voltage wave forms. The tracer creates a representa­
tion of the entire critical region of the forward charac­
teristics. The bench-type case measures 2.5 x 7.5 
x 10 in.

Texas Instruments Inc., Geosciences & Instrumenta­
tion Div., Dept ED, 3609 Buffalo Speedway, Houston 
6, Tex.
Price: The standard model is priced at $99.50 and at 
$137.50 with a variable shunt and calibrated dial for 
direct readout of negative resistance.

This line of single-pole, multiple-pole, solid-state microwave switches 
has a switching time of less than 10 mpsec. The single-pole, 10-throw 
switch, shown here, operates at around 450 me and presents a total 
insertion loss of less than 2 db in the line with one leg “on* and the 
other nine “off.” The vsvt of the open branches measures greater than 
250:1. Double-throw and four-throw switches are also available. Units 
are available in various frequency ranges from 10 me to 10,000 me.

American Electronic Laboratories, Inc., Dept. ED, 121 N. Seventh 
St., Philadelphia 6, Pa.
Price ¿7 Availability: Prices range from $250 up, depending on the 
number of brachcs, rf frequency and other factors. Standard units are 
available in 1 to 2 weeks; specials, 4 to 6 weeks.

Multivibrator Module 
Weighs 0.33 Oz 253

Measuring 0.75 x 0.625 x 0.75 in. 
and weighing 0.33 oz, model BM-1, 
10-mc bistable multivibrator mod­
ule will trigger on any waveform 
having a positive slope equal to or 
greater than 0.11 v per mpsec for 
an interval of 10 mpsec or longer. 
Capacitor-coupled set and reset in­
puts are provided as well as two 
direct-coupled outputs. Output volt­
age in the “low” state is —11.2 v; 
in the “high” state, —0.15 v. Sup­
ply voltage required is —12 v at 
14 ma and -j 6 v at 0.21 ma. Oper­
ating throughout the range from 
—55 to -|-55 C, the module’s base 
is a standard seven-pin miniature 
configuration with gold-flashed pins.

Cambridge Thermionic Corp., 
Dept. ED, 445 Concord Ave., Cam­
bridge 38, Mass.
Price 6- Availability: Available im­
mediately in prototype quantities. 
One to nine units are priced at 
$90 each; 100 and over, $80.
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RAYTHEON KLYSTRON CLOCKS 62,000 HOURS OF SERVICE

tube retired after seven years of continuous operation

254

QK-531

obtain detailed application informationYou can

Switch Allows Time 
Sharing Of Antennas

Excellence in Electronic»

The QK-531 is particularly suited for lo­
cal oscillator service in microwave re­
ceivers. It is useful, also, as a local 
oscillator in microwave spectrum an­
alyzers, as a pulse generator for testing 
circuit response and as a frequency modu­
lated source in microwave relay links.

Model R-107H, Ku-band ferrite 
switch enables two microwave an­
tennas to be time shared by a com­
mon transmitter and receiver, main­
taining high isolation between the 
magnetron and load. The switch 
can handle peak power levels of 
100 kw and 100 w average; it can 
be switched at speeds under 10 
psec. Switching is performed using 
less than 70 w peak and 2 w aver­
age power. The switch operates 
over a 2% band between 15.7 and 
16.9 me with a loss of 0.5 db.

Gabriel Stem, Inc., Dept. ED, 
420 Boylston St., Boston 16, Mass.

and special development services by contacting: 
Microwave and Power Tube Division, Raytheon 
Company, Waltham 54, Massachusetts. In Canada: 
E. Waterloo, Ontario.

Close control of product quality and costs at every 
state of production is responsible, in part, for 
Raytheon's success in meeting industry and gov­
ernment specifications. Every step of assembly is 
spot checked by inspectors, each with 10 years or 
more experience in microwave tube production.

Thermoelectric Module 
Cools Components 255

Using a quaternary semiconduc­
tor alloy called Neelium, this eight­
thermocouple Frigister module has 
twice the efficiency of thermoelec­
tric coolers previously available. 
Mounted on a heat sink with an 
adhesive, the module can cool tran­
sistors and other devices and allow 
them to operate at higher power 
levels. Germanium transistors can 
be operated at levels that would 
normally raise their temperatures 
to 150 C and silicon units can op­
erate at levels that would bring 
them to 300 C.

General Thermoelectric Corp., 
Dept. ED. Princeton. N.J.
Price & Availability: $258 per mod­
ule. Delivery time is 30 to 60 days.
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Homer Marrs of Motorola presents gold-plated kly­
stron trophy to F. J. McElhatton, Fanhandle East­
ern Pipeline Co. J. A. Fowler, Supervisor of 
Communications for Panhandle, is at the left. 
Prized klystron, the Raytheon QK-531, performed 
for 62,000 hours.

We don’t send out 62,000-hour warranties : 
however, you can expect unusual perform­
ance from Raytheon klystrons. Take the 
tube cited above — the QK-531 — a 6,575­
6,875 me reflex klystron which we con­
servatively warrant for 7,500 hours. As 
the local oscillator in the Houstonia, 
Missouri, link of the Panhandle Eastern 
Pipeline Company's 400-mile microwave 
system, the tube performed a major func­
tion in relaying up to ten channels of 
Information between the Odessa and Boon­
ville stations.
How is this kind of performance built 
into a tube? Advanced manufacturing tech­
niques and rigorous quality control is 
the answer.
If you need low-power coverage of govern­
ment, studio link and common carrier 
frequency bands, look into the char­
acteristics of Raytheon's complete line 
of klystrons.
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Sweep Generator
For alignment of af circuits

compact

small

1001, 1002, 1003, 1004, 1005, 10
1112, 1113, 1114, 1115, 1116, 11
1123, 1124, 1125, 1126. 1127, 11
1134, 1135, 1136, 1137, 1138, 
1145, 1146, 1147, 1148, 1149, 
1156, 1157, 1158, 1159, 1160, 
1167, 1168, 1169, 1170, 1171, 
1178, 1179, 1180, 1181, 1182, 
1189, 1190, 1191, 1192, 1193.
1200, 1201, 1202, 1203, 1204,

11
11
11
11
11
11
12

1211, 1212, 1213, 1214, 1215, 12

4^01
light

10,000,000
MAKE-BREAK CYCLES

NOT ONE FAILURE!
The control dependability of the A. P. I. meter-relay is fact, not fancy. 
Ten million perfect operations is just one test result; nearly twenty million 
decisive make-break cycles were achieved in another test. Exceptional? 
Not for an A. P. I. meter-relay. Once the contact on the pointer arm 
“makes” with the set-point contact, the two are firmly locked together by 
an exclusive A. P. 1. design feature; a perfect control circuit is formed 
every time. This is one of the reasons A. P. I. meter-relays are used for 
such critical applications as controlling life-sustaining oxygen equipment, 
monitoring radiation levels and safeguarding vital communications circuits. 
The meter-relay is both an indicator and controller, sensitive enough to 
operate on very small microampere or millivolt inputs without amplifica­
tion. Simple, accurate, applicable to any electrically-measurable variable, 
the A. P. I. meter-relay is well worth investigating as a low-cost monitoring 
and control device. You can start by writing for Catalog 4G.

ASSEMBLY PRODUCTS, INC.
Chesterland Ohio

CIRCLE 69 ON READER-SERVICE CARD

Model M sweep generator is a complete meas­
urement system for alignment of af circuits with­
out point-by-point frequency checks. It makes 
possible continuously adjustable center frequency 
sweeps from 20 cps to 200 kc. The narrow sweep 
range covers 500 cps to 20 kc and the continu­
ously variable sweep widths are 2 to 200 kc, both 
linear and logarithmic. Flatness is ±0.5 db over 
the widest sweep. The output level is 5 v into 
600 ohms.

Kay Electric Co., Dept. ED, Maple Ave., Pine 
Brook, N.J.
Price 6- Availability: Units will be in stock hy 
June 30,1960. Price is $895 ea.

Alarm Scanners
Scan 1000 to 20,000 points per sec

562

Capable of scanning from 1000 to 20,000 
points per sec, the Magne-Alarm solid-state, 
alarm scanner provides adjustments for both the 
bogey value and the tolerance on each individual 
input. Visual and audible alarms can be pro­
vided. The unit accepts inputs from thermo­
couples, strain gages, external voltages or resist­
ances; it provides a minimum of 130 db common 
mode rejection at 60 cps. The unit can be used 
in missile checkout systems, and in process con­
trol systems.

San Diego Scientific Corp., Dept. ED, 3434 
Midway Drive, San Diego 10, Calif.
Price ir Availability: Price is $50 to $75 per input 
when 50 or inorc inputs are ordered. Units will 
be available from stock hy August 1960.

CICOIL Super-Flex 
STRANDED-WIRE 

FLAT CABLE 
for the ultimate in

FLEXIBILITY
CICOIL Super-Flex multi-conductor cable is 
ideal for use where extremes of temper­
ature, movement and vibration preclude the 
use of other materials in missile packages, 
computers, gyro and radar systems. They 
provide light, reliable and compact harness­
ing of even the most complex electronic 
circuitry.
Super-Flex cables are made of stranded 
conductors, precisely spaced in CICOIL’s 
specially processed silicone rubber base 
compound. Cables are made in lengths up 
to 8 feet, and widths determined by the 
size and number of conductors.
Cable termination can be supplied bare or 
with commercial or military grade connect­
ors. Special connectors can be molded by 
CICOIL to meet your requirements.

Write for new brochure 
and complete technical data

CICOIL
13833 SATICOY S T R E
VAN N U Y S , C A L I F O R N

N
E I
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NEW / ... FROM ESC
Storage Oscilloscope

General-purpose, laboratory type

... designed for printed board mounting

Type SK1001 general-purpose, laboratory os­
cilloscope has a 7-in. diam dark-trace tube. Fre­
quency response is de to 10 kc for the vertical 
channel, the horizontal channel, and the Z-axis. 
Storage time can be varied from seconds to days. 
Erase time is 10 sec max. The unit weighs 55 lb 
and measures 12 x 15 x 21 in.

Skiatron Electronics & Television Corp., Dept. 
ED, 180 Varick St., New York 14, N.Y.
Price ¿r Availability: $2500 ea; 30- to 60-day 
delivery.

Stepping Motors 557
Unidirectional and bidirectional models

MJlAR COMPUTER 
DELAY UNES

The size 5 Digimotors are for use as stepping 
motors or indexing devices. They can be fur­
nished with 8, 10, 12, 18, 20, and 24 steps per 
revolution and in unidirectional or bidirectional 
models with or without detent. Stepping rate is 
15 to 25 steps per sec; operating voltage range 
is 6 to 350 v de. Environmental specs include: 
vibration of 10 g at 2000 cps, operating tem­
peratures from —55 to -|-120 C, and altitudes 
to 100,000 ft. The motor can be used as a power 
source for driving potentiometers, counters, and 
control mechanisms; it can also drive gear trains 
and indicators.

Ledex, Inc., Dept. ED, 123 Webster St., Day­
ton 2, Ohio.
Price & Availability: For 1 to 9 units price is 
from $16 to $26 ea and units are shipped two 
days after receipt of order.

ELECTRONIC DESIGN • June 8, 1960

WRITE TODAY FOR COMPLETE TECHNICAL DATA.

Module No. Delay Size

15 89 100 musec. %" x y2" x 3%"

15-90 75 musec. %“ X y2" X 3%*

1591 20, 10, 10, 5 musec. %’ x i/2" x 3%"

15-92 50 musec. %" x V2" x 2%*"

15-93 20, 20 musec. 3/8" x y2" x 2VI*’

15-94 10, 5 musec. %" x y2" x 2yi*’

As a group these miniature, modular, lumped constant 
delay lines constitute an adjustable delay line. They 
offer great flexibility in design by providing adjustable 
delays ranging from 5 musec. to 335 musec. or greater, 
if additional units are employed.
Impedance — 93 ohms with a maximum pulse atten­
uation of .5 db and pulse rise time of 30 musec. 
(max.) for any module.

Modules with variations of rise time, delay or im­
pedance can be supplied upon request.

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

LZJ LZ/ C-7 CORPORATION 534 Bergen Boulevard, Palisades Park, New Jersey
Distributed constant delay tines • Lumped constant delay lines • Variable delay networks • Continuously variable dels lines • Step variable delay 
lines • Shift registers • Video transformers • filters ot ail types • pulse forming networks • Miniatare plug-in ei emulated circuit assemblies
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NEW PRODUCTS
Servomotor Gearheads 567

Series

Microwave Diodes

For computer, control, and 
servo positioning systems

400-cps servomotor
gearheads are for use in computer, 
control, and servo positioning sys­
tems. The units are 2-47/64 in. long 
and weigh 6 oz. Ratios are from 
5:1 to 78125:1, ratios in stock are 
5:1 to 2000:1. Maximum recom­
mended load torque is 100 oz-in. 
and maximum backlash does not 
exceed 30 min when measured with 
a 1 oz-in. load on the output shaft. 
No-load speed is 6700 rpm, torque 
at stall is 0.63 oz-in., and operat­
ing temperature range is —54 to 
-|-120 C. Mil specs are met.

Guidance Gontrols Corp., Dept. 
ED. 110 Duffy Ave., Hicksville, N.Y.

The Most Trusted Ñame in Electronics 
RADIO CORPORATION OF AMERICA

ore fan mail for Mel Bondy?..• Not quite. Actually it’s another memo from one of our field 
engineers outlining performance specifications and a list of potential applications for an electron tube that doesn’t exist. But 
it’s enough to start Mel Bondy on a concentrated survey that ends in the creation of a new industrial receiving tube.
As head of our Receiving Tube Design Group, New Products Section, Mel’s the man who translates tube concepts into wire, 
metal and glass. He also takes the prototypes of such revolutionary devices as the RCA nuvistor and prepares them for the com­
mercial market. Whatever this preparation involves—investigation of materials, the modification of designs to meet applications 
requirements, determination of tube geometry—he always has a single goal in mind: the best possible tube for the job.
Mel’s search for new tubes for any given function continually opens new circuit-design possibilities for you. It’s your assurance 
that, whatever your special needs may be, we at the RCA Electron Tube Division will do our best to meet them.

For parametric amplifiers

These miniature, silicon, micro­
wave diodes are for use in para­
metric amplifiers where variation in 
stray susceptance effects must be 
minimized. Other applications in­
clude use in stripline circuits, mod­
ulators for frequency synthesis, har­
monic generation at the higher 
microwave frequencies, and sub­
harmonic oscillators for microwave 
computers Types MA-4255X, MA- 
4256X, and MA-4257X have capaci­
tance ranges of 0.4 to 1.4 ppi, 1.2 
to 2.5 ppf, and 2.5 to 4 ppf, respec­
tively, and cut-off frequencies of 60 
to 80 kmc, 50 kmc, and 30 kmc. 
Called pill varactors, the units have 
a maximum diameter of 1/8 in. and 
a maximum length of 1/8 in. The

Far Information, call thoio Selci OIRmi of 
RCA Electron Tubo Division, Harrhon. N. J.- 

NEWARK 2, NJ.i 744 Broad Street • HUmbold» 5-3900 
DETROIT 2, MICH.i 714 Now Cantor Building 
TR!nlty5 5400
CHICAGO 54. III.. Sullo 1154
Merchandise Mart Naca • WHitehall 4-2900
LOS ANGELES 22, CAUF.i 6355 E. Washington Blvd. 
RAymond 3-8361
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Gearhead
For servomotors

phosphor bronzeWIPERS—Standard wipers are non-brldglng
Relays and Related Control ComponentsCIRCLE 73 ON READER-SERVICE CARD ►

VOLTACE 
Vdc

S-12 LEVELS 
OHMS

with coin silver and gold-plated phoephor bronze available In 
either non-bridging or bridging models.

^package shunt capacitance is about 
[0.2 ppf. Series lead inductance is 
¡10"® h. Matched sets having less 
than ±10% variation in zero bias 
capacitance can be furnished.

Microwave Associates, Inc., Dept. 
ED, Burlington, Mass.
Availability: Experimental quanti­
ties can be delivered in 30 days.

Model G-21A precision gearhead 
is for instrument servomotors with 
the same mounting dimensions as 
Diehl FPE21L and FPE25L motors 
with 13T, 96DP pinion. It is avail­
able in a motor-gearhead combina­
tion or as a separate unit. At 20 C 
the starting torque is 0.005 oz-in. 
max. Rated output torque is 50 oz- 
in. running and 70 oz-in. stalled. 
The output shaft backlash is 30 min 
max measured with a 5 oz-in. load.

Feedback Controls, Inc., Dept. 
ED, 8 Erie Drive, Natick, Mass. 
Price ir Availability: Price is $50 to 
$100 ea. Delivery time is 30 days.

ELECTRICAL DATA
OPERATING SPEEDS—Self-interrupt speed: 60 sps at 25*C on 

nominal voltage. Remote impulse speed: 30 sps at 25*C on 
nominal voltage with 66% make impulse.

OPERATE & RELEASE TIME-Operate time: 20 ms at 25 *C on 
nominal voltage. Release time: 10 ms at 25*C on nominal 
voltage.

OPERATE & RELEASE VOLTAGE—Maximum pull-in at 25*C is 
75% of nominal voltage. Minimum dropout at 25*C is 3% of 
nominal voltagr.

BREAKDOWN TEST—1000v, rms, 60 cps, is standard.
COILS—Coil resistances for typical voltages are shown below:

MECHANICAL DATA
OVERALL DIMENSIONS—Length (maximum)-4-5/16in. Height 

(1C interrupter, 1C O.N.S.)-2X in. Width-from 1-5/16 in. for 
3 levels to 2-13/16 in. for 12 levels.

NET WEIGHT—From one pound for 3 levels to 1 X pounds for 
12 levels.

BANK CONTACT—Standard is phosphor bronze. Also available 
are coin silver or gold plated phosphor bronze.

MAXIMUM BANK LEVELS & PILEUPS
Type of operation (points) 10 30
Bank levels maximum (electrical) 12 4
Interrupter springs 6 6
Off-normal springs 6 6
Number of ratchet teeth 30 30

Model 903 angular-position trans­
ducer, having a range of ±3 to 
±5 deg, is sensitive to 0.012 deg of 
rotation. Response is flat to 30 cps. 
Life expectancy is over 100,000 
cycles. The magnified input of a 
small angular movement actuates a 
wiper which moves across a pre­
cision potentiometer producing a 
high-level de output that can be 
used without amplification. The 
unit weighs 11 oz.

Bourns, Inc., Dept. ED, P.O. Box 
2112, Riverside, Calif.

Small, lightweight and capable of a minimum of 
over 100,000,000 operations,* the new clare Type 
210 Stepping Switch is specially designed for digital 
operation. It is ideally suited as a component for 
sequence control, totalizing, sampling or single point 
selection. It transfers from Position 10 to Position 
1 without special circuitry.

This new switch has all the improved features 
which have made the Type 211 an ideal component 
for complex switching requirements—long life, ex­
cellent capacity and freedom from maintenance. A 
wide variety of hermetically sealed and dust cover 
enclosures are available with terminals or connectors 
to suit the application.

Send for Bulletin CPC-6 for complete information. 
Address C. P. Clare & Co., 3101 Pratt Blvd., Chicago 45, 
Illinois; In Canada: C. P. Clare Canada Ltd., P. O. Box 
134, Downsview, Ontario. Cable Address: clarelay.
*with twelve 10-point levels ... 300,000,000 operations with 
four 30-point levels (properly lubricated and adjusted).

Angular Position 5
Transducer 

Senses 0.012 deg of rotation



NEW PRODUCTS
Noise Source Tube 571
Frequency range is 26.5 to 40 kmc

WESTINGHOUSE ANNOUNCES
Type T44Q1B noise source tube 

1 operates at frequencies from 26.5 
to 40 kmc and is capable of pro­
during up to 18 db above KTB. 
Housed in a waveguide structure 
that allows for minimum length and 

I voltage requirements, the tube is 
suited for cw or pulse operation 

I under typical adverse military en­
I rironments and meets Mil specs. 

Operating current is 45 ma, fila­
I ment voltage is 6.3 v ±5%, filament 
I current is 1.25 amp, and a firing 

voltage of less than 2000 v is em­
ployed. The tube operates at 250 

I v max.
Tucor, Inc., Dept. ED, 18 Mar­

shall St., South Norwalk, Conn.
I Price & Availability: $350 ea for 
I small quantities; $230 ea for 100 or 
I more units. Small orders are filled 
I from stock.

Coil Winding Machine 561 
I Winds wire sizes 10 to 31 AWG 

I Designed for multiple-winding. 
I heavy-duty transformer, bobbin, 
I and field coils, this machine, model 
I 650-AM, winds wire sizes 10 Io 31 
I AWG. The fixed winding speed is 
I 150 rpm with controlled accelera­
I tion attained by a clutch brake unit 
I Maximum winding stroke is 9 in.; 
I maximum loading distance for mul­
I tiple winding is 40 in. 'Ihe machine 
I includes a 3-hp induction motor. 
I one-gearing set-up, and a winding 
I width adjustment.

George Stevens Manufacturing 
I Co., Inc., Dept. ED, Pulaski Road at 
I Peterson, Chicago 46, Ill.
I Price & Availability: Delivered 4 to 
I 5 weeks after order received. Price 
I is from $6500 to $7000.



50 AMP “ROCK-TOP
TRINISTOR CONTROLLED
RECTIFIER

ouse
SC-4111

For full information or engineering assistance, 
contact your local Westinghouse representative, or write: 
Westinghouse Electric Corporation, Semiconductor Dept., Youngwood, Pa

Model JEG-O-1O1 magnetic amplifier produces 
a maximum power output of 3.5 w at 400 cps 
into a rated load of 3800 ohms. A typical load 
consists of a Kearfott motor R119-2. The ampli­
fier provides a phase-reversible ac output for a 
polarity-reversible de input signal. A twin triode 
tube furnishes ample drive and accepts ac or 
de signals to the tube grids. The unit meets 
M1L-T-27A and operates over a range of —55 
to -f-71 C. It measures 2-7/16 x 53/64 x 1-21/64 
in. and weighs about 11.5 oz.

American Research and Manufacturing Corp., 
Dept. ED, 920 Halpine Ave., Rockville, Md. 
Price & Availability: Price is $27 ea. Limited 
quantities can be furnished from stock. Maxi­
mum delivery time is 30 days.

you CAN BE SURE...IF ITsW^S 11 îl^ll

Model 105B driver amplifier is capable of de­
livering a high output across a load of 15,000 
ohms or more. The impedance looking back into 
the amplifier is less than 1000 ohms. Designed 
especially for use with logarithmic attenuators, 
the unit can be used wherever a high output is 
needed.

C. E. S. Electronic Products, Inc., Dept. ED, 
P. O. Box 7504, San Diego 4, Calif.
Price & Availability: $40 ea; from stock.

CIRCLE 74 ON READER-SERVICE CARD
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Driver Amplifier
Delivers a high output across 1500 ohms

INDUSTRIAL, MILITARY, AND COMMERCIAL APPLICATIONS INCLUDE: 
CONVERTERS I VARIABLE FREQUENCY CONTROLS / MOTOR CONTROL / 
VOLTAGE REGULATION / REPLACEMENT OF MAGNETIC AMPLIFIERS / HIGH 
POWER MODULATION / INVERTERS / REPLACEMENT OF THYRATRONS

Magnetic Amplifier
Produces 3.5 w

New Westinghouse Trinistor “Rock-Top” construction provides high reliability, 
low maintenance, and positive protection against arcing at high voltages.
Design engineers will find the improved electrical characteristics, listed below, 
can be used to advantage in a wide range of new control and switching applications,

■ Lower Thermal Impedance
■ Switching time 600 millimicroseconds
■ Efficiencies in excess of 95%
■ Simplifies circuitry
■ Lower forward drop than thyratrons
■ Minimum noise levels
■ Parameters ideally suited for high-speed static switch functions
■ Peak reverse voltage 60-360 volts

PROVIDES MULTI-FUNCTIONAL CONTROL OF CURRENTS AND VOLTAGES 

WITH FAST SWITCHING TIME AND RESPONSE RATE



Bushings 596
Insulate wire and cable
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NEW 
MAGNETRON 

■ FOR 
f RELIABLE

FREQUENCY 
DIVERSITY RADAR

NEW PRODUCTS
Microwave Generators 575

Have a range of 2 to 16 kmc
This 820 series of microwave 

generators uses a klystron locked 
to a quartz crystal as a fixed fre­
quency source. Units are available 
within the frequency range of 2 to 
16 kmc with output power up to 1 
w. Operating frequency and output 
power are dependent on the klys­
tron used. Units in the line have a 
stability of 1 part in 10® over a 24- 
hr period, and contain incidental fm 
of 1 part in 108.

Laboratory For Electronics, Inc., 
Dept. ED, 1079 Commonwealth 
Ave., Boston 15, Mass.

LITTON INDUSTRIES Electron Tube Division
BARRATRON® TRANSMITTING TUBES • MAGNETRONS • KLYSTRONS • TRAVELING WAVE 
TUBES • BACKWARD WAVE OSCILLATORS • GAS DISCHARGE TUBES • NOISE SOURCES 
CROSSED-FIELD AMPLIFIERS • HIGH DEFINITION CRT • DIRECT-WRITING CRT 
COLOR CRT • STORAGE TUBES • MICROWAVE FILTERS • DUPLEXERS • TR TUBES

Frequency diversity and higher definition airborne radars 
are achievable with a new Litton Industries X-band 
hydraulically tunable Magnetron.

This tube is another in the growing family of hydrau­
lically tuned pulse Magnetrons we introduced two years 
ago for new equipment and retrofit frequency diversity 
requirements.

Designated the type L-3305, this Magnetron can be 
tuned at rates up to 100,000 megacycles per second over 
the frequency range of 8600 to 9500 megacycles. Pulse 
stability at peak power output in excess of 65 kilowatts 
is maintained while the tube is tuned at these extremely 
rapid rates.

The design and capability of this tube reflect our 
experience as a major supplier of thousands of hydrau­
lically tuned CW Magnetrons for countermeasures.

CAPABILITY 
THAT CAN CHANGE 

YOUR PLANNING

The ruggedized design permits application of the L-3305 
Magnetron where severe shock and vibration conditions 
may exist. The hydraulic actuator is an integral part of 
the tube design, resulting in smooth, positive tuning 
action. Provision is made for the adjustment of the 
hydraulically controlled valve directly to the actuator, 
insuring nearly zero error, maximum reliability and ease 
of maintainability. Flexibility of system design is possible 
since the compact power supply and reservoir system may 
be remotely located.

Reliability, long life both in-service and on the shelf 
and immediate full power operability at anytime are built- 
in features of this exactingly constructed tube.

We will gladly send you additional information, if 
you will write to Litton Industries, Electron Tube Division, 
Office E-40, 960 Industrial Road, San Carlos, California.

Transfer Switch
For K-Band use

Designed for K-Band use, this 
waveguide transfer switch has the 
following typical specifications: 
vswr, 1.05; insertion loss, 0.07; and 
crosstalk, 80 db. The switch can be 
operated as spdt or double-pole 
transfer. X-Band switches can also 
be furnished.

Transco Products, Dept. ED, 
12210 Nebraska Ave., Los Angeles 
25, Calif.
Price ir Availability: Price varies 
between $500 and $700 ea when 
ten units are ordered. The product 
is made on order and can be de­
livered in 60 days.

Suitable for use in mounting holes 
varying from 3/8 to 1-1/2 in. in 
diameter, these nylon snap bushings 
are installed under finger pressure,



THIS NEW

DIRECT WRITER

TV Gain Control

SANBORN Model 297 Oscillographic Recorder

COMPANYSANBORN
CIRCLE 76 ON READER-SERVICE CARD ►

mounts in 10H* of rack space 
or in a separate portable case

interchangeable"850" Series plug-in 
preamplifiers for each channel

has easily read 50 mm wide, 
rectangular coordinate channels

chanical specifications in combination with the many 
“big system” operating features make the compact 
Model 297 one of the most useful, reliable 2-channel 
direct writers available.
Contact the Sanborn Sales-Engineering representative 
nearest you or write the main office in Waltham for com-

cities throughout the United States, Canada and foreign 
countries.
Model 297 2-Channel Recording System Specifications
(Less plug-in preamps)
Sensitivity: 0.1 volt/mm nominal
Frequency Response: DC to 125 cps within 3 db, 10 mm 

peak-to-peak amplitude
Gain Stability: Better than >/2% from 20*C to 40*C or line 

voltage change from 103 to 127 volts
Linearity: Max. non-linearity is 0.2 mm
Electrical Limiting: Approximately *115% of full scale
Chart Speeds: 1, 5, 20, and 100 mm/sec. by mechanical

push button
Dimensions: 10 &* high x 16* deep x 19* wide
Paper Take-up: electrically operated

(Specification* art eubject to change without notice.)

Aluminum Foil and 573 
Strip

Comes in widths up to 12 in.
These anodized-aluminum foils 

and strips come in thicknesses from 
0.002 in. foil to 0.06 in. strip and are 
obtainable in widths up to 12 in. 
The material is anodized uniformly 
on both sides, thicker at the edges, 
in finished widths. Breakdown volt­
age of the film depends on the alloy, 
film thickness, texture, and moisture 
content, but is not affected by in­
creases in temperature up to 400 C.

United Mineral & Chemical Corp., 
Dept. ED, 16 Hudson St., New 
York 13, N.Y.

Industrial Division
175 Wyman Street Waltham 54, Massachusetts

Compactness and versatility without loss in perform­
ance is the design concept for this new 2-Channel 
Direct-Writer from Sanborn. The Model 297 provides 
two complete recording channels in only 10 >2" of panel 
space, making it extremely useful as a monitoring 
recorder — integrated with large instrumentation set­
ups in data processing installations, test stands and 
similar applications. In its own portable case, the Model 
297 will be equally useful in laboratories and field applica­
tions as a bench-top instrument.
Preamplifiers are “850” Series plug-in interchangeable 
units, available in Carrier, DC Coupling, Phase Sensi­
tive Demodulator, and Low Level types. They may be 
used in any combination, one for each channel. An in­
ternal MOP A for carrier and chopper excitation is also 
available.
The basic recorder assembly houses a preamplifier 
power supply, transistorized power-amplifier power 
supply, and two transistorized current-feedback power 
amplifiers with built-in electrical limiters that provide 
damping at all times. The entire unit has built-in 
forced filtered air cooling.
The recording mechanism has rugged, enclosed gal­
vanometers with velocity feedback damping ... 4 
different chart speeds selected by push buttons . . . 
timer/marker stylus with 1 second timer . .. approxi­
mately 6 inches of visible chart with immediately visible 
traces made by heated stylus. The electrical and me-

Maintains constant level of 1 db
Designed to prevent fading and 

overload in master TV systems, 
model MAC gain control maintains 
a constant level of 1 db for up to 10 
db signal variation. Automatic sig­
nal regulation is provided for any 
amplifier with over 16 db gain and 
an output between 0.6 and 2.5 v. 
The unit has an input range of 1900 
to 100,000 mv with an insertion gain 
of 4-10 to —10 db. Signal compen­
sations respond as fast as 1/8 of a 
sec. An auxiliary 117 v ac outlet and 
75-ohm fittings are included.

Blonder-Tongue Labs., Inc., Dept. 
ED, 9 Alling St., Newark 2, N.J. 
Price: $121.50 to contractor.

yet will withstand at least a 35-lb 
push-back test. The nylon material 
provides complete insulation and 
mechanical protection for electrical 
wire and cable, and can be used as 
a bearing for moving parts. The 
bushings fit all panel thicknesses up 
to ] /8 in. and will withstand oper­
ating temperatures in excess of 
150 C.

Heyman Manufacturing Co., 
Dept. ED, 100 Michigan Ave., Ken­
ilworth, N.J.
Price 6- Availability: Available from 
stock. Can be delivered 7 days after 
receipt of order. Price is between 
$1.30 and $6 per hundred when or­
dered in quantities of 100 to 10,000.



NEW PRODUCTS

AUTHORIZED

Noise Generator
Covers 1 to 3000 mc

Tl GALLIUM ARSENIDE TUNNEL DIODE CHARACTERISTICS AT 25 C

ApplicationType

UARANTEED lP OF Wma *2% RATING/LARGE VOLTAGE SWING/GUARAN- 
EEO FORWARD VOLTAGE (1.1 VOLTS *5%)/HIGH TEMPERATURE OPERATION 
50CI/HIGHEST PEAK-TOVALLEY RATIO (15:1)/EC0N0MICALLY PRICED

ITO 999 ON ALL TEXAS INSTRUMENTS SEMICONDUCTORS 
FAX-FJF/ENTERPRISE ANO ZENITH NUMBERS IN LEADING INDUST RIA AREAS

The Mega-Node 3000, noise-diode 
type, calibrated noise source pro­
vides a low vswr over the range of 
1 to 3000 me. The generator imped­
ance is held constant across the 
range. A coaxial, tungsten-filament, 
noise diode is used. Plate voltage is 
regulated and diode plate current, 
which is proportional to noise power 
output, is adjustable by front panel 
control. The panel meter reads 
noise figures up to 20 db for a 3-db 
Y-factor. Noise figure accuracy is 
±0.25 db from 1 to 250 mc. The 
unit weighs 44 lb and measures 
9-3/4 x 19-1/2 x 15-1/2 in.

Kay Electric Co., Dept. ED, 
Maple Ave.. Pine Brook, N.J.
Price & Availability! Price is $790 
ea; for orders of 10 or more, price 
is $711 ea. Delivery is in 30 flays.
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NEW FROM 
TEXAS INSTRUMENTS 

GALLIUM 
ARSENIDE 
TUNNEL 
DIODES 

DELIVERED 
OVERNIGHT

FROM

Measuring 2 in. in diam and 7 in. 
in length, this synchro system tester 
provides two methods of determin­
ing faults in synchros. One method 
is based on substituting the synchro 
in the tester for a possibly defective 
unit in the system. The other 
method is by switching the tester to 
the zero position; with standard 
electrical zero connection and volt­
ages, defective wiring or compo­
nents can be isolated. The instru­
ment can be supplied for 115 or 28 
v ac at 60 or 400 cps.

Interstate Electronics Corp.. Dept. 
ED, 707 E. Vermont Ave., Anaheim, 
Calif.
Availability: Units are made on or­
der and can be delivered in 60 days.._ — —— Tl DISTRIBUTORMILGRAY/NEW YORK 

CALL RECTOR 2-4400 OR TWX NY 1 4013 
136 LIBERTY STREET, NEW YORK CITY 6 
FOR IMMEDIATE OFF-THE-SHELF DELIVERY IN QUANTITIES UF

Typical
I, fp/U Capacitance

ma ratio @ Ip md
l 10 (-10%) 
1.10 (-5%) 
0.98 (‘10%) 
0-98 (typ)

1N650 Amplifier & Oscillator 10 (-10%) >15:1 
ÎN651 uOgK. & Switching. 10 i*2%)__ >10:1
1N652 Amplifiai & Oscillator 5 (*10%) >5:1
1N653 General Purpose 5 (*1O%) >5:1

Synchro System Tester 617
Measures 2 in. in diam and 

7 in. in length



FOUNDED 1866

SERIES 300. 
Actual Size

Immediate delivery on standard types from distributors' stocks.
CTS manufactures a complete line of composition and wirewound variable resistors for military, industrial 
and commercial applications. CTS Specialists will gladly help solve your variable resistor problems. Contact 
I a y°ur nearest CTS office today.

CIKNAKT • IXBIANA

One-Piece Gear 362 
and Pinion Combinations

Are zinc alloy, die cast
These one-piece gear and pinion 

combinations, are zinc alloy, die cast, 
and meet AGMA standards for fine- 
tooth 14.5 deg involute-form gears. 
Extra clearance is provided at pitch 
lines and root diameters. Parts are 
supplied completely trimmed and 
ready for use.

Gries Reproducer Corp., Dept. 
ED, New Rochelle, N.Y.
Availability: Made to customer 
specs from stock dies.

Insulation and 626 
Protective Coating

Can be used above 400 F
HumiSeal type 1H34 insulation 

and protective coating has a 6-month 
pot life and offers excellent elec­
trical properties above 400 F. 
Suitable for military applications, 
it can be used in radioactive envi­
ronments. A one-component system 
on silicone resin basis, the coating 
may be applied by spray, dip, or 
brush.

Columbia Technical Corp., Dept. 
ED, 61-02 31st Ave., Woodside 77, 
N.Y.
Price & Availability: Price is $36 
per gallon. Delivery time is two 
weeks.
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Loading Reactor 364
For inductive load testing

For laboratory, inspection, re­
search, and development, this load­
ing reactor provides an inductive 
load that can be made adjustable 
through the use of a variable trans­
former. Called the Exel, this unit is 
used primarily for testing apparatus 
at various lagging power factors to 
simulate an inductive load. Ratings 
are: 120 v, 60 cps; 2 amp at 120 v 
continuous duty; inductive reactance, 
60 ohms, de resistance, 4 ohms; and 
inductance, 0.16 h.

Superior Electric Co., Dept. ED, 
Bristol, Conn.
Price & Availability: $35; from 
stock.

6 Factories to servo you: CTS Corporation, Elkhart, Indiana; Chicago Telephone of Calif., 
Inc., So. Pasadena, California; CTS of Asheville, ine., Skyland, No. Carolina; Trolex 
Subsidiary, McHenry, Illinois; CTS of Berne, Berne, Indiane; C. C. Meredith A Co., Ltd., 
Streetsville, Ontario, Canada. Sales Offices and Representatives conveniently located 
throughout the world.
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UNIQUE CARBON-CERAMIC ELEMENT 
Helps 1 Control Do 2 Jobs:

Surpass MIL-R-94B Style RV6 stability under military environmental conditions including moisture resistance 
and thermal cycling.
Provide full % watt power rating @ 70°C with derating to zero at 150°C on most values (25% to 50% better than 
MIL-R-94B Style RV6) for higher load and temperature applications. Result of efficient ceramic-to-metal 
heat sink.
Other Features:
• High insulation resistance. • For better continuity and reliability, resistance ele-
• Internal hi temp 0 ring seal between shaft and ment has double contactor paddles with adequate 

bushing. spring range.
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Standard Mounting Bushing

Resistance Range:
Wattage & Temp. Rating

Other Mounting Bushings 
Special Construction:

Stability: 
Rotation Angle 
Shaft Dia.: 
Shaft Length: 
Shaft Trim:

MIL-R-94B Style W ^"Dia. 
% Watt VARIABLE RESISTOR

Specifications
1000 ohms thru 1 megohm (linear taper). Tolerances ^20% or 110%.
% watt at 70 C derated to no load at 150 C (1K to 250K and 120 C on values over 
250K) with 350 VDC max. safe operating voltage across end terminals. (Compares 
to % watt and 120 C in MIL-R-94B).
Exceeds MIL-R-94B, Characteristic Y.
295 ± 3°.
.125" ± .001".
Variable in increments.
Available with MIL-R-94B, style RV6 standard .031 • .005 wide x.031 f- .010 000
screwdriver slot. Flats also available.
MIL-R-94B style RV6 standard -32 N.E.F. 2A by /" long non-locking bushing 
and /” -32 N.E.F. -2A by %" long locking bushing.
X" ~32 N.E.F. 2A by %" long locking and non-locking bushing.
Waterseal bearing.



tested at 150% PIV

easier nti ng

MOTOROLA’S 
NEW 
FLANGELESS 
SILICON 
RECTIFIER
Now you have your choice of 
three silicon rectifier packages 
from Motorola.

NEW PRODUCTS
Spaghetti Tubing 563

Comes in wall thicknesses to 0.005 in.

This Teflon spaghetti tubing comes with wall 
thicknesses to 0.005 in. It can be used for lining 
small size metal tubing for push-pull applications 
where a close tolerance is needed. The tubing 
comes in AWG sizes 0 to 24 with an ID of 0.33 
to 0.022 in.

Timely Technical Products, Inc., Dept. ED, S. 
Jefferson Road, Whippany, N.J.

TOP HATS
Typt No.

1N537 
1N538
1N539
1N540 
1N1095
1N547 A 
1N1096

STUD
Type No.

JAN1N253
JAN1N254
JAN1N255
JAN1N256

TOP HATANO FLANGELESS RECTIFIERS
FLANGELESS

Type Ne.

1N2610 
1N2611 
1N2612 
1N2613 
1N2614 
1N2615

100 
200 
300
400 
500
600

me @50’6 ma @150’0

750
750
750
750
750
750

STUD RECTIFIERS

250
250
250
250
250
250

Type No. Io PIV 
Amps @150*6

1N253 
1N254
1N255 
1N256
1N1115 
1N1116 
1N1117 
1N1118
1N1119
1N1120

1.0* 
0.4*
0.4* 
0.2* 
0.6 
0.6 
0.6 
0.6 
0.6
u.6

AND JAN UNITS
le

Amps @ 135*6 
base temp.

ma 
@50’6

ma 
@150’6

100
200
400
600

100
200
400
600
100
200
300
400
500
600

TOP HAT
Type No.

JAN1N538
JAN1N540 
JAN IN 54 7

NEW FLANGELESS RECTIFIERS-. . . are smaller than top- 
hats yet offer identical electrical ratings at a sensible 
price. You get no rock or roll because they lay flat like 
a resistor for easy connection to terminals. You’ll find 
them ideal for hand or automatic assembly. Tested at 
150% PIV

TOP HAT RECTIFIERS—Motorola not only offers a highly 
competitive price on top-hats but tests Peak Inverse Volt­
age at 150% of rating to assure you top reliability.

STUD RECTIFIERS —... with exceptionally high surge han­
dling capacity and excellent stability round out Motor­
ola’s three-package rectifier line.

IMMEDIATELY AVAILABLE—Motorola silicon rectifiers are 
immediately available from your Motorola Distributor.

FOR COMPLETE TECHNICAL INFORMATION on the new flange­
less package and on Motorola’s complete rectifier line, 
contact your Motorola District Office:

Automatic Degausser 636
For reeled tapes

Type 5-055A automatic tape degausser can be 
used with tapes from 1/4 to 2 in. wide, reels from 
7 to 14 in. in diameter, and reel hubs of all 
dimensions. A reel of instrumentation tape re­
corded to saturation is erased to at least 50 db 
below normal level. The unit is suited for bench- 
top operation or can be mounted in standard 
19-in. racks or cabinets.

Consolidated Electrodynamics Corp., Dept 
ED, 360 Sierra Madre Villa, Pasadena, Calif.

Instrument Motor 559
For remote positioning and control

BOSTON 385 Concord Ave., Belmont 78, 
CHICAGO 39, 5234 West Diverse/ Avenue 
DKTROIT 27, 13131 Lyndon Avenue ......... 
LOS ANGKLKS 1741 Ivar Avenue, Hollywood 
MINN KAROL IS 27, 7731 6th Avenue North 
NIW YORK 1051 Bloomfield Ave., Clifton, N.J. 

from New York
SAN FRANCISCO 1299 Bayshore Highway, Burlingam evoacue* iai
WASHINGTON 8605 Cameron St., Silver Spring, Md.

4-5070
AVenue 2-4300 

□Roadway 3-7171 
HOIlywood 2-0821 

liberty 5-2198 
GRogory 2-5300 

Wisconsin 7 2980 
Diamond 2-3228

GRanite 4-3321
JUniper 5-4485

Calif.

MOTOROLA
Semiconductor Product* Inc.

A SUBSIDIARY Of MOTOROLA. INC

CIRCLE 79 ON READER-SERVICE CARD 
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Model RBC-2410 low-inertia instrument motor 
is for remote positioning and control applica­
tions. Furnished with heavy-duty gear reductions 
of 4:1 to 1800:1, the motor and gear case occupy 
4-1/8 x 4-1/8 x 4-5/8 in. Typical performance 
ratings are 750 oz-in. minimum starting torque

ELECTRONIC DESIGN • June 8, 1960



n (

O o c

and 350 oz-in. running torque at 6 rpm and 50% 
intermittent duty.

National Pneumatic Co., Inc., Dept. ED, 125 
Amory St., Boston 19, Mass.
Price ir Availability: Price is $60 ea for orders 
of 100 units. Delivery is from stock.

Thermal Switch Tester
Full range is 0 to 1000 F

558

Model X-1A thermal switch tester has an ac­
curacy of ±5 F over the range of 0 to 1000 F. 
Contained in two sections in moisture-proof cases, 
the instrument is used to test and permit adjust­
ment of overheat detectors and thermal switches 
of normally-open or normally-closed types used 
in missiles and aircraft. A digital readout dial 
operates with a null-balance circuit, permitting 
instantaneous readout.

Projects Unlimited, Dept. ED, 1926 E. Sieben- 
thaler Ave., Dayton 14, Ohio.
Price ir Availability: Furnished from stock, the 
instrument is priced at $650 to $675.

555Wirewound Potentiometer
OD is 1/2 in.

Model 55W precision, single-turn, wirewound 
potentiometer has an OD of 1/2 in. Designed 
for panel trimmer control and servo applications 
in low and high torque models, the unit can be 
furnished with stops or in continuous rotation. 
Of all metal construction, the unit meets MIL- 
5272A and applicable portions of JAN R-19.

New England Instrument Co., Dept. ED, 1334 
Main St., Waltham, Mass.
Availability! From stock.

ELECTRONIC DESIGN • June 8, 1960

ROTARY
LOW-POWER
TYPE

48-Hour Order Handling Procedures and
Fast Transportation Methods Assure Quick Delivery

• 124 Different Sizes and Types

• Supplied Fully Assembled or as 
Subassemblies

• Subassemblies: Sections, Shafts 
with Index, Strut Screws, Spacers, 
Miscellaneous Hardware

• Phenolic and Steatite Grade 
Insulations

• 1 to 4 Sections—2 to 23 Positions

• Shorting and Nonshorting

«MS —T~ 5P- AJL* SWITCHES CHOPPERS VIBRATORS 
) / \ AB/ rotary solenoids tuners timers

>^«4. -X. _Lir •_ > ELECTRONIC SUBASSEMBLIES

1260 Clybourn Avenue, Dept. D, Chicago 10, Illinois • Phone: MOhawk 4-2222
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Now you can get fast delivery from stock of popular Oak 
rotary switches.

Order them as completely assembled units or as sub­
assemblies in quantities from 1 to 249. All stock switches 
have one fixed and one adjustable stop; grooved shafts 
for “break-off” to desired length; double-wiping contacts 
of silver-plated brass (shorting and nonshorting types). 
Finishes withstand the 50-hour salt spray test, enabling the 
switches to be used in most military as well as commercial 
applications.

These are the same, quality OEM switches which have 
formerly been available only as custom units in large pro­
duction quantities. For years they have been the industry’s 
standard in all types of electronic equipment.

Don’t wait, call your Oak representative or the factory 
for complete details today.

Send For Catalog 399 Showing Complete 
Stock Line and Prices. Quantities 
Available on Letterhead Request.



We have immediate assignments awaiting:

ENGINEERING PERSONNEL SALES & MARKETING MEN
Circuit Designers—Opportunities for experienced 
engineers at Senior, Project and Specialist levels 
to work in advanced electronic circuitry for digital 
computer core and drum memory elements.

Product Engineers — Qualified by experience in 
elci tronic computer test and debugging for final 
product evaluation and acceptance of large-scale, 
high speed all-transistor digital computer system.

Programmers — Mathematicians and Physicists 
experienced in the elements of sophisticated au 
tomatic programming systems to develop effi 
cient, logical programs for control computers.

96

Customer Service Engineers
Experienced computer engineers for local and out-of State assignments in major metropolitan areas to 
install, start up and maintain large-scale, high speed digital computer systems. Advanced training on all 
transistor equipment furnished prior to assignment. Also openings for instructors and technical writers 
with experience in the computer field.

IF YOU QUALIFY, CALL OR WRITE TODAY 
Mr. Fred Ptucha, Director of Personnel, OLdfield 9-7700

PHILCO COMPUTER

CIRCLE 902 ON CAREER INQUIRY FORM, PAGE 169

* The acceptance by business and 

industry of the Philco 2000 All- 
Transistor Data Processing System 
has created a number of significant 
advancement opportunities in our 
organization both at our new head­
quarters in suburban Philadelphia 
and at various key locations in 
other parts of the nation. You are 
invited to call, write or visit us to 
discuss your future in our growth 
organization.

Sales Representatives — Experienced in actual 
sales, installation and servicing of engineering 
and business data processing systems in major 
industrial concerns.

Systems Analysts—Degree required, with 5 years' 
experience in the analysis of Engineering, Sci­
entific, business data processing and military 
problems.

Programmers— Experienced computer program­
mers in any of the following fields: Sophisticated 
Automatic programming systems • Engineering & 
Scientific Problems • Business, Industrial & Fi­
nancial Applications • Military Tactical & Logisti­
cal Applications.

NEW PRODUCTS
Angular Position Transducers 547

Have ranges of ±30, ±20, and ±60 deg

These angular position transducers are avail­
able in three standard capacities with useful 
ranges of ±30, ±20, and ±60 deg. The units can 
operate on ac or de and have internal stops to 
prevent damage from overloads. They can be 
used in servo systems on aircraft control surfaces, 
valve positioners, and radar scanners.

Baldwin-Lima-Hamilton Corp., Electronics and 
Instrumentation Div., Dept. ED, Waltham, Mass. 
Price 6- Availability: Units will be in stock by 
October. Price is $250 ea or $237 ea for 11- to 
25-unit orders.

Safety Latches 625
For locking cabinets

This double-safety latch for locking electronic 
cabinet drawers provides leverage action to in­
ject and reject the drawer through the final 1/2 
in. of travel. Requirements of MIL-E-5400C are 
met.

Hartwell Co., Dept. ED, 9035 Venice Blvd., 
Los Angeles 34, Calif.

Silicon Transistors 552
For power-switching and amplifier applications

These diffused-junction, npn silicon transistors 
are for power-switching and amplifier applica­
tions in the temperature range of — 65 to -|-200 
C. Collector-to-emitter voltage is 80 v for types 
2N1047 and 2N1049 and 120 v for types 2N1048 
and 2N1050. Power dissipation at 25 C is 40 w. 
The units meet MIL-S-19500B.

Silicon Transistor Corp., Dept. ED, Carle 
Place, N.Y.
Availability: From stock.

CIRCLE «1 ON READER-SERVICE CARD ►
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WALTHAM, MASSACHUSETTS

a new 
pattern in 

semiconductor
progress...

SHOCKLEY TRANSISTOR JOINS CLEVITE
In keeping with its program of advancement in semi­

conductors, Clevite has acquired the Shockley Transistor 
Corporation of Palo Alto, California.

Dr. William Shockley, noted solid state physicist and 
co-winner of the 1956 Nobel Prize for his work in the de­
velopment of the transistor, joins Clevite, together with 
his research and development organization.

NEW PRODUCTS
In addition to Clevite Transistor’s broad line of diodes 

and transistors, the corporation now offers to the industry 
Shockley devices which represent new advances in the 
semiconductor art. The Shockley 4-layer diode is a nearly 
ideal switch for pulse generation, pulse counting and high 

power switching in such applications as computers, tele­
phone and control circuits. A new plant in Palo Alto, 
California, is underway to fill the growing demand for 
these new devices.

NEW PLANTS
Besides the new plant for the Shockley organization in 

California, Clevite Transistor is nearing completion of its 
new $4,000,000 Waltham, Massachusetts facility which 
will employ 2,000 people. The present Waltham plant 
will continue as a supplementary operation. Clevite’s 
overseas operation, Intermetall G.m.b.H., now employs 
1,000 people in a new plant at Freiburg, West Germany 
to serve the European market.

A DIVISION OF 

CLEVITE

To find out tuore about our progres.s and our products, write: 

ReUability In I olunie . . .

254 Crescent Street Waltham 54, Mass. Tel: TWinbrook 4-9330

SHOCKLEY TRANSISTOR UNIT - STANFORD INDUSTRIAL PARK, PALO ALTO, CALIFORNIA



Single Sideband Receiver
Is made up of two modules

396

Model 605 hf, single sideband receiver is made 
up of two module sections: separate rf and if- 
audio strips. The if-audio unit, shown, converts a 
hf tunable receiver to SSB use. Six bands, each 
covering about one octave, are used to cover a 
2 to 32 mc range with overlap in the rf chassis. 
Reception modes include USB, LSB, simultaneous 
USB and LSB, AM, MCW, and FSK. Units are 
suited for military and commercial applications.

Wilcox Electric Co., Inc., Dept. ED, 14th & 
Chestnut, Kansas City 27, Mo.

Counting Indicators
Have 4.5 in. numbers

376

Displaying 4.5-in. numbers, the 1121 series 
counting indicators accept input pulses, register 
the decimal count, and generate an output pulse 
to count to 10, to drive the next counting indicator. 
Light is produced with neon gas tubes and optics; 
the numerals can be seen at distances over 100 
ft and at angles up to 70 deg. The counters and 
decoders are all solid state and require 2.5 w. 
Models 1121 and 1122 are counting indicators 
that count at rates up to 100 kc and 1 mc, re­
spectively. Models 1123 and 1124 accept 10-line 
inputs from switches and transistor circuits, re­
spectively. Models 1125 and 1126 accept four line 
binary-coded-decimal inputs from transistor cir­
cuits.

Navigation Computer Corp., Dept. ED, 1621 
Snyder Ave., Philadelphia 45, Pa.
Price ¿r Availability: Can be delivered 4 weeks 
after receipt of order. Prices start at $97.
< CIRCLE 81 ON READER-SERVICE CARD
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Short 
Need
CALL

lead time? 
trimmers in a hurry?
YOUR ERIE DISTRIBUTOR

Your production can start in a matter of hours.
Immediate delivery from complete stocks makes it possible. It’s the specialty of your 

local Erie distributor. He’s in business to help you ... whether you need 
high stability Erie Ceramicon* Trimmers for critical applications or any other high 
quality Erie components.

You get factory prices, too, no matter how small the quantity. And he offers 
technical assistance if you need it.

Your local Erie distributor can be a member of your team. Give him a chance to prove it. 
Call him for the electronic components you need. If you don’t know him write to;

STYLE 503-01 or (TS2A) 
MIL TYPE CV11

Erie Resistor Corporation • Erie, Pennsylvania

With MIL-C-81 qualification approval, Erie 503 01 Ceramicon* Trimmers provide accurate, 
dependable trimming with temperature compensation and high maximum to minimum 
ratio. Base and rotor are lapped optically flat. Designed for compact assembly to chassis 
or multiple mountings.

CIRCLE 82 ON READER-SERVICE CARD



Phantom view shows simplicity of Sola design. Note 
absence of components requiring maintenance such as 
motors, gears, contactors, tubes and relays.

Schematic diagram indicates the complete reliance on 
static elements. This is the circuit of a representative 
Typo CVS regulator which delivers output having less 
than 3% total rms harmonic content.

98

What’s missing 
in this Sola
voltage regulator?

When they designed the Sola Constant Voltage 
Transformer, what did they leave out? Trouble, 
for one thing. Original equipment manufacturers 
and plant engineers know that when you build

in simplicity, you build out maintenance headaches.

The two illustrations at the left show clearly the Sola’s 
few parts and straightforward design. This compact 
simplicity is possible because Sola regulators employ 
static-magnetic methods of voltage control.

The basic Sola design eliminates moving parts, renew­
able parts, manual adjustments, routine maintenance, 
and spare parts stock. Because there is nothing to wear 
out, no tubes to burn out — you know that when you 
specify Sola voltage stabilization, you automatically 
specify trouble-free reliability.

Despite this simplification, the Sola gives you these 
performance benefits: ±1% regulation over input volt­
age variations as great as ±15%, response time of 1.5 
cycles or less, protection against short circuits for itself 
and its load, a high degree of isolation between input 
and output circuits, and negligible external field. Type 
CVS (illustrated with typical circuit diagram) delivers 
a commercial sine wave with less than 3% total rms 
harmonic content.

Sola static-magnetic units are available for regu­
lation of common line voltages, as well as filament, 
plate-filament, computer-circuit and variable voltage 
outputs. They can also be supplied in step-up and step­
down ratios to replace conventional non-regulating 
transformers.

Whether you are developing new electric or electronic 
equipment, or have a specific voltage regulation prob­
lem, your nearest Sola sales engineer will be happy to 
discuss your requirements with you.

Write for Bulletin 31F-CV

A Division of 
Basic Products 
Corporation

4633 West 16th Street Chicago 50, Illinois
CIRCLE 83 ON READER-SERVICE CARD

NEW PRODUCTS
DC Multimeter 394

Has full scale readings from 100 mv to 1000 v

Designed for a variety of applications, this 
battery-operated, transistorized de multimeter 
provides nine voltage ranges with full scale read­
ings of 100 mv to 1000 v. The instrument also has 
12 current ranges, providing readings of 1 ita to 
300 ma, and five resistance ranges with center 
scale reading of 10 to 100,000 ohms. It weighs 
about 8 lb and measures 10 x 6 x 5.5 in.

Motorola Inc., Dept. ED, 4501 W. Augusta 
Blvd., Chicago 51, Ill.
Price: $195.

Frequency Calibrator
For mobile fm systems

391

Known as the Zerobeat, this frequency calibra­
tion instrument is suited for netting in mobile fm 
communication systems, where all mobile and 
base stations must be maintained to the exact fre­
quency assigned by the FCC. A 100-kc crystal 
oscillator controls harmonic generators and multi­
vibrators to produce hf, vhf, and uhf signals. Out­
put signals can saturate the limiter of receivers 
at all frequencies in the 30 to 50 mc, 150 to 170 
mc, and 460 mc bands. Accuracy in field service 
is 2 ppm from —10 to -|-125 F. The instrument 
can also function as a secondary frequency stand­
ard.

The Haddam Manufacturing Co., Inc., Dept. 
ED, 30 Rockefeller Plaza. New York 20, N.Y. 
Price: $495.
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NEW PRODUCTS
Shift Register 431

Permits shift rates to 700 kc

This voltage-controlled shift register, permitting 
shift rates to 700 kc, uses low peak and average 
shift pulse power. It is immune to noise and 
residual currents. Operating temperature range 
of —50 to -|-125 C. The unit is suited for muitary 
applications.

General Electric Co, Heavy Military Elec­
tronics Dept. ED, Court Street Plant, Syra­
cuse, N.Y.

3 COMPACT 12-PIN TRIPLE TRIODES••••••••
Reaction to the first CBS Instrument Tubes enthusiastically 

called for more. And here are three revolutionary CBS 
originals. All are “new-concept” triple triodes . . . with each 
triode completely independent. The tubes are compact button­
stem miniatures using a new standardized 12-pin base and 
T-7>^ bulb. The 7688 has three 12AU7 sections... the 7689, 
three 12AX7 sections . .. the 7690, three 12AT7 sections.

These triple triodes permit compact instrument designs 
combined with CBS Instrument Tube stability. They feature: 
100 per cent stabilization for 48 hours . . . premium construc­
tion, like coil heaters and gold-plated base pins . . . and 
1000-hour life testing. They give you more space-saving, 
guaranteed performance, more circuit functions and value per 
socket. Order these new tubes from your local sales office or 
direct . . . ask for technical data. And watch for more CBS 
Instrument Tubes!

TRIED THESE ORIGINAL 
CBS INSTRUMENT TUBES?

Type DescrlpUo» Replaces
CBS 7728 Medlum-mu twin triad« 12AT7
CBS 7728 High-mu twin triad« 12AX7
CBS 7730 Medium-mu twin triode 12AU7
CBS 7731 Vhf triode-pentad« 6U8
CBS 7732 High-gain r-f pentad« 6CB6
CBS 7733 High-pervunce video pentode 128Y7A

These original CBS Instrument Tubes are designed, 
manufactured and tested for instrument and test 
equipment manufacturers. They feature extreme stabil­
ity and require no screening or “burning in” to achieve 
instrumentation reliability. They incorporate the latest 
military reliability features, except for unnecessary 
shock and vibration controls, and feature truly premium 
construction. Try them, compare them.

Power Transistors
Are rated at 5 amp

2N1538

BASE PINS
The high-conductivity gold-plated bese pins used 
on ell CBS Instrument Tubas typify their built-in 
premium quality.

CBS ELECTRONICS

A 10,000-HOUR WARRANTY 
is offered for CBS Instrument Tubes.

A Division of Columbia Broadcasting System, Inc.
Salas Offices: Danrm, Maa»., 100 Endicott St., SPring 4-2360 • Ntwark, N.J., 231 Johnson Ave., TAIbot 4-2460 • Mtlntt Park. IU., 1900 N. Mannheim 
Rd., EStebrook »-2100 • Lot Angrif», 2120 S. Garfield Ave., RAymond 3-9081 . Atlanta, Ga , Cary Chapman A Co, 472 Whitehall St, JAckaon 4-7388 

MinneapoUt, Minn., The Heimann Co, 1711 Hawthorne Ave, FEderal 2-6457

Types 2N1529 through 2N1538 medium-gain 
power transistors and types 2N1539 through 
2N548 high-gain power transistors are rated at 
5 amp and have a 2:1 beta spread. Germanium 
pnp, alloy-junction units, the transistors are for 
industrial switching control and amplifier applica­
tions from de through the audio range. Collector­
base breakdown voltages are 40 to 120 v, current 
gains are 20 to 150, and power level of switching 
can be up to 500 w. inductance is as high as 10 
ohms and saturation resistance is as low as 0.03 
ohms. The units meet MIL-S-19500.

Motorola Inc., Dept. ED, 5005 E. McDowell 
Road, Phoenix, Ariz.
Price: OEM price ranges from $2.50 to $12.75 ea 
for quantities of 1 to 99.

ELECTRONIC DESIGN • June 8, 1960
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for immediate delivery of 

GENERAL 
INSTRUMENT 

semiconductors 
nl MHrvnj p/decs 

call your authorized 
stocking distributor

PIV up to 
600 V

CALIFORNIA
Electronic Supply Corp.

PoMdeno
Newark Electronic« Co., Inc. 

Inglewood
Pacific Wholesale Co.

San Francisco
San Deleo

San Diego
Valley Electronic Supply Co.

Burbank

COLORADO
Interstate Radio and Supply Co. 

Denver
CONNECTICUT
Sun Radio A Electronics Co., Inc. 

Stamford
The Bond Radio Supply, Ine. 

Waterbury

FLORIDA
Electronic Supply

Melbourne; branches in
Miami, Orlando, St. Petersburg

ILLINIOIS
Marquip Company

Chicago
Newark Electronics Corp.

Chicago

INDIANA
Brown Electronics, Inc.

Fort Wayne
Graham Electroales Supply, Inc. 

Indianapolis
IOWA
Deeco, Ine.

Cedar Rapids

MARYLAND
Radio Electric Service Co. 

Baltimore

MASSACHUSETTS
The Greene-Shaw Co., Ine.

Newton

NEW YORK
Delbum Electronics, Ine.

New York City
San Radio A Electronics Co., Inc. 

New York City
Standard Electronics, Ine.

Buffalo, N.Y.

OHIO
Buckeye Electionics Distributors 

Columbus
The Mytronic Co. 

Cincinnati
Pioneer Electronic Supply Co. 

Cleveland
OKLAHOMA
Oil Capitol Electronics 

Tulsa

PENNSYLVANIA
D I H Distributing Co

Harrisburg
Herbach & Rademan. Im. 

Philadelphia

TEXAS
Scooter's Radio A Supply Co.

Fort Worth
WASHINGTON
Seattle Radio Supply Co.

Seattle

WISCONSIN
Radio Part* Co., Inc 

Milwaukee

CANADA
Soule's Magnetics Ltd 

WillowdaTe, Ont.

GENERAL INSTRUMENT
SUBMINIATURE

high 
conductivity

1 5 O m a

low

400 ma
<■ 25 C.

designed to meet USAF MILE-11143 specs
These fine silicon diode /rectifiers meet and 
exceed the USAF specs . . . and retain their out­
standing characteristics and reliability at temper­
atures of 150° C. and more. General Instrument 
also has available a new series of subminiature 
diode/rectifiers to operate at 200° C.l Complete 
technical information is available upon request.

MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS

JEDEC 
TYPE 
NO.

PEAK 
INV.

VOLT- 
AGE 
(V)

MAX. AVG. 
RECTIFIED 

CURRENT (mA)*

MINIMUM 
SATURA­

TION 
VOLTAGE 

@ 100° C. 
(VOLTS)

MAXIMUM 
REVERSE 
CURRENT 

@ PIV (uA)

MAXIMUM 
VOLTAGE 

DROP 
@ 400 ma 

DC 
@ 25° C. 
VOLTS DC

@ 25° 
C.

@150° 
c.

@2S° 
C.

@ 100° 
C.

1N645 225 400 150 275 0.2 15 1.0

IN 646 300 400 150 360 0.2 15 1.0
IN 64 7 400 400 150 480 0.2 20 1.0.

1N648 600 400 150 600 0.2 20 1.0
IN 64 9 600 400 150 720 0.2 25 1.0

* Rosisi! ve or inductive load

•ft Distributor DhrMon
GENERAL INSTRUMENT 
MHO CORPORATION

Brooklyn 11. N.Y.

Semiconductor Division
1 GENERAL INSTRUMENT CORPORATION

65 Gouverneur Street, Newark 4. N J
Midwest office 5249 West Diversey Ave Chicago 39
Western office 11982 Wilshire Blvd . Los Angeles 25

GENERAL INSTRUMENT CORPORATION INCLUDES F A biLn .|S I y QN A. rOMAFIL MANUFACTURING OlWStON SFM CONDUCTOR DIVISION RADIO RECEPTOR COMPANY INC THE HARR - TRANSDUCER CORPORATION MICAMOLD FLEC TBONIC5 MANUFACTURING CORPORATION AND GFNFRA, NSTR VFST j A s C* FS O’ CANADA LTD SUB IDIARlFS
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Single-source supply 
for all of your 

production welding equipment needs
Complete welder packages you can just plug in. 
Reliable—Easy to operate—Easy to maintain.

With HUGHES VTP welding equipment on your production line, 
you can turn out high-quality light and medium gauge (0.0001'- 
0.050') work with precise control for reproducible welds.
This means fewer rejects, less spoilage—more profit for you.
If you are welding difficult materials: stainless, molybdenum, 
tungsten, beryllium, copper, Kovar, or other sophisticated alloys 
—or producing welded honeycomb structures, components, cir­
cuitry assemblies, jewelry, optics, surgical or dental apparatus— 
it will pay you to investigate the complete line of VTP welding 
equipment immediately.
HUGHES VTP welders on your production line offer you un­
equalled versatility plus longer life, greater reliability and easier 
operation.
For complete information on the full line of VTP welders, controls 
and accessories, write today to: HUGHES, Vacuum Tube Products 
Division, 2020 Short Street, Oceanside, California.

For export Information, 
please write:
Hughes International, 
Culver City, California.

102

Creating a new world with ELECTRONICS

HUGHES

VACUUM TUBE PRODUCTS DIVISION

NEW PRODUCTS
DC Power Supply

Is rated at 2 to 300 v

393

Model CS-58TRM72B power supply is rated 
at 2 to 300 v de and at 0.6 to 30 amp. The pre­
selected current is maintained during the initial 
charging interval to within ±2%. Voltage rises in 
proportion to load impedance until the pre­
selected level is reached; voltage is then main­
tained within ±0.5%. Ripple does not exceed 0.2 
v rms. This unit measures 82 in. in height, 22 in. 
in width and 24 in. in depth.

NJE Corp., Dept. ED, 20 Boright Ave., Kenil­
worth, N.J.
Price ir Availability: Price is from $5500 to $6000. 
Delivery time is six to eight weeks.

Welder: For light gauge 
materials (.0001'-.006'). 
Continuous duty. Output: 
20 watt-seconds

U J Magnetic Core Memory Tester 380
For 19-bit core memories

VTW-14 Shielded-Arc 
Welding Control: Inert 
gas arc welder. Range: 
•0015'-.015'; 0.25-15 amps. 
(25 amps, intermittent).

VTA-24 Tong Welding 
Handpiece: Weld pres­
sure continuously adjust­
able from 0.5-25 pounds. 
3 different tip angles.

VTW-S01 Cabinet 
Seam/Spot Welder: For 
high production, heavy 
duty work. Single spot; 
60/120 spots/sec. 5.0 KVA.

Weld Head: Foot pedal 
operated. Up to 5 KVA 
capacity. Pressure range: 
0.5 to 25 pounds.

VTW-1M Mobil* Cabi­
net Spot Welder: 1-20 
spots per second. 5.0 KVA. 
Usable with any VTP hand­
piece or welding head.

Designed for testing 19-bit, 4,096 address core 
memories, this magnetic core memory tester meas­
ures 5.25 x 19 x 20 in. and operates from 105 to 
125 v ac at 50 or 60 cps. The test may be made 
on selected addresses and bits or in sequence on 
all addresses with every combination of the 19 
bits. Register indicators on the front panel show 
each 19-bit word written in or read out and the 
relevant memory address.

Packard Bell Computer Corp., Dept. ED, 1905 
Armacost Ave., Los Angeles 25, Calif.
Price 6- Availability! Price is $10,500; delivery 
time is 90 days.

CIRCLE 87 ON READER-SERVICE CARD
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Interval Timer 389
Occupies 1 cu in.

General Motors pledges

AC QUESTMANSHI

Designed to fit into 1 cu in. of space, model 
550 interval timer has a time delay range of 1 to 
60 sec. The unit is built for operation in ambient 
temperatures of —60 to -|-250 F. It stands an 
acceleration of 60 g along each of three major 
axes, vibration of ±10 g sinusoidal from 10 to 
2000 cps, and shock of 300 g with a duration of 
20 msec. Overall accuracy is ±2%. Applications 
are in missile and target drones to release recov­
ery parachutes.

The Sloan Co., Dept. ED, 7704 San Fernando 
Road, Sun Valley, Calif.
Price ¿7 Availability: $100 ea; from stock.

Frequency Standards 486
Have 1-v peak-to-peak outputs

The two models in the FS-100 series frequency 
standards provide an output of 1-v peak-to-peak 
into a 1-K sine wave or square wave. A transistor­
ized and portable model for laboratory and field 
use has a stability of ±1 part in 108 in any fre­
quency from 10 kc to 20 mc. It has a life ex­
pectancy of 25,000 hr with minor maintenance. 
The other model has a stability of ± 1 part in 109 
for the range from 50 kc to 10 mc. Both units 
measure 6 x 8 x 8 in. and weigh 12 lb.

Bulova Watch Co., Electronics Div., Dept. ED, 
40-01 61st St., Woodside 77, N.Y.
Price 6- Availability! Delivered 8 to 12 weeks 
after order received. Price ranges from $675 to 
$2700, depending on stability.

ELECTRONIC DESIGN • June 8, 1960

AC Seeks and Solves the Significant-AC has earned an enviable reputation for scientific accomplishment 
with national defense projects such as AChiever inertial guidance systems. But AC is not limiting its goal 
to leadership in the international technological race. Utilizing scientific “fallout,” AC is also increasing its 
development of significant new commercial products. / This, too, is AC QUESTMANSHIP: the scientific 
quest for new ideas, methods, components and systems ... to promote AC’s many projects in guidance, 
navigation, control, detection and communication. / In the commercial field, AC is already producing 
communications systems, automotive controls and fuel controls for gas turbine engines. Some day they 
may even add such advanced projects as systems controls for “ground effect vehicles.” According to 
Mr. B. H. Schwarze, AC Director of Commercial Engineering, “the proper application of scientific ‘fallout’ 
to commercial products leads to diversified career opportunities.” / You may qualify for our specially 
selected staff... if you have a B.S., M.S. or Ph.D. in the electronics, scientific, electrical or mechani­
cal fields, plus related experience. If you are a “seeker and solver,” write the Director of Scientific an : 
Professional Employment, Mr. Robert Allen, Oak Creek Plant, 7929 So. Howell Ave., Milwaukee, Wise.

GUIDANCE / NAVIGATION I CONTROL / DETECTION / COMMUNICATIONS I AC SPAKK PLUG Q Tht Eledronict Divition of Gtn.ro/ Moton
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I 400 CPS I

O 25 50 75 100 125

AIR VOLUME CFM

120 CFM
FAN WEIGHT 
ONLY 6'/2 oz.!

P«t Pend.

PROPIMAX 2'
Air delivery of 120 cfm is obtained from a fan only 
3" in diameter by 1.4" in depth and weighing only 6^4 
ounces. The Propimax 2 is the perfect answer for 400-cps 
airborne or missile applications where maximum cooling 
with a minimum of space and weight loss is mandatory.

Variation in driving motors includes constant speed 
21,000-rpm, 11,500-rpm and Altivar® versions. The latter 
automatically vary their speeds directly with altitude 
and thereby approach constant cooling with a minimum 
of power drain and noise.
Simplicity of mounting is achieved by provision of ’‘servo1' 
type rims at either end of venturi. Airflow is reversible 
by turning fan end-for-end. Electrical connections made 
to compact terminal block. Power requirement is 400 cps, 
1 or 3 phase, sinusoidal or square wave.

Write for complete technical information ...

ROTRON -
WOODSTOCK • NEW YORK
In Canada: The Hoover Co., Ltd., Hamilton, Ont
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NEW PRODUCTS
Time Standards 483

Come in 60, 200 and 400 cps

milli-psec 
instruments for
every fast rise time 

application

MODEL 112
MILLIMICROSECOND 
OSCILLOSCOPE
Fastest, most sensitive 
sampling oscilloscope.
Risetime 0.4nsec, i 
sweep rates to 0.05 I 
n sec/cm. Sensitivity I 
3mv/cm (w. 30:1 SNR I 
at F.S.) Trigger rates I 
to 300mc (optional).
High 8 low impedance I 
inputs.

This line of time standards, the 790K series, 
includes standard units at 60, 200 and 400 cps. 
Adaptable for airborne applications, the solid 
state units have a stability of 0.002% or better. 
Frequency is derived from a precision cut oven 
temperature controlled crystal oscillator in con­
junction with a solid-state divided circuit. Stand­
ard units come in hermetically sealed plug-in 
housings. Other frequencies, and special units to 
100 w, are available on special order.

Systems Research Corp., Dept. CD, 18323 
Parthenia St., Northridge, Calif.
Price & Availability: Can be delivered 45 days 
after order received. Price is between $300 and 
$600 for 1 to 99 units.

MODEL 510 
DIODE RECOVERY
TEST SET
Generates mus diode
recovery curves on 
ordinary oscilloscopes 
Includes pulse gener­
ator. current supply, 
diode fixture, campling 
converter & delay unit

MODEL 222 
SAMPLING 
CONVERTER 
For viewing mus 
waveforms on ordinary 
oscilloscopes.
R T 0.6ns sweeps to 
0.5ns. rep rates to 
300mc. Shown with 
Model 1201 delay unit.

Semiconductor Networks 439
Binary multivibrator is standard unit

ACCESSORIES FOR 
MODEL 112 i 222.

MODEL 503
DIODE RECOVERY 
TEST SET
Consists o< 0.3ns pulse 
generator, metered 
current simply, distor­
tion-free diode fixture

MODEL 303 
PULSE GENERATOR 
R T. o 3ns fast, 
variable ren rates 
calibrated rulen widths 
and amplitudes

MODEL 610 
HIGH IMPEDANCE
PROBE 
200K • ‘

The standard solid circuit semiconductor net­
work, type 502, is a binary multivibrator capable 
of operation at a 200-kc repetition rate. The de­
vice measures 0.25 x 0.125 x 0.031 in. and con­
tains the equivalent of 16 conventional compo­
nents. Designed to operate with a 6-v power 
supply, type 502 can be interconnected for use 
as a shift register, binary counter, or set-reset 
flip-flop. It is encased in a glass-to-metal hermeti­
cally sealed package.

Texas Instruments, Inc., Semiconductor-Com­
ponents Div., Dept. ED, Box 312, Dallas, Tex. 
Availability: Immediately available from stock.

MODEL 620 
TRIGGER AMPLIFIER 
For tripgermr from 
fast low level pulses 
'fess than 20 mv In

MODEL 1660
Low raparity 
circuit P'obes o 6uu< 
Up to 5oon f?

Write for comolete specifications 
& free millimicrosecond data chart.

Lumat ron

Dept ED 116-120 County Courthouse Rd. 
New Hyde Park, LL,N.Y. • Pioneer 7-3200 
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High abrasion- 
no heat shock

It’s possible 
because POLY-THERMALEZE 

combines the best properties of:

Any time your problem is magnet wire, 
consult Phelps Dodge for the quickest, surest answer!

PHELPS DODGE COPPER PRODUCTS
CORPORATION
INCA MANUFACTURING DIVISION
FORT WAYNE, INDIANA

Another Example of Phelps Dodge 
Applied Research!

In developing POLY-THERMALEZE, the indus­
try’s first multipurpose magnet wire, Phelps 
Dodge has made a major contribution to the 
electrical equipment field. This polyester film 
wire combines the outstanding properties of 
six or more conventional wires for motor, coil, 
dry type transformer use. POLY-THERMALEZE 
does not sacrifice one property for another— 
is completely balanced in all. It offers a ready 
means of reducing cost by standardizing 
inventory to one wire for most applications.

Now one film wire can 
replace six or more 
standard films...

IT'S PHELPS DODGE

Thermâleze

FORMVAR® 
(1050

NYFORM 
(1O5C)

Windability—varnish­
ability—no heat shock

EPOXY (120C) Compatibility

NYLEZE® (13OC) Windability—varnisha bility

THERMALEZE B® 
(130C)

High cut-through 
resistance

THERMALEZE F® 
(155C)

High thermal life- 
high dielectric



Electronic Products NEWS
by CARBORUNDUM9

Temperature Compensation in Electric Eye 
Movie Camera provided by GLOBAR Thermistor

*

Energy from a built-in photo­
electric cell automatically sets the 
lens opening for correct exposure in 
the Bell & Howell “Electric Eye” 
movie camera. The high standard of

accuracy usual in Bell & Howell prod­
ucts is indicated by the use of a 
GLOBAR Type 479H Thermistor for 
temperature compensation.

The output current of the photo­
cell varies with temperature. In 
addition, the resistance of the coil 
in the operating mechanism varies 
with temperature because of copper’s 
positive temperature coefficient. A 
negative coefficient thermistor, in 
parallel with a fixed resistor, pro­
vides the necessary compensation.

GLOBAR thermistors are your an­
swer to a variety of problems where 
a temperature-sensitive resistor is 
required. Disc and rod shaped bod­
ies are available in a wide range of 
sizes, providing desired resistance 
values, thermal time and dissipation 
constants and temperature coeffi­
cients. For information, write to 
Globar Plant, Refractories Division, 
Dept. EDT-60, Carborundum Co­
Niagara Falls, N. Y,

ALUMINA BUBBLES... new transformer potting 
material can withstand temperatures over 1000° C.
Trends to higher temperatures 

and upgrading of insulation systems 
have spurred the search for new 
potting materials for metal-encased 
electronic power transformers.

k

Research by Bell Telephone Labo­
ratories suggests unusual possibili­
ties in a special form of aluminum 
oxide developed by Carborundum’s 
Refractories Division. The material 
is made by a process which converts 
alumina powder into microscopic, 
light-weight, free-flowing, non-abra­
sive bubbles. Ordinary granular alu­
mina won’t serve the purpose.

Since the material can withstand 
over 1000" C.. all practical tempera­
ture limitations are removed. Elec­
trical insulating properties are 
excellent. A particular advantage is 
the simplicity of the potting opera­
tion. The powder is simply poured 
into the transformer case and tapped 
or vibrated so that it fills all cavities. 
No curing or heating facilities are 
necessary. Because of these factors, 
the material may merit considera­
tion even in applications where high 
temperature is not involved. For 
more information, write Refracto­
ries Division, Dept. EDP-60, Carbo­
rundum Co.. Perth Ambov. N. J.

Metallized Ceramics 
permit high-temperature 

soldering or brazing
Carborundum’s Latrobe Plant can 

supply metallized steatite which can 
be used with any soft solder includ­
ing those melting at approximately 
600° F. Re-soldering can be done 
without, adverse effects. This offers 
advantages over the usual silver or 
platinum firing of steatite material, 
which requires a silver bearing tin­
lead eutectic solder melting at about 
360“ F. These joints cannot be re­
soldered without dissolving the 
metallizing. Further, top use tem­
perature is only 320c F. With the 
Carborundum metallizing, use tem­
perature is determined only by the 
solder alloy used.

This type of metallizing is also 
used with high-alumina material for 
brazing. When assemblies are cop­
per brazed, installations can be made 
with comparable hard solders.

For information, write Latrobe 
Plant, Refractories Div., Dept EDC- 
60. Carborundum Co.. Latrobe, Pa.

NEW BOOKLET AVAILABLE ON 
GLOBAR® TYPE BNR VARISTORS

write Globar Plant,

Non-linear, volt 
age sensitive re­
sistors are finding 
many electronic 
applications This 
booklet gives full 
information on 
characteristics 
and sizes of GLO­
BAR Varistors. 
For your copy, 
Refractories Divi-

sion, Dept. EDV 60. Carborundum Co, 
Niagara Falls, N Y

4 t= "W» ©
For ceramic part» and metallized aasomblle*. Kovar alloy, earamic resistor*. varistor* and thermistor* .. . count on CARBORUNDUM*' 
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Resistor Networks

Tung-Sol/Chatham 6336A letSHUGHES
shave size of vital power supply

CIRCLE 90 ON READER-SERVICE CARD ►

Time Delay Relays 354
Accuracies are ±1% and ±5%

Available in fixed and adjustable 
versions, these solid-state, time de­
lay relays have nominal accuracies 
of ±1% and ±5% in the time period 
of 0.5 to 110 sec over the tempera­
ture range of —20 to -|-85 C. Cur­
rent ratings are 2 and 5 amp with 
voltage inputs from 6 to 250 v ac or 
de. Timing accuracy is maintained 
when the unit is subjected to up to 
30% voltage variation.

Marstan Electronics Corp., Dept. 
ED, 204 Babylon Turnpike, Roose­
velt, L.I., N.Y.
Price ir Availability: $35 to $85 ea; 
from stock.

tem. Hughes also enjoys the reduced downtime 
and maintenance requirements resulting from the 
6336A’s long life and high electrical stability.

Why don’t you get the benefit of Tung-Sol’s 
components know-how, too? Whether it’s tubes or 
semiconductors — and there’s a premium Tung-Sol 
unit for virtually every military and industrial 
need — you’ll be designing only the best com­
ponents into your circuit. Like Hughes you’ll be 
getting quality units that have made the name of 
Tung-Sol synonymous with the finest componentry. 
Tung-Sol Electric Inc., Newark 4, New Jersey. 
TWX:NK193
Technical auiitance ii available through the following tale« 
offices: Atlanta, Ga.; Columbus, Ohio; Culver City, Calif.; 
Dallas, Texas; Denver, Colo.; Detroit, Mich.; Irvington, N. J.; 
Melrose Park, Ill.; Newark, N. J.; Philadelphia, Pa.; Seattle, 
Wash. Canada: Toronto, Ontario.

This is Hughes’ 9-in-l powerhouse. It’s doing a 
mighty turn in the national defense effort at 
Hughes’ El Segundo plant. There the Integrated 
Power Supply is serving as a comprehensive power 
source for testing fire control systems. It supplies 
9 DC voltages and delivers up to 2 kilowatts with 
the kind of accuracy that makes these systems 
perform with split-second precision.

Hughes selected the Tung-Sol 6336A’s to handle 
the all-important voltage regulation function. A 
34-tube bank is used. Hughes’ reasons for selecting 
the 6336A were twofold. High efficiency to keep 
wasted power heat low was half the story. The 
other half — superior power handling ability in 
a small “bottle”. These attributes, combined with 
mounting flexibility, helped Hughes come up with 
a small package size and a minimum cooling sys-

Have tolerances to 0.01 %

These resistor networks have re­
sistor ratio matching accuracies to 
0.005% and absolute tolerances to 
0.01%. The standard temperature co­
efficient is 10 ppm. Distributed ca­
pacitance as low as 0.5 pf and rise 
time as low as 0.1 msec can be sup­
plied. The frequency range extends 
to 250 kc. A variety of physical con­
figurations are possible. The resis­
tors are noninductively wound. Ap­
plications are summing networks, 
voltage division and other uses.

Kelvin Electric Co., Dept. ED, 
5509 Noble Ave., Van Nuys, Calif. 
Availability: Prototype and produc­
tion quantities are immediately 
available.

Switch Light 709
Has a dpdt snap-action switch

Type 6B miniature switch light, 
incorporating a replaceable incan­
descent lamp with a large plastic 
lens, has a dpdt snap-action switch 
rated at 28 v de, 7 amp resistive. 
Other ratings are: 4 amp, inductive, 
at sea level; 2.5 amp, inductive, at 
50,000 ft, and 24 amp maximum in­
rush. The lamp and switch can also 
be used separately. They meet Mil 
specs.

Eldema Corp., Dept. ED, 1805 
Belcroft Ave., El Monte, Calif.

TUNGSOL



Radiation’s Model 3115 Transmitter telemeters 
first weather pictures

The Tiros I weather satellite developed by RCA for NASA 
under technical direction of U. S. Army Signal Corps, embodies 
many innovations... but its telemetering transmitter is not one 
of them. Tiros’ cloud-cover pictures are relayed to earth by 
Radiation’s well-tried Model 3115 FM Transmitter. This “off- 
the-shelf” unit was chosen for its vital task because exhaustive 
tests and a fine performance record on other projects demon­
strated its reliability.

Tiros carries two Model 3115 Transmitters. Each of these 
delivers 2 watts of linear FM output. Carrier frequency sta­
bility is within ±0.01%.

For complete technical data on the Model 3115, write for a 
new bulletin, RAD B-102, to Radiation Incorporated. Dept. 
ED-6, Melbourne, Florida.

THE ELECTRONICS FIELD ALSO RELIES ON RADIATION FOR...

RADIPLEX-50-channel low-level multiplexer with brood 

data processing applications. Features rugged solid- 

state circuitry, almost unlimited programming flexibility, 
unique modular construction for compactness and excep­
tional ease of operation and maintenance.

RADICORDER Multistylus recorder provides high-speed 
instantaneous readout for wide range of dota acquisi­
tion or processing systems. Eliminates necessity of elec­
tronically translating complete data, thereby reduces 
computer work loads.

TDMS - Telegraph Distortion Monitoring System pin­
points type and source of trouble on teletype, data 
processing and similar communications links without in­
terrupting traffic. Ultra-compact TDMS can replace 
most test equipment now required for teletype main­
tenance und monitoring.

106

NEW PRODUCTS
Dual Flip-Flop

High speed

379

Type TF4 dual flip-flop is one of a series of 
3-mc transistorized, digital modules. Neither eye­
lets nor printed circuit connectors are used. The 
one-voltage is —7 to —10 v; the zero-voltage is 
0 to —0.3 v. Maximum rise time is 0.04 psec, no 
load, and 0.08 psec, full load. Dimensions of the 
laminated epoxy mounting board are 3-3/4 x 4 in.

Packard Bell Computer Corp, Dept. ED, 1905 
Armacost Ave, Los Angeles 25, Calif.
Price ir Availability: $100 ea; 15 to 60-day de­
livery time, depending on quantity ordered.

Storage Tubes 413
Minimum resolution is 1200 lines per diameter

Model CK7702 dual-gun storage tube has a 
minimum resolution of 1200 TV lines per diame­
ter. The stored signals can be held for many hours, 
read several thousand times, or erased in a frac­
tion of a second. Signal-to-noise ratios of better 
than 30:1 are possible over a 28-mc bandwidth. 
The tube measures 25 x 2-7/8 in. and has a 1-1/2- 
in. neck diameter. Anode voltage is 4000 v dc.

Raytheon Co, Industrial Components Div, 
Dept. ED, 55 Chapel St, Newton, Mass.

Wirewound Resistors 425

RADIATION
CIRCLE 91 ON READER-SERVICE CARD

Range is 10 ohms to 1 meg

Available in a range of 10 ohms to 1 meg, these 
precision wirewound resistors have a temperature 
coefficient of 15 ppm per deg C and can be fur­
nished with a tolerance as close as 0.1%. Designed 
for high-frequency circuits, the resistors meet 
MIL-R-93R and MIL-R-9444A. Sets of values or 
ratios can be matched to within 0.01%. A 1-meg 
resistor has a capacitance of 0.5 pf.

Ultronix, Inc, Dept. ED, 111 E. 20th Ave, 
San Mateo, Calif.
Price ir Availability: Price ranges from $1.50 to 
$10 ea. Delivery time is 30 days.
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Hoffman/ CTRONIC*

Semiconductor Division
SALES OFFICES

WESTERN REGION NEW ENGLAND AREA
LOS ANGELES AREA 419 Boylston Street, 

Boston, Mass.1001 N. Arden Drive, KEnmore 6 3849El Monte. Calif. 
Cumberland 3-7191, GREATER NEW YORK CITY
TWX: El Monte 9735 AREA
SAN FRANCISCO AREA 
1575 Laurel Avenue, 
San Carlos, Calif.

310 Northern Blvd., 
Great Neck, L.I., N.Y. 
HUnter 7-2660

LYtell 1-5796, TWX: Bel 23 UPPER NEW YORK STATE
SAN DIEGO AREA AREA
San Diego, Calif. Area 4446 Main Street,
New Mexico, Arizona Buffalo 26, N.Y.
633 Alameda Boulevard, Circle 2094
Coronado, Calif. P.O. BOX 52, FAYETTEVILLE,HEmpstead 5 9076 NEW YORK

MIDWEST REGION NEptune 7-3851
WASHINGTON, OC.-930 Pitner Avenue, 

Evanston, III. BALTIMORE AREA
UNiversity 9-2400, 1022 Cafritz Building
TWX: Evanston, III. 398 1625 "1” Street N.W.,
SOUTH CENTRAL AREA

Washington 6, D.C. 
STerling 3-7857

6300 N. Central Expressway, TWX: WA 227
Dallas, Tex.
EMerson 1-7964 SOUTHEAST AREA 

4230 S.W. Fifteenth Street,
EASTERN REGION Miami 44, Fla.

710 Mattison Avenue, 
Asbury Park, N. J. 
PRospect 6-7600,

Highland 3-6065

TWX: A PK 634
INDUSTRIAL DISTRIBUTORS

EASTERN REGION 
NEW ENGLAND AREA
BOSTON, MASS.: Cramer 
Electronics, Inc., 811 
Boylston St.. CO 7-4700 
WALTHAM, MASS.: Durrell 
Distributors, Inc., 922 Main 
St., TW 3-7020
MID ATLANTIC AREA
BALTIMORE, MO.: Electronic 
Wholesalers, Inc., 3000 
Washington Blvd., Ml 4-7900 
BUFFALO, N. V.: Standard 
Electronics, Inc., 1497-1505 
Main St., GA 5000
CAMDEN, N. J.: General 
Radio Supply Co., 600 Penn 
St . WO 4-8560 (Philadelphia, 
WA 2-7037)
NEW YORK, N. V.: Milgray 
Electronics. Inc., 136 
Liberty St.. RE 2-4400
PITTSBURGH. PA.: CameradiO 
Co.. 1121 Penn Ave., 
EX 1-4000
WASHINGTON, D. C.:
Electronic Wholesalers, Inc., 
2345 Sherman Ave.. N.W., 
HU 3-5200
SOUTHEAST AREA
CAINSVILLE, FLA.: Goddard- 
Gatnsville, 1031 S. Main St., 
FR 2-3446
HUNTSVILLE, ALA.: Goddard- 
Huntsville, 95 N.W. 10th St., 
JE 6-5441
ORLANDO, FLA.: Goddard- 
Orlando, 631 W. Central 
Ave., GA 3-8582
TAMPA, FLA.: Goddard- 
Tampa, Swann Ave. at Dale 
Mabry, RE 6-5193
W. PALM 8EACH, FLA.: 
Goddard Distributors, Inc., 
1309-11 N.'Dixie, P.O. Box 
829. TE 3-5701

MIDWEST REGION
GREAT LAKES AREA
CHICAGO, ILL.: Allied Radio 
Corp.. 100 N. Western Ave., 
HA 1-6800
CHICAGO, ILL.: Newark 
Electric Co.. 223 W. Madison 
St.. ST 2-2944
DETROIT, MICH.: Rissi 
Electronic Supply Co.. 14405 
Wyoming Ave., TE 4-8420 
MINNEAPOLIS, MINN: Stark 
Electronic Supply Co., 
112 Third Ave.. FE 6-9220
CENTRAL AREA
AKRON, OHIO: Akron 
Electronic Supply. 107-117 
S. Arlington St.. PO 2-8818
CEDAR RAPIDS, IOWA: Deeco, 
Inc.. 618 First St., N.W., 
EM 4-2493
CINCINNATI, ONIO: United 
Radio. Inc., 1314 Vine St., 
MA 1-6530
CLEVELAND, ONIO: Main
Line Cleveland, Inc., 1260 E. 
38th St.. EX 1-1800
SOUTHWEST AREA
ALAMOGORDO, N. M.:
Radio Specialties Co., Inc., 
209 Pennsylvania Ave., 
HE 7-0370

ALBUQUERQUE, N. M.: Radio 
Specialties, Inc., 6323 
Acoma, S.E., AM 8-4571 
DALLAS, TEXAS: Progress 
Electronics of the Southwest, 
1363 Crampton St., Rl 1-1463

WESTERN REGION
ROCKY MOUNTAIN AREA
DENVER, COLO.: Denver 
Electronic Supply Co.
1254 Arapahoe, AM 6-1671
NORTHWEST AREA
SEATTLE, WASH.: C & G 
Electronics Co.. 2221 Third 
Ave., MA 4-4355
TACOMA, WASH.: C & G 
Electronics Co., 2502 
Jefferson Ave., BR 2-3181
PACIFIC SOUTHWEST 
AREA
LOS ANGELES, CALIF.: 
Kierulff Electronics, Inc., 
820-30 W. Olympic Blvd., 
Rl 8-2444
LOS ANGELES, CALIF.: 
Radio Products Sales, Inc., 
1501 S. Hill St., Rl 8-1271
OAKLAND, CALIF.: Elmar 
Electronics, 140 11th St., 
TE 4-3311
PHOENIX, ARIZ.: Radio 
Specialties & Appliance
Corp., 917 N. 7th St., 
AL 8-6121
SAN DIEGO, CALIF.: Radio 
Parts Company, 2060 India 
St., BE 9-9361
TUCSON, ARIZ.: Standard 
Radio Parts. Inc., 218 North 
1st Ave . MA 3 2545

CANADA
POINTE CUIRE, QUEBEC: 
Aeromotive Engineering
Prod., Ltd., 147 Hymus 
Blvd.. OX 7-0810
TORONTO: Aeromotive 
Engineering Prod., Ltd., 
1912A Avenue Rd , RU 3-4288

FOREIGN
AUSTRALIA: Long Industrial 
Equipment, Sydney
BELGIUM-YUGOSLAVIA: 
Belram Electronics, Brussels
FRANCE: Société 
Electronique, Paris
GERMANY-HOLLAND: Uni­
Office, Dusseldorf & 
Rotterdam
ISRAEL: Giveon Agencies, 
Tel-Aviv
ITALY: Lampel, Rome
JAPAN: Toyo Trading 
Company. Tokyo
NEW ZEALAND: Electronic 
Development & Applications, 
Wellington
SCANDIA: Bo Palmblad, 
Stockholm
SOUTH AFRICA: C. W. Price 
& Company, Johannesburg 
SWITZERUND: Telion, Ltd., 
Zurich

Hoffman.

HOrJWh desikn-aid u*h$

JEDEC 
TYPE 
NO.
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Huffman
offers you more silicon 
zener reference devices than
any other manufacturer

Mil type units now available^

Ml El* EM

Hnffmar

YOU CAN SELECT FROM 23 TYPES

SILICON ZENER REFERENCE DIODES AND DEVICES—8 TYPES

OPERATING VOLTAGE 
AT 10mA AND 25°C 

(VOLTS)

MAXIMUM CHANGE IN OPERAT­
ING VOLTAGE OVER TEMP. RANGE 

- 55°C TO 25°C*HD

EM EM

SILICON ZENER OECAOE REFERENCE UNITS—15 TYPES

CASE 
TWE

* 1N429 
* 1N43D

1N430A 
1N430B 
1H1530 
1N1530A

5.0 (Mia.) 1.5 (MuJ®
1.0 (Min.) M (MuJ
8.0 (Mtn.) BI (Mai.)
0.0 (Min.) «.« (Mu.)
0.0 (Mln.) II (MuJ 
M(MinJM(MuJ

±0.05 ® 
±0.014 
±0.007 
±0.011® 
±0.014 
±0.007

MAXIMUM DYNAMIC 
IMPEDANCE AT 

10mA AND 2S'C 
(OHMS)

JEDEC 
TYPE 
NO

CASE 
BPI

OPERATING
VOLTAGE AT 

7.5«* AND 2$*C 
(VOLTS)

MAXIMUM CHANGE IN OPERAT­
ING VOLTAGE OVER TEMP. RANCE 

55"C TO 25‘C ANO 
2S’C TO 100'C

MAXIMUM DYNAMIC 
IMPEDANCE AT 

7 5«* 
(OHMS)

® Oprate* al 7.5«* m4 25‘C ® ±0.007 ( 55*C to +25’0 ± .0011 (+M*C te +150’0

* USN1N430 moots requirements et MIL E1/1060. USAF-1N429, MIL-E-1/1134A.

1N429: Used to maintain constant DC voltage under conditions of severe shock, vibra­
tion, and temperature. Ideal where stability ef ±1% or better is specified over 
temperature range ef -55 C to +100 C. 1N430 SERIES: Ideal where stability of 
±0.2% or ±0.1% required. 1N1530,1N1530A: Electrically equivalent tn 1N430 
and 1N430A, but intended for printed circuit use.

Request Data Sheets No. 114 859 ZD and No. 115-859 ZD

ALL UNITS AVAILABLE OFF THE SHELF (Mil-qualified units stocked in bonded ware­
houses only).WRITE FOR THE ADDRESS OF YOUR LOCAL HOFFMAN SALES OFFICE 
OR INDUSTRIAL DISTRIBUTOR.

CIRCLE 92 ON READER-SERVICE CARD

1H1735 
1N17M 
1N17MA 
1H17J7 
1N1737A 
1N173I 
1N173IA 
1N1739 
1N1739A 
1H1740 
1N1740A 
INI 741 
1N1741A 
INI 742 
1N1742A

EIA 
E2A 
EM 
E3A 
E3A 
E3A 
E3A 
EM 
E4A 
E4A 
EM 
E4A 
E4A 
E4A 
EM

*J±5% 
12.4 ± 5% 
12 4 ± 5% 
IM ±5% 
IM ± 5% 
241 ±5% 
24« ±5% 
31.0 ±5% 
31.0 ±5% 
371 + 5% 
372 ±5% 
43.4 ± 5% 
43.4 ± 5% 
40.0 ± 5% 
4M±5%

±0.050
±0.150
±0.075
-0.200

±0.250

±0.300 
±0.150 
±0.350 
±0.17$

±0.200

IDO 
100 
121) 
120 
140 
140
100

DECAOE REFERENCE UNITS: Units, whose building block is the 1N429 zoner reference 
diode, are used where a single zener diode dees not meet the voltage output and 
temperature coefficient requirements. Recommended where a total stability ef 
±0.5% er ±1.0% ever a temperature range of -55 C to +100°C is necessary. 
Stable under severe environmental conditions.

Hoffman CORPORATION
Semlcond»rct»r DleWdss

1001 Arden Drive, El Monte, California 
TWX: El Monte 9735, Evanston 398 

Plants: El Monte, California and Evanston, Illinois
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NEW PRODUCTS

RELAYSP&B

Series

KB Sari.»ABC Serie«

U/L File 129244U/L Hie E29244U/L File E29244U/L Hie 129244

< CIRCLE 93 ON READER-SERVICE CARD

Type

FRI AY 
PR3AY

Type

PR5AY 
PR7AY 
PR11AY

Contact 
Arrang.rn.nl* 
SPST-NO 
SPDT-NODM

break, DM double make 
U/L Hie E22S75

Small, low cost, general purpote relay for 
handling automation work, small motors, sole­
noids, other relays. Contact rrangemenh: 
SPDT, DPDT and 3PDI, Rated at S amps, at 
115 V., AC non-inductive by U/l and CSA,

Contact 
Arrangement* 

SPDT 
DPST-NO 
DPDT

Frequency Meter 355
Accuracy is better than ±1%

This solid-state frequency meter 
has an accuracy of better than ±1%. 
Ranges are 0 to 20 cps, 100 cps, 500 
cps, 2 kc, 10 kc, 50 kc, and 200 kc. 
Input is 0.2 to 300 v and input im­
pedance is 250 K min at 1 kc. The 
unit is compact.

Marstan Electronics Corp., Dept. 
ED, 204 Babylon Turnpike, Roose­
velt, L.L, N.Y.
Price ir Availability! $150; stock to 
two weeks.

For oppltance and general purpose operations 
requiring long life and quiet operation. Quick 
connect terminals. Screw terminal adapters 
also furnished with each relay. Contact 
arrangement: DPDT. Rated ot 10 amps, 115 V., 
5 amps, 230 AC non-inductive by U/L and CSA.

These important savings arc yours when you order—from your Electronic Parts 
Distributor—P&B relays listed with Underwriters’ Laboratories, Inc. and Canadian 
Standards Association:

SAVE TIME. You get fast, off-the-shelf delivery. Usually your order 
is shipped the day after it is received. And no waiting for U/L or CSA clearance 
... this has been done for you. Thus you get your project—and your product— 
off to a fast start!

Compact latch relay .d.al for memory work 
and overload applications. Operate» on 
momentary impulse to either coil. Contact 
arrangement»: 4PDT and 6PDT Rated at 5 
ampi ot 115 V, AC non-inductive by U/L

These relay» are available In any ot she following operating 
«oHag.i 6, 12, 24. 115, 23C volt* 50/60 cycle» AC.
Contact» as« rated al- 25 amps, 115/230 V. AC 1 phaie 
1 hp for 115/230 volt AC motor» 1 phase.
*Read NO normally open, NC normally dated, DB double

Medium duty power relay in a at cover For 
«mall motor», ndustrial control» and similar 
applications Contact trrangemenh DPDT. 
Rated at 1" ump>, 115 V., 5 amp», 230 AC 
non-inductive by U/L and CSA.

Porous-Anode 353 
Capacitors

Measures 0.075 x 0.25 in.
Measuring 0.075 x 0.25 in. over 

the insulation sleeving, the porous- 
anode tantalum capacitor provides a 
high-capacitance retention at —55 
C. Rated at 50 v and at 1 pf, the 
unit can be furnished with tolerances 
of ±15% and ±20% at 25 C. It stands 
15 g vibration at 2000 cps. At —55 
C, nominal impedance is 1600 ohms.

General Electric Co., Dept. ED, 
Schenectady 5, N.Y.
Price 6- Availability: Units with a 
±15% tolerance are priced at $0.6S 
ea in quantities to 1000; units with 
a ±20% tolerance, $0.75 ea. Deliv­
ery time is about 20 days after re­
ceipt of order.

SAVE MONEY. You save the cost of getting relays listed with U/L 
or CSA ... and you need have no big investment in shelf inventory, either. 
Remember, you pay no premium over factory prices in quantities to 249.

More than 40 different standard P&B relays in 450 different coil voltages and con­
tact arrangements are available from the leading Electronic Part Distributors in 
your area For special applications, call your nearest P&B sales engineer.

DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO

save time! save money!
call your parts distributor for

Temperature- 717 
Measurement System

Modular
Series G2 temperature-measure­

ment system consists of a 20-channel 
signal conditioner, a calibration 
unit, and associated temperature 
transducers. The system provides 
for adjustable range, rapid recali­
bration. and direct high-level volt­
age readings. Total range is —320 
to 4-1000 F. The system can be 
used in military, industrial, and lab­
oratory’ applications.

Arnoux Corp., Dept. ED, 11924 
W. Washington Blvd., Los Angeles 
66. Calif.



30 db gain in 200 me RF amplifier NOW!
ALL TEXAS INSTRUMENTS 

SEMICONDUCTORS ARE 
IMMEDIATELY AVAILABLE 

OFF-THE-SHELF 
FROM

Tl Distributor

4 30

M20.Û3

20002000

HOURS

Texas Instruments

HOURS

RFC 
MM

MM,- 
RFC

50 f.

■■MICOHOUCTOR.COMPONKNT* DIVISION
ISSO« N. CBNTRAL BXFRBBSWAV
FOST OFFICI

DESIGN LEADERSHIP
IN QUALITY

GERMANIUM TRANSISTORS

rest Tl distributor or salos office for Immediato delivery.Contact your n

OUTPUT

Buss Wire; Air Core Diameter M"; All Capa 
Carbon Film; All RFC's encapsulated and sell

■O —10 volti

.with Tl 2N1141 series germanium mesa transistors
Exceptionally high ac beta TI 2N1141 germanium 
mesa transistors provide 30 db gain — with 16 me 
bandwidth — in a 200 me RF amplifier. Ideal for 
your high frequency amplifiers and power oscillators, 
2N1141 series diffused base transistors give you... 
maximum dissipation to 750 mw... voltage ratings 
to 35v at 100 jua Ic... 750 me alpha cutoff.
These devices are backed by more than 3,500,000 unit 
hours of life test reliability data... see curves below.

UNIT TYPE 2N1142: lCBO AND hra VS HOURS OF STORAGE AT +1OO<>C
TEST LEGEND: Sample Size: 1000 units "Test Condition: Storage at +100°C" I co Measured at: Vcb - — 20v, Ie - 0" hpe Measured at: Vce =* —Sv, Ic - —10ma

10.00

'co 
uAdc

ESCO 
IN 

DALLAS
YOUR AUTHORIZED 

Tl DISTRIBUTOR
A corporate division of 

Texas Instruments Incorporated

Fir

Engineering Supply Company —a 
corporate division of Texas Instru­
ments Incorporated—offers you 
dependable delivery direct from Dallas 
on all TI semiconductors and compo­
nents* through carefully controlled 
inventories that assure local off-the- 
shelf availability . . . always.
Design now with use-proved, 
guaranteed TI units and know that 
ESCO can deliver immediately from 
fully stocked shelves ... at factory 
prices
For complete specifications on any 
TI semiconductor or component, 
write ESCO today.
*TI silicon and germanium transistors, 
silicon diodes and rectifiers, precision 
carbon film resistors, sensistor silicon 
resistors, tan-TI-cap® tantalum 
capacitors.

Your Authorized

ENGINEERIN 
SUPPLY 
COMPANY

Texas Instruments incorporated
DALLAS, MOO DENTON DRIVE. FL 7-SISI

CIRCLE 94 ON READER-SERVICE CARD 

< CIRCLE 95 ON READER-SERVICE CARD



NEW PRODUCTS
Thermistors

Tolerance is ±20%
±20%,

Centigradr Insulator Wafer
For stud-mounted diodes

—183

1956

-253

Keystone Thermistors, 1959

Liquid Helium

Power Triode
Is rated at 10 kw

< CIRCLE 96 ON READER-SERVICE CARD

Having a tolerance of

Just as surely as missiles are going higher and higher, the 
demand is for Thermistors to operate at lower and lower 
temperatures. Sooner or later, such demands are being 
met by the research people at Keystone.

Ten years ago the low temperature range for Thermistors 
was approximately —50°C. Then a new area of interest was 
born—still lower temperature operation. By 1955 we had 
developed units that were useful down to —183°C. Today 
we are delivering units for applications operating at —260°C 
(below liquid hydrogen) for use in space as liquid level 
indicators or as flow control mechanisms. Our Thermistors 
are also working in gas liquefaction apparatus with 
fluorine, argon, oxygen, etc. and in the petrochemical 
industry with methane. New missiles, new products, and 
the whole new field of Cryotronics challenge us to even 
lower temperature response. Degree by degree we make 
progress toward lower temperatures and maximum 
reliability within the precision tolerances and wide selection 
of temperature coefficients in which we work.

There may be a low temperature indication or control 
problem in your present product, or, more likely, in a 
product you’re thinking about for the future. Here at 
Keystone we’re working on both today’s and tomorrow’s 
problems and we would like to hear about yours. 
Glad to have you call us, anytime.

Liquid HyiHpn 
Keystone Thermistors, 1958

types K and D thermistors are rec­
ommended for problems involving 
temperature control, temperature 
compensation, time delay, and volt­
age regulation. Type K has resist­
ances of 1 to 100 K at 25 C and 
operates to 300 C. Units can be fur­
nished for operation to 600 C. Type 
D has resistances of 0.1 to 100 K at 
25 C. A disc-type unit, it has a max­
imum operating temperature of 
150 C.

Walter Kidde & Co., Inc., Dept. 
ED, Main St., Belleville, N.J.
Price ir Availability: Type K is 
priced at $1.95 ea for orders of 10 
to 50 units; type D is priced at $0.50 
ea for orders of 20 to 50 units. De­
livery is in one week.

For use into the vhf spectrum, 
type X762 ceramic and metal triode 
is for variable load service such as 
industrial-heating oscillator applica­
tions. Typical operation as an oscil­
lator at 110 me results in over 20 kw 
of useful output. The unit has a 
large thoriated-tungsten filament 
with reserve emission and an in­
tegral, finned, air-cooled anode 
rated at 10 kw dissipation.

Eitel-McCullough, Inc., Dept. ED, 
San Carlos, Calif.

■■V CARBON COMPANY 
Thermistor Division • St. Marys, Pa.

This hard-anodized, insulator 
wafer for stud-mounted diodes pro­
vides excellent dielectric insulation 
and thermal conductivity. It is for 
installation between diode and 
chassis and between hex-jam-nut 
and chassis. Five diameter sizes are 
offered for the following stud sizes: 
No. 8-32, No. 10-32, and No. 1/4-28.

Monadnock Mills, United-Carr 
Fastener Corp., Dept. ED, San 
Leandro, Calif.
Availability: From stock.



SILICON
CONTROLLED

WRITE FOR BULLETIN C415-01
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For control circuit application in the 
1O to 1250 ma output current range

These frequency counters have an 
in-line display with all digits formed 
on the surface plate. The display is 
readable from the top or sides at 
angles as close as 30 deg. Digits are 
1-1/2 in. high and are red for visi­
bility in high ambient light.

Beckman Instruments, Inc., Ber­
keley Div., 2200 Wright Ave., Rich­
mond, Calif.
Price ¿7 Availability! Price is $30 to 
$45 per digit more than standard 
counter. Shipment will begin in

These devices offer significant circuit advantages in 
that they are specifically designed for operation in 
the 10 to 1250 mA current range. It is no longer 
necessary to derate higher power units, with attend­
ant losses in efficiency.
The miniature SCR combines a current rating of 1 
ampere at 100°C with extremely small size. It fea­
tures high peak recurrent and surge current ratings. 
Switching efficiency up to 98% is practical. High 
gain, low loss control of loads up to 300 watts can 
now be achieved along with significant miniaturiza­
tion. The internally insulated junction eliminates the 
need for external mica washers. Assembly is there­
fore simplified and reliability improved.
The miniature SCR is useful in applications such 
as AC and DC static switching, proportioning con­
trol, D.C. to D.C. converters, servo motor driving, 
squib firing, protective circuits, and related 
applications.
Encapsulated in the unique SSPI cold welded copper 
case, the SCR offers a high degree of mechanical 
ruggedness and long term reliability.

Designed for use in the output 
stage of a personal page transmitter 
operating on a 60-kc carrier fre­
quency, model LF-122 filter pro­
vides a minimum attenuation of 40 
db throughout aircraft and citizen­
band frequencies. It carries 75 w 
peak and 25 w normal and can be 
driven from source impedances of 
5 to 10 ohms. Output is to the trans­
mitter s loop antenna.

Control Electronics Co., Inc., 
Dept. ED, 10 Stepar Place, Hunt­
ington Station, L.I., N.Y.

Designed for use in the range of 
500 to 900 mc, model 1003 uhf pre­
amplifier has a noise figure of better 
than 5 db at 500 mc and 6 db at 
900 mc with a nominal gain of 20 
db. The unit is pretuned to the re­
quired frequency with a bandwidth 
up to 15 mc. A two-stage, grounded 
grid cavity’ amplifier, the unit in­
corporates two planar triodes. In­
put and output impedance is 50 
ohms. Connectors are standard 
type N.

Community Engineering Corp., 
Dept. ED, P.O. Box 824, State Col­
lege, Pa.
Price ir Availability: $495; 45-day 
delivery.

UHF Preamplifier 693
Noise figure is better than 5 db at 

500 mc

Frequency Counters
Have in-line readout

Low-Pass Filter 5
Minimum attenuation is 40 db

. . . FROM SOLID STATE

■ HIGH SENSITIVITY
only 2 mA input to control one ampere 
(continuous) at JOO °C.

■ HIGH TEMPERATURE
stable operation to 150°C,

■ LOW LEAKAGE
10 uA cutoff current at full voltage.

■ SIMPLIFIED MOUNTING 
no need for insulating hardware — 
stud is electrically isolated.

Typ»

Maximum 
A nod» 

Voltag» 
(OC or 

Peak AC) 
± Volts

Maximum 
Average 
Forward 
Current 

100*C Case 
Amps

Maximum 
Gat» 

Current 
to “Fire" 

mA

Gate Voltage 
to Fire 
+ Volts

Mm. Max

3B30S 30 1.0 2 40 2.5

3B6OS 60 1 0 2 .40 2.5

3B1OOS 1OO 10 2 .40 25

3B15OS 150 1.0 2 .40 25

3B200S 200 1.0 2 .40 25



NEW PRODUCTS

CERAMIC Precision Potentiometer
Can provide 0.05 in. full travel

PEAKER
GNEIS

Cut
Magnet

Performance Proven in Hundreds of Thousands of Miniature Test Clips
High-Fidelity Loud-speakers With hex nuts

CIRCLE 9« ON READER-SERVICE CARD

Yet the advantages of comparable Alnico magnets 
are retained:

ELECTRONIC DESIGN • June 8, I960

INDIANA STEEL PRODUCTS 
Division of Indiana General Corporation 

Valparaiso, Indiana
In Canada: Th* Indiana Sf*el Product* Company of Canada Limited, 

Kitchener, Ontario

These test clips with hex nuts for adjustment 
of tension are for use in testing resistors, transis­
tors, capacitors, and other pigtail-type compo­
nents. They can also be used for single-wire con­
nections and for bread-board work. The single 
unit, type 2-41, requires 3/16 x 1/8 in. and the 
double unit requires 1/4 x 1/8 in., exclusive of the 
tension-adjusting nut. All metal parts are nickel- 
plated brass.

Grayhill, Inc., Dept. ED, 561 Hillgrove Ave., 
LaGrange, Ill.
Price: Type 2-41, $0.25; type 2-42, $0.30.

• Speaker assemblies that are less than half as deep
• Fewer magnet parts, simpler assemblies
• Less over-all weight, lower shipping costs

For measuring extremely short mechanical 
travel or deflection, this precision potentiometer 
provides full travel as small as 0.05 in. with a 
resolution of 0.5%. Uses are in measuring distor­
tion or expansion of missile parts due to heat. 
It is also suited to measuring deflections in struc­
tural testing. A spring-loaded, rectilinear unit, it 
stands temperatures from —65 to -|-275 F, 50 g 
acceleration on all axes, and shock of 100 g for 
3 msec.

Humphrey, Inc., Dept. ED, 2805 Canon St., 
San Diego 6, Calif.

Indiana offer* a wide range of INDOX V high fidelity loudspeaker 
magnet*... in both standard and special sizes.

Investigate the possibility of improving your loud­
speaker designs with Indox V. Indiana’s experienced 
design engineers are available to help you solve your 
speaker design problems — at no cost or obligation to 
you. Write for Bulletin 18 M-6, today for more detailed 
information.

• Highest sound level possible
• Best transient response, assuring a full range of tones 

and overtones
• Truest possible reproduction of sound

A leading high-fidelity loud-speaker manufacturer 
realized the above savings when his Alnico speakers 
were redesigned to use Indox V. Here is why he 
changed__ and why you, too, may achieve substantia] 
savings by changing to Indox V.

Indox V loud-speaker magnets are guaranteed to 
have a minimum energy product of 3.25 million BHmax. 
Made of highly oriented barium ferrite material, their 
energy level is comparable on an equivalent weight 
basis to that of Indiana’s Hyflux Alnico V — the most 
powerful magnet material available.

Now with Indox V, designers and manufacturers 
can look forward to:

INDIANA 
PERMANENT 
MAGNETS





NEW PRODUCTSsub miniature
“tell tales” and test points - 
where can’t you use them ?

So compact, so versatile, they’re ideal for
monitoring, servicing, and troubleshoot-
ing, in all kinds of applications, including:
appliances, telephones, electronic equip-
ment, controls, computers, visual displays.
Send for free engineering samples (use
your letterhead) and prove it to yourself.

THE ALDEN 
PAN-I-UTE
3 time» greater light 
efficiency • 1/6 tha size 
uf miniature bayonet 
bulb* • Easier mounting 
snap in • Quick and easy 
to replace from front end 
ol pend • VisiNe from 
any angle, any distance • 
Non refracting • No bulky 
focusing or refracting 
device* • Variety of colors 
and voltages (6», 12v, 
28v Incandescent 110- 
220v Neon)

THE ALOEN
PANI-UTE SWITCH
Tiny push-button, unp­
in mdiutor fives positive 
indication —180° visi­
bility • one-piece re- 
pieceable bulb lens • use 
as press-to-test indicator 
or remote control switch 
• In 6, 12, 28v incan­
descent Nue. red, freen, 
white, yellow • Quick 
snap-ring mount.

AIDEN STAK IN 
TEST JACKS
Exclusive mold«f-in eye­
let permits fast, lew-cost 
machine assembly • No 
nuts, washers, sleeves • 
Won't vibrate loose, turn, 
or fallout • Rutted Nylon 
insulation • Reliable 360° 
Beryllium contact

Write for Vest Pocket Guide end Samples:

PRODUCTS COMPANY 
6139 North Main St, Brockton, Mass.

CIRCLE 101 ON READER-SERVICE CARD

Millivoltmeter
Measures down to 100 mv

478

ALDEN STACKING ANO 
PATCH CORDS
Miniaturize your com­
puter with tiny cord sots 
• stack and patch for 
positive interconnection* 
• reliaNe integrally 
molded unit* taka any 
standard .080" test prod, 
resilient contact • load 
length to your specs is 
covered in flexible rubber.

This transistorized, portable audio-rf millivolt­
meter provides accurate measurements down to 
100 mv over a frequency range of 20 cps to 20 me. 
Battery operated, the meter has full-scale reading 
in 12 ranges from 1 mv to 300 v. The unit has a 
built-in video amplifier for use with the meter to 
drive an oscilloscope. An input impedance of 10 
meg shunted by 7 pf is provided in the 1 to 300 
v ranges; an input impedance of 1 meg shunted 
by 14 pf is provided in the ranges of 1 to 300 
mv. Accuracy is within ±3% of full scale from 
100 cps to 5 me and within ±5% from 20 cps to 
20 me.

Motorola Inc, Communications and Industrial 
Electronics Div, Dept. ED, 4501 W. Augusta 
Blvd, Chicago 51, Ill.

Permanent Magnet Shaker 414
For testing and calibrating light components

The Pennag 25-lb permanent magnet shaker is 
for testing and calibrating light electronic compo­
nents. The use of a phenolic-impregnated textile 
suspension system provides strict linearity from 
5 to 10,000 cps. The system requires no special 
rigs or mounting devices for back-to-back calibra­
tion of accelerometers.

Ling-Altec Electronics, Inc, Dept. ED, 1515 S. 
Manchester, Anaheim, Calif.

Plate Circuit Relay 434

Operates to 125 C

This 6 pdt relay operates directly in the plate 
circuit of a vacuum tube. The coils operate at

TUBE PROBLEM:
The Armed Forces 
needed a new version 
of the 6J4 reliable 
tube type which would 
provide a tube life 
of almost 1000 hours. 
Existing tubes of 
this type had an 
average life of only 
250 hours. In addition, 
this new tube had to 
be produced under 
ultra-high quality 
control standards.

SONOTONE
SOLVES IT:
By making 
improvements in 
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.

| RESULTS:
* The Sonotone 6J4WA 
L is one of three reliable 
I tubes now being 
[. manufactured under 
| U. S. Army Signal 
J Corps RIQAP 
’ (Reduced Inspection 
I Quality Assurance 
[ Program), monitored 
J by the U. S Army 
’ Signal Supply Agency. 
I And the same rigid 
i quality standards 
I apply to Sonotone's 
| entertainment type 

tubes as well.
[ Let Sonotone help 
t solve your tube 
L problems, too.

J

Sonotone.?
Electronic Applications Division, Dept. T23601

■LMSPORD. NBW YORK

la CmM. caniact Atm RmMo Corp., Ltd., Tomio
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PLAN CIRCUITRY

Cathode-Ray Tubes

STAKE TERMINALS

Storage-type
ULTRA-FAST SILICON DIODE

PLANAR RELIABILITY SNAP-IN COMPONENTS

4m/xsec RECOVERY

MOUNT CIRCUITRY

Silicon Diodes
Have controlled forward characteristics

ULTRA-FAST SILICON DIODE

PLANAR RELIABILITY

4m/zsec RECOVERY

CIRCLE 103 ON READER-SERVICE CARD

PRODUCTS COMPANY 
6139 N. Main Street, Brockton, Mass.

150 to 200 v with 0.01 to 0.013 amp. Tempera­
ture range is —65 to -|-125 C. The relay has no 
bounce and can stand 30 g vibration to 2000 
cps and 100 g shock. Dimensions are 186 x 
1.18 in.

Pacific Scientific Co.. Dept. ED, 6280 Chalet 
Drive, Bell Gardeins, Calif.

CIRCLE 238, 239 ON READER-SERVICE CARD 
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Silicon diodes types G129 and G130 are low- 
voltage reference diodes that utilize the forward 
characteristics rather than the reverse characteris­
tics. They are for low-level switching applications 
and are suited for use in transistor bias networks, 
temperature-sensing circuits, and voltage stabil­
izers. Type G129 is made by the diffusion process 
and type G130 is made by the alloy process for 
replacing alloy stabistors.

Texas Instruments, Inc., Dept. ED, P.O. Box 
312, Dallas, Tex.
Price ¿r Availability! Price is $1.30 ea for quan­
tities of 1 to 99. Delivery is from stock.

These Tonotron direct-viewing, storage-type 
cathode-ray tubes have 7- and 10-in. flat-surface 
viewing screens. They can be used in ground 
systems or in airborne applications to provide 
navigators and operators with a large viewing 
area having a minimum of distortion. Both tubes 
use high-speed axial writing guns, magnetic de­
flection, and a standard erase circuit.

Hughes Aircraft Co., Vacuum Tube Products 
Div., Dept. ED, Los Angeles 45, Calif.

4300 REDWOOD HIGHWAY • SAN RAFAEL, CALIFORNIA 
GLENWOOD 6-1130 • TWX SRF 26

For more information circle 238 on 
Reader Service Card

Model 196G Germanium Transistor 
Amplifier by Taber Instrument 
Corporation — Its miniature size, 
I jht weight and ruggedness adapt 
it to portable and airborne 
instrumentation.

4300 REDWOOD HIGHWAY • SAN RAFAEL, CALIFORNIA 
GLENWOOD 6-1130 * TWX SRF 26

For more information circle 239 on 
Reader Service Card

• standard 7 or 9-pin off-the-shelf 
components

• space-saving "maximum density" package
• extra light weight aluminum housings
• accommodates tremendous variety of 

circuits
• snap-in terminal setting and connecting
• open type construction for easy 

accessibility to components
e specially designed terminals give faster 

heat dissipation
• jumper strip eliminates need for leads
Alden furnishes everything you need — including 
planning sheets for slick, quick, layout Ask 
about our plug-in module package kit. For com­
plete information, including
new micromodules, write: I A 11 f VW

miniature packaging modules
Off-the-shelf building block components to simplify assembly and servicing 
of smaller circuits. Alden miniature plug-ins are simple to install, can be 
knocked down and swiftly reassembled, and allow for 30-second replace* 
ment by handy spares. Their greatest virtue' elimination of costly down­
time. But they have other special assets:



Now In Operatlo
NEW PRODUCTS
DC Power Supply 395

Regulation is better than 0.1 %

Designed for laboratory use, this transistorized, 
de power supply has an automatic current limit­
ing circuit and a voltage regulation of better than 
0.1%. Short-circuit current can be selected on the 
front panel from the following: 40, 100, 200, and 
350 ma. Voltage range is 0 to 32 v. Input is 105 to 
125 v at 50 to 400 cps. Ripple is less than 1 mv 
and output impedance is less than 0.2 ohms.

Power Instruments Corp., Dept. ED, 235 Ore­
gon St., El Segundo, Calif.
Price & Availability: Price is $198. Delivery is 
from stock.

Thyristors 412
Germanium, pnp type

Types 2N1213, 2N1214, 2N1215, and 2N1216 
high-speed, bistable switching transistors, using 
the JEDEC TO-5 package, are designed for use in 
industrial and military data-processing systems 
and automatic-control systems. Germanium, pnp, 
diffused-junction types, these units combine the 
useful characteristics of Mesa transistors and 
thyratrons, are bistable, and perform like a switch 
with a memory. At 50 C, the dissipation rating is 
75 mw.

Radio Corp, of America, Semiconductor & Ma­
terials Div., Dept. ED, Somerville, N.J.

J
* .<

Connectors! 433
i For coaxial cable

Tantalum * ‘Tungsten 
Molybdenum * * Columbium 
Refractory Alloys and Products

The K-Grip rf connectors for coaxial cable 
eliminate the need for a captive contact. Con­
nector parts can be readily removed for inspec-

116

E^SteeL
YOUR HANDY GUIDE TO THE FASTEST SERVICE EVER . . .
new Fallsteel Warehouse Price and Stock List. Contact your Fansteel representative 

or write direct to Metals and Fabrication Division.

)
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t Fansteel
Now Order Refractory Metals Just As You Do Steel 
from the New Fonsteel Warehouse

MOLYBDENUM CRUCIBLES

MOLYBDENUM ELECTRODES

MOLYBDENUM TUBING

NICKEL-PLATED 
MOLYBDENUM SHEET

No more delivery worries. Just phone, wire or write — your 
request is immediately written up, checked and stamped “WARE­
HOUSE”, which means ‘‘In Stock—Rush!” In the warehouse, your 
materials are selected from waiting shelf stocks, sheared, cleaned, 
packed, whisked to the shipping dock... and your order is on 
its way, warehouse to you.

Complete warehouse service: cutting, slitting, other processing; 
... technical assistance to save you money, whatever your problem; 
... trained, experienced personnel to see that your order is shipped 
correctly and promptly. And ... as always, the best in tantalum, 
tungsten and other refractory metals from Fansteel... but faster.

As Fast, As Dependable As Requisitioning from Your Own Stockroom
Establish regular production schedules and know they’ll be kept 
without heavy inventory investments of your own. Accelerate your 
R&D schedules with the assurance of experimental quantities 
whenever you need them. Speed up your prototype or pilot runs 
with metals right oft the Fansteel shelves. Just call Fansteel.

All of These, Now Ready for Shipment
... and more types and sizes added to stock every day—

TANTALUM

Sheet from .005 x 10 x 156" 
to .125 x 12 x 12"

Foil from .00055 x 10 x Coil
to .004 x 10 x Coil

Rod and Wire from .002" to .750"

COLUMBIUM

Sheet from .005 x 10 x 30" 
to .125x12x12"

Rod and Wire from .002" to .250"

COLUMBIUM ALLOYS

TUNGSTEN

tion or replacement without impairing the elec­
trical characteristics of the cable assembly.

King Electronics Co., Inc., Dept. ED, 40 Mar­
bledale Road, Tuckahoe, N.Y.

DC Voltage Regulator 482
Is a 20-v power source

Model PR-10 de voltage regulator provides a 
dual plus and minus 20-v power source for as 
many as 18 subcarrier oscillators. Each regulator 
section supplies 20 v, regulated to ±0.5%. The unit 
withstands vibration loads of 20 g from 50 to 
2000 cps, and shock and acceleration of 200 g. 
Sealed in an all-aluminum case, the regulator 
measures 3 x 1-7/8 x 1-5/8 in. and weighs 9.8 oz.

United ElectroDynamics Inc., Dept. ED, 200 
Allendale Road, Pasadena, Calif.
Price ir Availability: Available from stock and 
delivered 10 to 30 days after receipt of order. 
Price is $465 for 1 to 9 units, $445 for 10 to 49, 
and $430 for 50 to 99.

Coaxial Terminations 398
Handle 1 w, cwFansteel “80" Metal

Fansteel "82” Metal

Sheet from .005 x ó x 18"
Io .125x7x10"

Rod and Wire from .063" to .875"

MOLYBDENUM

Sheet from .005 x 6 x 30" 
to .125 x 12 x 30"

Foil from .001 x 4 x Coil 
to .004 x 4 x Coil

Rod and Wire from .010" to 1.500"

ACIDPROOF TANTALUM 
CHEMICAL EQUIPMENT

Bayonet Heater*
Tapered Condentert 
Thermowell* 
Heal Exchanger*

TANTALUM SCREWS, 
BOLTS, STUDS

TANTALUM TUBING

Fansteel Metallurgical Corporation
North Chicago, Illinois, U.S.A.

«04

FAN^fFÊ!

Designed for use where a low-reflection, co­
axial load is required, these coaxial, type N termi­
nations have a vswr of 1.05 max from de to 1000 
me, a nominal impedance of 50 ohms, and a power 
handling capacity of 1 w, cw. Not affected by 
humidity or temperature changes, the units are 
supplied with individual calibration charts.

Maury & Associates, Dept. ED, 10373 Mills 
Ave., Pomona, Calif.
Price: $27.50 ea.

CIRCLE 104 ON READER-SERVICE CARD

ELECTRONIC DESIGN • June 8, 1960



<?cl®

the 
importance 

of being

BISTABLE
(especially if you're a transistor driving a relay)

NEW PRODUCTS

Digital Capacity Meter
Scans large numbers of capacitors

•

• •

s

480

If you’ve been toying with the idea of 
using a transistor circuit to drive a relay, 
here are «om<* fact« of life that may save 
you grief later on.Thc watchword is bistable 
operation — particularly with regard to the 
transistor.

What can make a mess of an otherwise 
compact, cool, low standby-power tran­
sistor is a driving circuit that leaves the 
little pill neither saturated nor cut off The 
transistor is then very apt to become an 
unstable, variable gain amplifier, when it 
should be taking a firm stand in favor of 
either "on’ or off The thing to do is 
design the input circuit properly so that it 
is responsible for the transfer from one 
stable state to the other (The Schmitt 
trigger circuit is an excellent for instance.)

Once you’ve got the transistor operating 
as a flip - flop and not as an amplifier, a good 
relay to use is a bistable type. Then the 
relay simply monitors the condition of the 
driving circuit, and success is practically 
around the comer (maybe). Magnetic 
latching relays are just such switches — 
and they have the added advantage of need­
ing no standby power Naturally, we have 
all sorts and kinds which all carry the 
designation ' Form ZZzzi

118

SIGMA
SIGMA INSTRUMENTS, INC.

91 Peari Street, So. Braintree 85, Mass.
AN AFFILIATK OF THU FISHM-PIFHCB CO. (Sine* 103«)
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For scanning large numbers of capacitors, this 
digital capacity meter measures capacitance and 
dissipation factors. The analog parameters are 
converted to their digital equivalents; the digital 
data is presented in both visual and 10-line deci­
mal contact closure form. Capacitance range is 
10 pf to 999.9 pf, dissipation-factor range is 0.001 
to 0.999, and accuracy is 1% ±1 digit. Test fre­
quencies are 120 and 1000 cps.

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

You won’t be completely out of the 
woods, however, until you’ve given some 
thought to (a) operating speed and (b) 
nature of the transistor load As for the 
former, you may be on the verge of tran­
sistorizing a tube-relay circuit and wonder 
why, all else being equal, the relay will 
operate slower from transistors. Although 
the transistor will do all sorts of wonderful 
things on less power, one thing it won’t do 
on less power is hurry the relay, The remedy 
is adding some external resistance and rais­
ing the source voltage — or lowering the 
impedance of the relay. As for the load the 
transistor must switch, it is well to remem­
ber that if it’s inductive (and a relay coil is) 
and the energy cannot be safely dissipated 
in the transistor, you’d better find another 
outlet. The lack of arc suppression in 
transistor circuits, when needed, inay not 
produce juicy blue sparks but the result is 
the same — quite rapidly.

Some of our application engineers are 
notoriously bistable, and depending on 
which state they are in when they hear from 
you, will undoubtedly send you either (+) 
circuit design ideas < based on the use of a 
Sigma relay) ot (— ' some zzzxz-inducing 
printed material on bistable applications. 
Zatisfaction guaranteed

447

These analog integrator networks consist of 1 
to 18 input branches and a feedback, integrating 
capacitor in an oil-filled, hermetically sealed can. 
Both the initial RC product and the drift co­
efficients of the RC product are individually, in­
dependently trimmed during manufacture with­
out the use of variable resistors or trimming 
controls. The absolute time-constant accuracy at 
25 C is ±0.01%. Maximum voltage retrace is 
±0.0005% during five cycles of 150 v for 30 min. 
Applications are as analog computer integrators, 
timing system operational amplifiers, timing de­
vices, and control devices.

Julie Research Labs., Inc., Dept. ED, 556 W. 
168th St., New York 32, N.Y.
Availability: Networks are made on order for six- 
week delivery.

Analog Integrator Networks
With double-trimming

We Can Make Alumina 
Ceramic Parts in Sizes 
from Micromodules to 

Nose Cones
You are looking at the largest 

high alumina Isostatically formed 
ceramic part in the world. It is 
12%/z outside diameter at the 
base and stands 40" high. This 
nose cone is the result of Coors 
research.

In my right hand you can just 
see one of the tiny micromodule 
wafers (.310" square x .010" thick) 
from our current production

If you need high strength 
alumina ceramic parts — large, 
miniature or in between, get in 
touch with us here in Golden or 
call the Coors regional sales man­
ager nearest you.

REGIONAL SALES MANAGERS
...............William. S. Smith. Jr. EM 6-8129—Redwood City, Calif. 
.................... John E. Marozeck FR 2-7100—Chic igo, Ill.
..................... Donald Dobbins

West Coast.

Midwest

Central...

East Coast.

New England

Southwest......

Southwest........

GL 4-9638 —Canton, Ohio 
.................John J. McManus MA 7-3996-Manhasset, N.Y. 
........... Warren G. McDonald I R 4-0663 - - Schenectady, N. Y. 
.... ......... .Kenneth R Lundy DA 7-5716—Dallas, Texas 
................William H Ramsey UN 4-6369—Houston, Texas

COORS PORCELAIN 
COMPANY

600 Ninth Street, Golden, Colorado
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SYLVANIA

MESA
TRANSISTORS ELECTRICAL CHARACTERISTICS AT Î5C

DISTRIBUTOR

CIRCLE IOS ON READER-SERVICE CARD

Note The product of high frequency beta times the frequency of 
measurement give s the frequency ft at which beta is unity.

2N705

30 MC NON-SATURATING FLIP-FLOP

Available now for reliable, 
high-speed switching!

CIRCLE 107 ON READER-SERVICE CARD 
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New, PNP diffused-base germanium units ... de­
signed, produced and controlled specifically for relia­
ble performance in high-speed switching service.

As with all Sylvania computer-type semiconductor 
devices, rigid quality controls are applied to the 
manufacturing processes and materials for Mesa 
Transistors. These assure exceptionally high perform­
ance, electrical uniformity and long life. Tests that 
simulate extreme environments give maximum assur­
ance of reliability.
Sylvania Mesa Transistors are available through your 
Sylvania Field Office or your local Sylvania franchised 
Semiconductor Distributor. For technical data, write 
Semiconductor Division, Sylvania Electric Products 
Inc, Dept. 186, Woburn, Mass.

-Y0/a^iA

SYLVANIA
SM/*? of GENERAL TELEPHONE & ELECTRONICS^)

2N705 GAIN BANDWIDTH PRODUCT v*.
COLLECTOR EMITTER VOLTAGE and COLLECTOR CURRENT

= JMm

'h 325 me

1P0 me

f, = 250 me

L = 225 me

1, - 100 mt
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NEW PRODUCTS

Has a bandwidth of 10 to 10,000 cps

calculators for

Distributor Service!

buffer preamplifh

computer can

sands of dollars

Is flame-resistant

Nome

MODEL 40PositionCompany

Address

Models 40 and 40P silicon transistor choppers

new electronic

one job, Clary

ELECTRONIC DESIGN • June 8, 1960

And if you use more than 4 calculators, 
the Clary DE-60’s speed and versatility 
can save you even more. It possesses the 
mathematical logic of giant computers, 
yet does not require technical person­
nel to program or operate. To find out 
more about it, mail in this coupon now.

Franchises available to qualified principals.

Developed for use

Type 1202 flame-resistant epoxy is suitable for 
such applications as computers. Several forms, 
including molded cylindrical and square shells, 
custom-molded components, and liquid resin, are 
offered. Dielectric constant at 1 meg is 5.6 and 
dissipation factor is 0.028.

Epoxy Products, Dept. ED, 137 Coit St., Irving­
ton, N.j.

NGAMO ELECTRIC COMPANY
Distributor Sales—Marion, Illinois

model AMP-677 amplifier has a bandwidth of 
10 to 10,000 cps (3-db points) and a noise equiva­
lent voltage of 3 mv for a 5-meg input impedance. 
Phase shift is negligible between 300 to 500 cps. 
Adjustable gains are possible by applying a proper 
summing resistor to the summing junction pin; a 
500-K resistor gives a gain of 10, and a 50-K re­
sistor, a gain of 100. The summing junction im­
pedance is 500 ohms max and typically 200 ohms. 
The 1-oz unit meets MIL-E-5400 and MIL-E- 
5272.

Bulova Watch Co., Electronics Div., Dept. ED, 
40-01 61st St., Woodside 77, N.Y.
Price & Availability: Available after June 1; de­
livery time will be 12 weeks. Unit price is $325.

Zone * State

■In Canada, Computing Device, ot Canada, lid. 
Ottawa, Ontario

CIRCLE 109 ON READER-SERVICE CARD
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Sangamo’s Industrial Distributor policy offers you the fastest 
possible service when purchasing mica, paper, plastic film and 
electrolytic capacitors. Quick local delivery is assured because 
these Authorized Sangamo Industrial Distributors maintain a 
stock of commercial and military capacitors available for your 
emergency requirements at factory prices. Your order is filled as

Clary Corporation • 
Computer Division 
Dept. ED-4 
San Gabriel, Calif.
Please send me com­
plete information on 
your new electronic 
computer, the DE-60.

Contact your Authorized Sangamo 
S Industrial Distributor listed at 
k right for the capacitors you need 

. . . when you need them

quickly as a capacitor can be 
taken off the shelf and delivered.

Silicon Transistor Choppers
Temperature range is —55 to ¿-150 C

W same day capacitor 

delivery for OEM's with



These qualified Sangamo Industrial 
Distributors will provide the capaci* 
tors you need.

ARIZONA 
Electronic Distributors Co., Phoenix

ARKANSAS
Lavender Distributing Corp., Texarkana

CALIFORNIA
California Electronic Supply Co., Los Angeles, 64 
Capacitors Inc., Los Angeles, 42 
Elmar Electronics, Oakland, 7 
Newark Electronics Co. Inc., Inglewood 
Radio Parts Co., San Diego

COLORADO 
Denver Electronic Supply Co., Denver, 4

D C. 
Electronic Wholesalers, Inc., Washington, 1

FLORIDA
Electronic Supply Co., Melbourne 
Electronic Supply Co., Miami, 32 
Goddard Distributors Co., W. Palm Beach

ILLINOIS 
Newark Electronics Corp., Chicago, 6 
United Television Co., Springfield

INDIANA 
Graham Electronic Supply, Inc., Indianapolis, 4 
Ft. Wayne Electronic Supply Inc., Ft. Wayne, 1 
LaFayette Radio Supply, Inc., LaFayette 
Muncie Electronic Supply, Inc., Muncie 
Ohio Valley Sound, Evansville, 13

KENTUCKY 
Lexington Electric Supply, Lexington

LOUISIANA 
Electronic Parts Corp., New Orleans, 19

MARYLAND 
D & H Distributing Co., Inc.. Baltimore, 30 
Wholesale Radio Parts Co., Inc., Baltimore, 1

MASSACHUSETTS 
Avnet Electronics Corp., Waltham 
Linear Electronics Co., Waltham, 54 
Sager Electrical Supply Co., Boston, 7

MINNESOTA 
Lew Bonn Co., Minneapolis, 3

MISSOURI 
Jones Electronic Sales, Inc., Kenses City, 11

NEW JERSEY 
Atlas Electronics, Inc., Fords 
Eastern Radio Corp., Clifton 
Federated Purchaser Inc., Mountainside 
General Radio Supply Co., Camden 
State Electronic Parts Corp., Whippany

NEW MEXICO 
Electronic Perts Co., Inc., Albuquerque

NEW YORK 
Adirondack Electronics, Inc., Schenectedy, 5 
Avnet Electronics Corp., Westbury, L. I. 
Boro Electronics Inc., Woodside, Queens 
H. L. Dalis, Inc., Long Island City. 6 
Electronics Center, Inc., New York, 11 
Harrison Radio Corp., New York, 17 
Higgins & Sheer Electronic Diet., Poughkeepsie 
Interstate Electronics, New York, 7 
Milo Electronics Corp., New York, 13 
Masline Electronics, Inc., Rochester, 4 
Quad Electronics, Inc., Brooklyn 
Radio Equipment Corp., Buffalo 
Syracuse Radio Supply, Syracuse 
Terminei Electronics, Inc , New York, 11

OHIO 
Mainline-Cleveland, Inc., Cleveland, 14 
John A. Becker Co., Deyton, 2

OREGON 
Eoff Electric Co., Portlend, 9

PENNSYLVANIA
D A H Distributing Co., Inc., Herrlsburg 
Herbach A Rademan Inc., Philadelphia, 7 
Philadelphia Electronics Co., Philadelphia 

'Fred P. Pursell, Scranton
TENNESSEE 
Electra Distributing Co., Inc., Nashville, 4

TEXAS
Graybar Electric Co., Dellas, 1 
Harrison Equipment Co., Inc., Houston. 1 
C. C. McNIchol, El Peso
WASHINGTON 
Cadfic Electronic Sales Co.. Sasttle, <|
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are solidly encapsulated units designed to alter­
nately connect and disconnect a load from a signal 
source. They may be used as synchronous demod­
ulators to convert ac to de. Able to operate over 
the temperature range of —55 to -f-150 C, the 
units perform linear switching or chopping of 
voltages from less than 1 mv to ±15 v. They can 
be driven from de to 50 kc. Model 40P is a plug­
in unit.

Solid State Electronics Co., Dept. ED, 15321 
Rayen St., Sepulveda, Calif.
Price & Availability: Model 4OP is priced at $79; 
model 40, $75. Delivery is one week after receipt 
of order.

RF Toroidal Coils 400
Inductance range is 1.5 to 18.7 mh

Stepping Motors
HIGH RELIABILITY 
POSITIVE LOCK
BI-DIRECTIONAL ROTATION

Series 1218 rf toroidal coils cover an inductance 
range of 1.5 to 18.7 mh. Typical Q-values are 150 
to 180 from 3 to 12 mc. Hermetically sealed, the 
units are for applications in rf filters, rf amplifiers, 
receivers, and general communications equipment. 
The case is 2-1/32 in. OD and 3/4 in. high.

North Hills Electric Co., Inc., Dept. ED, 402 
Sagamore Ave., Mineola, N.Y.
Price ¿7 Availability: Samples are priced at $4.75 
ea and can be delivered from stock.

Power Transistors 421
Are rated at 15 amp

Designed for high current switching, dc-dc con­
verters, and audio applications, these 15-amp tran­
sistors have collector-base breakdown voltages 
from 40 to 120 v and narrow beta spreads. Types 
2N1549 through 2N1552 have a gain of 10 to 30, 
types 2N1553 through 2N1556 have a gain of 30 
to 60, and types 2N1557 through 2N1560 have a 
gain of 50 to 100. The units can be used as 
switches at power levels up to 1200 w and have 
switching speeds from 15 psec to 30 psec.

Motorola Inc., Dept. ED, 5505 E. McDowell 
Road, Phoenix, Ariz.
Price & Availability: Price ranges from $3.35 to 
$12.75 ea when ordered in quantities of 1 to 99. 
Units are available through distributors.

1960

Curtiss-Wright Stepping Motors convert digital pulses into 
mechanical motion or work. Available in two models. Features 
include: Complete static and dynamic balance • Withstand high 
shock and vibration • Long life, light weight • High starting 
torque • Withstand environmental temperatures of + 165°F.

Write for complete Components Catalog 260 to help you select Curtiss- 
Wright electronic components for use where dependability is essential.

NEW CURTISS-WRIGHT DUAL TIME DELAY RELAYS
Our new series of Dual Relays include these outstanding fea­
tures: Instantaneous resetting contacts, chatter-free operation, 
voltage and high temperature compensation, compact size, 
designed for use in critical shock and vibration environments.

COMPONENTS DEPARTMENT • ELECTRONICS DIVISION

CURTISS WRIGHT
CORPORATION • EAST PATERSON, N.J.

TIME DELAY RELAYS DELAY LINES ROTARY SOLENOIDS DIGITAL
MOTORS • TIMING DEVICES • DUAL RELAYS • SOLID STATE COMPONENTS 
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NEW PRODUCTS

Linearity is 0.25%

ANNOUNCING A
NEW CORPORATE NAME

services

For sizes 10 to 22 wire

Welding Device
Is rated at 2700 w-sec

122

To help you in selecting or applying 
these products, Garlock offers the

This high-speed terminal-attaching machine in­
stalls a variety ot terminal styles on sizes 10 to 
22 wire. Terminals may be ring, spade, fork 
hook, snap-on. and snap-in types, with or without 
insulation grip. A change in the wire size is accom­
modated by turning the selector dials, which auto­
matically provide necessary* adjustments.

The Thomas & Betts Co., Dept. ED, Elizabeth 
1,N.J.
Price ir Availability: Machines are far lease or 
rental.

Linear-Variable-Differential 
Transformer

over 126 thoroughly-

For installation in drying chambers where tran­
sistors and other electronic components are as­
sembled, type M welding device is rated at 2700 
w-sec or 50 kva ac. The unit permits the use of 
low welding currents and low electrode pressures 
An electronic timer provides for precise control. 
Welding is initiated by foot or palm switches or 
by automatic programing.

Raytheon Co., Product Equipment Operations, 
Commercial Apparatus & Systems Div., Dept. ED, 
87 S. Bedford St., Manchester, N.H.
Price: $1250 ea.

Type 360-1 linear-variable-differential trans­
former has a range of ±0.15 in. and a linearity 
of 0.25% or better. The unit operates from 6.3 v 
at 60 cps and has a sensitivity of 10 v per in. 
Operating temperature range is —60 to -|-220 F. 
For measuring or sensing linear motion, the trans­
former consists of a primary winding and two 
secondary windings spaced axially along an en­
capsulated bobbin. It can be used to measure 
changes of linear motion as small as 0.0001 in.

Magnetic Instruments Co., Inc., Dept. ED, 546 
Commerce St., Thornwood, N.Y.
Price: Standard production models are priced at 
$25 to $95 ea in small quantities.

for The Garlock Packing 
Company
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Garlock Inc. becomes the new name for 
The Garlock Packing Company, Palmyra, 
N. Y., to reflect more accurately its broad 
diversification of products and markets.
Originally established to manufacture 
mechanical packings, Garlock now 
produces over 2,000 different styles of 
packings, gaskets, seals, molded and 
extruded rubber and plastic products 
for every major industry.
The new corporate name, Garlock Inc., 
more closely identifies this 73-year-old 
company with the growth and develop­
ment of its product lines. Today, 
industry goes to Garlock for such widely 
diversified products as:

• Hydraulic-Pneumatic Packings
• Oil and Grease Seals
• Gasketing and Expansion Joints
• Braided Packings
• Molded and Extruded Rubber 

Parts
• Plastic Stock Shapes and Fabri­

cated Parts
• Mechanical Seals for Rotating 

Shafts
• Metal Packings
• Leather Packings
• Electronic Components
• Dry Bearing Materials
• Fluorocarbon Tank Linings
• Missile and Rocket Components

trained sales engineers, 175 electronic 
component manufacturers’ representa­
tives, 180 authorized bearing distribu­
tors and 69 foreign distributors. Con­
veniently located warehouses and 
stocking points assure Garlock cus­
tomers of prompt delivery.
At Garlock Inc., design and development 
of new or improved products and 
materials is an ever-present objective. 
To this end Garlock maintains exten­
sive research and laboratory-test facili­
ties. In addition, Garlock engineers 
and chemists are always ready to work 
with you in seeking solutions to tough 
application problems.

To find out more about "the new 
Garlock,” call the nearest of our 26 
sales offices, or write to Garlock Inc., 
Palmyra, N. Y. To assure prompt atten­
tion, please refer to Garlock Inc. on all 
future correspondence and orders.
Canadian Div.: Garlock of Canada Ltd.
Ord«t from the Garlock 2,000 . . . two 
thousand different styles of Packings, 
Gaskets, Seals, Molded and Extruded 
Rubber, Plastic Products.
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Radar Camera 515 
Test Set

Provides four test phases
Model LM-56A radar-recording- 

camera test set, for testing the qual­
ity and reliability of radar film re­
cordings, provides the following 
test phases. Phase I provides a 
simulated sweep display to check 
shutter operation and film shift. 
Phase II photographs the display of 
the camera being tested to deter­
mine shutter-open and shutter- 
closed time periods within 0.001 
sec. Phase III inspects exposed film 
to check camera accuracy for alter­
nate photographing of a radar scope 
display and the target, which are 
simultaneously viewed through a 
bombsight. Phase IV provides elec­
trical pulses to check camera con­
trols.

Mast Development Co., Inc., 
Dept. ED, 2212 E. Twelfth St., Dav­
enport, Iowa.
Availability! Units arc made. on or­
der and can be supplied in 90 days.

Multivibrators 521
Weigh less than 2 oz

These plug-in multivibrators are 
for use in pulse and gate genera­
tion, delay, counting, and amplitude 
comparison. Each unit weighs less 
than 2 oz and measures 7/8 x 7/8 x 
1-7/8 in. Nuvistor vacuum tubes are 
used. The MMV monostable units 
provide rectangular output pulses 
or gates lasting from 1 psec to 1 
sec. The AMV astable series pro­
vides symmetrica] or asymmetrical 
gate outputs at rates to 10 me. The 
BMV bistable series has a flip-flop 
for gating and binary counting ap­
plications and comes in three types 
with switching rates of 0.1, 1, and 
10 me. Capable of switching rates 
to 1 me, the ST Schmitt trigger se­
ries requires a quasi-descript input 
signal and can be used for ampli­
tude comparison applications.

Mini-Rad, Inc., Dept. ED, 7416 E 
Vama Ave., N. Hollywood, Calif. 
Price & Availability! Prices range 
from $28 to $125 ea for 1 to 9 
units Delivery is in two to four 
weeks.



NEW PRODUCTS
C-Band Cavity

Tunable from 5350 to 5950 mc

New Versatility.

Compactness...Low Cost
Here is the traditional reliability of

with ainstrument-type switches

Vacuum Pump

For use up to 1000 me
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Designed for use in radio interference sup­
pression, these miniature feedthrough capacitors 
are for use up to 1000 mc. Attenuation charac-

CLUSTERARM. Up to 32 fingers. May 
be ganged with standard decks.

SPRING RETURN. 1- or 2-way ac­
tions. Up to 8 positions each side 

of rest position. Up to 4 decks, 
shorting or non-shorting.

DUAL SHAFTS: Up to 8 decks may be 
ganged. dia. inner shaft 

may control up to 4 decks or other 
devices—rheostats, pots, 

condensers, etc.

PRINTED CIRCUIT: 0 031” dia. ter­
minals on last deck mount in 

printed circuit boards up to 
thick. Up to 6 decks may 

be ganged

great variety of electrical and mechani - 
cal features ... in a compact design 
that measures only 1%" square by 1" 
for the first deck, 9/16" for each addi­
tional deck.

Readily tailored for almost any ap­
plication, Shallcross MINIATURE 
SWITCHES handle not only r-f, plate 
and filament currents, but also 60- and 
400-cycle power and metering circuits, 
maintaining a contact resistance of only 
0.002 ohms for a minimum of 10,000 
operations

The basic design has silver alloy, 
multi-leaf wiper arms and button con­
tacts with 1 to 32 positions per pole, 1 
to 4 poles per deck, 1 to 19 decks, short­
ing or non-shorting action. Nylon bush­
ings, alkyd rotors and glass-epoxy 
stators provide superior strength, wear, 
insulation, temperature and moisture 
characteristics.

Shallcross' unique semi-automatic 
assembly using stock parts insures 
quick delivery of the exact switches 
for your requirements. Complete de­
tails on this important new switch 
series will gladly be sent on request by 
Shallcross Manufacturing Co., 
Selma, North Carolina.

Used in beacons, transponders, and similar ap­
plications, this miniaturized C-band oscillator 
cavity is tunable from 5350 to 5950 mc. It uses 
GE tube type 7486, an oscillator version of 
7077. Depending on the individual tube selected, 
output powers over 50 w are possible at the low 
end of the band. Minimum peak powers are put 
at 10 w for the entire band. The unit withstands 
a shock of 100 g for 3 msec in each of three 
major axes. It weighs about 4 oz and measures 
1 in. diam by 2-1/2 in. long, excluding mounting 
brackets and output connector.

Trak Electronics Co., Microwave Components 
Dept,, Dept. ED, 49 Danbury Road, Wilton, 
Conn.
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©
Technical Brochures are i 
available upon request.

Automatic
ZÄv METAL PRODUCTS CORP

323 BERRY ST, B’KLYN UN Y 

Telephone EVergreen 8-6067

SPECIAL 
MINIATURE SWITCHES

High-speed type

Model PDV-30 vacuum ion pump has the fol­
lowing pumping speeds: air at 25 liters per sec, 
argon at 8 liters per see, methane at 28 liters per 
sec, and hydrogen at 15 liters per sec. Speeds are 
constant over the entire pressure range. Pressures 
to J x 10-1“ mm Hg are possible. Applications in­
clude semiconductor processing, thin film work, 
vacuum tube processing, and electron microscopy.

(Consolidated Vacuum (Corp., Dept. ED, Roches­
ter, N.Y.
Price: $1630 fob Rochester.

Connectors

MHV

UHF

unti

Shallcross

INSTRUMENT 
SWITCH

i QUALITY

MMT j

MSM j

BSM I 

TSM I 

SMP j 
F

BNC I
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ULTRA-FAST SILICON DIODE

PLANAR RELIABILITY

4m/tsec RECOVERY

4300 REDWOOD HIGHWAY • SAN RAFAEL, CALIFORNIA 
GLENWOOD 6-1130 • TWX SRF 26

For more information circle 240 on 
Reader Service Card

Dara»
ULTRA-FAST SILICON DIODE

PLANAR RELIABILITY

4m/zsec RECOVERY

4300 REDWOOD HIGHWAY • SAN RAFAEL, CALIFORNIA 
GLENWOOD 6-1130 • TWX SRF 26

For more information circle 241 on 
Reader Service Card

CIRCLE 240, 241 ON READER-SERVICE CARD

teristics are excellent. Suited for many radar and 
communications applications, the units come in 
non-magnetic tubular cases made to stand en­
vironmental extremes. Standard types are mylar, 
foil, metallized paper, polystyrene, metallized 
mylar, and hermetically sealed paper.

Hopkins Engineering Co., Dept. ED, 12900 
Foothill Blvd., San Fernando, Calif,

Reference Diodes 438
Voltage ranges from 3.3 to 12 v, ±5%

PRECISE

COAXIAL TUNERS
TUNE TO

VSWR 1.000 200-4000 MCS*

Designated USN 1N746, this glass reference 
diode series includes 14 standard types of silicon 
diodes with voltage ranges from 3.3 to 12 v ±5%, 
and dissipates 400 mw at 25 C. The series meets 
MIL-E-1/1258 (Navy) and/or MIL-E-1/1259 
(Navy). Another diode series, USN 1N1816, in­
cludes 42 standard types of silicon power regu­
lator diodes with voltage ranges from 10 to 150 
v ±5%, and dissipates 10 w at 50 C. It meets the 
same requirements.

Texas Instruments, Inc., Semiconductor-Com­
ponents Div., Dept. ED, Box 312, Dallas, Tex.

Electronic Counter
Bi-directional

Model 500T add-subtract electronic counter 
operates in a control counter having bi-directional 
capability, anti-coincidence input circuits for add- 
subtract inputs, a digital-to-analog converter, and 
an excess error alarm. The unit can be used for 
digital control of such parameters as flow, rpm, 
positioning of parts, and shearing.

Erie Pacific, Dept ED, 12932 S. Weber Way, 
Hawthorne, Calif.
Availability: Units can be delivered in 60 days.

1960

MAKES YOUR LOAD A REFLECTIONLESS TERMINATION

DESIGNED FOR USE whenever extremely accurate RF power 
terminations are required. This laboratory type Coaxial Tuner 
will tune out discontinuities of 2 to 1 in coaxial transmission 
line systems or adjust residual VSWR to 1.000 of loads, 
antennas, etc. May also be used to introduce a mismatch into 
an otherwise matched system.
M. C. JONES COAXIAL TUNER is designed for extreme ease of 
operation, with no difficult laboratory techniques involved. 
Reduces tuning time to a matter of seconds. Graduations on 
carriage and probe permit resetting whenever reusing the same
termination.
Impadanrn
Frequency Range

RF Connector*
Power Rating
Rango of Correction

SPECIFICATIONS
50.0 ohm»
Model 151N 200-1000 Mcs.
Modal 152N 500-4000 Mcs.
EIA %' 50.0 ohm Flange plus adaptors to N female connector 
100 watts
VSWR as high as 2 may be reduced to a value of 1.000

FOR MORE INFORMATION ON TUNERS, DIRECTIONAL COUPLERS, ». F. LOADS, Etc. 
PLEASE WRITE TOt

M. C. JONES ELECTRONICS CO., INC
185 N. MAIN STREET, BRISTOL, CONN. 

SUBSIDIARY OF

CIRCLE IIS ON READER-SERVICE CARD
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NEW PRODUCTS

Availability: Delivery time is 30 days.

Product Recorder

Ferrite Isolators
Come in six models

$750.00Price: Model 415

For full details, write

Cataloged in EEV Sec. 4700 ana Radio Master
These six models of ferrite isolators each con-

CIRCLE 117 ON READER-SERVICE CARO

126

sist of rectangular waveguide with a permanent­
magnet transverse field and ferrite sections built

Weston Instruments Div., Daystrom, Inc.. Dept. 
ED, 614 Frelinghuysen Ave., Newark 12, N.J.

The new Keithley Model 415 micro­
microammeter offers high speed of re­
sponse accuracy, and zero suppression.

A speed of response of less than 600 
milliseconds to 90% of final value at 
10'12 ampere is possible where external 
circuit capacity is 50/^1 Accuracy is 
±2% of full scale on 10 8 through 10"8 
ranges and ±3% on ranges below. Zero 
suppression permits full scale display 
of one per cent variations of a signal

The 415 is ideal for use with ion 
chambers, ionization gages, gas chroma­
tography. mass spectrometry.

new, high-speed 
micro-

Rosponse to a current step of 1O~” amp. 
Input capacity is 35 MMf One major hori 
zontal division equals 200 milliseconds.

Remember. HI-RELIABH.1TY, comes only from experience and know-how and VECO 
has years of manufacturing and design experience m solid state elertronics, a seasoned staff 
of engineer« and a rigid quality control system.

HI RELIABILITY is yours for the asking—write for the VFCO Technical Catalog with 
data on mort than 650 stock items -Manufactured to MIL 9-5923 and other applicable MIL 
Standards \

.. . with only four controls has simplicity for use by production personnel, 
accuracy for 'aboratory or R and D. Time delayed AGC eliminates bridge 
volts control and speeds balance adjustments. A chopper DC amplifier 
gives excellent discrimination even when measuring very high or low 
resistance. Results are DIRECT READING without calculations Mistakes 
are almost impossible with Model 868B—another MARCONI INSTRU­
MENT you will enjoy using

VECO glass enclosed thermistors are not adversely affected by radiation.

VECO alM manufacturei varistors, «lectronlc controls, gas analysis cells, combus­
tion analynrs, electronic and thermal instruments, medical snd biological mstru 
mentation and temperature sensing devices.

100 Springfield Road, Union, N. J. 
MUrdock 8-7150

source 
anufacturers

The Rl, series of solid-state, low-level, PAM/ 
PDM multicoders is built for ground environ­
ments, such as rocket test stands, wind tunnels, 
and similar ground installations. Output signal 
level is 5 v, full scale. Gating circuitry eliminates 
switch transients at the beginning and end of the 
pulses. Input is 115 v at 60 cps. The unit shown 
is a 90-channel, universal type with a linearity of 
within 0.25%.

General Devices, Inc., Dept. ED, Princeton,

PAM/PDM Multicoder
For rocket test stands

THEfiM
VECO is the app 

leading missile yd

SPECIFICATIONS

Ranges: W1», 3x10-“, 10 “ 3x10 “, 
etc. to I0*8 ampere f.s.
Accuracy: ±2% f.s. 10-sthrul0-xamp; 
±3% f.s. 3x 10"» thru 10-*» amp.
Zero Drift: Below 2% of fj. per day.
Input: Grid current below 5x10“ amp.
Output: 1 v f.s. up to 5 ma. Noise less 
than 20 mv.
Rise Time: On 10-li amp range — at 
50, 150, 1500 w*f Cm — rise time is .6, 
.8, 2.5 sec. respectively to 90% of final 
values; decreasing to .001 sec. on all 
ranges at 3 x 10"» amp and above for 
stated input capacitances

CIRCLE 116 ON READER-SERVICE CARD 
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111 CEDAR LANE • ENGLEWOOD, NEW JERSEY 
CIRCLE 116 ON READER-SERVICE CARD

22 Decade Ranges:
luH to 100H. to IOOaF. 0.18 to 100MI?.
Dual Frequency, 1 & lOKc. R measured at DC.
Over 30 effective scale length. Direct Reading. 
Built-in Oscillator and tuned VTVM Detector.

For multiple measurements

Model 6717 product recorder is suited for watt 
and kilowatt recording and for multiple measure­
ments such as weight and speed or flow and 
density. The recorder houses two independent 
measuring systems within a single case. Employing 
two electronic amplifiers, the instrument operates 
on a null-balance principle. Chart speeds are 1 in. 
per hr to 0.5 in. per min. The scale measures 10

$475

NEW 1% UNIVERSAL BRIDGE

Model 
868B



Vibration Test Chamber
Access ports are in bottom and side

STAR STAINLI
Microminiature Connectors HANDLESHave 2, 3, 4, 5, and 7 contacts

& HINGES
RIGHT OFF THE SHELF

length. Also description of(signal-to-noise ratio) against

CIRCLE 121 ON READER-SERVICE CARDCIRCLE 120 ON READER-SERVICE CARD
127

physical forms available and a quick summary of basic effects. 
To get your free copy, write to Special Products Sales,

published 
by KODAK

Send for YOUR Catalog today. 
l»tttrhKd please.

ELECTRONIC DESIGN • June 8, 1960

EASTMAN KODAK COMPANY 
Rochester 4. N.Y.

Available with 2, 3. 4, 5. and 7 contacts, the 
4A connectors have a 0.5-in. diam. They are 
waterproof and resist high breakdown voltages. 
Positive locking is by means of a lockband that 
latches automatically. Sockets are closed-entry 
type.

Viking Industries, Inc., Dept. ED. 21343 Ros­
coe Blvd.. Canoga Park. Calif.
Price ir Availability! Price is about 85 ea when 
ordered in quantities of 100. Delivery requires 
two to four weeks.

into the unit. The following frequency ranges are 
covered: 2:6 to 3.95 kmc; 3.95 to 5.85 kmc; 5.85 to 
8.2 kmc; 7 to 10 kmc; 8.2 to 12.4 kmc, and 12.5 to 
18 kmc. Most models have a 1.15 vswr. Average 
power ranges from 5 to 20 w.

General Precision Inc., Kearfott Div., Micro­
wave I’roducts, Dept. ED. 14844 Oxnard St., Van 
Nuys, Calif.

If you are working with infrared-actuated devices, you need this 
new Kodak folder, Kodak Ektron Detector» It tells what you need 
to know about types and availabilities of these photosensitive 
resistors.

There are curves for the six different depositions available in 
Ektron Detectors that give specific responsivity and detectivity

Model FBV-8-3-3 temperature-vibration test 
chamber has vibration access ports through the 
bottom and through the side. A hydraulic lift as­
sembly is used. Standard temperature range is 
—100 to +300 F. The chamber is mounted on 
heavy-duty’ 5-in. casters with wheel locks. Interior 
size is 26 x 26 x 24 in.

Conrad, Inc., Dept. ED, 141 Jefferson St., Hol­
land, Mich.
Price ir Availability: Price ranges from $6500 to 
$7500. Delivery is 45 to 60 days after ordering.

Pull and r<rop type Rod Handles 
Hosp<tal type, Welded Fixed Pin 
and Loose Pin Butt Hinges, blanks 
.nd with hole piercings

New 
I960 

Cata­
log 

Now 
Ready

SEE OUR ADVERTISEMENT ON PAGE 155
CIRCLE 119 ON READER-SERVICE CARD

Special Hinges in Steel, Brau and 
Aluminum made ta order.

These ere |ust two bnr s in Star's 
stock >f stainless s»eei fastenings 
□nd hardware listed in our 1960 
Catalog.

STAINLESS STEEL 300 A «00 Senes 
• BOLTS A NUTS • WASHERS 
• PINS • AN & MS FASTENERS.

Star stainless screw co.
■ * 663 Union Blvd., Patonon 2, N J.
B Telephone: CLifford 6-2300

Direct New York phone: Wisconsin 7-6310
■ 1 Direct Philadelphia phone: WAInut 5-3660

PRECISION OPTICS FOR INFRARED SYSTEMS
DOMES. HYPERHEMISPHERES, LENSES. WINDOWS, PRISMS AND OTHER SPECIAL SHAPES

■LISTON, MASSACHUSETTS

CORROSION 

RESISTANT

KODAK
EKTHOM 

DETECTORS

Liz RAF^SMANSHIP
IN CRYe^ALS

SINCE
1931



NEW PRODUCTS

Has 2 deg of freedom

Dit L£C-»IC

CIRCLE 123 ON READER-SERVICE CARD

Furnaces
For use in semiconductor manufacture

or CUCLAD TEFLON GLASS

• EASILY SOLDERED UNIFORM DIELECTRIC

Magnetic Memories

WRITE FOR COMPLETE DATA

The Series 3100 magnetic memories, high-

iiEiSONi . . t ^. mfEti ClOtHS ÀNÓ Tl

Write for Bulletin UE
CIRCLE 122 ON READER-SERVICE CARD
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Have apertured ferrite 
plates or core arrays

Type PHU miniature electric gyro has 2 deg 
of freedom and is able to maintain its accuracy in 
severe operating conditions. The unit measures 
2 x 2.5 in. and weighs 250 g. Scorsby drift is 1 deg 
per min. with outer gimbal readout.

Greenleaf Manufacturing, Div. of Mandrel In­
dustries, Inc, Dept. ED, 7814 Maplewood Indus­
trial Court, St. Louis 17, Mo.
Availability: Built to production order only, units 
can be delivered in about 60 days.

advancement 
in instrume nt 

design
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LAMICOID® LAMINATES

Honeywell
¡FUTURE H

MIL 2!6*(MR26) and MIL 3'/2" (MR36) sizes. 
Also 1!4" Ruggedized and 4'/z" Sealed 
Models ua, ma, amp, mv, voit, kv, ac rectifier 
types for voltage, decibel and VU measure­
ment. Standard ranges Bulletin on request. 
Marion Instrument Division, Minneapolis­
Honeywell Regulator Co, Manchester, N. H , 
U.S.A. In Canada, Honeywell Controls Limited, 
Toronto 17, Ontario

SEALED 
RUGGEDIZED 
PANEL METERS

!TE<y ANO ISOMICA® PRODUCTS

HERMETICALLY SEALED . . . GLASS-TO-MET AL

For use in the semiconductor industry, the DZ 
series gas-diffusion furnaces provide stepless 
temperature control with controlled rectifiers. 
Single and two-zone diffusion types are offered.

BTU Engineering Corp, Dept. ED, 179 Bear 
Hill Road, Waltham 54, Mass.
Price ¿r Availability: Price ranges from $3500 to 
$6950 ea, depending on unit. Delivery requires 
eight to ten weeks.

TEFLON GLASS
No. 6098

The “Original” 
MIL-M-10304-A 

Instrument

speed, coincident-current, random access storage 
units, have apertured ferrite plated or core mem­
ories. The range of storage capacities is 128 to 
4096 words and 4 to 64 bits per word, permitting

1 2 3 4 5 6 7 8 9 10 11 « 13 1«<Ï 
LAMICOID NO 6098 LOT NO.

CM>tn st He 8088
mtM -005 fr»« let to lot »« Mtc> to >«tc»

CONSTANT (2.6 ± 0.05) • SHOCK RESISTANT 
• LOW LOSSES OVER WIDE FREQUENCY RANGE 
• EXTREME CHEMICAL AND ABRASION RESIST­
ANCE • HIGH HEAT RESISTANCE (250 C continuous)
Available plain or with 1 or 2-ounce copper 
foil bonded to one or both sides, No. 6098 
LAMICOID is extremely uniform, rugged 
and thermally stable.

combines these properties
• READILY MACHINED TO CLOSE TOLERANCES

MICA 
INSULATOR

DIVISION OF MINNESOTA MINING & MFG. CO. 
120 BROADWAY, SCHENECTADY 1, N. Y.

Now you can read shaft

FOR LOW LOSSES AND HIGH 
RELIABILITY JN MICROWAVE 
AND UHF ASSEMBLIES

positions to one second of arc • .

directly with the Gurley
Optical Coincidenc* 
Reading System 
complete with 
a precision 
glass circle

A bulletin illustrating the how and why 
of UNISEC is yours for the asking.

w & L. E. GURLEY . TROY. NEW YORK



exact match of memory for telemetering, multi­
plexing, and data distribution, communication 
links and displays, and control equipment. Input 
signals are pulses or levels at 0 to —6 v; output 
data is taken as a level from flip-flop register at 
0 or —6 v.

Rese Engineering, Inc., Dept. ED, 731 Arch 
St., Philadelphia 6, Pa.

DRESSEN 
BARNES

Ready for Delivery
TWO NEW TRANSISTORIZED 

LABORATORY DC POWER SUPPLIES

SETS THE PACE
MODEL NO.

DC OUTPUT 
VOLTS AMPS

REGULATION* 
LINE (105-125V) LOAD RIPPLE IMPEDANCE PRICE

Power Supply
Dual range type

FOR SPACE AGE
62-150 .5-100 0-1.0 2MV fe 0.5V 

out to 50 
MV @ 100V 
out

3MV fe ,5V 
out to 25 
MV @ 100V 
out

less then 
1 MV RMS

0.05 ohm fe DC 
0.5 ohm fe 500 
KC

810.00

JH» ■m— x DC POWER
62-151 .5-100 0-3.0 2MV @ 0.5V 

out to 50 
MV fe 100V 
out

6MV @ 0.5V 
out to 75 
MV @ 100V 
out

less than 
2MV RMS

0.03 ohm @ DC 
0.5 ohm @ 500 
KC

925.00

*62-150: Below 3 Volts, Regulation applies Irom 0.2 amp to 1.0 amp.
62-151: Below 3 Volts, Regulation applies from 0.6 amp to 3.0 amps.

• k“ «Z« k «mwmi / , 1 ° /■ 
t>-c vorn «

Model TP-36/18 de power supply delivers up 
to 2 amp at 0 to 18 v in the first range and up to 
1 amp at 0 to 36 v in the second range. For both 
ranges line regulation is 10 mv and load regula­
tion is 5 mv. Ripple is 0.2 mv rms. Short-circuit 
protection, remote-programing, and remote-sens­
ing are provided for.

Invar Electronics Corp., Dept. ED, Pasadena, 
Calif.
Price & Availability: $275 ea; from stock.

Resistor Circuit
Is stable to 500 C

Stable to 500 C, this metdl resistor circuit is 
available on ceramic substrates made to customer 
specifications. A resistance range of 30 to 70,000 
ohms per square is offered, making it possible to 
obtain resistance values of 100 ohms to several 
megohms in a short straight path without the use 
of grid or lattice patterns. Resistance patterns can 
be designed to permit the addition of capacitors, 
diodes, transistors, inductors, and other compo­
nents.

Chicago Telephone Supply Corp., Dept. ED, 
Elkhart, Ind.
Availability! Made to customer requirements.

R DRESSEN-BARNES CORP.
230 North Viñedo Avenue, Pasadena, California

CIRCLE 125 ON READER-SERVICE CARD

FOR TIMELY 
DESIGN 
INFORMATION

DELAY UNES

In Electronic Design, engineers find not only more new 
products, but all the new products normally encountered in 
the design of electronic original equipment. 26-time publish­
ing frequency brings this information quickly to the engi­
neer’s attention, timed to a fast-moving industry. Electronic 
Design is more up-to-the-minute, more complete, more help­
ful, and easier to read than any other electronic publication. 
No wonder more and more engineers read Electronic 
Design first!

ELECTRONIC DESIGN
a HAYDEN publication

890 THIRD AVENUE, NEW YORK 22, N. Y.

capacitors.

ALLEN 
AVIONICS

uu uQvuuw.uu.ped 
constant, phase and fre­
quency compensated De- 
lav Lines, utilizing sub*

Write for your copy today!
ALLEN AVIONICS, INC.

PRECISION COILS. CAPACITORS. DELAY LINES FILTERS. TRANSFORMERS

25S EAST SECOND STREET • MINEOLA, NEW YORK 
Phon. PI«nMr 7-5450

CIRCLE 127 ON READER-SERVICE CARD
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NEW PRODUCTS
Servo Amplifier 382

Has a ±2-pv stability

FROM BLANKS

CONTROL'S
NEW

SENSITIVE 2 AMP RELAY
for

*15 g to2000 cps vibration

OPERATING CONDITIONS:

AVERAGE PULL-IN POWER: 
SPDT 25 milliwatts at 25°C 
DPDT 40 milliwatts at 25°C

CONTACT RATINGS:
Non-inductive — 2 amperes at 29 volts d-c 

or I ampere at 115 volts a-c
Low level contacts are available on request

VIBRATION:
5-55 cps at 0.12 inch double amplitude 

55-2000 cps at a constant 15 g
*20 g available on request

SHOCK:
50 g operational

TERMINALS:
0.2 inch grid spaced

WEIGHT:
1.1 ounce maximum

Write for Bulletin J SHU 62

© ALLIED CONTROL @
ALLIED CONTROL COMPANY, INC.
B BAST BND AVBNUB, NBW YORK Bl. N. Y.

CIRCLE 128 ON READER-SERVICE CARD

This high-gain servo amplifier is sensitive to a 
3-pv change in input signal and has a stability of 
±2 pv. The unit can be used in self-balancing 
instruments in laboratory applications and in in­
dustrial process control systems. It is able to dif­
ferentiate the polarity of a low-level, de input 
signal, converts it to ac and amplifies it sufficiently 
to drive a servo motor. A servo motor is supplied 
with the amplifier. Operating power is 117 ±10 
v at 50 or 60 cps.

Thermo Electric Co., Inc., Dept. ED, Saddle 
Brook, N.J.

H. 0. Boehme, Inc. is unsur- 
passed as a facility for the 

k^ye production of quality preci- 
995a 9 sion products Over 3 decades 
■ of experience on specialized 

precision work in the fields 
of Instrumentation and Auto- 
mation has provided us with 

the rare discipline required to produce custom- 
made fine pitch precision gears to A.G.M.A. 
Precision #3 specifications and the closest 
of tolerances. Our engineering staff is pro­
gressive, our craftsmen are highly skilled and 
experienced, our facilities include the latest, 
accurate fabrication and testing equipment.

TO ASSEMBLIES

Data Logger 415
For strain gage, thermocouple, or millivolt inputs

Model 179 100-channel data logger is for strain 
gage, thermocouple, and millivolt inputs. Elapsed 
time is 20 sec. Accuracy is ±0.5% of full scale 
for strain and ±1% for temperature. Range is 0 to 
±10,000 pin. per in. for strain and 0 to 3000 F 
for temperature.

Gilmore Industries, Inc., Dept. ED, 13015 
Woodland Ave., Cleveland 20, Ohio.

Transistor Tester 441
For power and signal transistors

The Boehme gear assembly shown here de­
mands perfect timing between gear elements, 
a relationship that can only be obtained by 
gears of perfect true form.
Modern industrial techniques and a rigorous 
quality control system enables us to offer you 
high precision products to meet your exacting 
specifications and tolerances, and at the same 
time to keep production costs within budget­
ary limitations. Whatever your need—design, 
engineering, precision products, custom-made 
gears and assemblies—in small quantity or 
in production runs—your inquiries are invited. 
There is no obligation, of course.

For testing power and signal transistors, model 
2590 tester provides for testing Icco at 9.5 v, Lbo

Contracter!, tMgmn, Manufartursri 
of PntitÌM Eloctricaf, 
Mechanical ami Electronrc jps 
Equipment tinn 1917 1I J I PJ
915 Broadway W ILU

New York 10, N. Y.
CIRCLE 129 ON READER-SERVICE CARD
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Service-Seasoned 
Available Now

at 9.5 v and beta amplification at 3 v. Both npn 
and pnp types can be tested. The unit also 
checks leakage and forward currents of diodes. 
A transistor socket and external leads permit test­
ing with any type of base arrangement

Triplett Electrical Instrument Co., Dept. ED, 
Bluffton, Ohio.
Price ir Availability: Price is $49.50 ea. Units 
are in stock.

Wirewound Resistors 450
For continuous operation at 300 C

SOLID-STATE A-C 
SERVO AMPLIFIER

Designed specifically for use in 
115 volt, 400 cycle systems, this 
United Control servo amplifier 
drives standard Size 11, 40-volt 
center-tapped servo motors. Its 
performance has been proved in 
service on a high-performance 
military aircraft, and it is qualified 
to applicable portions of MIL-E- 
005272B. Transients on power in­
put leads up to 190 volts for 100 
milliseconds will not damage the 
unit. Gain stability of ±2 db is 
maintained over an operating 
temperature range of -55°C to 
4-102°C. Now in production, your 
requirements can be scheduled 
for early delivery. Firm prices re­
flect manufacturing efficiencies 
gained from experience.

CHARACTERISTICS
Input Impedance: 10,000 ohms 
Voltage Gain: 1,200 min.
Power Consumption: 0.65 va 

to 5.5 va
Max. signal Input: 45 volts 
Size: 2.06' x 1.81' x 2.25' 
Weight: .63 lb. max.
Write for technical bulletin and prices.

Coated with humidity-resistant, high-tempera­
ture vitreous enamel, type VAL wirewound re­
sistors are made for continuous operation at 
300 C. The cores are of ceramic material with the 
axial leads and cup assemblies of low-expansion 
alloy. Units are compact and have dissipating 
power equal to that of larger tab-type terminal 
resistors.

TRU-OHM Products, Dept. ED, 2800 N. Mil­
waukee Ave., Chicago 18, Ill.
Availability: From stock.

Graphic Recorder 454
Null-balance, servo-type

UNITED CONTROL
CORPORATION

4540 Union Bay Place • Seattle 5, Wash.

Made for general purpose laboratory use, model 
JY-100 null-balance, servo-type graphic recorder 
has a response time of 0.5 sec full-scale and a 
sensitivity of 0.25% of span with zero adjustment 
anywhere on the chart. Accuracy is 0.5%. Chart 
speeds range from 1 in. per hr to 16 in. per min. 
The chart measures 5 in.

Nesco Instruments, Inc., Dept. ED, 638 W. 
17th St., Costa Mesa, Calif.
Price: $320.

1960

amplification

IIST 
MAGNETIC 
MODULATOR 
furnishes stable si
THEORY & APPLICATION: Since certain control and instrumentation systems 
require amplification of DC signals, it is desirable to employ a static signal 
converter. Magnitude of these available DC signals is so small that instability 
of DC amplifying systems results when signal is brought to usable level. Therefore 
a stable AC amplifier is required to convert low level DC to AC. A magnetic 
modulator serves this function with the added advantage that a “polarity reversible” 

+Wk DC input is converted to a "phase reversible” output. The
output can be rectified to a 'polarity reversible” pulsating 

: i+Wk DC or can be applied to a phase sensitive indicating
/ device. Input impedance is relatively high while the output

TEST CIRCUIT impedance is inherently low.
____  ____ SPECIFICATIONS: Model MM-0027

-- -T-r W-1 r T ~ ELECTRICAL CHARACTERISTICS:
Maximum Output 
Minimum Output 
Voltage Unbalance 
DC Resistance 1-2 

3-4 
5-6 
7-8

>.4 Vbms @ Is lOOpa
<.05Vbm«@Is Opa

7.3« ±20« 
5000 ±20« 

12000 ±20«
600 ±20«

4^

SKUA 010811 lÿnkmnwts DC

Frequency 400 cycles
MECHANICAL CHARACTERISTICS:

Diameter 1.13" maximum
Height .68" maximum
Lead Length 2.00" minimum
Mounting .125" clearance hole

ENVIRONMENT CONDITIONS:
Storage Temperature —65L to + 100’C
Operating Temperature —40* to +70eC
Vibration .060" total excursion 10-5cps
Shock 15 g’s
Altitude 50,000 feet
Humidity 95« relative

Prices on request. Quotations without obli­
gation on your other special components.

ermetic Sea

MAGNETIC IRON-CORE COMPONENTS 
ENVIRONMENTAL TESTINO
POWER SUPPLIES—SERVO AMPLIFIERS

TEXAS COMPONENTS DIVISION 
555 N. Fifth St. P. O. Box 978

Garland, Toxa* 
Dallas phono BRoadway 6-5141

INC

ELECTRONIC 
OIL • GAS 

CHEMICAL 
INDUSTRIAL

PACIFIC COMPONENTS DIVISION
1S15I Napa St. P. O. Box 161

Northridge, California 
Phono Dickons 5-2250
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NEW PRODUCTS TO THE RESCUE

■G&pl
WA«n dependability counts!

INC.

58B Water St., Jersey City 4, N. J.

Pressure Switch CIRCLE 134 ON READER-SERVICE CARD

New Edition!

CIRCLE 884 ON READER-SERVICE CARD

In Lm Am«I»,C»U 
2343 Saybroek A»«.

la Chicace, HL: 
ALPHALOY C.r»„ 
2250 S. Lamber St.

Model 1508 magnetic amplifier has an input 
voltage variability of from 0 to ±15 mv to 0 to 
+50 mv. With a minimum input signal it pro­
duces an output of ±120 mv. lx>ad impedance is

new flux discovery !

Oth« r ALPHA products :
Cete and Sdd Wiir Solden • Prefoam • Huh Puntv Metal»

CIRCLE 132 ON READER-SERVICE CARD

JACK L HIGGINS 
Vice President 

CADILLAC 
ASSOCIATES, INC. 

29 East Madison Building 
Chicago 2, Illinois

eZ “Geographic" 
Monthly Electronics 

Opportunities Survey

----------------------- with
Easy Field Inspection and Replacement 
of K-GRIP* CONNECTORS

Plus all these other advantages
1 Superior strength of connection. B th cable braid 

und dielectric are firmly held by K-Grip,

2 Uniformity of performance from unit to unit.

3 Time required lo attach connectors to the cable 
greatly reduced.

4 No highly skilled assembly personnel required.

___5 Present inventories of connectors do not become
TL. 1 obsolete.

Magnetic Amplifier
Minimum input gives ±120 mv output

gùt't’.oC;

ALPHA activated liquid rosin flux sets 
new printed circuit standards!

Even metal surfaces normally resistant to fluxing action 
can now be soldered quickly and safely with ALPHA’s 
new printed circuit flux: tests prove it.

Subjected tea grueling 42-day, high-temperature, high- 
humidity trial, this new flux revealed no evidence of 
corrosion or breakdown. ALPHA fluxes meet government 
specifications' Write for details and samples.

The Class 11LP latch-in relay with plug-in 
mounting and hold-down clamp comes with an 
8, 12, or 20-pin plug. The relay is made of two 
miniature, telephone type relays, the armatures 
of the relays are mechanically interlocked. When 
one armature is energized, it releases the other 
and becomes latched-in. Over-all dimensions are 
4-31/32 x 2-11/16 x 1-11/16 in. The units are 
available for de continuous or intermittent duty.

Magnecraft Electric Co., Dept. ED, 33500 W. 
Grand Ave., Chicago 51, Ill.
Price 6- Availability! Price is about $18 ea for 
orders of I to 9. Delivery time is two weeks.

Cadillac represents 467 “Blu«‘-Chip” electronics 
firms whe nave openings ranging in salary from 
$6,000 to $75,000. Because so many excellent posi­
tions are available each month, the survey now 
lists positions by all major areas: East—Midwest­
West—South.
Both the Survey and our COMPLETELY CON­
FIDENTIAL Placement Service arc available to 
you absolutely FREE OF CHARGE.

Tlnymlta Flexible 
Coupling

Low ant. Thouiondi of 
umi for manual con­
trol«, tuners, plug-In 
units, sub-mlnlaturlia 
Hon, etc. Size 1/2** 
41a by 21/32“ long. 
No backlash. Insulat­
ing nylon confer piece.

For your free Survey, each month listing America's 
Best Electronic jobs, send your name and home 
address to;

Range is 5 to 100 psig
Able to stand 3002 overpressure, model 5126 

pressure switch has a range of 5 to 100 psig. The 
operating temperature range is —65 to +200 F; 
the unit stands 1000 F for 15 min without rup­
ture of the pressure chamber. The switch is an 
spdt type, rated at 2 amp at 120 v de. Weight is 
2 oz and dimensions are 3 x 3/4 in.

Aero Mechanism, Inc.. Dept. ED, 13918 Saticoy 
St, Van Nuys, Calif.

Latch-In Relay
Comes with 8, 12, or 20-pin plug

You am -mvu «pace and wi«h* by using 
nenbrandi Flexible Coupling.i Hwy have 
Torsional rigidity, angular and linear flexibil­
ity, low inertia and yet arc -ntircly fret of 
backlash. The unique disc-type design as­
sures long life at n moderate pno . Available 
for 1/16' through 1/2“ shafts in all combi­
nations. Many hub 'ty'es including clamp, 
Mt screw.

Prompt delivery on prototype or produc­
tion orders Send for <oialog or send your 
requirements for quotes

Now by popular request—Cadillac. the nation’s 
largest Executive and Professional Placement Serv­
ice, issues the Monthly Electronics Opportunities

WB Owl *<<*<Avanci c<x«inc.
41 MARBUDALE ROAD —TUCKAHOE, N. Y.—swiftwah* 3 5000

Renbrandt, Inc. 
6-B Parmelee St. 
Boston 18, Mass. 
M> Highland» 5-8910

CIRLCE 135 ON READER-SERVICE CARD 
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MINIATURE SIZE 
ZERO BACKLASH

RENBRANDT Flexible Couplings 
for electromechanical instruments



11604 Sherman Way

CIRCLE 905 ON CAREER INQUIRY FORM, PAGE 169

Wing Nuts

Cap Nuts

FASTENERS

Pressure Switch

Screws

He» Nuts

Washers

CIRCLE 137 ON READER-SERVICE CARDCIRCLE 136 ON READER-SERVICE CARD

.Thumb 

Nuts

Closed 
End

M iDED 
> Nil ON

ThumD & 
ring Screws

GRC's exclusive 
e uniformity.

WRITE FOR THE NEW LEPEL 
CATALOG 36 illustrated pages 
of valuable information,

GRC's exclusive wide 
grip; generous width 
tops have deep fluted 
edges for flrm, comfort­
able grip, corrosion 
resistant, rustproof 
Smart design for added 
sales appeal

Head Diameters;
’A" thru l’A" 
Thread Sixes: 
# 4 tn 7/16"

11 Reduce costs 
|~1 Simplify assembly 
[~1 Improve appearance with

| DIE CAST ZINC ALLOY
& MOLDED NYLON

■ High in quality
• Uniformly accurate
• Low in cost
• Wide range of stock styles, 

types, sizes and threads
Produced in one h gh speed auto-

Round Head

THUMB NUTS

variable from 50 olims to infinity. Amplifier power 
requirement is less than 1 w; excitation voltage is 
26 v, center tapped. 400 cps, regulated to ±10?. 
The amplifier output will not vary more than 
±1.5? with any combination of line voltage and 
frequency changes. Operating temperature range 
is 0 to 75 C.

Lumen, Inc., Dept. ED, Box 905, Joliet, Ill.
Price 6- Availability: The unit can be delivered 
4 to 6 weeks after receipt of order. Price ranges 
from $250 for one unit, to $93 ea when ordered 
in quantities of over 400.

Please send resume to MR. RALPH LAMM, 
DIRECTOR OF ENGINEERING

BENDIX-PACIFIC 
in Southern California

Other High-Level Electronic
Engineering Positions Available

HIGH FREQUENCY 
LABORATORIES, INC.

55th ST. I 37th AVE., WOODSIDE 77, N.Y.

ELECTRONIC DESIGN • June 8, I960

ORIB* RRPRODUCIR CORP.MMR
World's foremost Producer of Small Die Castings
40 Strand St., Naw Rochad*. N. Y. • NEw Rochado 3-8600

DC Power Supply
Outputs range from 12 to 24 v

Model M-1325 de power supply has a range of 
outputs from 12 to 24 v on an input of 115 v 
±10?, 400 cps 380 to 420, three-phase. Ripple 
is given at 0.2? rms. Voltage regulation is ±2? 
under any output and input conditions specified. 
The unit contains silicon rectifiers and all-static 
circuitry; there are no vacuum tubes, brushes or 
vibrating contacts. Dimensions are 11 x 17 x 9 in. 
The all-aluminum unit has a removable cover and 
is forced-air cooled.

Perkin Engineering Corp., Dept. ED, 345 
Kansas St., El Segundo, Calif.
Price 6- Availability: Made on order only and 
delivered in 120 days. Price is $2682 ea; $2601.54 
for 3 to 10 units; $2574.72 for 11 to 24 units.

Weighs less than 0 5 oz.

Weighing less than 0.5 oz, model PS375-1 pres­
sure switch provides positive snap-action switch­
ing in response to changing pressures in air, fuels, 
lubricants, and gases. Operating range is 0 to 500 
psi. Repeatable accuracy is within ±0.5? of the 
original setting. The spdt snap-action micro­
switch is rated for 6 amp at 125 to 250 v ac. Op­
erating temperature range is —65 to -f-300 F. The 
unit meets MIL-E-5272A.

Pamar Electronics Co., Dept ED. 103 Marine 
St., Farmingdale, N.Y.

needs ENGINEERS with

DOCTORS’-MASTERS'-BACHELORS’
DESREES 

for electrical, mechanical and systems work in fields of 
Instrumentation—Telemetry 

Anti-Submarine Detection Systems / Operations Research 
Missile and Aircraft Fluid Controls.

resistant surfaces and the lowest 
possible cost. New kinds of fas* 
teners never before available 
. . . modifications in stock fas 
teners for specialized use . . . 
infinite variety in styles, types 
and sizes, have been made pos­
sible by GRC's special automatic 
die casting and molding machines.

Write, wire, phone 
RIGHT NOW for 
prices, your copy of 
GRC's NEW INDUS­
TRIAL FASTENER

K CATALOG

Screw 
’nsula^ •

GAST 
ZINC ALLAY

HIGH FREQUENCY INDUCTION

EQUIPMENT
Hardening • Annealing • Soldering

Brazing * Zone Refining • Crystal Growing

ELECTRONIC TUBE GENERATORS
1 kw; 2Vi kw; 5 kw; 10 kw;

20 kw; 30 kw; 50 kw;
. 75 kw; 100 kw.

SPARK GAP CONVERTERS
2 kw; 4 kw; 7\i kw;

15 kw; 30 kw.



NIKE HERCULES

BOMARC

ABILITY
...where it counts!
Best proof of Dunco Type FC-6 reliability is the fact that 
these sturdy little relays are specially designed to play impor­
tant parts in all of the missile programs illustrated above— 
and several more besides.

Type FC-6 Relays are spotlessly dean. They have a new 
and outstandingly dependable contact material, and include 
unique design features that provide positive protection against 
extreme vibration and shock.

Dunco Bulletin FC gladly sent on requestuunco Bulletin gtaaiy sent on request a

Member, National Assn. of Relay Manufacturers | fS\

STRUTH ERSDUNN »
Maker* of th* world’s largest selection of relay typea 

STRUTHIRS-DUNN, Inc., Mtmen, N. J.
Sates tasiassftas OSesi Ie Atlants • Boston • Buffalo • Chieko • Cincinnati • Cleveland • Dallas • Dayton • Detroit • Kansas 
City • los Abeles • Moolretl • Now Orleans . New York « Pittstars» • St Lovis • San Francisco • Seattis • Toronto 

CIRCLE 13B ON READER-SERVICE CARD

NEW PRODUCTS
Hysteresis-Synchronous Motor 446

Measures 1.25 in. in 
diameter

Type CMC hysteresis-synchronous motor, 
measuring 1.25 in. in diameter, is epoxy-encapsu­
lated for environmental protection. It develops 
0.75 oz-in. of torque at 1800 rpm synchronous 
speed and is normally wound for 110 v ac at 60 
cps. Suitable for both industrial and military use, 
the units are recommended for applications in 
miniature recorders, timers, computers, and simi­
lar devices.

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

High-Resolution Dial Assembly
For synchro and pot shafts

456

For use on the shafts of synchros and poten­
tiometers, model DR high-resolution dial assem­
bly can turn a synchro shaft 16 min of arc from 
one rotation of a vernier knob. Movements as 
small as 10 sec of arc can be made. Rotation range 
is continuous from 0 to 360 deg cw or ccw. Mark­
ings are graduated in 1-deg intervals and vernier 
dial, in 0.1-deg intervals. Accuracy is 0.1 deg; 
readability is 0.1 deg. Ratio of the vernier knob 
is 1350:1.

Theta Instrument Corp, Dept. ED, 520 Victor 
St, Saddle Brook, N.J.
Price & Availability. $170; four-week delivery.

Best 
solution 
to 
custom 
design 
potentiometer 
problems...

T Merely write to The Gamewell 
Company, stating your requirements.

Gamewell engineers will take it from 
there. They’ve been designing high 
precision potentiometers and rotary 
switches for a good many years. And a 
great many of them have been custom- 
designed.

Naturally, this experience pays off. 
Take selection of the best resistance 
material for a given application as just 
one example. Here, Gamewell makes 
full use of all available alloys. And. 
backed by extensive files of in-service 
data, assures the best design of the 
resistance element in conjunction with 
the most compatible wiper-contact 
material.

When necessary, of course, Gamewell’s 
complete development and test facili­
ties are put to use. Salt spray, humidity, 
extreme temperature, altitude, accelera­
tion, vibration and many more test 
facilities are available to insure exact 
matching of pot to requirements.

In production, Gamewell facilities 
give custom-designed "pots” and 
rotary switches the benefits of today’s 
most advanced methods and machines. 
Extensive metal working machinery, 
and refined dimensional checking de­
vices assure production of every com­
ponent to high precision tolerances. AU 
"pots” are wound on precision ma­
chines, designed and built by GameweU. 
And both winding and assembly are 
carried out in surroundings automatically 
kept spotlessly clean.

Thus it is that "pots” with even the 
most unusual electrical characteristics 
or mechanical features can be precisely 
produced in a minimum of time at 
GameweU. Simplify your custom-de­
signed potentiometer problems.

Write The Gamewell Company, 1390 
Chestnut St, Newton Upper Falls 64, 
Massachusetts. A Subsidiary of E.W. 
Bliss Company.

BLISS
EjwwbII

PRECISION POTENTIOMETERS 
"INTEGRALS OF 

HIGH PERFORMANCF’
CIRCLE 139 ON READER-SERVICE CARD
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Microwave Spectrum Analyzer 451
For frequencies from 2000 to 38,600 mc

This G-E Glow Lamp

m®
NE-77

in this circuit...

ULTRA-FAST SILICON DIODE

PLANAR RELIABILITY

4m/zsec RECOVERY

StMICONDUCTOR CORPQftRTtON

4300 REDWOOD HIGHWAY • SAN RAFAEL, CALIFORNIA 
GLENWOOD 6-1130 • TWX SRF 26

For more information circle 242 on 
Reader Service Card

DM»
ULTRA-FAST SILICON DIODE

PLANAR RELIABILITY

4mMsec RECOVERY

-ffHRCHUD
stnmnovcn» coeeowmou

4300 REDWOOD HIGHWAY • SAN RAFAEL. CALIFORNIA 
GLENWOOD 6-1130 • TWX SRF 26

For more Information circle 243 on 
Reader Service Card

CIRCLE 242, 243 ON READER-SERVICE CARD

Model SA-40 microwave spectrum analyzer has 
interchangeable rf heads for frequencies from 
2000 to 38,600 mc. The 40-mc amplifier has band­
widths of 5, 25, and 200 kc. Other features include 
a flat-face cathode ray tube with illuminated 
reticule, independent regulated Klystron power 
supply with de filament source, positive and nega­
tive de supply, stabilized safety high-voltage sup­
ply, and direct-coupled deflection amplifiers for 
stable 2 to 20 cps sweep.

Applied Dynamics Corp., Dept. ED, 330 Bear 
Hill Road, Waltham 54, Mass.
Price ir Availability: The basic unit is priced at 
$2395. Delivery time is 30 days.

Servo Motor 452
Has all-plastic body

Integrally cast in thermosetting epoxy resin, 
type R2404 servo motor resists physical shock, salt 
spray, and corrosive fluids. The unit shown is size 
11; other sizes can be furnished. An O-ring 
mounting is used to seal the motor and gear train 
from coolant fluids or gasses in applications where 
the unit must be immersed. Weight is 3.5 oz, rotor 
inertia is 1.07 gm-cm2, stall torque is 0.62 oz-in., 
no load speed is 6200 rpm, and maximum power 
output is 0.9 w.

Cedar Engineering Div., Control Data Corp., 
Dept. ED, 5806 W. 36th St., Minneapolis 16, 
Minn.
Price ir Availability: Type R2404 is priced at 
$35 to $40 ea. Delivery time is 30 days.

1960

TO TRIGGER

"X" DEFLECTION 
PLATES

gives this Heyer Oscilloscope

a clean "sweep”
HOW HEYER USES THIS GLOW LAMP. This oscilloscope makes inter­
esting use of General Electric’s NE-77—the three-element glow lamp. In their 
device, a spark plug tester, two NE-77’s control the sweep on the scope. How­
ever, the circuitry, developed by Heyer Industries, Incorporated, Belleville, New 
Jersey, does not use the center electrode for triggering the lamps. Instead they’re 
triggered by a pulse applied to a metallic shield around the lamps. There are 2 
reasons for using the G-E NE-77 instead of other glow lamps: (1) higher holdoff 
voltage than most neons, and (2) a greater sensitivity to shield pulsing than other 
neon diodes. This is one example of how a G-E Glow Lamp performs its intended 
function—and a little bit more. You’ll find the same flexibility and dependability 
in the G-E Glow Lamp you choose for your own circuitry.
How the G-E NE-77 Normally Works. A low current signal applied to the 
trigger (center electrode) starts the lamp, permitting conductance of peak current 
surges up to 100 m.a. in the power circuit. It can be used as a control device with 
photocells, thermostats, moisture sensors, or other low current detectors as 
trigger elements.

For more information, write for: Specification Sheet #3-092 ”G-E Glow 
Lamps for Circuit Component Use”. General Electric Co., Miniature Lamp 
Dept. M-019, Nela Park, Cleveland 12, Ohio.

Pvgress Is Our Most Important Product

GENERAL^ ELECTRIC
CIRCLE 140 ON READER-SERVICE CARD
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ERA'S NEW LAB TRANSPAC s135
200 3Ô0

D-C VOLTS 35

4-15

1
24-31
! Î1 »

VERNIER

IF . * MA

PLY
Highly Ra At 0-500 MA

This remarkablyStonpact transistorized power supply 
provides a highly reguTOed continuously variable output 
for all battery voltage ranges. Despite its low cost, it 
has a number of outstanding features which result in 
rugged performance and conveffkuice of operation.

There is a vernier control which p^mits fine adjust­
ment of the output voltage. Outputs are isolated, and 
either terminal may be grounded, or ubits can be 
"stacked” for higher voltage operation. Thermostatic 
monitoring of the transistor base temperatures prevents 
thermal run-a-way and damage to the unit or external 
circuit. A unique current limiter circuit protects «gainst 
transient overloads. The current limiter is also contin­
uously adjustable which permits pre-set currents to be 
fed to the external circuitry. The unit is equipped with 
a front panel meter for monitoring both the output volt­
age or output current.

Additional features include low power consumption, 
light weight and accessible location of all components.

SPECIFICATIONS:
Model Designation..................................................TR436M
Output Voltage..........................................................4-36 VDC (divided into 4 ranges)
Output Current......................................................... 0-500 milliamperes
Line Regulation........................................................ Less than 0.15% or 15 millivolts change

for 105-125 VAC Input, 60-400 cps
Load Regulation....................................................... Less than 0.05% or 15 millivolts change,

no load to full load
Ripple............................................................................Less than 2 millivolts

Model TR436M — Price (FOB Factory) $135.00
______________________ _______ ®Reg. U.S. Pat. Off.

ELECTRONIC RESEARCH ASSOCIATES, INC.
67 Factory PI, Cédai Grove, N J • CEnter 9-3000 • TWX NJ1144

SUBSIDIARIES
Era Electric Corp ♦ Era Pacific Inc. • Ero Dynamics Corporation • Advanced Acousbcs Co*p

CIRCLE 141 ON READER-SERVICE CARD
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NEW PRODUCTS
Strain-Gage Power Supply 383

Regulation is 0.1%

Model SR 150 strain-gage power supply has a 
regulation of 0.1%. The output is floating; internal 
impedance is less than 0.2 ohms. Noise-to-ground 
is less than 10 mv, peak-to-peak, when measured 
with a 350-ohm bridge. Leakage resistance is in 
excess of 10,000 meg. The unit is compact and 
transistorized.

Video Instrument Co., Inc., Dept. ED, 3002 
Pennsylvania Ave., Santa Monica, Calif.
Price ir Availability: $68 fob Santa Monica; from 
stock.

Ceramic Foam 424
For vhf loads

Eccosorb WG high-loss, low-weight ceramic 
foam block is suitable in constructing vhf loads. 
Useful frequency range is 100 to 1000 me. Blocks 
measure 10 x 15 x 3 in. and weigh less than 3 lb.

Emerson & Cuming, Inc., Dept. ED, Canton, 
Mass.
Price ir Availability: $33 per sheet; from stock.

Electronic Timer 381
Time period is variable from 0.1 to 1 sec

Capable of handling 25 amp, 32 v, inductive 
over the temperature range of —55 to +125 C, 
model 303 electronic timer provides a variable

lei 
tantalum 

foil 
electrolytic 
capacitors

HIGH 
RELIABILITY

Solid metal hermetic 
seal on negative end 
of polar units reduces 

chances of electrolyte leakage by 50%.

Only one external butt 
—weld on polar units 

minimizes possibility of 
lead wire breakage. (No weld on the 
negative end.) Leads on capacitors 
of W O.D. and larger withstand 
3 Ib. stress in any direction for 
30 min. Welds withstand at least 
four "round trip" bends.

Internal Features. All electrical connections 
welded, for low resistance, low power factors. 
Capacitor section fits snugly Into metal case, 
resulting in good vibration resistance. Plugged 
end of case is double-sealed with compressed 
bushing and tough resin.

lei also supplies a full line of aluminum 
foil miniature and sub-miniature electrolytic 
capacitors. Write for bulletins 41858 and 81558 
International Electronic Industries, Inc., Box 9036 M. 
Nashville, Tennessee.

reliability replaces probability
CIRCLE 142 ON READER-SERVICE CARD
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WILLIAMSGRIP 

single circuit 
quick 

disconnect

period of 0.1 to 1 sec with a pulse width of 25 
to 100 msec. The unit is designed for applications 
where multiple pulsing can be used to trigger a 
number of programed functions. It stands vibra­
tion of 5 to 2000 cps at 10 g and shock of 50 g 
for 11 msec. Output is a square wave. Weight of 
the unit is 75 g.

The Sloan Co, Dept. ED, 7704 San Fernando 
Road, Sun Valley, Calif.

From RFT strip to shielded ‘ black boxes

Attaching 
Paris

Patented 
Williamsgrip 

Threads

Mounting 
Base

_ Female 
Sleeve

Limit Switch 691

Adapter

Actuating 
*— Nut

Is subminiature

This 32-tum, subminiature limit switch is for 
applications requiring a fixed number of revolu­
tions of the rotating shaft, such as servo mech­
anisms in which mechanical stop protection is 
required. The switch supports four 11SM1 micro­
switches; two micro-switches are mounted at each 
end of the slide bar. The use of 21- and 22-tooth 
pinions allows approximately 1-deg adjustments 
throughout the range of 32 turns or 11,520 deg.

Arch Instrument Co, Inc, Dept. ED, 101 
Holmes St., N. Quincy 71, Mass
Price if Availability! Price is about $38. Units 
are in stock and can be delivered in 10 days.

Williamsgrip electrical connectors 
provide quick connect and dis­
connect with a flick of the wrist... 
plus full positive connection insur­
ing maximum conductivity without 
the use of springs, slip joints or 
friction methods.

The patented Williamsgrip con­
struction and special thread design 
prevents slippage and corrosion, re­
sulting in cooler operation, greater 
reliability and longer life.

The self-wiping action of the 
connector eliminates arcing and 
excessive heating, and allows the 
connector to operate from 5° to 
25°F cooler than the cable, even 
under conditions of 100 percent 
overload. Both connectors and adapt­
ers are constructed to withstand 
severe environmental conditions, 
and have successfully withstood 
temperatures over 2000°F.

These high current, single circuit 
connectors covering a wide range of 
wire and cable sizes have proved 
their reliability over more than a 
decade of versatile, rugged service 
for a wide variety of requirements 
in the military, industrial and 
commercial fields.
Write today for AiResearch Product 
Catalog on "Electrical Connectors."

Dollies 417
For laboratory and shop use

Model 32957 D dollies accommodate all labo­
ratory type oscilloscopes. For laboratory and shop 
use, the dollies measure 17 x 12 in. and have 
three power outlets. The supporting top is tilted
20 deg for better viewing.

PRR Manufacturing Co, Dept. ED, 
Luzerne St, Philadelphia 24, Pa.
Prices $67.50 with drawer and $62.95 
drawer.

Pyrometer Indicator 
Has many ranges

Model 859-3 pyrometer indicator

863 E.

without

427

permits

AiResearch Manufacturing Division

Loa Angeles 45. California

changing of range by means of replaceable plug­
in units. Consisting of a Zener type cold-junction 
reference, a high-gain stabilized dc amplifier with 
60-cps rejection, and a floating power supply, the 
indicator has an accuracy of 0.5 F or 0.5% on 
all ranges. Amplifier output is 0 to 1 ma dc into 
1500 ohms. Standard ranges are between 32 and 
212 F to between 32 and 3000 F.

Magnetic Instruments Co, Inc, Dept. ED, 546 
Commerce St, Thornwood, N.Y.
Price if Availability! Price is $235; delivery time 
is two weeks.

I960

mad U solve yovr
i

'Radio Frequency interference

Does that important project have a low priority in your own 
model shop? Your priority’s always top at TECKNIT! Let 
TECKNIT’S Design Service ... staffed by the country’s lead­
ing authorities in the field of RFI shielding . . . help you 
shorten the time between the drawing board and the proto­
type. These experts, backed by years of shielding “know-how” 
and complete enclosure fabricating facilities, eliminate the 
“cut and try” of your own shop, give a low, clean-cut cost and 
a finished unit of assured performance.

TECKNIT can meet your needs for “off-the-shelf” RFI 
shielding materials or furnish completely shielded RFI as­
semblies made to your specifications. Turn your troubles over 
to TECKNIT today! Phone for immediate assistance on your 
shielding problems or write for a copy of TECKNIT RFI 
Designers Data File.

ECKNIT

Technical Wire
Products, Inc.

48 Brown Avenu«, Springfield, N. J. ’
Phone: DRexel 6-3010, |

TWX; MLBN, 40

CIRCLE 144

Technical Wire Product», Inc. 
18 Broten Arenue, Springfield, N. J. 
We’ve got an RFI Shielding Problem. 
□ Please send Complete Oatj File. 
□ Please have Shielding Engineer call.

Name_____ 
Department 
Company _ 
Address. _ 
City______

_____ THk
Phon» N»..

Ven.---------Stat».

137
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NEW PRODUCTS

39th

CIRCLE 145 ON READER SERVICE CARD

TV Camera

•state.

CIRCLE 14« ON READER-SERVICE CARD

For Freo Catalog, 
write today on 
vour letterhead

Speclal-Purpote Tubat 
Test Equipment * Meters 
Resistors, Controls 
Switches, Timers

ELASTIC STOP NUT 
CORPORATION OF AMERICA

Servo-Motor Tachometer 
Generator

Semi-Conductors 
Connectors 
Relays 
Transformers

ALLIED’S
1960 CATALOG

• Electronic Parts for Every Industrial Need

ONE ORDER TO ALLIED FILLS THE WHOLE BILL
Your allied Catalog is the best single source for 
electronic supply. It puts the world’s largest stock« 
at your command—there’s no need to deal with 
hundreds of separate factories —one order to us fills 
the whole bill. You get same-day shipment (fastest 
service in electronic supply) and you buy at factory 
prices. Send today for your rnEB 1960 allied Cat­
alog--your one-source electronic supply guide.

ALLIED RADIO
100 N. Western Ave., Dept; 69-F 

Chicago RO. III. »

NEW! ESNA QUICK RELEASE NUT
Just a quarter turn locks and unlocks ESNA’s unusually 
versatile self-locking panel fastener.

The simple two piece design comprises a retainer 
basket and special self-locking nut which is installed on 
any standard bolt (you supply) to provide a practi­
cal stud that can be locked-unlocked countless times. 
Use of the stop nut permits infinite grip adjustments on 
the bolt, eliminating multiple length studs; original set­
ting can be easily re-adjusted to compensate for panel 
loosening due to wear. Perfect for applications where 
quick access is necessary for normal operating or main­
tenance requirements

For details write Dept. S48-657, Elastic Stop Nut Cor­
poration, 2330 Vauxhall Road, Union, New Jersey.

BRITISH INDUSTRIES CORPORATION Dipt. 2Z F 880 
Scientific Instrument! Division
Pert Washington. New York

We with to test the AvoMeter without cost er obligation, 
firm —------ . _______

address. ~. ____ ___

send for the
| most widely used

LECTRONIC SUPPLY GUIDE

city----------

your wnt

title_____

SELSYNS and SYNCHROS
High-accuracy types for precise remote 

control applications
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Analog Data Transfer System 430
Resolution is 0.006% of full scale

Type 200 data transmission provides for trans­
mission of up to three channels of analog infor­
mation with an over-all accuracy of 0.05% of full 
range and a resolution of 0.006% of full scale at 
rates of 10 samples per sec. The system permits 
parity checking and identification of data source 
and accommodates a wade range of input-output 
signal levels in addition to the standard ±10 v. 
Construction is modular.

Vitro laboratories, Inc., Dept. ED, 200 Pleasant 
Valley Way, W. Orange, N.J.

For closed-circuit telecasting
This miniature TV camera for closed-circuit 

telecasting uses RCA Nuvistor electron tubes. 
Suited for military and industrial applications, the 
unit stands environmental extremes. Picture defi­
nition of up to 850 lines of horizontal resolution 
can be delivered on the CCTV monitors.

Packard-Bell Electronics Corp., Dept,. ED, 
12333 W. Olympic Blvd., Los Angeles 64, Calif.

We invite you to test the ; 
World-famous AvoMeter h -­
for one month. No cost 
No obligation. Thousands 
in use wherever accuracy 
and dependability are 
required. Closer to a Sr 

. laboratory standard tnan 
to a conventional test meter!
Accuracy guaranteed, ■■
1% DC current, 2% DC K3|
«oltagv 2V<% AC current 
and »oltage Sensitivity: 
20kf)/vDC, IkD/AC Hand K*
Calibrated • Mirrored MM
Scale • Automatic Overload 

'Protection • AC Current
Ranges • Reversing Switcn JKsB 
■ 3 Zeroing Controls • 
accessories Extend Ranges.
Moderate «rice is *89 01

BRITISH INDUSTRIES CORP
Use Coupon or Letterhead

Type 9805-20 plug-in module consists of a 
servo-motor, tachometer generator coupled 
through a reduction gear train to a synchro con­
trol transformer with a top speed of 10 deg per 
sec. Modules are hermetically sealed and filled 
with inert gas. Dimensions are 4 x 2-1/8 x 1 in. 
and weight is 9 oz. Uses are in automatic stabili­
zation amplifiers, autopilots, and similar applica­
tions.

John Oster Manufacturing Co., Dept. ED, 1 
Main St, Racine, Wis.
Availability: Delivery time is three to four months 
after receipt of order

Modular desigi

BUY AT FACTORY PRICES ------ ----- ~

warM'i largest sloe kt... ipedalliing in the supply oft

General Electric offers a wide variety of Selsyns and Syn­
chros to meet industry and Navy BuOrd specifications:
• THREE FRAME SIZES—BuOrd Sizes 1 and 5 and a 

smaller G-E 15.
• HIGH ACCURACY—Ranging from ±1.5 degrees down 

to ±0.3 degrees, depending on model selected.
e SPEEDS—Models for operating up to 300, 1000, and

1200 rpm.
• FREQUENCY—Both 60 and 400 cycle represented.
a VOLTAGES—115 Volt Primary and others available.
a FOR USE in torque transmission and voltage* control 

systems.

FREE BULLETIN! For more information, write 
for publication GEA 6675. to Section 634­
24, General Electric Co., Schenectady, N.Y.

ALLIED 
RADIO 

ELECTRONICS

TEST THE SUPER ACCURATE
AVOMETER 8
WITHOUT COST. WITHOUT OBLIGATION

Guaranteed Long-Term Accuracy 1%
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Silicone Mold Release 545
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show how TA’s exclusive

management, must create reality out of a concept, Electronic I >esicn does

and stainless steel. They stand severe shock and
temperature changes

Air Filter l »ip., Dept. ED, 4604 W. Woolworth
Ave., Milwaukee 18, Wis.

Standard
Instrument

Cases
■u PAGI

King Size
Instrument
Cases
; P.-.i.i

This ilei ice is to 1*«- used instead of reaction

Dallas, Tex.

as well as metallic surfaces to 500 F.

Santa Monica, Calif.

Recent reports that reflect Electronic Design s systems

Send tor your
FREE copies . .

Write for
complete
Information.

strong.

Az t ial Size
r dia. x 1 tom:

Learn how TA s new
predesigned Instrument

Cases can solve your
equipment housing

problems

Large selection of standard sizes and
styles.
Available in depths from to 18
inches.
1 ast delivery (prototypes in 4 weeks).

accessories
Nc tooling charges on standards.

SiANDARD ¿idV>NUM
CONSTRUCTION

4607 Alger Street • Los Angeles 39t Wit
(Of call CN 5-37U)
TWX Mt) CJendile. Calif. • WUX CAT Ltt Am«l«t, Calif.

LABORATORIES,INC.
364 Glenwood Avenue East Orange, N J.

length.
The Staver Co., Dept. ED, 47 N. Saxon Ave.,

Bay Shore, L.I., N.Y. standard
instrument
cases
At Off The Shelf Prices

LIGHT WEIGHT one ounce max.
SMALL SI ZE one cubic inch max.

COLVIN

ita idard Nommai
Potent lometer Res stances
400 to 10,000 ohms

E ectrical Connection

Mounting
Flange cr bulkhead

vacuum Gages
The series comprises models IG-50 and TIG-50, 

having a range of 10 3 to 10 9 mm Hg, and models
IG-60 and TIG-60, having a range of 10'3 and 10-ll) 
mm Hg. The TIG units combine a thermocouple 
gage circuit with the ionization stage.

F. J. Stokes Corp., Dept. ED, 5500 Tabor Road,
Philadelphia 20, Pa.

Heat-Resistant Encapsulent
Serviceable in the range of —60 to +250 C,

Sylgard 191 is applied to electronic parts with the
tiU-in-placc technique.

Dow Coming Corp., Dept. ED, Midland, Mich.

This series of crimp, rf connectors allows faster 
assembly; only four basic parts and a weatherproof­
ing boot must be assembled. The termination is

Amphenol-Borg Electronics Corp., Industrial
Products-Daybury Knudsen Div., Dept. ED, 33 E.
Franklin St., Danbury, Conn.

This zinc-plated tube shield, for use with minia­
ture 7- and 9-pin tubes, is finished in black for 
better heat dissipation. A vertical seam automatic­
ally adjusts to tube diameter and four serrations on 
the base dip prongs compensate for variations in

Type V-10 niters protect miniature, ventilated 
electronic equipment. Rectangular, they are 0 5 tu
T in. thick and are made of aluminum, steel, bronzi*

For laminating, casting, and pressure molding,
Super A is heat-stable, oxidation-resistant, and 
virtually non-volatile. It can be used on non-metallic

Hastings Plastics, Inc., Dept. ED, 1551-12th St.,

Price v Availability; The product is in stock and 
is prit > d at $2.20 per can for up to 12 cans.

Twin-Gyro*<ope Controller

lets or inertia wheels to control the attitude of a 
space vehicle. It consists of two single-.txis gyro­
scopes gimbaled to a common frame

Chance Vought, Electronics Div., Dept. ED,
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There isn t a system that can be created, developt d, 

produced and put into operation without solutions for its 

design problems. Recognizing that the design engineer, and design 

not merely describe a system for its news value. Instead, it isolates the design

problems that have universal application for the engineer now tn systems

work . . . and provides him with principles and information 

he can directly applv to his own projects.

Interested In Systems?
coverage were the January 20th. guidance report, and the underwater
global system report of Mav 25th. And in this issue, you will find
the first part of a three-part feature report exploring the advantages,
•• * truques and applications of Digital Communications.

Read these articles—and let us have your impressions or 
suggestions. Your ideas are always welcome.

These free design manuals 

features can be quickly and MINIATURE
easily adapted to solve your 
equipment housing problems.

Wide choice of standard handles.

PRESSURETRANSDUCER

High vibration performance
±35G to 5,000 cps

access doors, panels, and other
Pressure ranges

Absolute, differential and
gage pressures

Free engineering drawings for your 
0-3 to 0-400 psi

exclusive design requirements
Differential pressures
±3 to ±200 psi

Pigmy receptacle or
soldering terminals

TB Mfg Corp.



NEW PRODUCTS

TYPE D-1480 .

TRANSISTOR CIRCUITRY 
a transistor-SAVI NG 

power supply

Power Supplies 500
This series of de power supplies operates from 

either 115 or 230 v ac, 50 to 60 cps single phase, 
and provides an output of 125 or 250 v de. Twelve 
models are available with continuous duty current 
capacities ranging from 1/2 to 16 amp.

Opad Electric Co., Dept. ED, 43 Walker St., New 
York 13, N. Y.
Price ir Availibility: Can be delivered 10 to 14 days 
after order received. Prices start at $53.

W shift 
’phase

FAST
with

AM&C
6 to 30 volts D.C.
0 to 500 Ma.

Temperature Control 491

Precise control of voltage and current. Put the D-1480 to 
work for you. Reduce costly transistor bum-outs.
Overloading cuts current off. Regulation better than 0.3%.
Less than 0.25 mv. ripple. Full short circuit protection.
Meter reads voltage and current.
Available from stock ...factory or Allied Radio.
(Allied Stock No. 82PX245)

write us for further information
402 EAST GUITIERRE2 STREET, P.O. BOX 1500
SANTA BARBARA, CALIFORNIA • TELEPHONE WOodland 3110

price $160.00.

Power-O-Matic 60 temperature control is used 
with the 60 series of mechanical convection ovens. 
The built-in, control proportional bandwidth is 4% 
of scale range and allows full power during the 
initial heat period only. Line voltage variation does 
not cause the controlled temperature to become un­
stable.

Blue M Electric Co., Dept. SD, 138th and Chat­
ham Sts., Blue Island, Ill.

Welding Tweezers 544

CIRCLE 154 ON READER-SERVICE CARD

TEST RELAYS FASTER, MORE ACCURATELY, WITH EECo’s ALL-NEW

RELAY
TESTER

Where knowledge of relay performance is 
important to your operations, here’s one 
of the most valuable aids ever devised.
It’s EECo’s Model RT-905, latest im­
provement on the most successful line 
of relay testers ever made available.
Measures voltage and current simultane­

ously,both pull-in and drop-out. Measures contact resistance, coil resistance, 
insulation resistance, pull-in and drop-out time, contact bounce. Automatic 
relay driving circuitry. Oscilloscope connections and appropriate circuitry. 
Write for data sheet, and turn over your relay troubles to an EECo RT-905.

»
Anaheim Electronics Division
Electronic Engineering Company of California
1601 East Chestnut Ave.«Santa Ana, Calif.« KImberly 7-5501 «TWX: S ANA 5263
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FAZE-BOX
Here is a low-cost preci­
sion instrument that lets 
you shift phase from 0 
to 180° in a matter of 
seconds. No more time­
consuming construction 
of make-shift circuits 
every time a new phase 
shift problem arises — 
AM&C FAZE-BOX is there 
when and where you 
need it. Compact, easy- 
to-use, dependable.

For precise welding operations, model ST-101 
provides continuously adjustable pressure from 8 oz 
to 2 lb. A variety of tips permit welding of many 
metals. Uses include welding thermocouples, strain 
gages, high-temperature assemblies, and compon­
ents designed for high shock and vibration.

Pacific Scientific Instruments Laboratory, Dept. 
ED, P. O. Box 25115, Los Angeles 25, Calif.
Price ir Availability: $85; from stock.

Adapters 538
Model 1285 phone-plug adapter adapts a phone 

jack to 3/4-in. spaced bonding posts. Model 1296 
BNC binding post adapter adapts a BNC receptacle 
to 3/4-in. spaced bonding posts.

Pomona Electronics Co., Inc., Dept. ED, 1126 W. 
Fifth Ave., Pomona, Calif.
Price ir Availability: Available for Immediate de­
livery, both units are priced at $4.85 ea or $3.75 ea 
in quantities of 25 to 49.

Socket Screws 498
These socket screws have plastic inserts that are 

self-rocking, perform over a wide range of tempera­
tures, and stand impact, shock, and other environ­
mental conditions found in missile applications.

Parker-Kalon, Dept. ED, 4331 W. Lake St., 
Chicago, Ill.

Stroboscope 499
For measuring speed without physical or me­

chanical contact, this instrument emits a blue-white

—

A+»ox

' I
■ Input M
■ Voltage
Jtf Range............... Up to 30 volts rms ■ 
r Frequency............................................ ■

1a Range................. 25 to 10,000 cps ga 
■ Input...................................................■
Pg Impedance .... 15,000 ohms approx. jg 
ms output m
IK Voltage Same as input 91 
I - Controls . Fixed-Phase selector ' A 
■ kS Coarse phase selector »■
■ Fine phase vernier atU
Lr Size d R
M 4
A. Weight ibs. M

p ies so , AL
Dr <.-> i t-.diat»

YOU CAN 
ORDER ONE 

TODAY

a
A4

CIRCLE

AMERICAN MEASUREMENT & 
CONTROL. INC.
240 Calvary St, Waltham 54, Mass.

TWinbrook 4-6212
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Transparent Adhesive Film 490

ULTRA-FAST SILICON DIODE

PLANAR RELIABILITY Right-Angle Male Plugs 568

4m^sec RECOVERY

Silicon Transistors 569 CIRCLE 205 ON READER-SERVICE CARD

CUSMOM
f/ WE

Multiconductor Cables 570

ULTRA-FAST SILICON DIODE
462ClampsPLANAR RELIABILITY

4m/xsec RECOVERY

1960

Write or phone for in- — 
formation or a visit by oui\ 
sales engineer in your area.

1 ohm to 999,999 ohms in 1 ohm 
steps — right at your fingertips — 
real power handling capacity, too— 
up to 225 watts at 1001 > V. DC, or 
660 V. AC. Accurate enough for crit­
ical laboratory tests, rugged enough 
for day-in, day-out production line 
tests.

electronic flash on a 60-cps basis. It is for checking 
tachometer, frequency, amplitude, and points of 
stress. Dimensions are 6x6x4 in.

Electronic Lights, Dept. ED, 1713 N. Ashland
Ave., Chicago 22. Ill
Price 6- Availability! Made on order, units are priced 
at $50 ea.

Reli-Acon plugs are ruggedly constructed for 
such uses as in guidance systems, airborne communi­
cations equipment, and automatic control devices. 
They are suited for military applications,

Methode Manufacturing Corp., Dept. ED, 7447 
W. Wilson Ave.. Chicago 31, Ill.
Availability: Delivery time is 21 to 30 days.

Series 105 tiny-toggle clamps, having holding 
pressures to 42 lb, are furnished with solid or U- 
shaped work-holding bars. Bases can be flanged 
horizontal, vertical, double-strength horizontal on 
the right side only, and double-strength horizontal 
on the left side. Weight is 1 oz.

Detroit Stamping Co., Dept. ED, 330 Midland 
Ave., Detroit 3, Mich.
Price Availability: $1.65 ea in quantities of I to 
49; from stock.

Types 2N696 and 2N697 diffused mesa, silicon 
transistors combine linear beta characteristics with 
mechanical and thermo ruggedness. They are for 
hf, medium power applications.

Transitron Electronic Corp., Dept. ED, 168 Albion 
St., Wakefield, Mass.
Price: Type 2N696 is priced at $21.75 ea for 1 to 99 
units and $14.50 for 100 or more units. Type 2N697 
is priced at $22.70 for 1 to 99 units and $15.15 for 
100 or more units.

Short lengths of various types of multiconductor 
neoprene jacketed cables are fabricated by a new 
technique. Cables of this type arc suitable for 
ground support equipment.

Cable Designs, Inc., Dept. ED, 66 Rushmore St., 
Westbury, N.Y.

All types of title blocks, standard parts, wiring 
diagrams, and other printed matter used repeatedly 
on drawings can be quantity printed in advance on 
Dulseal, a transparent adhesive tape. Made of 
0.0015 in. thick acetate, the material also provides 
a durable protective coating for documents which 
receive frequent handling.

Keuffel & Esser Co., Dept. ED, Third and Adam 
Sts., Hoboken, N.J.

the handiest 
tool in engineering

is MOLDED AND LATHE-CUT RUBBER
1 I PARTS FOR All INDUSTRIES

CIRCLE 157 ON READER-SERVICE CARD

4300 REDWOOD HIGHWAY • SAN RAFAEL. CALIFORNIA 
GLENWOOD 6-1130 • TWX SRF 26

For more information circle 244 on 
Reader Service Card

RUBBER PRODUCTS for your needs
Thousand« of shapes and tazea 
... each carefully designed to fit 
your requirements.

Western Rubber is cquipjrerl 
to custom make the rubber part 
you need ... promptly, efficient­
ly and economically.

Your assurance of satisfaction 
is fifty-five years of experience 
by people trained and equipped 
to produce quality products.

• Permits fast, irccunite re­
sistance determination, load 
determination, calibration of 
meters, meter multiplication, 
or as a working part in ex­
perimental circuits. No re­
sistance breakdown from 
setting to setting.

Only *110®®

4300 REDWOOD HIGHWAY • SAN RAFAEL, CALIFORNIA 
GLENWOOD 6-1130 • TWX SRF 26

For more information circle 245 on 
Reader Service Card
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ask your distributor, or write...

CLAROSTAT MFG. CO

CLAROSTAT POWER RESISTOR
DECADE BOX



SERVICES FOR DESIGNERS

tape test proves remarkable adhesion of 
inked lines to the surface of Post 126 
Drafting Film, lines which do not feather 
out or spread.

New POST-perfected 
Polytex takes pen 
or pencil perfectly

Equalization readout directly in g2 per cycle.
Random and sine 1 
readily superimposed. 
Exciter capabilities .

wave excitations to be

are put at 5000 lb sine

wave and 3500 lb random, rms force pound out­
put. Peak force pound output is given at 10.500 
lb random.

The equipment has 29 filters covering the 
range from 10 to 2000 cps. and one for 2000 
to 5000 cps, with individual controls for each. 
Sine wave cycling is automatic with adjustable 
sweep rate and servo control of acceleration 
level.

Rototest Laboratories, Inc., Dept. ED, 2803 
Ix)s Flores, Lynwood. Calif.

The Ling analyzer>equalizer system installed at the 
Rototest Laboratories consists of four major units; con­
trol console, amplifier, shaker and oil table.

New Random Vibration Lab 259 
Uses Ling Testing System

A laboratory facility utilizing a Ling analyzer­
equalizer system is now offering to run random 
vibration tests. Unknown variations can be 
analyzed at a glance and spectrum shifts equal­
ized while testing is in progress, the laboratory 
says. Testing equipment includes a control con­
sole, shaker, amplifier, and oil table.

The facility is said to permit:
■ Reduced equalization time.
■ Equalization on the actual test specimen.
■ Shaping of many different power spectral 

density curves.
■ Detection of changes in test specimen be 

havior through constant narrow band monitor-

You already know that drafting films 
offer the advantages of tremendous 
durability and dimensional stability. 
Now, thanks to an exclusive, pre­
cision process, Post offers a drafting 
film with superlative drafting char­
acteristics. The surface of Post 126 
Poly tex is unmatched for ink recep­
tivity, has a coating that stands up, 
erasure after erasure. Ink lines won’t 
pull off when cellophane tape is ap­
plied firmly over them and then 
suddenly yanked off. Transparency 
is excellent.

* If you prefer pencil, use a Post 
Duralar lead for permanence. Plas­
tic-based Duralar J ines actuaUy bond 
themselves to the Polytex surface. 
Drawings won’t easily smudge or 
smear... can even be washed with 
soap and water.

By using new Polytex, with Du­
Pont Mylar base, you avoid the 
drawbacks which show' up in some

CIRCLE 151 ON READER-SERVICE CARD 
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films — a drawing surface too slick 
to retain a pencil or pen line... too 
soft for use with hard pencil after 
erasures.

Enjoy the flexibility and long life 
of a drafting film with an ideal draft­
ing surface. Try new 126 Polytex 
Drafting Film.

Fora test sample and more informa­
tion, see your local Post Blueprinter, 
or write Frederick Post Company, 
3644 N. Avondale Avenue, Chicago 
18, Illinois._ ___ __

a glutton fox punishment. The image, pencil or ink, on Post Polytex stays put. 
Won’t rub. flake or peel off accidentally, yet can be erased Duralar pencil lines 
bond to the surface readily. Soiled originals can be washed with water and detergent!

SENSITIZED PAPERS & CLOTHS • TRACING a DRAWING MEDIUMS • DRAWING INSTRUMENTS A SLIDE RULES 
ENGINEERING EQUIPMENT A DRAFTING SUPPLIES • FIELD EQUIPMENT A DRAFTING FURNITURE

CIRCLE 150 ON READER-SERVICE CARD

ALLOYS
Almost any analysis, includ­
ing aluminum alloys —1100, 
3003, high purity, 2024, 5052, 
6061, 6951 and the new high 
strength alloy UT58; copper 
alloys—OFHC Copper, Phos­
phor Copper, 70/30 Brass, 
Yellow Brass, Red Brass, 18% 
Nickel Silver, "A” Phosphor 
Bronze, *25 Beryllium Cop­
per, 30% Cupro Nickel; 
Nickel alloys—“A” Nickel, 
Monel, Inconel; Stainless 
Steels—304,310,316,321,347, 
410; Glass-to-Metal Sealing 
alloys — #52 Nickel-Iron, 
“Rodar"; Precious Metals.
SIZES
O.D. from .625" to .005". Wall 
thicknesses down to .001".
TOLERANCES
Commercial or precision— 
down to ±.00025" on smaller 
tubing.
FABRICATION
Have your tubular parts 
“made at the mill”—by skilled 
tubing fabricators, on spe­
cially designed tools in our ex­
tensive forming and machin­
ing plant.
Cut subcontracting cost, con­
centrate responsibility, get 
better delivery and better 
parts, ready for assembly.
Write for new catalog.

UNIFORM

TUBING 
al ways available

UHIFORM TUBES,
INC. COLLEGEVILLE 2 PA

HUxley 9 7276 TWX CGVL 1044



KEYSTONE
subminiature crystals...
4 MC thru 150 MC...exhibit

:

i

High-Speed Action Equipment 260 
Can Be Studied By Film

A photographic service has been established 
to provide high-speed film evaluations in engi­
neering and technical fields. All types of study 
applications from small switching mechanisms 
to large jet installations are said to be possible.

As an example of its methods, the company 
cites an application to a cam-shaft with several 
banks of microswitches. Filming this setup with 
a high-speed camera at 1000 frames per second 
would show’ the exact sequence of operation in 
slow motion w’hen viewed at the standard film 
projection rate.

The company maintains a complete staff of 
electronics and mechanical engineers to study 
and evaluate specific requirements for each cus­
tomer.

Photographic Illustration Co., Motion Inc. Div., 
Dept. ED, 2220 W. Magnolia, Burbank. Calif.

?

■ •
Tape Slitting 261

NOW
there are

Ühigh-performance Series

Tarzian Silicon Rectifiers

the frequency deviation of 
crystals of comparable size 
over the same ambient tem­
perature range...replacing 
larger crystals.
Keystone’s tighter-tolerance 
and smaller-size crystals are 
easier tn shock mount for 
heavier environmental applica­
tions. They can be incorporated 
into Keystone KCO Series com­
ponent or crystal ovens, KO 
Series miniature crystal ovens, 
and KCF Series crystal band­
pass filters. Write today for 
complete technical data!

Users of Teflon, silicone and cloth pressure 
sensitive tape can have tape custom slit to their 
requirements. Any width desired can be slit and 
shipped the same day the order is received. A 
variety of widths can be cut from the same roll. 
Orders for experimental purposes or production 
use can be handled. Slitting to the exact width 
required for specific applications instead of using 
standard widths saves material and allows better, 
more uniform wrapping.

R. S. Hughes Co., Inc., Dept. ED, 4515 Alger 
St., Los Angeles 39, Calif.

Rocket and Satellite 
Instrumentation

262

I»

FÄEQy£NCY contr°l

THE KEYSTONE 
ELECTRONICS CO
65 SEVENTH AVE., NEWARK 4, N.

Subminiature component ovens • 
crystal ovens • crystal filters and 
discriminators • quartz crystals 
15 KC thru 150 megacycles or 
higher upon request.

A new division at Acton Laboratories, Inc., is 
prepared to offer a complete service in packaged 
rocket and satellite instrumentation. The service 
includes: conception of a basic idea; plan of 
measurement procedure; selection of a vehicle; 
designing and fabrication of a package complete 
with necessary telemetry and fully tested to with­
stand various environments; and supervision of 
flight with required block-house controls for 
check-out and telemetry’. If preferred, evaluations 
and reports of collected data will be made.

Typical examples of instrumentation arc given 
as: nose cone tip ejection mechanisms, timers for 
sequencing, pressure cells, extendable arms as 
micrometeorite sensing devices, transmitters for 
telemetry, subcarrier oscillators, and block-house 
consoles for check-out.

Acton Laboratories, Inc., Space Instrumentation 
Div., Dept. ED, 533 Main St., Acton, Mass.

The addition of Type 2F4 expands the Tarzian F Series 
to cover a current range from 200 to 750 milliamperes de 
(to 85° C). Characteristics of the complete F Series are shown 
below, in condensed form.

COMPARE THESE ADVANTAGES:
• Small Size... diameter 14$* max; length ’/ii’max,

• Low Coat...and high quality resulting from Tarzian production methods

• Insulated Body...no mounting problems

• High Efficiency...oversize junction and low voltage drop

• Available...now from stock

In addition to providing good operating efficiency at low 
temperature rise, thereby increasing reliability, the oversize 
junction also handles inrush currents far beyond normal circuit 
requirements. Careful selection of materials increases stability 
and improves thermal characteristics.
For additional information about Series F rectifiers, call your 
Sarkes Tarzian sales representative, or write Section. 4887 E. 
Sarkes Tarzian is a leading supplier of silicon, tube replacement, 
and selenium rectifiers. Practical application assistance 
is always available.

SARKES TARZIAN, INC.
World's Leading Manufacturers of IV and FM Tunets • Closed Circuit TV Systems • Broadcast 

Equipment • Air Trimmers • FM Radios • Magnetic Recording Tape • Semiconductor Dwter.

SEMICONDUCTOR DIVISION • BLOOMINGTON, INDIANA 
/n Ctnede: 700 Weston Rd.. Toronto 9 • Export: Ad Auriema. Inc., New York 
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Tarzian 
Type

Ampa. DC 
(850 c) PIV

Max.
RMS Volte

Max. Ampa.

Recurrant 
Peak

Surge 
(4MS)

SFA .20 <OO 260 2.0 ao

F-a .75 200 140 7.S 75

F-4 .75 400 280 7.S 75

F-S .75 600 420 7.5 75

CIRCLE 152 ON READER-SERVICE CARD
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NEW LITERATURE
315Chopper Catalog

316
coni'

Porous Barium Oxide 317

CIRCLE 158 ON READER-SERVICE CARD

Switching Transistor 318

Building Blocks 319

but it alsoigure,

CIRCLE 159 ON READER-SERVICE CARE

Properties of porous barium oxide as a drying 
agent, dehydrator and desiccant are pointed out 
in this four-page booklet. Excerpts from Research 
Paper RP 649, U.S. Dept, of Commerce, Bureau 
of Standards, indicate the drying efficiency of 
porous barium oxide to be greater than any other 
drying agent tested. Barium & Chemicals, Inc., 
Willoughby, Ohio.

This short-form catalog contains a reference 
table showing all 85 of the company’s building 
block and 22 accessory units by type and price. 
The folder also describes two models of com­
puters and memory testers built from the standard 
line of logic modules. Digital Equipment Corp., 
Maynard, Mass.

Cores for Magnetic Components
The company’s HyperCores for magnetic

Evaporation masks tor Mesa transistors
Micro Mesh Sieves for particle sizing
Aperture masks for color T.V. tubes
Electroformed mesh for storage and 

image tubes
Etched glass and metal reticles
Etched intricate metal parts
Flexible printed wiring
Miniaturized printed circuits —

Anywhere...
Ar sea, in tha icy 
cold of Ihe 
antarctic!
S 5 WHITE Molded 
Resistors in values 
up to 50,000 
megohms 1
retain their /
characteristics. /

INDUSTRIAL DIVISION
IO East AOth Street 

New York 1Ö. New York 
CIRCLE 160 ON READER-SERVICE CARD

Valve Data 331
This 36-page booklet entitled “Abridged Valve 

Data,” gives brief details of all types of electronic 
valves and tubes made by the company. Included 
are sections on: mercury vapor, xenon and high 
vacuum rectifiers; germanium rectifiers; natural, 
forced-air, water and vapor-cooled triodes;

• Pantograph reproduces drill pattern from 
template in any reduction ratio-assuring high 
accuracy with unskilled labor. &

• Allows drilling and routing 
of different size holes in one l_ i 
operation without changing tools. '■«rLilP*

Ain lor Itanr gwdtd c ml
ENGRAVING •PROFILING • GRADUATING cWSp

Request our 28-page illustrated satalog 11 R PW
KP-2 on your business letterhead, 11 III

. Not only did New Hermes Engravograph increase 
our production by this amazing figure, but it also 
enabled us to achieve consistently better quality.”

Writes Lewyt engineer 
Murray Berman;

This eight-page general instrument chopper 
catalog covers specifications and definitions, stand­
ard chopper specifications, base diagram and me­
chanical specifications and miniature chopped 
specifications. Also included is a description of 
chopper inspection procedure. James Electronics 
Inc., 4050 N. Rockwell St., Chicago 18, Ill.

The Transwitch, a silicon device for computer 
applications and switching operations, is de­
scribed in this four-page bulletin, No. TE-1357A. 
Included are absolute maximum ratings at 25 C, 
typical characteristics, various voltage and current 
performance curves, and mechanical data given 
through an outline drawing. Transitron Electronic 
Corp., Wakefield, Mass.

/ in Any f Weather
Airborne, In the 

iteamiim heo» of 
the tropics! 

S.S WHITE Molded 
Resistors are 

made of coated, 
non-hygroicopic 

k material that 
\ resists moisture.

ponents are listed in this 3.1-page catalog. Me­
chanical tolerances and physical dimensions are 
given in table form; performance curves illustrate 
typical core loss, typical excitation, and pulse 
magnetization. The catalog also contains a section 
covering formulae used in determining test limits. 
Moloney Electric Co., St. Louis 20, Mo.

ELECTRONIC DESIGN • June 8, I960

“ALL-WEATHER"
Molded Resistors

Withstand Temperature 
and Humidity

FIXED RESISTANCE VALUES RANGE 
FROM 1000 OHMS TO 10,000,000 

MEGOHMSI
65X Molded Resistor—1 watt
80X Molded Resistor — 3 watts

While bargain buys in resistors are wear­
ing out and being replaced, durable S.S 
White ‘All-Weather” Molded Resistors 
are still giving top performance in hun­
dreds of commercial, industrial and sci­
entific applications.

Out resistors are characterized by low 
noise level . . . precision . . . stability . .. 
have negative temperature and voltage co* 
efficients Compact . excellent stability 
•<nd mechanical strength ... values do not 
deteriorate due to age.

We’ll be glad to cooperate with you in 
applying these high-quality resistors to 
your product I or our Bulletin 5409, just 
drop i line to Dept. 28R.

For precisely controlled dependable products 
call or write . . .

BUCKBEE MEARS CO
ST. PAUL 1, MINNESOTA ____________ ,

LEWYT DRILLS 
PRINTED CIRCUITS 

110% FASTER
I ra With ¡



%

tetrodes; rare gas and hydrogen thyratrons; volt­
age stabilizers, voltage reference tubes and sta- 
bilovolts; klystrons; magnetrons; travelling wave 
tubes and solenoids; television camera tubes: and 
backward wave oscillators. English Electric Valve 
Co., Ltd., Waterhouse Lane, Chelmsford, Essex, 
Englund.

H

Heating Element 324

HOPKINS 
MINIATURE 
FEED-THRU 
CAPACITORS

ENCAPSULATED UNIO VACUUM, 
STONITE COILS LOCK OUT 
CORRODING MOISTURE. . END 
SHORT CIRCUITING HAZARDS

The Electro-Mesh heating element is described 
in this 16-page catalog. Complete technical data 
includes physical properties and thermal charac­
teristics, as well as a visual description of the 
varied components now being used in the aircraft, 
missile and space age fields. Electrofilm, Inc., 7116 
Laurel Canyon Blvd., N. Hollywood, Calif.

- choice of 5 dielectrics
- immediate delivery on all types

Elastometers 325

K CUSTOM-MADE
^COILS^

Bulletin No. 902, six pages, contains a chart 
that covers physical and chemical properties, 
and environmental resistance of ten general elas- 
tometer types. Some of the types covered are: 
silicone rubbers, styrene butadiene rubber and 
fluorinated elastomers. Lord Manufacturing Co., 
Erie, Pa.

You can choose Mylar* & Foil, Metallized Mylar, Polystyrene, Metallized 
Paper, or Hy-Therm. Pick the type best suited for your application.
Hermetically sealed in non-magnetic tubular cases, units are unaffected by 
extremes of temperature, humidity and other environmental conditions.
Excellent attenuation characteristics—reactance closely matches the curve 
of a perfect capacitor through all frequencies up to 1000 megacycles.
Immediate delivery—Hopkins is tooled up to provide quick service on the 
dielectric you specify, in any quantity.

Hopki
\ 7

•DuPont 
trade name

Relays 326

SPECIFY

^ionite
These influential; tell why:

• SOUNDLESS EXPERIENCE. QUALITY 
CONTROL

• WIDEST, MOST VERSATILE RANGE OF 
APPLICATIONS

• CONTINUOUS PROCESSINO CHECKS. 
RIGID INSPECTIONS

• FINEST MATERIALS. WINDING 
SERVICES, ADVANCED TOOLING

• WIDEST SIZE RANGE.
ANY QUANTITY

Designed ond engineered to 
specifications, Stonite coils meet 
precise requirements In today's 
burgeoning industry.

PAPfP JKTtDW > FORM WOUND > tAYEB BOBBIN 

PRECISION WINDING • HIGH UMPfRAWM COIU 

COPPER ANO AEUMINUM CONDUCEORf 
Round—Vquort—Rectangular 

Alto Round, Sgvort, Rectangular tubtag

Write, describing your require­
ments and request a representa­
tive call. Ask for latest Stonite 
illustrated brochure.

This 12-page booklet discusses the complete 
line of relays for various applications. Relays de­
scribed include: general purpose, machine tool, 
mechanically held, pneumatic time-delay and syn­
chronous motor-driven timing. The illustrated 
booklet, No. GEA-7021, contains wiring diagrams, 
dimension drawings and tables. General Electric 
Co., Schenectndy 5, N.Y.

12900 Foothill Blvd, San Fernando, Calif. • Tel. EMpire 1-8691
CIRCLE 162 ON READER-SERVICE CARD

Fractional Horsepower Motors 327
Characteristics of the full line of fractional 

horsepower Form G general purpose motors ap­
pear in this 12-page brochure. Capacitor-start, 
split-phase, permanent-split capacitor, shaded- 
pole and polyphase motors are included. Sixteen 
different kinds of motors are shown in NEMA 
frame sizes 48 through 56. General Electric Co., 
Schenectady 5, N.Y.

POTENT 
3 AMP 

POWERFUL
50 LF 

PULSES

Servometer-Amplifier 329

^tonite
COIL CORP.

YARDVILLE 4, NEW JERSEY 
JUniper 7-7323

Type R1040-6 servometer-amplifier is described 
in this four-page bulletin, No. 910-4B. Specifica­
tions include resistance and capacitance balance, 
temperature characteristics, frequency response, 
and output indication. Associated equipment de­
scribed in the bulletin includes a stick force, a 
rudder force and a wheel force dynamometer. 
Radiation, Inc., Melboums, Fla.

50 millimicrosecond pulses 
at 3 amperes and higher . . . 
just what the doctor ordered 
for the engineer working in 
high speed transistor and 
diode switching research and 
goodness knows what else!
Available immediately . . . 
Model 1051 Millimicrosecond 
Current Pulse Generator.
Write for Bulletin 59-G

.» - V

rese engineering, ine

MAGNETIC CORE TESTERS • HIGH SPEED MEMORIES • LOGIC CIRCUIT PlUG INS

CIRCLE 161 ON READER-SERVICE CARD
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Mono-Pulse Radar

RESET SW

S-Band Strip-transmission Head

3.3KIN92
Mixer Duplexer

‘200TRIGGER PULSE

3AI00
High Power Mixer Duplexer

14Ó

model 
DC80

1 KVA 
condili 
Also -

MICROWAVE 
SUB-SYSTEMS

COMPACT 

SYNCHRONOU! 
WELDINS 

TIMER 

6 • wide 
10 VS" high 

9W deep

model T-3

Kearfott has the experience and 
ability to design precision sub­
systems to the customer’s actual 
configuration and performance 
needs. The availability of a wide 
variety of standard components, 
coupled with advanced techniques, 
makes it possible to provide pack­
aged r-f assemblies with a high 
component density — tailored to 
precise volumetric specifications. 
For minimum size and weight in 
airborne or missile applications— 
for military system environment 
— Kearfott will successfully de­
sign your sub-system — to your 
most exacting requirement.

bt pif f ¡cult 
pper, silver,
hout discoi- 
in, meta 11 ur -

MOUNTED 
GY WELDER 

rtction welding 

méï of 80 Watt

IDEAS FOR DESIGN
Holding Resistor Allows Narrow 
Pulse Triggering of SCR Circuit

When using a silicon-controlled rectifier, scr, 
as a switch in an inductive circuit. Fig. 1, the ex­
ponentially increasing load current did not reach 
the minimum "holding” level at the end of the 
triggering pulse. By adding a resistor across the 
inductance, shown dotted in the figure, the load 
current quickly reached the level required for 
continued rectifier conduction.

In our actual circuit application, the maximum 
width of die trigger pulse was 2 psec. The load 
was a high-inductance solenoid, drawing 250 ma 
steady state. Because of the slow current buildup, 
a much longer trigger pulse was needed for turn­
on of the rectifier, Fig. 2. With the holding resis­
tor across the solenoid, the additional resistive 
component of load current allowed the pnpn 
switch to read the holding current level before 
the trigger pulse terminated. The value of the 
holding resistor is given by:

Fig. 1. By adding a "holding" resistor across the in­
ductive load, the silicon-controlled rectifiers can be 
fired with very narrow pulses.

Operates fit z 
welds per m 
partially oxi 
with ease 
Welding time 
seconds) t 
^lisec^pds)

ß,OAO1weWs rërhw : /automat- 
ically . with one, operator.
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NS-SYNC 
/VELD-TIMER 

utilizing semi-
with high 

* machinery, 
jite up »o 1200 
ul* . . welds 
rad materials
i cycle (8 milli- 
0 cycles (160Inquiries may be directed to: 14844 Oxnard Street, Van Nuys, California

KEARFOTT DIVISION

a~ ZH xSF 
where VCc is the supply voltage, lH is the holding 
current and SF is any desired safety factor.

The only expense was a few per cent increase 
in the total load current.

We have a number of such circuits currently 
in use in some of our data processing equipment. 
In many cases reliable operation has been ob­
tained with trigger pulses as short as 0.6 psec.

BENCl 
STORED ENI

• New TW5 ioi 
head

• Stored bi urg)
• Discharge tii 

0.0012 seton
• Permits wet 

materials, i.e 
tungsten, etc

• Reliable wek 
oration, defoi 
gical change

' GENERAL PRECISION iNC.

LITTLE FALLS. NEW JERSEY 
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—JL- 0.01/A f
INPUT O------------ 1 f-

POWER 
SUPPLY
-----------------+ 50V= Vcc

TWEEZER 
kWELD^

EDERAL TOOL ENGINEERING CO 
1400 Pompton Ave.

Cedar Grove, New Jersey

Jr Precision 
Resistance Welding 

Equipment

PACKAGED 
PRECISION 

for your exact requirements
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SEE answers 
to noise & 
vibration analysis 
problems accurately with..

PANORAMIC’S 
sonic I m 
spectrum Li 
analyzer

Rugged . . . Reliable . . . Economical 
A basic component for waveform study and 
frequency response curve tracing, the LP-la is 
widely used for:
• Vibration und noise measurements
• Harmonic and IM analysis
• Acoustic waveform studies
• Medical electronics

Chock these LP-la features:
• "Quick-look" log sweep; 40 cps to 21) 0OC 

cps in 1 second.
• Adjustable linear frequency analysis for 2' 

cps to 22,500 cps.
• Automata optimized resolution with variable 

IF bandwidth options.
• Residual spurious down more than 60 db.
• Optional "M" internal markers at 60 cps, 

500 cps and 5 kc (and harmonics).
• Optional "Z" flat foci CRT, edge-lit reti­

cule and camera mount bezel.

Writ, for now Catalog Di got! and Iho 
Panoramic Analyrer

I Panoramic
RADIO PRODUCTS. INC.

___ _

1 524 South Fulton Av«., Mount Vornon, N.Y.
M Phono: OWans 9-4600
“ Cables: Panoramic, Mt. Vernon, N. Y State 

CIRCLE 166 ON READER-SERVICE CARD

ELECTRONIC DESIGN • June 8,

I QUIESCENT 
250ma

LOAD 
CURRENT

1H 
MINIMUM 
HOLDING­
CURRENT

,0 0.5,

J

I

2.0 Tf (/i see)
SA 100 DEVICE TIME—►

DELAY

Fig. 2a. Because of inductive current build-up, a wider 
pulse width is necessary to keep SCR turned on.

I QUIESCENT 
s 250ma + ^s 

rH

t
LOAD 

CURRENT

1«

I

r

A DISISI OF NEW DEVELOPMENTS. 
IN ELECTRONICS AND AUTOMATION

I

PUBLISHED BY ROME CABLE DIV. OF ALCOA. ROME, N. Y.
PIONEERS IN INSTRUMENTATION CABLE ENGINEERING

,.'U 
’Th

PATENT-LY ABSURD appears to be the way the House Space Committee feels 
about patent procedures currently in effect with NASA contractors. Provi­
sions of the 1958 law establishing NASA spelled out restrictions on patent 
advantages when such came about through government-financed research. 
Complications arose when an individual firm also had contracts with the 
Pentagon, since these permit keeping patent rights. A new amendment 
reverses the original policy, even allows NASA to change provisions in 
existing contracts.

1
0 0.5/tsec 2.0/1 sec 

TIME-----------*

Fig. 2b. With holding resistor load current increases, 
quickly passing the minimum conduction current level

John V. McMillin, Project Engineer, Measure­
ment Research Center, Iowa City, Iowa.

Corrected Formula
The equation for the power density level given 

in the Idea for Design article by R. L. Thomas 
‘"Microwave Mixer Diode Makes Sensitive, Broad­
band Video Detector,” (ED, April 27,1960. p 118) 
was printed incorrectly. It should have been given 
as:

pd _  Pt *Gt

where Pd = power density level in mw/cm2 
Gt = numerical gain of transmitting 

tenna
Pt = power transmitted in mw

an-

d = distance between throat of trans­
mitting antenna and the aperture 
plane of the receiving antenna in cm.

1960

WHY NYET? Two items of interest to electronic men in reference to Russian 
developments: First, a Russian engineer reports at length in a Soviet periodi­
cal that lack of electronic standardization, particularly in coupling devices, 
is a serious problem. Second, we have put a technique called predictive analy­
sis to work with a computer in order to simplify English translations of 
Russian scientific articles. Up to now the computer could produce only rough 
word-for-word translations. With predictive analysis, the machine approaches 
a sentence as a human does. As a result, the output contains not only the 
English translation, but also the grammatical relation of each word.

FM ON THE MOVE. One industry spokesman predicts that FM sales will hit 
4 million units in 1963. including a million sets for use in automobiles. Still 
to be resolved is the big question of stereophonic broadcasting.

INTEREST in electric cars seems definitely on the increase. Considerable at­
tention to fuel cells (a comprehensive book is almost ready for release), 
introduction of a silicon solar-cell panel, and advances in printed motor 
armatures all point to big things in the future.

CABLEMAN’S CORNER. To help you in replacing or reordering cable, it has 
become standard practice for most cable manufacturers to identify their 
cable in one of several ways. These include the stamping of solid conductors, 
the inclusion of marker threads or tapes within the cable structure, and sur­
face printing or molding the insulations or jackets. Of these methods, the use 
of marker threads or tapes is the most popular. Manufacturers of Under­
writers-labeled products are assigned specific colors for their marker threads, 
and most manufacturers extend the use of these same threads in other cable 
products whenever it is practical. Other information appearing on marker 
tapes often includes unit length markings and the date that the cable was 
manufactured Phone Rome 3000. or write: Rome Cable Division of Alcoa, 
Department 400-B, Rome, New York.

Thés» news items represent a digest of information found .n many of the publiai- 
tion- and periodical', of the electronics industry or related industries. They appear 
in brief here for easy and concentrated reading. Further information on each cun 
be found in tlie original source material. Sourc. s will be forwarded on request. @
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IDEAS FOR DESIGN

28VDC

and 10 watts of power
RELAY 1

with this direct-coupled amplifier

DC RET

CIRCLE 168 ON READER-SERVICE CARD

Simplified Squelch Circuit 
Uses Back Biased Diode

New from Krohn-Hite: this unique combination of power and band­
width! The Model DCA-10 direct-coupled amplifier allows you to 
increase power of all sources from de to one megacycle, without the 
bother of changing amplifiers or bandswitching!

The Model DCA-10 direct-coupled amplifier provides high, distor­
tion-free power over the entire range, from sub-sonic into radio­
frequencies. 20 watts of push-pull power can be obtained from two 
DCA-lO’s cascaded. If this high-quality, flexible amplifier can fill 
a need for you. write for full information.

Other Krohn-Hite amplifiers include the direct-coupled 50 watt 
DCA-50. and the ultra-low distortion (0.^05%) 50 watt UF-101A. 
Also, Krohn-Hite Oscillators, Filters and Power Supplies.

IK (ARC SUPPRESSOR TO 
SIMULATE ACTUAL CONDITIONS!

The DCA-lO’s low distortion (0 1%) makes it the perfect complt 
ment for low-distortion, quality oscillators — for unexcelled per­
formance over the entire frequency range.

A SET OF N.C CONTACTS SEARCH COIL 
ON RELAY 1.

The squelch circuit shown was designed to be 
added to communication receivers. Its simplicity 
allows negligible receiver modification.

The circuit uses the switched diode principle, 
obtaining the switching voltage from a screen 
grid in the avc-controlled if amplifier. A larger 
than usual screen-grid dropping resistor is used, 
since the if amplifier is also operating as an avc 
amplifier.

The af from a high-impedance source is im­
pressed on the anode of the IN459 diode and is 
effectively blocked by the back bias from R2.

Output — to 300 volts peak to peak, to 6o0 milliamperes peak to 
peak Frequency response is flat, Within one db, from de to 1 mc.
Stability is excellent for both output DC level and gain.

CIRCLE 169 ON READER-SERVICE CARD 
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The search coil, held near points suspected of being 
sensitive to relay noise and arcing, quickly locates pos­
sible circuit trouble spots.

Carl. R. Faix, Design Electrical Engineer, RCA, 
Moorestown, N. ].

SPECIFICATIONS :
Carrier Frequency: Adjustable in two ranges from 

500 cps to 40 kc.
Modulation Frequency; 62.5 cps derived through 

frequency dividing circuits from a tuning fork 
controlled oscillator.

Transmitter Output: Two output levels U dbm and 
—4 dbm, floating and balanced. Output imped­
ance 600 ohms *30 ohms over range 500 cps to 
50 kc. Frequency characteristics of output signal 
flat to *.5 db.

Receiver Inpul Balanced and floating with an input 
impedance of 600 ohms *20 ohms from 500 cps 
to 50 kc.

Delay Measurements. Indicated on a relative basis. 
Always read on the 0 to 0.2 M.S. full scale range. 
Coarse and Fine Delay switches and Fine Phase 
Control for precise adjustments.

Amplitude Io Phase Conversion: With 10 db c hange 
in Receiver Input amplitude, output delay indi­
cator will not change more than *5 microseconds.

Power: ’17 volts, 60 cps single phase, 60 watts.
Dimension« of Cabinet- 22'long, 15'deep, 14' high.

Dimension« for Rack Mounting: 19* long, 14' deep, 
13J4' high.

FEATURES:
V Measures Attenuation and Relative 

Delay Characteristics of Transmission 
Systems with Impedances of 600 
ohms

V SOO cps to 50 kc Carrier Frequency 
Range

V Accuracy = ± 5 microseconds

TYPE 453-A MEASURES DELAY 
... by comparing the time relationship 
between the transmitted and received 
signals. The transmitter generates an 
amplitude modulated signal consisting of 
a variable carrier modulated at a con­
stant 62 5 cycle rate. The receiver meas­
ures the change in relative phase of the 
62.5 cycle envelope of the transmitted 
signal with respect to a common reference 
derived from the source which generates 
the 62.5 cycle modulation. Provisions are 
also made to measure the levels of the 
transmitted and received signals.

KROHN-HITE CORPORATION
580 Massachusetts Avenue * Cambridge 39, Mass. 

Pioneering in Quality Electronic Instruments

Search Coil Locates Noise-Sensitive 
Circuit Trouble-Spots

A handy little noise generator was constructed 
to help design certain high-impedance, voltage­
sensitive circuits to be insensitive to relay con­
tact noise and arcing.

The circuits, containing thyratrons and Shockley 
diodes, worked quite well in the breadboard 
stage. However, when wired into a cabinet with 
many operating relays, they were constantly being 
prematurely triggered.

The noise generator shown was used in the 
design of new circuits which would be insensi­
tive to the relay noise. It was also used to check 
out the existing ones. The search coil, consisting 
of several turns of hook-up wire, was held near 
suspected leads and circuit points. The opening 
and closing of the contacts simulated in the search 
coil the fields actually encountered in the com­
pleted equipment. Possible areas of premature 
triggering were quickly located while the circuits 
were still in the breadboard stage.

NEW.. .COMPACT... 
TRANSMISSION & DELAY 

MEASURING SET 

TYPE 453-A

ACTON LABORATORIES, INC 
subsidiary of

TECHNOLOGY INSTRUMENT CORP 
517 Main St. • Acton, Mass.

COIonial 3 7756



+270V

IOOK, R|

IOOK, Rj SQUELCH 
THRESHOLD

AVC

FROM iST .005^f 
A F AMP

47K, R.

C5T 
,001/it

OUTPUT
TO VOLUME 

»’5OOK CONTROL

ALL R-yW 

ALL C’400V

• a wide range of standard sizes 
• colored tubing and special sizes 
• a wide range of wall thicknesses
• prompt deliveries of

SPAGHETTI TUBING 
MADE FROM

TEFLON 
by Pennsylvania Fluorocarbon 
To obtain outstanding results from 
sheathing for wires, slip-on insula­
tion and bushings, use the unique 
electrical properties of spaghetti 
tubing made from Teflon plus the 
outstanding engineering and manu­
facturing techniques developed by 
Pennsylvania Fluorocarbon.

The unique electrical properties of 
spaghetti tubing made from Teflon 
include: good dielectric strength (1000- 
2000 volts/mil); lowest dielectric con­
stant (2.0) and dissipation factor 
(0.0002) of any solid dielectric; no 
change of electrical properties with 
temperature (-25°C.to+250°G),or fre­
quency (60 cycles to 100 me.); unaffect­
ed by moisture. In addition, PF Teflon is 
not harmed by the hot soldering iron 
so assembly work is speeded up 
considerably.

The outstanding engineering and 
manufacturing techniques develop­
ed by Pennsylvania Fluorocarbon 
include: the tailoring of Teflon with 
colors for identification or with modifi­
cations for improved texture and 
mechanical properties; stress relieving 
spaghetti tubing for minimum shrinkage; 
cleaning and 100% inspection; the 
manufacture of a wide range of wall 
thicknesses and special sizes.

Write, wire or call and let us quote 
on your requirements. Wo can pro­
vide overnight delivery of standard

When a signal is detected, the avc voltage rises 
and the back biased diode is switched to its forward 
conducting state.

When a signal is detected, the avc voltage rises. 
The screen voltage also rises and switches the 
diode to a relatively low forward resistance of 
about 10 K. Thus, the audio rides through with 
slight loss due to the voltage dividing action of 
the 10 K forward diode resistance and the ap­
proximately 500 K load resistance. This is a loss 
of only about 2 per cent. In the absence of avc 
voltage, the back bias raises the diode to a re­
sistance on the order of 20 meg.

competitive price«.

PENNSYLVANIA 
FLUOROCARBON CO., INC. 

1115 N. 38th Street, Philo. 4, Po. 
EVergreen 6-0603 TWX: PH 2S2

•DuPont registered trademark

Capacitor Can Eliminate Residual Leak-Through
The signal can be allowed to ride through to 

verify, in the absence of a strong signal, that the 
receiver is operating although squelched. How­
ever, to almost completely kill this residual leak- 
through, capacitor Cs is added. This bypass is 
usually already present, in the af circuit, to at­
tenuate the very high frequencies. It need only 
be moved to the output side of the diode and it 
will serve the former function of bypassing highs 
on conduction, and also silence the small feed- 
through in the squelched condition.

The voltage swing at the screen grid for switch­
ing is about 10 v. Ri, R2 and R3 are proportioned 
so the lowest voltage of R2 is below the voltage 
on the screen grid with only receiver noise present. 
This will allow turning the squelch off in the 
absence of any signal by rotating pot R2 to that 
end. The upper voltage of R2 is 10 v above that 
on the screen grid for the strongest received sig­
nal expected. The values given are used on a 
SP600JX type receiver.

If the limiter is used on the audio prior to its 
passage through the squelch the false alarms due 
to noise peaks are greatly reduced.

This squelch performs beautifully in com­
munication work where interference is present but 
somewhat weaker than the desired signal. In this 
case R2 is set to let through only the strong signal 
and quiet is obtained between transmissions.

E. Dusina, Electronic Engineer, Hollis, N. H.

with this new low-distortion

ac power source!
New from Krohn-Hite: this variable-frequency, 50 watt ac power 
source, with the long-desired specifications of less than 0.01% 
amplitude stability and 0.1% harmonic distortion! The LDS-1500 
offers a continuously variable wide range of voltage and current — 
up to 1500 volts, and up to 12 amps, at any frequency from 20 cps 
to 20 kc.
The short-term stability and low distortion now makes it possible 
for you to calibrate conventional indicating ac voltmeters and 
ammeters, and digital meters to lab standards, yourself!
As a general-purpose variable frequency source of distortion-free, 
highly stable power, the LDS-1500 has many applications. Distortion 
measurements at high power levels of precision resolvers, inductors, 
gyro motors and other electro-magnetic components can now be 
made with greater accuracy and ease.
The 50 watt power output of the LDS-1500 is ample to supply test 
benches, for quality control testing at unusual frequencies.
Investigate this unusual ac power source. Its unsurpassed stability 
and distortion characteristics, its convenience of continuously vari­
able frequency, voltage and current — make it a basic instrument 
of the industry. Send for complete technical specifications.

KROHN-HITE CORPORATION
580 Massachusetts Avenue * Cambridge 39, Mass. 

Pioneering in Quality Electronic Instrument«
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Fig. 1. Basic circuit for the measurement of resistance 
has leakage resistance in parallel with the unknown.

This is not true for the circuit developed in the 
megohmmeter. In the basic circuit, Fig. 2. cur-

Shield Circuit Ups Megohmmeter': 
Input Impedance

currents developed across R,n represent spurious 
currents generated within the test set and greatly 
reduce the high-ohm accuracy of any ohmmeter. 
This spurious current effectively reduces the value 
obtained for Rx (as expressed in the formula

You'll Find The Right 
Blower to Fit Your 
Product Need with__

rents created across R^ (representing the internal 
impedances of the meter circuit) are shunted past 
the meter by “guarding” with a shield to ground. 
Therefore, very high effective input resistance 
can be developed.

The actual circuit, as developed, is shown in 
Fig. 3. A three-deck, four-position selector switch 
is used to switch between line-to-line and line-to- 
shield. The extra positions and decks allow “guard­
ing” techniques to be applied to the switch wir­
ing. The one-meg resistor is a current-limiting 
device that will reduce injury should a person get 
across the 500-v supply.

When calibrated, the meter shows a stable out­
put resistance of greater than 0.5 x 1018 ohms.
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Wherever efficiency-robbing 
heat must be eliminated, or air 
kept on the move. . then there's 
an application for FASCO Cen­
trifugal Blowers. Manufac­
turers of electronic equipment 
such as Radar, Radio Trans­
mitting and Receiving Equip­
ment, Control Panels, Electronic 
Test Equipment and Comput­
ers, etc., depend on FASCO 
Blowers to do the job with max­
imum efficiency, minimum at­
tention and cost. Available m 
output ratings ranging from 15 
to 320 C.F M Built to rigid 
government specifications.

GET PROMPT DELIVERY 
FROM WAREHOUSE STOCK.

Write for n^nv» of FASCO 
Distributor in your area.

Ari inexpensive megohmmeter was developed 
that gives reasonably accurate (±5 per cent) 
measurements over the range of 50 meg to 500,­
000 meg. This instrument was developed specifi­
cally to test two-conductor shielded cable. It tests 
each conductor for line-to-line and line-to-shield 
resistance. The test potential is 500 v and meter­
ing is accomplished with a laboratory-type micro­
micro-ammeter. A one-ma-scale meter is used as a 
shorts indicator.

The megohmmeter is designed in such a man­
ner that the operator is required to use both 
hands to accomplish any measurement. This les­
sens the risk of the operator measuring himself.

A basic circuit designed for the measurement 
of resistance is shown in Fig. 1. In this circuit,

JHWED POLE BLOW«

Small 
Blowers 
in Small 
Quantities?

POWER

The new weather satellite, TIROS, is one of the most remarkable 
space vehicles yet to take to the skies. For tiros carries a complete 
TV transmitting system into space

Built by RCA for the National Aeronautics and Space Administra­
tion under technical direction of the U. S Army Signal Corps 
its mission is to televise cloud formations and transmit the pictures 
back to earth to aid weather forecasters.

Among the advanced electronic equipment in TIROS is a 
Sorensen de to-dc converter that transforms the output of the 
satellite s solar cells to voltages necessary for the satellite s com 
plex electronic gear. Of course, this converter is both miniaturized 
and transistorized (weighs only 20 oz.) and its reliability is vital to 
success of the project

SORENSEN power rides 
the weather satellite!

tasco DISTRIBUTING CO.
Division ot FASCO INDUSTRIES. INC

AUGUSTA ST., ROCHESTER 2, N. Y

MORE THAN 130 MODELS

Read about the more than 130 different models of dc-to de con 
verters offered by Sorensen in our new 32 page catalog . , plus 
a complete line of highly regulated d-c supplies, a-c line-voltage 
regulators, high voltage supplies to 600.000 volts, frequency 
changers plus valuable reference data. Write for your copy to 
Sorensen & Company. Richards Avenue, South Norwalk. Conn. Fig. 2. In the basic circuit developed for the megohm­

meter the paralleled resistance is shunted past the 
meter by a shield to ground.
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NEW Couch Relay isolates

2D2I

VERY FAST SILICON DIODE
II5VACPLANAR RELIABILITY

150m/zsec RECOVERY

1960

Negative voltage Io hold thyratron cut-off is elimi­
nated if the shield grid is connected Io the filament 
supply through an inverting transformer

............... 50G Min. 
...30G’s to 2,000 CPS 
1000 Volts RMS Min 
................875" max. 
................800" max. 
................400" max. 
.............18.± 1 gram 
......2 form C(? PDT)

R. L. Fusfield, Hughes Aircraft Co., Culver 
City, Calif.

Fig. 3. Megohmmeter con make line-to-line and line- 
to-shield cable resistance measurements. When cali­
brated, unit has stable output resistance greater than 
0.5 x 1015 ohms.

The use of a calibration formula will allow meas­
urement of resistance of that magnitude. Without 
the calibration formula, the megohmmeter will 
measure greater than 5 x 1012 ohms to approxi­
mately 5 per cent.

Walter B. Morton, Jr., Project Manager, Epsco- 
West, A Division of Epsco Inc., Anaheim, Calif.

Organic material can’t contaminate the contacts in the new Couch Type 
2M micro-miniature relay. They’re hermetically sealed in a separate 
chamber — and without rosin flux.

Also contributing to reliability is Couch’s patented rotary armature, 
pivoted on two sapphire jewels and virtually immune to present day levels 
ot shock and vibration.

Designs like this, produced within an unusually narrow range of manu­
facturing tolerances, help explain why Couch relays are being called on 
to provide reliability in many complex systems.

Write for additional information.

4300 REDWOOD HIGHWAY • SAN RAFAEL, CALIFORNIA 
GLENWOOD 6-1130 • TWX SRF 26

For more information circle 246 on 
Reader Service Card

ENGINEERING DATA:
Shock.......................
Vibration...................
Dielectric Strength...
Height.....................  
Width......................
Thickness................
Weight......................
Contact Arrangement

ULTRA-FAST SILICON DIODES 
PLANAR RELIABILITY 
20 mA MIN AT 1,0 V 
4m/isec RECOVERY Filament Controls Thyratron Bias

In certain relay control circuits, 115 v ac is 
applied across the series circuit consisting of a 
relay and a thyratron. The relay is energized by 
bringing the control grid of the thyratron from 
some negative potential to the firing point

Tn the circuit shown the negative potential is 
eliminated by applying the filament voltage to 
the shield grid out of phase with the plate volt­
age. During the ac supply’s positive half cycle 
the shield grid is negative, and the tube is cut off. 
During the next half cycle no conduction occurs 
because the plate is negative. However, if a posi­
tive potential is applied to the control grid, the 
tube will fire during each positive half cycle and 
the relay will be energized.

A Subsidiary of S H Couch Company, Inc.

3 Arlington St., N-rth Quincy 71, Mass. Tel.: (Boston) BLuehMIs 8-4147
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4300 REDWOOD HIGHWAY • SAN RAFAEL, CALIFORNIA 
GLENWOOD 6-1130 • TWX SRF 26

For more information circle 247 on 
Reader Service Card
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what makes one 
micro-miniature

■ relay more 
reliable

~ than another?

answer

SEALED 
CONTACT 
CHAMBER
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Digby on Poverty

WHITE ME

HOOVER
ELECTRONICS COMPANY
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Phas.
Shiftv

Heie s an example VERNITEL, the heart of the 
HOOVER system that improves FM/FM tele 
metering systems by a whole order of magni­
tude, yet saves money by prolonging their 
lives, in as humanitarian a fustum as you’re 
likely to find in a day's ride. Write for com­
plete specification sheets

your complete source for 

extruded

Measuring Devices for Millimeter Waves 

Patent No. 2,922,955. H. Leboutet (As­
signed to Compagnie Generale de TSF.)

An impedance match to couple milli­
meter wave power is obtained by using 
the internal conductor of a coaxial line 
as the probe. The outer conductor is a 
hollow cylinder connected as a stub to a 
millimeter waveguide.

In the frequency multiplication version 
shown, the coaxial stub contains a crystal 
in the 3-4 center conductor. The load is 
connected through a millimeter cavity 8. 
Thus the phase shifting and positioning 
of the assembly 2,3,4,5 sets the impedance 
to be matched. By matching the load to the 
generator, a harmonic frequency. nf„, is 
produced.

EVaV/HITE METAL ROLLING & STAMPING CORP 
One of the World's Largest Produce» 
Magnesium Alloy Mill & Finished Products

114 Moultrie Street, Brooklyn, N. Y. H ■ y ' 
Phone EV 9-4134

Plants. Warsaw, Ind., Brooklyn, N, Y, ■
No Walpole, New Hampshire .

Write tor lull mtormariun wn properties, uses A 
etc of WHITELIGHT MAGNESIUM f

Admiral of the Fleet Sir Roger Twigger-Digby (1837­
1899), noted as the first man ever launched from a cruiser 
in a Montgolfier balloon, said it concisely: “Money talks? 
Poverty talks, too, but nobody wants to hear what it has 
to My." Sir Roger, naval aviation’s first (and last) 
hot-airman, should have lived to see hoover electronics 
company’s approach to the problems of the poor.

We at hoover keep a specially sympathetic ear for 
those with budget problems . . . constantly striving to 
provide the ultimate in electronics systems, design, and 
shelf items at a reasonable price. The definition of '‘rea­
sonable’’ is, of course, as flexible as a tomcat’s morals, but 
the definition of hoover electronics is still as rigid as 
a Guardman’s hack. Budget trouble? We take it in -tride 
. . . and it’s always a stride forward.
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Stable Oscillator

Patent No. 2.927278. R. H. Dicke.
An atomic or molecular clock operates 

satisfactorily when the cavity and its 
resonant substance both oscillate at the 
same frequency. This invention supplies 
a method for separately detecting the 
oscillations of the resonant substance 
rubidium) and to compare them with the 
oscillations of the cavity.

A pulsed tuned cavity is used to pro­
duce a very large output which quickly 
damps out. During the time interval t0 
to ti, pulser 46 gates modulator 26 to 
shock excite the cavity resonator. Gate C 
passes the cavity oscillations in the inter­
val tt to tt and the circuit rings at the 
cavity frequency. Gate B passes the re­
sonant substance signal for comparison 
in the phase detector. This detector tunes 
the cavity to resonance according to the 
error signal. The local oscillator may be 
a klystron set to beat with the cavity 
output to produce 30-mc waveforms.

110 WEST TIMONIUM ROAD • TIMONIUM, MARYLAND
Los Angeles. California 
Field Liaison Engineer.

magnesium 
structural, shapes 
rectangles • rods & tubes 
The world's best assortment . . . ready Io meet 
your design need from 100's of stock dies . . . 
or a modification (with little or no tooling cost) 

m to your exact specifications. You get 
reliable extrusions faster ... at lower cost 
from WHITE METAL'S unequaled engineering ex- 
prrii ncj and fully integrated magnesin<n facilities 
• CHANNELS. I BIAMS A ANGLES to b" • RODS 
6 TUBES to 6'4 in. J.n • BARS & RECTANGLES 
*o 4" x 8 - WALL SECTIONS from .022 in 
Min . . LENGTHS from U* Io 40 ft.
Send us your prints NOW for prompt quotation
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Who needs feedback?The 
patented chronometric governor of this 
standard DC Timing Motor is a tyrant. 
Without any other circuitry, it holds the 
motor output speed within ± 0.1% while 
driving charts, cams, contacts, actuators 
or other devices. It holds the rate even 
if output shaft load, line voltage, or 
ambient temperatures change. And that’s 
just the standard model of this little gem. 
Custom variations can do even better, un­
der special conditions. The A. W. Haydon 
Co. knows all about timers and timing. 
If you have a specific timing problem, 
you ought at least to have our literature. 
Bulletin MO 802 is yours for the asking.
(On 5800 Series chronometri- 

DC Motors)

a complete 
selection 
of 
low cost
standard 
models

Howard V 
motor parts sets

Ratings from 1/200 to 1H.P.
Howard standard motor 
parts include armatures 
and fields, brushes and I 
brushholders, rotors, 
stators and fans. If you use 
motor parts, write Howard 
for complete information.

HOWARD

HOWARD INDUSTRIES, INC., 1725 State Street, Racine, Wisconsin 
Division» Electric Motor Corp., Cyclohm Motor Corp., Loyd Scruggs Co.
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AUfUAYDON 
rWlFI COMPANY
227 North Elm Street, Waterbury 20, Connecticut
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5800 Series 
DC Motor with 

chronometric 
governor



BOOKS

V/2 ■ INCH PANEL METERS
MODEL
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1-INCH PANEL METERS j NOW! FROM
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Transistor or tube
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ing concrete random phenomena and 
illustrate the variety of situations to 
which probability theory may be applied.

V A LP E Y CRYSTAL 
CORPORATION 

HOLLISTON, MASSACHUSETTS
Telephone GArden 9-4851

Combine small size and light weight with an initial accuracy 
held to ± 3% of full scale for d-c meters and ± 5% for a-c 
meters- Ideal for portable, marine, airborne and a variety of 
other applications requiring maximum precision and depend­
ability in minimum space. Available in a wide variety of stand­
ard and non-standard ranges, starting at 0-100 microamps.

ROUND OR SQUARE • COMMERCIAL, MILITARY AND RUGGED 
IZEDMODELS • VU, AND Ob METERS

Crystal-Controlled 
PACKAGED 

OSCILLATORS

SEE OUR 
ADVER­

TISEMENT 
ON PAGE 

127

COMMERCIAL, WATERTIGHT AND MILITARY MODELS • VU, Db 
AN UNUSUALLY WIDE RANGE OF CASE DESIGNS FOR SPECIAL 

APPLICATIONS
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Statistical Methods In Radio Wave 
Propagation

Edited by W. C. Hoffman, Pergamon 
Press Inc., 122 E. 55th St., New York 22, 
N.Y., 334 pp, $14.00.

Collected here are papers presented at 
a 1958 symposium on the subject held at 
the University of California, Los Angeles. 
The symposium’s purpose was to bring 
to the attention of the worker in the radio 
wave propagation field statistical methods 
for reducing and interpreting his experi­
mental data.

The collection is divided into three sec­
tions. Section I deals primarily with 
statistical theory and methodology. Pa-

Modern Probability Theory And Its 
Applications

Emanuel Parzen, John Wiley ir Sons, 
Inc., 440 Fourth Avenue, New York 16. 
N.Y., 464 pp, $10.75.

Written as a textbook for a course in 
probability, this book introduces the con­
cepts and ideas of modern probability 
theory, details applications of the theory 
to real phenomena, and provides tech­
niques for solving problems involving 
both discrete and continuous probability 
theory. The major ideas are presented 
without assuming that the reader knows 
the advanced mathematics required for a 
rigorous discussion.

More than 160 examples, 120 theoreti­
cal exercises and 480 exercises are con­
tained in the text. The non-theoretical ex­
ercises are numerical problems concern-

A A sI » 
XMA

I Valpey Crystal Corp., a reliable and
W long-established manufacturer of fre­

quency control devices, now brings you a 
line of precision-made crystal-controlled 
packaged oscillators.

types are available from 60 cps. to 10 me.
Standard units are offered for computer and commercial 

applications — with a minimum of lead time required, Our 
Engineering staff would be pleased to design custom units for 

severe environmental conditions and other special applications 
to meet your most particular requirements.

Valpey Crystal Corp., also manufactures a complete line of 
precision optics, quartz crystals and temperature control ovens 
for electronic, ultrasonic and optical applications.

Write today for free bulletin!

Ideal for geophysical and military communication, testing and 
control equipment, and other applications demanding smallest 
possible size plus high sensitivity and dependability. Accuracy 
is ± 3% of full scale for d-c, ± 5% for a-c. Scale is 0.760”, 
providing excellent readability. Available in a very wide 
choice of standard ranges — with special scales, ranges, sen­
sitivities, resistances, cases and other modifications supplied 
on order.
See Your Distributor...or Write for Engineering Data Sheets

The Accuracy, Performance 
AND the Models You Want!

HEADQUARTERS FOR MINIATURE COMPONENTS 

in tornaiituta! 
instruments ine.

P 0 BOX 2954. NEW HAVEN 15 CONN • CABLE ' INTERINST ’



pers include: A Study of Sea Clutter 
Spectra, The Multidimensional Prediction 
Problem, and Some Theoretical Investi­
gations on Fading Phenomena. Section 2 
contains papers which emphasize radio 
propagation phenomena having both a 
statistical and physical structure. In­
cluded are papers on antenna tolerance 
theory, trans-horizon measurement tech­
niques, and diversity statistics in scatter 
propagation. The third section describes 
instrumentation for processing radio-pro­
pagation data.

Control System Analysis and Synthesis

t John J. D’Azzo and Constantine H. 
Houpis, McGraw-Hill Book Co., 330 W. 
42nd St., New York 36, N. Y., 580 pp, 
$13.50.

This treatment of feedback control sys­
tems begins by presenting the principles 

I of obtaining differential equations for 
electrical, mechanical, hydraulic, and heat 
flow systems. The Laplace transform ap­
proach is used and the block diagram 
method is shown, Basic servo characteris­
tics are discussed in detail.

Various methods of analysis are then 
taken up; root locus and frequency (Ny­
quist’s stability criterion) techniques. The 
same system is used with each method 
for ease in correlating the results. Com­
pensation techniques to improve perform­
ance are presented for each method. 
Other topics included are ac systems, op­
timum response, non-linearities and com­
puters. The last chapter includes some 
experimental techniques and ties together 
all the methods presented in the book.

Extensive appendices include much 
material useful to the feedback control 
system engineer: root solving tables, 
angle loci methods, a rigorous develop­
ment of Nyquist’s stability criterion, and 
a description of the automatic plotting of 
the root locus by an analog computer.

The scope of the text is such that it can 
be used for both undergraduate and 
graduate courses. Numerous examples 
and figures illustrate important principles. 
Examples of feedback control systems 
pertaining to various branches of engi­
neering are presented. An extensive group 
of problems is included at the end of 
the textbook.

TUNNEL
DIODE \
NOISE

PROBLEMS
by 

Dr, Walter K. Volkers, 
Milli vac Instruments Division, 

Cohu Electronics, Inc., 
Schenectady, New York

PHAZOR
Mi FEND «il.

PHASE METER

MODEL 
200AB

PRICE 1$44900 t o
*•

- ■
*

•
@ 
C 
O 
o

2e absolute accuracy
Readings not affected by noise and harmonics
Frequency range 15 CPS-30KC
Accuracy to .01 degree with simple circuit techniques 
High sensitivity on input & reference channels 
Can measure in-phase & quadrature voltage component

For further information contact your nearest 
representative or write for brochure

INDUSTRIAL TEST EQUIPMENT CO 
, 55 E 1 Ith ST • NEW YORK 3 • GR 3-4684
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Always on hand to spoil a new amplifier’s glorious entrance 
to the engineering field are two electronic “delinquents” that per­
sistently demand our attention. One is impedance, the other is 
noise.

The transistor — as you undoubtedly recall — turned out to be 
a considerable disappointment at the time of its first blush. Its 
input impedance was low — its noise sky high. Many years went 
by before there was even a promise of surmounting these setbacks. 
Yet, today, they are well on the way to being solved. High input 
impedances are being obtained by suitable circuitry and low noise 
is being attained through “hushed transistor opeiation.” •

In the tunnel diode — the most recent comet in the sky of elec­
tronic amplifiers — we are again being plagued by the old basic 
problems. It has an input impedance which is staitlingly low 
(even lower than that of the transistor); its noise (at this time) is 
disturbingly high. Yet, judging from past experience, we can be 
reasonably certain that this new arrival will overcome these diffi­
culties as well as the transistor (its predecessor) did. However, 
keep in mind, that suitable instrumentation is needed to analyze 
and solve the problems of every newcomer — and that it is incum­
bent on the "older brothers” to “tutor” the young child.

You will find a classic example of how this helpful role works 
in our ultra-sensitive transistor voltmeters (2 uV lowest possible 
reading) and in the "hushed transistor amplifiers”, which we 
developed against overwhelming odds, several years ago.

These low-noise devices now stand ready to help the newly- 
born tunnel diode infant by anafyzing and helping to reduce its 
early, lusty "noise cries", so that it can eventually assume its 
rightful place in the family of well-groomed amplifiers.

Millivac’s low-noise amplifiers are becoming increasingly popu­
lar in a variety of fields — and especially where noise problems 
are severe. They are available with high or low input impedance, 
high or low frequency response in strictly AC, or both AC and 
DC types.

• Millivac’s VS-61A Hushed Transistor Amplifier has less 
than 0.5 uV RMS noise voltage over a 60 KC passhand, 
less than 02 uV with 10 KC bandwidth.
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Ferrite Attenuation
Measured on CRT Scope Face
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RUSSIAN TRANSLATIONS
J. George Adashko

AN IMPORTANT property of ferrite devices 
is their ability to distinguish between differ­

ent frequencies. In multi-channel communications 
systems they are used to separate the informa­
tion in the various channels. However, to be sure 
that the separation is complete, a specified at­
tenuation level, which is above a given minimum, 
is maintained.

Fig. 2. The level line 1-2 of the cali­
brated attenuator is lined up with the 
ferrite characteristic, 3, traced on an 
overlay.

Attenuation Characteristic Displayed on 
CRT Screen

With the instrument described here, the at­
tenuation within a given frequency band can be 
quickly measured. Instead of measuring the atten­
uation point-by-point, the instrument displays the 
frequency dependence of the attenuation on a 
crt screen.

The block diagram of the instrument is shown 
in Fig. 1. A swept high-frequency signal from a 
klystron generator, 2 and 3, is audio-modulated 
and fed through ferrite element 3, wavemeter, 4, 
calibrated attenuator, 5, and decoupling atten­
uator, 7, to a detector section 8. After it is de­
tected it goes to the input amplifier of the indi­
cator block 9.

The output signal is then applied through a de
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NEW MARK II RELAY
Insures ULTRA-reliability under most extreme 
environmental and operating conditions.
Revolutionary new WEDGE ACTION supersedes 
and surpasses "Wiping Action."
Contact pressure constantly increases 
during over-travel.
• Temperature range: ~65°C to 200°C.
• Contact bounce: NONE.

Operating vibration: 5 to 2,000 cps, 30 G's.
Operating shock: 100 0.

• Contact rating: dry circuit to 2 amps.
• Extremely low contact resistance.

BRIEF DESCRIPTION: Six pole, double-throw, 
hermetically sealed. Meets and exceeds spe­
cifications MIL-R-5757C and MIL-R-25018.

PAT. NO. 2,866,046 Write for illustrated literature.

ELECTRO TEC CORP.
P. 0. BOX 37B, SOUTH HACKENSACK, H. J. BLACKSBURG, VA., ORMONO BEACH. FLA

Sl\ i

I IBSU 
j -!■■■■■■■

BBBBI
BBBBB \
■■■■■■ft. K

I- - i--i IBBBBB
Fig. 1. Mock diagram of apparatus for visual observation 
of the attenuation-frequency characteristic of ferrite devices.
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paraphase amplifier to the vertical deflection 
plates of a crt. At the same time a sweep voltage, 
proportional to the frequency of the hf generator, 
is applied to the horizontal plates. The resulting 
display is a plot of amplitude versus frequency. 
The attenuation of a ferrite element can be de­
termined in the following manner.

Ferrite Element Substituted for Calibrated 
Attenuator

The ferrite to be tested is connected in the 
high frequency channel, replacing the calibrated 
attenuator, 5. Using a grease pencil, the oscillo­
scope display is drawn on a screen overlay.

The tested element is then removed and the 
calibrated attenuator, 5, is re-inserted. It is ad­
justed so that the level line (1-2) observed on the 
crt screen moves to coincide with the desired 
point of the ferrite characteristic drawn on the 
overlay. For example, the minimum attenuation 
of the ferrite can be determined by moving the 
level fine to the valley or to the peak of the 
overlay curve.

The attenuation introduced by the unknown 
element can then be read on the scale of the 
calibrated attenuator. Using this method, the 
accuracy of the measurement is determined by 
the accuracy of the calibrated attenuator, not by 
the subjective operator accuracy. The accuracy of 
the attenuator, and therefore the accuracy of the 
instrument, is ±0.8 db.

The instrument is packaged in three sections: 
high frequency, indicator, and power supply. The 
generator used is a type K-29 klystron. The fre­
quency retuning is mechanical with the aid of a 
reversible motor with simultaneous correction of 
the voltage on the deflecting electrodes. The re­
tuning frequency range is ±5 per cent from the 
mean value. The time of retuning is 3 to 4 sec. 
The calibrated attenuator is of the polarization 
type, and its attenuation is practically independent 
of the frequency. The adjustment range is from 
0 to 30 db.

To measure the frequency, a resonant wave­
meter is provided. The resonance is noted as a 
hump (or trough) in the observed curves.

A 13L036 after-glow tube is used in the instru­
ment, which is fed from a 50-cyde, 220-v line.

Translated from Instrument For Visual Obser­
vation of Frequency Characteristics of Ferrite 
Devices, Radio Engineering and Electronics, No. 
1,1960, pp 171-72.

■ Free, 12-page booklet of charts and test data compares 
performance of “Mylar”* polyester film with cellulose­
acetate tape base. Booklet includes sample strips for you 
to make a simple comparison of the greater toughness of 
“Mylar”. It’s free ... no obligation . . . mail coupon or 
write for your copy. E. I. du Pont de Nemours & Co. 
(Inc.), Film Department E-12,Wilmington 98, Delaware. 
•“Afflar” it Du Pont’» trademark for ile brand of polyester film.

MAIL COUPON FOR FREE BOOKLET...

E. I. du Pont de Nemours & Co. (Inc.)
Film Department D-3, Wilmington 98, Delaware

Please send me new booklet giving data on Magnetic Instru­
mentation Tapes of “Mylar”.

Name___  
Company. 
Street___
City____
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COUNT 
YOUR PROFITS 

IN ADVANCE!

Every penny you save is a penny of 
profit, of course. And you’ll save dollars when 
you switch to ADVANCE STAMPINGS.

• SAVE in design—our small metal stamping 
specialists are at your service.

SAVE in engineering—our engineers will help 
you solve any problem.

• SAVE in costs—high production ’‘clicks” out 
precision parts.

• SAVE in production—close tolerances make 
assembly quick, simple.

As specialists in Small Stampings, Advance 
has been helping metal working industries of 
various kinds attain higher production at 
lower cost for over 38 years.

Yes. the savings you gain at the outset help 
you count your profits in Advance . . . 
Advance Stampings, of course.

Here are typical Advance Stampings which 
have been fabricated in different materials 
to meet tolerance specifications, delivery and 
price.

Sand v* your blue print* or sample* for quotaliont. 
Advance engineer* ar* available to consult on ways 
to improve your «ompetitive position.

Write for Small Stamping Specialists Brochure

ADVANCE STAMPING CO
12023 DIXIE AVENUE DETROIT 39, MICHIGAN

CIRCLE 1B6 ON READER-SERVICE CARD

158

ELECTRONIC DESIGN

of recent papers and literature

Distributed
R and C
Elements

RsJOOKA

—Ik

ISO KA

212 HhF

HI— 
IMg^F

Make
Sharp
Rejection
Filters

FILTER ELEMENTS having both distributed 
resistance and distributed capacitance result 

in filter designs with some very useful characteris­
tics. Modem techniques for printing resistance 
elements on high-dielectric constant ceramic sub­
strate make it possible to manufacture these filters 
for use at frequencies from the low audio through 
the vhf band.

Characteristics of Distributed RC Lines
The schematic diagram of such a distributed 

RC filter is shown in Fig. la. Its attenuation 
characteristic is similar to that of a conventional 
twin-T filter, Fig. lb. The circuit values of these 
“notch” filters are chosen to produce a rejection 
frequency of 10 kc. The value of capacitance, C, 
shown in Fig. la is the total distributed capaci­
tance under the resistor, while R is the de value 
of the distributed resistance.

The distributed filter is far easier to adjust to a

Fig. 2. Attenuation vs 
fRC plot fors A-distributed low pass

Fig. 1 . The distributed 
element notch filter, a, has 
characteristics similar to the 
conventional Twin-T 
filter, b.

filter, S-distributed shunt 
capacitor filter, 

C-distributed shunt 
resistor filter.

desired frequency than the conventional twin-T 
since only one circuit element (either C or R) 
need be adjusted.

The distributed RC element is essentially a 
transmission line which has only resistance and 
capacitance. Curve A in Fig. 2 shows the atten­
uation characteristic of such a network. (The ad­
ditional capacitor of Fig. la is necessary to make 
it a notch filter.) The characteristics of the dis­
tributed RC element are plotted against the vari­
able fRC, where:

f = the frequency of the applied voltage
R = the de resistance of the distributed ele­

ment
C = the total distributed capacitance between 

the resistive element and the conducting 
electrode beneath it.

The variable fRC is used in plotting these data 
since it allows the resultant plot to be completely 
general. If, for example, R = 1 meg and C = 
0.001 pf, the horizontal scale reads directly in 
kilocycles.

Distributed RC Equivalent Circuit
Perhaps the best way of showing how the low 

pass distributed RC filter of Fig. 2a can be trans­
formed into a notch filter is by referring to its 
n-equivalent circuit, Fig. 3. The variation of each 
of the elements with frequency is shown in Figs. 
4 and 5. In these two figures, the dimensionless 
ratios Y\R and Z2/R are plotted instead of the 
admittance, Yi, or the impedance, Z2. Thus the

ELECTRONIC DESIGN • June 8, 1960
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Well make ONE or ONE MILLION for you

OAKS, PENNA 
Fabricated Pf>rts

ances on tools, or speeds and feeds to 
use. Spoilage is not your concern.

Since we make our own special 
tools, dies or jigs, they are our design 
problems, not yours. It may be pos­
sible to save money by molded- 
laminated or molded-macerated pro­
cedures. We’ll tell you.

All you have to do is pay the bill. 
And this is painless because special

Regardless of the nature of the piece 
or of the quantity, it is usually good 
business to let us fabricate your lam­
inated plastics part or parts.

We have the material in stock or 
can make it quickly, including any 
modifications necessary to improve it 
for your purpose. You save time. You 
have no decisions to make on toler­
ances, dimensional allowances, clear-

Moided-laminated • Molded-macerated

Notch Filter Characteristics
The attenuation characteristics of two distrib­

uted notch filters are shown in Fig. 2. Curve B in 
this figure is for a unit of the type shown in Fig. 
la. Curve C is for one formed by using a resistor 
for the shunt element Of these two filters, the 
type using a shunt capacitor is more generally 
useful. It has less attenuation at frequencies both

CORPORATION LZJ 
Sheets • Rods • Tubes

Fig. 4. Polar plot of the product YjR (Yi and R are 
defined in Fig. 3b)
between terminals 1 and 3. There will be com­
plete rejection at one frequency. The magnitude 
of the admittance of the shunt element is equal to 
the magnitude of Yi, and the phase angle of the 
shunt admittance is 180 deg from that of Y».

ELECTRONIC DESIGN • June 8, 1960

tools and skills keep it low. Call your 
Synthane representative — in any 
principal city—for a quotation or 
write Synthane Corp., 42 River 
Road, Oaks. Pa.

You furnish the print—we’ll furnish the part
CIRCLE 107 ON READER-SERVICE CARD

Synthane makes and fabricates 
laminated plastics

Fig. 3. The distributed RC filter of a can be 
represented by its ^-equivalent circuit, b.

curves are applicable for any value of R.
Fig. 4 shows that as frequency increases, Yi 

decreases in magnitude while its phase angle 
becomes more and more negative. When the 
curve crosses the —90 deg line (that is, when Yi 
is purely inductive), the magnitude of YiR is about 
0.65. If Yi is shunted with an admittance which 
also has a magnitude of 0.65/R but whose phase 
angle is 4-90 deg, the resultant total admittance 
between terminals I and 3 will be zero. There 
will be no transmission through the filter at the 
frequency at w’hich this occurs.

It is not necessary to have a purely capacitive 
shunt element to transform a distributed RC ele­
ment into a notch filter. Notch filters can also be 
formed by placing other impedance elements
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£ INCREASING

OFFERS 12 DESIGN ADVANTAGES

COUNT PULSES

SUM PULSES

or hermetically
BINARY LOGIC

The operation of the Magnetic Toggle Relay (MTR) is analogous to a

Write for Series 300 Bulletin

MINNEAPOLIS 18, MINNESOTA2801 37th AVENUE NORTHEAST
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MAGNETIC 
TOGGLE 
RELAY

'RIVE TRANSISTOR 
CIRCUITS

Fig. 5. Polar plot of the quotient Z%/R {Za and 
R are defined in Fig. 3b.)

Tapering Distributed Element Alters Filter 
Characteristics

The attenuation characteristics of the shunt 
capacitor notch filter can be altered by tapering 
the distributed element so that the resistance per 
unit length and capacitance per unit length 
change from one end of the filter to the other. 
This can be done by making the resistance film 
wider at one end than at the other. The smaller 
end will then have less capacitance per unit length 
as well as a higher resistance per unit length. For 
greater tapering ratios, the dielectric constant of 
the substrate and the resistivity of the resistance 
film can also be varied.

DO VOU 
IDDDT TO

• Two normal position*.
• Polarity «onsitivo.
• Magnetic memory.
■ No large pull-in force.
• No holding power required.

• No drop-out point.
• Magnetic detent — ne 

mechanical latching.
o Pulse or continuous operation.
• AC or DC
o Wide frequency range.
• Wide voltage range.
o Balanced armature,

New NAVCOR Series 300— 
completely transistorized 5" x b 

card modules available from 
stock to efficiently perform 
all major pulse generating 

and programming function*.

above and below the notch frequency. Also, the 
shunt capacitor type requires u smaller RC in the 
distributed element for a given notch frequency 
than the shunt resistor type.

Curves B and C in Fig. 2 show the attenua­
tion characteristics of notch filters which have 
been perfectly tuned, that is, the shunt element 
has been adjusted to have exactly the proper re­
lationship to the distributed element for infinite 
rejection of one frequency. The variations in the 
characteristics of these filters when the shunt ele­
ment deviates slightly from the ideal value is 
shown in Fig. 6. This deviation might be expected 
in an actual production unit. The characteristics 
of a shunt capacitor type notch filter are drawn 
for a perfectly tuned filter, A, and for a filter, B, 
with a shunt capacitor deviating by 12 per cent 
from the ideal value. This latter curve shown that, 
even with shunt capacitors which deviate by so 
great an amount from the ideal value, the atten­
uation of the filter at the notch frequency is still 
40 db. Only the portion of the complete attenua­
tion curve in the immediate vicinity of the notch 
is plotted in this figure. Small deviations in the 
shunt capacitor do not affect the rest of the curve.

FURTHER DESIGN DATA IS AVAILABLE
Additional information including a complete descrip­

tion, suggested applications, typical circuits, and operat­
ing data awaits your request. Or, if you have a specific 
problem, write to our Applications Engineering Group 
for their recommendation*

toggle switch. A positive pulst toggles the MTR armature to one of its two 
normal positions; a negative pulse toggles it back to its other normal posi­
tion. Magnetically held in position, it does not require holding current or 
mechanical latching.

The toggling action depends upon the MTR coil receiving a pulse of a 
certain minimum magnitude With such a pulse, the coil MMF dominates the 
like polarity of the magnet at the gap, repelling the armature After a small 
gap is established, an attractive force adds to the repelling force to rapidly 
complete the toggling action. Increased contact pressure aids the toggling 
action; the greater the contact pressure, the more help it offers in toggling 
the armature. Speed of operation depends on the energy available, but 3 to 
10 milliseconds is typical
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short duro 
tion voltag» 
only — not to 
•xcood 30 see. 
at max. volt.
••DC voltage

Non- 
Inductlv» 
lead-24 
VDC or 
115VAC.
Minimum 
•toady 
stat» power 
ollowobl» Is 
0.6 watts.
Minimum 
switching 
•noray Is 
0 00Í Joules.

»(ruction, with dust 
sealed

Contact 
Rating* •* Notes

PHONE HOw.rd 5 7700

1621 SNYDER AVE PHILADELPHIA 45. PA

STANDARD Mît TYPES
Nominal Nominal Minimum

Coll Oporoting Operating
Boslstonco Voltag»* Voltage*1

25 ohms 12 VDC «VDC 4 PST 5 amp
W0 ohms 20 lo «0 VDC 12 VDC 4 PST 5 amp
300 ohms 115 VAC MVAC Ì PDT 

3 PST
5 amp

15 ohms «VDC 3 5 VDC 4 PDT 3 amp
25 ohms 12 VDC «VDC 4 PDT 3 amp

100 ohms « il. 60 VDC 12 VDC 4 PDT 3 amp
300 ohms 115 VAC «0VAC 4 PDT 3 amp

15 ohms ó VDC 3.5 VDC DPDT 3 amp
25 ohms 12 VDC «VDC DPDT 3 amp

100 ohms 101 «00 VDC 12 VDC DPDT 3 amp
300 ohm* 30 le 150 VDC 1« VDC DPDT 3 amp

15 ohms ó VDC 3.5 VDC DPST 5 amp
25 ohms 12 VDC d VDC DPST 5 amp

100 ohms 10 toi® VDC 12 VDC DPST 5 amp
300 ohm* 20 to 150 VDC 1« VDC DPST 5 amp



1500 Series 
Medium to 
heavy duty

S

Fig. 7 shows the variation in the attenuation 
characteristics obtained by tapering the notch 
filter. In this figure, the attenuation characteris­
tics of a tapered filter are plotted with the filter 
connected in each of the two possible ways. For 
this particular unit, the product of resistance per 
unit length and capacitance per unit length was 
tapered by a factor of 1600 from one end to the 
other. For comparison, the attenuation characteris­
tics of an untapered filter are also included.

1600 Series*
■light to 
medium duty

Applications
The shunt capacitor type notch filter has phase­

shift characteristics which make it much more 
desirable for certain amplifier applications than a 
conventional twin-T. The measured phase shift vs 
frequency characteristics of a typical shunt ca-

1700 Series“ 
Heavy duty 

U.S. Pal No 2.849.563

1800 Seiles“ 
Nominal duty 

US. Pal. No 2.809.250

MALLORY
Vibrators
tor light to hesvy duty
Lightweight, buttonless con­
tacts of spring-leaf design 
give:
• Longest life
• Surest starts
• Lowest mechanical hum

Application problems? See a 
Mallory specialist. Write or 
call today.

Elkon Division, Du Quoin, III. 
Electromagnetic Department
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DESIGN IDEAS FOR ELECTRONIC ENGINEERS:

How to design better 
analog computing circuits 
with Vernistat* a. c. potentiometers
Analog computers typically use such 
components as potentiometers, resolvers, 
and linear synchros to relate shaft posi­
tion to voltage. In most applications, to 
reduce the effect of loading error, high 
impedance circuits, and phase shift, a 
substantial amount of additional equip­
ment, such as isolation amplifiers and 
auxiliary power supplies, is required. 
Size, weight, heat dissipation, and pos­
sibility of failure are thus greater than 
if loading error, phase shift, and high 
output impedance problems did not exist.

Typical of a class of equations which 
are incorporated into much analog com­
puter circuitry is the relation
E„„, = [K -F A(0i)] B(0J + C(©3).

G. G, 
t i

flA
Fig. 6. The attenuation of a shunt capacitor notch 
filter is still 40 db down, curve B, at the rejection fre­
quency even when the shunt capacitor is 12 per cent 
from the ideal value, curve A.

r/A
Fig. 7. Attenuation vs normalized frequency fff0 
for both tapered and untapered shunt capacitor dis­
tributed notch filters.

pacitor notch filter are shown in Fig. 8a; phase 
characteristics of a conventional twin-T in Fig. 8b.

The significance of the difference between 
these curves may be seen by referring to Fig. 9. 
This figure shows the block diagram of a typical 
amplifier circuit using a twin-T filter for tuning. 
The phase shift from input to output of the high 
gain amplifier at mid-frequency is about 180 deg. 
As shown in Fig. 8b, there is a frequency at which 
the twin-T filter will also have a 180 deg phase 
shift. Unless all the components of the filter are

ONE WAY TO SOLVE this relation is 
shown in this diagram of a conventional 
resistance potentiometer computing cir­
cuit. Such circuits, however, suffer from 
excessive phase shift, particularly at 
high frequencies.

Due Io high potentiometer output im­
pedances, the circuit requires an isola­
tion amplifier in the multiplying channel, 
while summing resistors and a feedback 
amplifier are required in the addition 
section. Both of these amplifiers, as addi­
tional components, add a factor of unre­
liability and use more power, increasing 
the problem of heat dissipation.
A MORE EFFICIENT WAY TO SOLVE this 
equation is with Vernistat a.c. Potentio­
meters. The Vernistat is an ideal com­
ponent for analog computer systems. Its 
combination of a tapped autotransformer 
and an interpolating potentiometer 
uniquely provide characteristics unob­
tainable with other types of shaft posi­
tion-voltage devices. The Vernistat pro­
vides precise voltage division, high input 
impedance, low output impedance, and 

* VßmiStat5' — a design concept that unites in one compact device
the best features of the WB

precision autotransformer and the 
multiturn potentiometer

vernistat

Perkin-Elmer
CIRCLE 191 ON READER-SERVICE CARD

low phase shift. These characteristics 
directly relate to the design of improved 
computer circuits.

0.

B^J—1 
E

S 
: C

a
FOR EXAMPLE, in the computer circuit 
shown here, multiplication may be per­
formed without the aid of an isolation 
amplifier, because of the Vernistat’s high 
ratio of input to output impedance. Addi­
tion is accomplished by utilizing voltages 
of opposite phase in the two computing 
channels obtained by a tapped input 
transformer. By eliminating the ampli­
fiers of the preceding circuit, a reduction 
of size, weight, heat rise, and power re­
quirements is obtained. With fewer com­
ponents required, there is an over-all 
increase in reliability.

IN SOLVING DESIGN PROBLEMS like 
these, Vernistat a.c. Potentiometers offer 
such major advantages as: low output 
impedance (as low as 40 ohms) with 
high input impedance (as high as 200.- 
000 ohms) — high resolution (to 0.002%) 
—low phase shift (as low as 0.2 min­
utes)—and high terminal linearity (to 
0.01%). Vernistats meet the require­
ments of MIL E 005272-B, and operate 
at 125’C without derating.

5/
¥

rt

rd O
WRITE TODAY for full descripLion and 
specifications on Vernistat a.c. Potentio­
meters, Adjustable Function Generators, 
and Variable Ratio Transformers.

d

765 Main Avenu«, Norwalk, Conn.
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REQUEST

Nam? .Company .Title.

Address.
MANUFACTURING COMPANY

CHICAGO 24, ILL4027 W. LAKE ST

Fig. 8. Phase angle of Eout/Ein vs normalized Fre­
quency f/f0 for a distributed shunt capacitor notch 
filter, a, and for a Twin-T lumped component filter, b.

Anniversary 
1935 1960

• Specialized high production 
techniques afford lowest possible 
unit cost.

.Zone____State.

Always ask for »4
AVERY LABELS □

what a difference they make

Avery's new automatic 
Labeler is designed for 
applying all sizes of Avery 
pressure-sensitive Labels 
in exacting register on flat, 
rounded, concave or 
irregular surfaces.
Can be simply adjusted 
to apply 40 to 300 labels pef 
minute—will handle as 
many as 12,000 Avery 
Labels without reloading.

THE BIRTCHER CORPORATION 
industrial division

4871 Valley Blvd. Loa Angeles 32, California 
Salea engineering representatives in principal cities. 
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• Our line includes terminals and 
printed circuit hardware in loose 
or in chain form for automatic 
insertion.
Lot Malco show you how you can save 
on production timo and costs. Contact 
us today.

P.S Avery File Folder Labels, Correction Tape, Photomounts, and 
Price Marking Labels are available at stationers everywhere.
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perfectly matched for infinite rejection at that 
frequency, an in-phase voltage will be fed back to 
the input of the amplifier.

When using twin-T filters for tuning, the filter 
components are adjusted so that this in-phase 
voltage will have just the right magnitude to give 
a sharply tuned response curve without causing 
self-oscillation. Such operation requires fairly 
critical adjustment of the filter. All of the six 
components of the twin-T must be held to tight 
tolerances. Also, the performance of the circuit 
is very much dependent on the changes in gain 
of the tube used in the amplifier.

If a shunt capacitor type distributed filter is 
used in place of the twin-T in the circuit of Fig. 
9, the possibility of instability can be greatly re­
duced. With a distributed filter, as long as the 
amplifier phase shift is about 180 deg, the circuit 
will be stable no matter how large the gain K is. 
At both very high and very low frequencies, the 
distributed notch filter contributes very little 
phase shift to the system. Therefore, it is possible 
to place the filter around a properly designed 
high gain amplifier without danger of instability 
at any frequency.

AVE»V LABEL COMPANY, Div. 135 . 117 Liberty Streit New York 6 
i 18 S Dearborn St., Chic go 5 • 1616 S. California tre., Monrovia, Calif. 
Offices in Other Principal Cities.
□ Please send details on how Avery Labels can save me time and money. 
□ Please have your sales representative call soon.

CUT COSTSW I VVv I W — speed pressure-sensitive

Production Tolerances

The precision with which a notch filter can be 
manufactured to a specific frequency is approxi-
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FOB CATALOG 
and 
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Prevent exceesivs heat from 
causing '’thermal runaway” In 

power diode« by maintaining 
collector junction temperature* 

at, or below, levels recommended 
by manufacturers, through the 
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• Precision tooling, rigid quality 
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specifications.

• Ample stocks of over 1000 differ­
ent parts permit prompt delivery.
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motive industries.
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Before You BUY 
Try WAYNE KERR

B-601

B-801

EXTREME

a

ACCURACY
in

MEASUREMENT
• of resistance, inductance and capacitance 
al frequencies between IS kc and 100 me

oF balanced and unbalanced impedances

• of either two or three terminal impedances

Radio Frequency Bridge B-601. Designed 
on transformer ratio-arm principle. Ex­
tremely stable. Transistor adaptors avail­
able to measure transistor characteristics 
under working conditions.

VHF Admittance Bridge B-801. Trans­
former ratio-arm technique results in ex­
tremestability at all frequencies. Calibra­
tion independent of frequency. Sources 
and Detectors available.

SPECIFICATIONS 
8-601 

Frequency Range ISkc-Smc
Capacitance 0.01-20,000 uuf

rx X'
i Fi9- 9- Block diagram of 
J। amplifier using filter in feed­

back loop.

mately equal to the precision with which a re­
sistor made from the same resistance film could be 
held to a specific resistance. Variations in the 
dielectric constant or thickness of the dielectric 
substrate between units need not affect the fre­
quency tolerance. The resistor on each unit can be 
adjusted to yield the desired frequency, thus com­
pensating for variations in the dielectric constant.

As may be seen from Fig. 2, the maximum at­
tenuation of a shunt capacitor notch filter occurs 
when the product of fRC is approximately equal 
to 2. As long as practical values of R and C can be 
found which will cause fRC to have this value at 
a desired frequency, a distributed notch filter can 
be constructed.

With current techniques, notch frequencies 
from 100 cycles to 200 me are possible.

in these two dependable 
wirewound resistors

MINIATURE

ßiuÄr ¡lcuck£
VITREOUS-ENAMEL Q POWER RESISTORS

Inductance 
Résistance 
Accuracy 
PRICE

O.5pH-5OmH 
10Q-10MQ

$640.00

B-801 
1-100ms 
1230 ppf 

Sutceptance 
Equivalent

10a-I0KQ 
±2% 

$800.00
Special adaptors cover measurement of transistor 

and semiconductor parameters

OTHER INSTRUMENTS: Audio to VHF bridges 
and Oscillators; Attenuators; Microwave Equip­
ment; Vibration and Distance Meters; Waveform 
Analyzer; Voltmeters.

Send or call for complete literature.

WAYNE KERR
CORPORATION

1633 Race St., Philadelphia 3, Pa. 
Tel: LOcust 8-6820

Representatives in major U.S. cities and Canada
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Conclusion
In addition to the notch filter described above, 

there are an unlimited number of other possible 
filter characteristics. These can be achieved by 
properly combining distributed elements and 
shunting them with various lumped and/or dis­
tributed impedances. For example, one of the 
simpler combinations of lumped and distributed 
elements provides a filter with an attenuation 
slope of 10 db per decade rather than the usual 
20 db obtained with single section RC filters. Such 
a filter might find use in the compensation of 
feed-back amplifiers.

In another possible filter configuration, a low 
pass distributed filter (one with the characteristic 
of curve A in Fig. 2) and a distributed notch filter 
are cascaded. If the notch frequency occurs at the 
knee of the low-pass filter characteristic, the com­
bination will have a much sharper cut-off than 
the distributed low pass filter element alone.

Another possible arrangement is to cascade two 
notch filters tuned to slightly different frequen­
cies. This yields an overall attenuation character­
istic in which a wider band of frequencies is at­
tenuated than with a single notch filter.

These are only a few examples of the filters 
possible with some of the simpler combinations 
of distributed and lumped elements. Many com­
plex filter combinations are yet to be explored.

Digested from “Rejection Filters With Dis­
tributed R and C” by Alan B. Smith, Sprague 
Electric Co., North Adams, Mass. Originally pre­
sented at the Electronic Components Conference, 
Washington, D. C., May 10,1960.

Sprague's new improved construc­
tion gives greater reliability and 
higher wattage ratings to famous 
Blue Jacket miniature axial lead 
resistors.

They are ideal for use in minia­
ture electronic equipment with 
either conventional wiring or 
printed wiring boards.

Get complete data on these de­
pendable minified resistors, write 
for Engineering Bulletin 
7410.
TAB-TYPE BLUE JACKETS: For 
industrial applications, select 
wattage ratings from 5 to 218 
watts in Sprague's famous Tab- 
Type Blue Jacket close-tolerance, 
power-type wirewound resistors. 
Ideal for use in radio transmitters, 
electronic and industrial equip­
ment, etc. For complete data, 
send for Engineering Bulle­
tin 7400A.
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New Koolohm construction fea­
tures include welded leads and 
winding terminations — Ceron 
ceramic-insulated resistance wire, 
wound on special ceramic core- 
multi-layer non-inductive windings 
or high resistance value conven­
tional windings — sealed, insula­
ted, non-porous ceramic outer 
shells—aged-on-load to stabilize 
resistance value.

You can depend upon them to 
carry maximum rated load for 

any given physical size.

Send for Engineering Bul­
letin 7300 for complete 
technical data.

SPRAGUE ELECTRIC COMPANY
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SPRAGUE COMPONENTS:
RESISTORS • CAPACITORS • MAGNETIC COMPO­
NENTS • TRANSISTORS • INTERFERENCE FILTERS • 
PULSE NETWORKS • HIG.. TEMPERATURE MAGNET 

WIRE • PRINTED CIRCUITS

SPRRGUÍ
THE MARK OF RELIABILITY

CIRCLE 196 ON READER-SERVICE CARD

8 1960 163



periments using ferrites conjunction with

CIRCLE 197 ON READER-SERVICE CARD

Printed Circuits
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CIRCLE 198 ON READER-SERVICE CARD

Report on investigations regarding the devel­
opment of high temperature, passive two-dimen­
sional, printed circuitry includes: surface resistiv­
ity studies, further development of film capacitors, 
metal film resistor studies, and development of 
non-glaze-containing, screen-painted enamel cir­
cuits. High Temperature Printed Circuitry, G. H. 
Young, C.H.T. Wilkins and others, Mellon Insti­
tute of Industrial Research, University of Pitts­
burgh, Pa., 55 pp, Microfilm ¡$3.60, Photocopy 
$9.90. Order PB 144545 from Library of Congress, 
Washington 25, D. C.

CATALOG Write for big Kulka 
Terminal Blocks catalog covering the 
outstanding selection of types for 
simplified wiring. Let us collaborate 
on your problems and needs.

Here's a practical device to 
simplify your wiring work and as­
sure correct connections Multi­
conductor cable is attached at 
either end of strip with a clamp. 
Each wire is soldered to terminal 
lug. Then, sliding and tightening 
the spade-type lugs under the 
binder screws of terminal block, 
all connections are completed. 
Supplied with fiat lugs or with 
90° upright lugs.

A Model and Size 
For Your Every 
Requirement i

Telemetry Information Reduction
An automatic data reduction system. Tare II, 

was designed to convert raw telemetry data (FM, 
PDM or PAM FM) into digital form. Once in 
digital form, the data is then separated, reduced, 
linearized and tabulated at a high rate of speed 
by an automatic computer. The signal input to the

TWT’s, several difficulties are pointed out, includ­
ing dielectric loading, beam defocusing, and al­
teration of circuit phase velocity. A description is 
also given of the design and operation of a high 
power circuit for a traveling wave amplifier cir­
cuit that uses a ferrite attenuator. Ferrite Atten­
uators For Traveling-Wave Tubes, L. C. Bacon, 
Stanford Electronics Laboratories, Stanford Uni­
versity, Calif., 181 pp, Microfilm 88.40, Photocopy 
$28.80. Order PB 138346 from Library of Con­
gress, Washington 25, D. C.
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WRITE TODAY FOR 
COMPLETE DETAILED SPECIFICATIONS

Several ways of employing ferrites in traveling 
wrave amplifier attenuator systems are evaluated. 
The properties of conventional attenuators are 
reviewed with special attention given to the in­
terrupted-circuit type. In a discussion of the ex-
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Colored digits of your choice 
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In-Line Digital Display', manufactured by 
Industrial Electrons Engineer- Inc. fill the 
bill better than any othe- equipment on the 
market . and at n substantial savings in 
money

Switching Circuits
The application of three-terminal negative re­

sistance devices to pulse circuits are studied and 
discussed. The RCA 1832 Thyristor is used as a 
representative type in studying: (1) Capacitive 
type multivibrators using emitter and collector 
negative resistance characteristics, (2) An induc­
tive multivibrator using the base input negative 
resistance characteristic, (3) A blocking oscillator 
using transformer feedback. (4) Ring counters. 
Investigation of the Application Circuits, A. W. 
Carlson, Transistor Applications, Inc., Boston, 
Mass., 57 pp, Microfilm $3.60, Photocopy $9.30. 
Order PB 143978 from the Library of Congress, 
Washington 25, D. C.
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Industrial Electronic Engineers. Inc
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□ nd speed production with the 
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own circuit number quickly.. eco­
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system is on magnetic tape previously recorded 
from the range telemetry stations The digitized 
output of the system is recorded on six-track mag­
netic tape in proper format for computer inser­
tion. Periodic time samplings arc also digitized 
and recorded on the output tape. Telemetry Auto­
matic Reduction Equipment Tare JJ, E. W. Earle, 
J. T. Winkler and W. H. Butler, Air Force Missile 
Test Center, Patrick AFB, Fla., 82 pp, Microfilm 
$4.80. Photocopy $13.80. Order PB 144441 from 
Library of Congress, Washington 25, D. C.

Hybrid Analog-Digital Computers
Conventional analog and digital computers are 

critically compared as to their relative suitability 
for scientific and engineering problems. Hybrid 
computers are defined as those in which comput­
ing operations of both types are combined, and 
the requirements are outlined in which such a 
union is advantageous. An economical, com- 
pletely-general-purpose, hybrid computer seems 
unlikely, but there are many special-purpose ap­
plications of advantage, and examples are given. 
Requirements For A Hybrid Analog-Digital Com­
puter, D. C. Baxter and J. H. Milsum, National 
Research Laboratories, Ottawa, Canada, 29 pp, 
Microfilm $2.70, Photocopy $4.80. Order PB 
144508 from Library of Congress, Washington 
25, D. C.

Maser Amplifiers
The theory of operation of both the gas and 

solid-state maser is presented. Certain aspects of 
its use as a microwave amplifier, such as band­
width and noise, are discussed. A Review of 
Maser Amplifiers, Naval Ordnance Test Station, 
Albert J. Jaske, Naval Ordnance Test Station, 
China Lake, Calif., 21 pp. Microfilm $2.70, Photo­
copy $4.80. Order PB 144077 from Library of 
Congress, Washington 25. D. C.

PDM Telemetry
An all transistor PDM telemetry coder is de­

scribed that is extremely linear, is unaffected by 
variations in signal voltage during the information 
pulse, and is free from the microphonic effects 
encountered in vacuum-tube circuits. The com­
plete circuit includes an astable blocking oscillator 
pulse-rate generator, a voltage-controlled delay 
multivibrator (DMV) encoder and a gated mem­
ory circuit which prevents variations in signal 
voltage from appearing at the input to the DMV 
during the information pulse. An All Transistor 
PDM Telemetry Coder, James S. Sherwin. Naval 
Ordnance Test Station, China Lake, Calif., 12 pp, 
Microfilm $2.70, Photocopy $4.80. Order PB 
144721 from the Library of Congress, Washing­
ton 25, D. C.

MICROWAVE 
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MULTIPLIER 9 ?
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This phase-locked oscillator transfers the accuracy and stability of 
a VHF driver into the microwave region, giving continuous coverage.
You can drive the unit with Gertsch frequency meters FM-3, FM-6, 
or FM-7. Fundamental frequency range is 500 to 1000 Mcs, with 
harmonic output to at least 30,000 Mcs.
Ideal for calibration ol cavity wavemeters... for precise measure­
ments, or as an ultra-stable frequency source. Unitized construction. 
Adaptable for rack mounting.

Complete data 
in Bulletin FM-4A.

GERTSCH PRODUCTS, Inc.

3211 South LoCienet« Boulevard. Lm Angeles 16, Cehfor»ia / URw 0-2761 - VErmont 9-2201
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DESIGNING YOUR FUTURE

So You’ve Got to
Make a Speech!

DESPITE the complex brain involvements for 
speech, the ability to speak effectively re­

quires no great genius—just a little knowledge 
and a lot of hard work. Like most other skills, it 
can be mastered; the man who wants to speak 
well must simply learn how.

Facing an audience can be nerve-wracking, but 
it doesn’t have to be. It can, in fact, be an excit­
ing and rewarding experience—it you know what 
to say and how to say it.

The speaker’s first hurdle is the preparation of 
his speech. This is more a matter of time than 
talent. If preparing a speech is an obstacle for 
you, try these simple suggestions:

1. If your topic isn’t assigned, select something 
that you know a great deal about and your audi­
ence very little.

2. Limit your subject so you can cover it ade­
quately in the time allotted.

3. Decide what your purpose is, and stick to it.
4. Jot down in outline form what you want to 

Junj^odudUtfYV... COMdUuleq,^

say. Have a look at the books in your library. 
Talk to friends about your topic. No speaker ever 
knew too much about his subject.

5. Organize your thoughts. Decide on the points 
you want to make in your talk, how you will de­
velop each point, how you will begin your speech, 
how you will end it.

The Divisions of a Speech

Like all Gaul, a speech is divided into three 
parts—an introduction, a body, and a conclusion.

In the introduction you should do three things 
—get attention, establish rapport with your audi­
ence, and introduce your subject. Get attention 
with an appropriate and interesting story, arrest­
ing facts, an allusion to history, or with a vivid 
wording of your opening remarks. Establish rap­
port with your audience by linking yourself to 
your listeners by a friendly manner and by the 
use of direct, personal language such as I, you, 
we, us, etc. Make it clear what you are going to 
talk about.

In the second part of your speech, the body, 
present your ideas in logical order. State and 
develop each point with the use of specific cases, 
comparisons, statistics, exert opinions, or at least 
with a clear explanation of your ideas. Since the 
body of your speech is the longest and most im­
portant part, don’t put your listeners to sleep by 
being dull or vague. Be as concrete as you can. 
Keep your words simple. Never say “comprehend” 
when “understand” will do or “manufacture” if 

“make” is better. Don’t be afraid to use slang if 
your audience knows it. And keep your sentences 
short as possible.

The third part of your speech, the conclusion, 
is your last chance to get your message across. 
Let your audience know you are going to wind 
up. The drowsy ones may arouse themselves. Tie 
your ideas together and end with a note of finality 
that sends everyone home feeling that his time 
was well spent.

Fundamental Principles

A speech, of course, must have more than an 
introduction, a body, and a conclusion. It must 
be built according to certain basic principles 
which, if ignored, can mean failure.

Rhetorical principles have been taught since 
the days of Corax in ancient Greece. They’re so 
simple most people ignore them. But if you 
haven’t made them your own, you’ll never be a 
good speaker until you do.

The first is this: a speech has to have unity. 
Unity is achieved by sticking to your purpose, by 
sticking to your subject and by trying to achieve 
a singular emotional reaction from your audience.

Secondly, a speech should have coherence. 
Coherence is achieved by arranging your ideas 
in a logical order and by having good transitions 
between them. Let the audience know when you 
are through with one point before beginning the 
next one.

Third, a speech must employ the principle of 
emphasis. Emphasis is achieved by repeating or 
restating your main ideas as much as you can 
without boring your listeners, and by developing 
each idea as concretely and as fully as possible.

How to Control Stage Fright

After you’ve prepared your speech, the next 
hurdle that faces you is the audience itself—and 
this can make the most experienced speaker shaky!

When Mischa Elman celebrated his 50th anni­
versary as a concert violinist a reporter asked 
him if he was still bothered by stage fright. “Of
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needs an S-C product engineer 

whose design philoso

is reliability
course,” he said “and I would think something 
was wrong with me if I didn’t have stage fright 
before a concert.” And most artists and speakers 
would agree with Mr. Elman.

In other words, practically everybody has stage 
fright. In fact, it’s probably a good thing since it 
makes you more alert, more dynamic, more effec­
tive as a speaker. So don’t fight it; accept it. No 
one likes to show it, however; so learn to control 
it. Here’s how:

1. Be as well prepared for your speaking en­
gagement as you possibly can. Have a few notes 
if necessary. Know exactly how you want to begin 
your talk, and how you want to end it.

2. Be familiar with the place where you will 
speak. Know where you will stand. Test the 
microphone before the meeting begins. If you 
need chalk for your talk, make sure some is avail­
able. Leave nothing to chance.

to develop and improve diodes, 
regulators, rectifiers, 
capacitors, resistors

^succeed j At TI’s Semiconductor-Components division, product engineers of integrity have the ln Rn opportunity of putting their talents to work in an atmosphere where reliability is the only |\0 U / I acceptable design philosophy. Here the daily challenge is to make the world’s best semi-
X \ ± X conductor products at the lowest possible cost without sacrificing dependability. ■ As a•/.J I TI S-C product engineer it would be your responsibility to strive constantly to adopt new
Y * ■ \| techniques and technologies toward improvement, simplification and increased reliability4 I I Y of existing processes and products. ■ We now require product engineers to undertake-4——challenging key assignments in reliable design, development and evaluation of ultra-fast 

computer diodes, tunnel diodes, rectifiers, controlled rectifiers, voltage regulators, resistors, and tantalum 
and other advanced types of capacitors. ■ You qualify as a product engineer for semiconductor com­
ponent projects if you have a degree in Electrical Engineering, Physics or Physical Chemistry and at 
least three years experience in diode, capacitor or resistor design and circuitry.

3. Before you get up to speak, breathe deeply 
—slowly but deeply—10 to 15 times. Oxygen 
helped the American Olympic hockey team win 
first place at Squaw Valley. It can help you make 
better speeches.

4. When you get up to speak, stand up straight 
Let your weight rest comfortably on both feet, 
not like a soldier or an awkward teen-ager, but 
like a man who has confidence in himself, who 
has something to say, and who wants to say it 
effectively.

5. Look at your listeners and talk with them 
as if you were carrying on a lively conversation 
with each member of your audience.

Us« Vocal Variety
Apart from a dull speech, nothing is deadlier 

than a dull speaker. A dull speech may be ex-

OTHER PROFESSIONAL POSTS AVAILABLE:
Component Packaging Engineers 
Circuit Development Engineers 
Test Equipment Engineers 
Electronic Sub-Systems Engineers 

(Standard and Modular)

INTERVIEWS in your area will be held in the near 
future. If you qualify for position» 
described, please send resume imme­
diately to C. A. BESIO, DEPT. 116.

Texas Instruments

SEMICONDUCTOR - COMPONENTS DIVISION

-----------------------------------------------------------------------------------q
for complete information about TVs Semiconductor- I 
Components division, send coupon for “tips” today.

------------------------------------------------------------------------------------I

Texas Instruments Incorporated 
Semiconductor-Components Division 
P. 0. Box 312, Dept. 116, Dallas, Texas
Please send me tips containing complete in­
formation about currently available TI S-C 
professional careers in my held, and related 
information.
Name___________________________
Address_________________________
City_____________
My professional held is.
My specialty is_______

State.
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say. Have a look at the books in your library. 
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5. Organize your thoughts. Decide on the points 
you want to make in your talk, how you will de­
velop each point, how you will begin your speech, 
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The Divisions of a Speech

Like all Gaul, a speech is divided into three 
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In the introduction you should do three things 
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ence, and introduce your subject. Get attention 
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port with your audience by linking yourself to 
your listeners by a friendly manner and by the 
use of direct, personal language such as I, you, 
we, us, etc. Make it clear what you are going to 
talk about.
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present your ideas in logical order. State and 
develop each point with the use of specific cases, 
comparisons, statistics, exert opinions, or at least 
with a clear explanation of your ideas. Since the 
body of your speech is the longest and most im­
portant part, don’t put your listeners to sleep by 
being dull or vague. Be as concrete as you can. 
Keep your words simple. Never say “comprehend” 
when “understand” will do or “manufacture” if 

“make” is better. Don’t be afraid to use slang if 
your audience knows it. And keep your sentences 
short as possible.

The third part of your speech, the conclusion, 
is your last chance to get your message across. 
Let your audience know you are going to wind 
up. The drowsy ones may arouse themselves. Tie 
your ideas together and end with a note of finality 
that sends everyone home feeling that his time 
was well spent.

Fundamental Principles

A speech, of course, must have more than an 
introduction, a body, and a conclusion. It must 
be built according to certain basic principles 
which, if ignored, can mean failure.

Rhetorical principles have been taught since 
the days of Corax in ancient Greece. They’re so 
simple most people ignore them. But if you 
haven’t made them your own, you’ll never be a 
good speaker until you do.

The first is this: a speech has to have unity. 
Unity is achieved by sticking to your purpose, by 
sticking to your subject and by trying to achieve 
a singular emotional reaction from your audience.

Secondly, a speech should have coherence. 
Coherence is achieved by arranging your ideas 
in a logical order and by having good transitions 
between them. Let the audience know when you 
are through with one point before beginning the 
next one.

Third, a speech must employ the principle of 
emphasis. Emphasis is achieved by repeating or 
restating your main ideas as much as you can 
without boring your listeners, and by developing 
each idea as concretely and as fully as possible.

How to Control Stage Fright

After you’ve prepared your speech, the next 
hurdle that faces you is the audience itself—and 
this can make the most experienced speaker shaky!

When Mischa Elman celebrated his 50th anni­
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course," he said “and I would think something 
was wrong with me if I didn’t have stage fright 
before a concert” And most artists and speakers 
would agree with Mr. Elman.

In other words, practically everybody has stage 
fright. In fact, it’s probably a good thing since it 
makes you more alert, more dynamic, more effec­
tive as a speaker. So don’t fight it; accept it No 
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if necessary. Know exactly how you want to begin 
your talk, and how you want to end it.
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active
programs in
19 critical
electronic
areas
Offer You Opportunities 
To Participate In Significant 
Advances at 
STROMBERG-CARLSON 
Division of General Dynamics

Top-calibre research and development teams at 
Stromberg-Carlson are tackling the prime problem 
areas in electronica affecting commercial communities 
and national defense. Programs and R&D staffs are 
expanding, backed by the vast resources of General 
Dynamics and the Stromberg-Carlson engineer- 
oriented management

Every senior engineer and scientist who feels he 
can contribute to the expansion of man’s capabilities 
in any of the following areas is invited to contact us.

We are particularly interested in people with 
advanced degrees in Physics, Electrical Engineering 
or Mathematics and experience in one or more of the 
areas listed. Please send resume in confidence to 
Technical Personnel Department.

ENGINEERING AND 
ADVANCED DEVELOPMENT
Advanced ICBM Communications 
Electronic Switching 
Nuclear Instrumentation 
High-Speed Digital Data Communications 
Electronic Reconnaissance Systems 
Single Sideband Communications 
Synchronous Data Transmission 
Advanced ASW Techniques 
Machine Tool Automation 
Radio Data Links • Tacan Equipment 
High Intensity Sound Generators 
Advanced Air Acoustics 
Shaped Beam Display Systems 
High-Speed Automatic Missile 

Check-Out Equipment
Super-Speed Read-Out and Printing Equipment

RESEARCH
Paramagnetic Resonance • 
Thin Photoconductor Films 
Propagation and Coding • 1 
Bandwidth Compression • 
Defect Solid State Physics

Ferroelectricity

Speech Analysis 
Hydro-Acoustic Transducers

Parametric Devices • Molecular Electronics 
Tunnel Diode Logic • Scatter Propagation Analysis 

cusable, but vocal monotony never is. To achieve 
a lively, conversational manner a speaker has to 
analyze his voice and discover its flexibility and 
expressiveness.

Consider the ways you achieve vocal variety in 
everyday speech:

1. If you are normal, your pitch range is about 
two octaves. If you express yourself freely, your 
pitch varies a great deal during the course of a 
conversation. When you speak to an audience, 
forget your self-consciousness and talk to your 
listeners as if they were your closest friends.

2. If you have more or less normal vocal or­
gans. you can say from 100 to 200 words a minute 
without speaking too slowly or too rapidly. A 
good conversationalist changes his rate a great 
deal depending on the importance of his utter­
ances, the way he feels about his subject, and the 
reactions of his listeners.

3. Unless you are completely hen-pecked, you 
can speak loud enough to be heard a block away. 
Sameness in volume is as deadly as monotony in 
pitch and rate. Don’t overdo this, of course. Ex­

cessive loudness or softness will make your lis­
teners restless.

4. A final way to keep your audience awake is 
to express your feelings as you talk. If you are 
genuinely interested in your subject, you will 
during parts of your talk speak in a light, even 
joking manner, at other times, in a serious or even 
angry manner.

Regardless of how you achieve vocal variety, 
it must be real; that is, it must be the natural re­
sult of your thinking and feeling.

Another way to keep your audience awake is 
with the use of visual aids. Most people are visual 
minded, and a picture may be worth more than a 
thousand words. But visual aids can't be used 
haphazardly.

STROMBERG-CARLSON 
a division of GENERAL DYNAMICS

1423 N. Goodman St., Rochester «3, New York

How to Use Visual Aids

1. Make sure your aids are of good quality. 
Poorly constructed aids may be worse than no 
aids at all. You don’t have to be an artist or an 
engineer to prepare good aids—just patience and 
concern for your listeners.

2. Display each aid only when you need it. 
Remove it as soon as you are through with it.

(continued on page 17Q)
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(Please print with a soft pencil or type.)

Name Telephone

Home Address City Zone StateUse
Date of Birth Place of Birth CitizenshipCONFIDENTIAL
Position Desired

Action Form
College Dates Map Honors

Recent Special Training

Title Engineering SpecialtyCity and

Outstanding Engineering and Administrative Experience

Professional Societies

Published Articles

Circle Career Inquiry numbers of companies that interest you

932 933 934 935 936 937 938 939 »40

After completing, mail career form to ELECTRONIC DESIGN. 830 Third Avenue. New York, 
N Y Our Reader Service Department will forward copies to the companies you select below

»12 913 914 916 916 917 918 919 920 921 922 923 104«M2 903 904 905 906 907 908 909 919

ent History
Dales

Educational History
Degree

Minimum Salary Requirements (Optional)_________________________________________
Use section below instead of Reader Service Card Do not write personal 
data below this line. This section will be detached before processing.

ELECTRONIC DESIGN'S Confidential Career 
Inquiry Service helps engineers “seH" them­
selves to employers—as confidentially and 
discreetly as they would do in person. The 
service is fast. It is the first of its kind in the 
electronics field and is receiving high praise 
from personnel managers.

To present your job qualifications immedi­
ately to companies, simply fill in the attached 
»sume.

Study the employment opportunity ads in 
this section. Then circle the numbers at the 
oottom of the form that correspond to the 
numbers of the ads that interest you.

ELECTRONIC DESIGN will act as your sec­
retary, type neat duplicates of your applica­
tion and send them to all companies you 
select—the same day the resume is received-

The standardized form permits personnel 
managers to inspect your qualifications rapid­
ly. If they are interested, they will get in touch 
with you.

Painstaking procedures have been set up to 
ensure that your application receives com­
plete, confidential protection. We take the 
following precautions:

■ All forms are delivered unopened to one 
reliable specialist at ELECTRONIC DESIGN.

■ Your form is kept confidential and is proc­
essed only by this specialist.

■ The “circle number * portion of the form is 
detached before the application is sent to an 
employer, so that no company will know how 
many numbers you have dreied.

■ All original applications are placed in con­
fidential files at ELECTRONIC DESIGN, and 
after a reasonable lapse of time, they are 
destroyed.

If you are seeking a new job, act nowl

ELECTRONIC DESIGN CAREER INQUIRY SERVICE USE BEFORE JULY 20, 1960

Company



DESIGNING YOUR FUTURE
Systems Engineers

Do These Reflect 
Your Interests?
Hardware
Programs: navigation, search, and fire control 
radars for air, surface and space vehicles; fixed 
and portable communications systems; sonar and 
underwater weapons systems.

Organization: along specialty lines in positions 
of broader-than-design responsibility — co-ordi­
nate design of several units; monitor schedules, 
budget; set up and evaluate units as 
recommend redesign.

Self-Development: broaden personal 
knowledge through exposure to several 

base of 
units in

system, testing, other-than-d esign activities; 
managerial responsibility, sub-contracting, ana­
lytic capability encouraged.

Analysis
Programs: surveillance, weapons, and communi­
cations systems for near and distant future : com­
munications and information theory, operations 
research and analysis; hybrid inertial systems, 
space flight, perceptrons.

Organization: Advanced Development or Anal­
ysis groups, each an independent company func­
tion. Positions involve application of advanced 
mathematical and theoretical techniques, original 
concept, and systems planning, development, eval­
uation and presentation.

Self-Development : relatively new groups work­
ing in new technical areas ; wide opportunity to 
contribute original thought immediately; studies 
prompt thinking in new directions, lead to pro­
posals and new product flow.

WE WELCOME THE CHANCE TO TELL YOU 
MORE about a few select positions in each area. 
Please send your letter or resume to Mr. Donald 
Sweet, Management & Professional Recruiting, 
Raytheon Company, 624V Worcester Road, Fram­
ingham, Mass.

EQUIPMENT DIVISION

MEO?
EXCELLENCE 

IN ELECTRONICS

system ;
Your aid may be more interesting than you are. 
So don’t divide the attention of your audience by 
displaying your aid too soon, or by keeping it on 
display after you have finished with it.

3. If possible, present one and only one idea 
visually at a time. This makes it easier for the 
listeners to understand and to remember what 
you show them.

4. Make sure your aids can be seen by every­
one in the room.

5. In using an aid or the blackboard, don’t 
block anyone’s view any longer than you have to.

6. When using visual aids maintain as much 
eye contact with your audience as you can.

7. Don’t pass a single object among the mem­
bers of your audience unless it is absolutely 
necessary. If you cant supply everyone with a

?ii

copy, let those who are interested examine the 
item at the end of the talk.

Speech-making with or without visual aids re­
quires a lot of effort on the part of the speaker, 
and usually the most seemingly effortless speaker 
is the one who has spent the most time preparing 
his remarks. A good speech is well organized. It 
is clear. It is concrete. And, most important of 
all. it makes a deep impression on the listeners.

If you forget everything else in this article, re­
member this. Speech-making requires no great 
talent—just a lot of hard work. If you have some­
thing to say, don’t be afraid to say it. But say it 
clearly, vividly, and with feeling and people will 
listen and respond to your ideas. ■ ■

ELECTRONIC ENGINEERS & 
TECHNICIANS

Troubleshoot Your Career

An interesting ond profitable position in the Federal Career Service 
awaits you with the

FEDERAL AVIATION AGENCY 
in Alaska

Apply latest Electronic knowledge on design, installation, calibra­
tion and maintenance of air navigation, avionics, flight control, 
telecommunications and related systems.

Liberal benefits include paid moving costs, comprehensive retire­
ment system, cost of living allowance, extensive training on full 
pay, liberal leave (annual, sick, military), low-cost life insurance, 
travel allowances, health insurance program, home leave travel, job 
satisfaction, stability of employment, good promotion prospects.

ENTRANCE ANNUAL COMPENSATION BSEE graduate with high 
scholastic standing or with one year professional Electronics ex­
perience $7350.00; one year additional experience $7856 25. Tech­
nicians with at least 414 years combined electronics training and 
experience demonstrating thorough knowledge theory, mathematics 
and practices $6837.50 and up. Contact

FEDERAL AVIATION AGENCY 
P. 0 Box 440, Anchorage, Alaska

CIRCLE 910 ON CAREER INQUIRY FORM

CHANGING JOBS?

You can avoid the time-consuming chore of preparing 
separate applications for companies that interest you 
by using ELECTRONIC DESIGN'S Career Inquiry Serv­
ice Form.

Your "personality on paper" is presented in a neat, 
concise form that contains the initial data electronic 
companies want you to supply.

Personnel managers, who helped us design this form, 
have received over 4,000 resumes through ELEC­
TRONIC DESIGN in the past 6 months. They like the 
Career Inquiry Service Form because it gives them the 
basic information in a standard form—because they 
can process your application quickly and get in touch 
with you sooner.

Fill out the form on page 169, and see how simple 
job-hunting can be for you.

CIRCLE 911 ON CAREER INQUIRY FORM ►
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Have you and your company continued to grow as you anticipated? In less than 6 months 
Pacific Semiconductors, Inc. has expanded from less than 1,200 to more than 2,000 em­
ployees. Based on conservative sales estimates, at least another 50% growth is assured for 
the remainder of 1960-and 1961 WILL BF EVEN BETTER!

In recent months Pacific Semiconductors, Inc. has developed the first micro miniaturized 
diode as well as transistors ranging in power up to 1500 watts output.

And this is only the beginning! Our rapid growth opens stimulating and challenging op­
portunities in the exciting commercial field of solid state devices. The following are typical 
of present openings for engineers and scientist seeking career positions in a field of un 
precedented growth

ADVANCED CIRCUIT DESIGNERS
BSEE or MSEE with minimum uf four years experience in original design of advanced instru 
mentation circuitry Must have the ability to conceive and bring to fruition circuitry to meas 
urc advanced state-of-the-art devices.

APPLICATIONS ENGINEERS
BSEE or MSEE to resolve customer inquiries concerning highly advanced silicon transistors, 
diodes and rectifiers Previous experience in circuit design of electronic equipment involving 
miniaturization is desired.

DEVICE DEVELOPMENT ENGINEERS
Engineers or Physicists to engage in device design and process parameter optimization of 
high frequency and fast switching transistors. Will study product performance and recom­
mend improvements. Advanced degree preferred.

PROCESS ENGINEERS
Engineering or Physical Science degree with training in semiconductor theory and ability to 
transform experimental process into pilot and full production operation Will perform studies 
on existing processes and formulate improvements Openings in Diode. Transistor, and 
Microelectronics groups

QUALITY CONTROL AND RELIABILITY ENGINEERS
background in E E, Ch E, or IE with knowledge of statistics to work on complete analysis 
f semiconductor manufacturing operations work out final and reliability inspection and 

test procedures, and specify equipment and reports required.
TRANSISTOR CHARACTERIZATION ENGINEERS

Degree in Electrical Engineering to perform measurement of transistor parameters and cir­
cuit performance capabilities up to several hundred megacycles Applicants should have 
5-10 years experience in high frequency measurement and/or equipment design, and/or 
high speed switching design work, at least part of which should preferably be in transis­
torized equipment

U. S. Citizenship not required
These are but a sample of the many interesting jpenings available at Pacific Semicon 

ductors, Inc If you feel that you are qualified for the above nr for other positions in the 
fascinating and rewarding world of semiconductors, write in confidence to:

D. E. Grantham. Technical Staff Recruiting

PACIFIC SEMICONDUCTORS, INC. _ ,
10451 West Jefferson Blvd., Culver City, Californi^g^mKl^

Sales 
Engineers

Rapid expanding production of outstanding 
line of semiconductor devices creates chai 
lenging opportunities for Sales Engineers 
who can SELL Current openings in Boston 
Baltimore, Syracuse, Cincinnati, and Minne­
apolis - others soon tn follow Excellent base 
salaries plus bonus for top effort Electrical 
Engineering degree desirable with experience 
in sale of electrumc components to military 
and commercial customers. Send resume to*

LARRY LONG

PACIFIC 
SEMICONDUCTORS,

ENGINEER? "

ENGINEERS & SCIENTISTS



3 Question Quiz for Senior Level 
Electronic Engineers and Physicists

1

2.
Ir

r
3.

Do you enjoy the full measure of creative freedom to 
which experienced men are entitled?
Do you have a high degree of respect for your top 
management's technical competence?
What about the projects you're working on— are they 
stimulating enough to fully challenge your talents?

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. Al Bendix York, 
you benefit from the advantages of a 
small company atmosphere in a 
growing division of one of the 
nation’s largest engineering and 
manufacturing corporations. Also, 
you’ll enjoy the “good life” in our 
beautiful suburban community. 
Good salaries, all employee benefits.

Drop ire ■ card, briefly »Ialina 
you» education * experi- 

mediately to get to- J
gelhw with you 4ADDRESS: 
und talk if over. PROFESSIONAL

/PLACEMENT ,
DEPT. D /

Are you a
computer

programmer 
and don’t

know it?
Many men who have training in engineering 
and the sciences are now going into com­
puter programming. They find that it makes 
full use of their special analytical and logi­
cal talents, often not fully tapped in their 
present work.
In the 60’s and heyond, the electronic com­
puter will become more and more an impor­
tant factor in the operations of business, 
industry, science and government Com­
puter programmers, the men who direct the 
computers, will play a vital role in this 
progress.
One of the most important qualifications for 
this work is the ability to analyze complex 
problems and to deduce from them mean­
ingful and useful answers
A computer programmer takes a problem — 
it may be in engineering, science, marketing, 
or in any of dozens of other fields—analyzes 
it, and phrases it in a mathematiral-logical 
language that the computer can "under­
stand.” Then the computer goes to work 
with its prodigious speed and accuracy
If you qualify as a computer programmer, 
you will be given an intensive training course 
in machine language, stored program equip­
ment. problem-solving techniques, and 
program writing.
If you have a degree in engineering or one 
of the sciences, and are interested in this 
important new profession, I will be happy 
to give you further information

At General Mills R and D Laboratories in Min­
neapolis, engineers and physicists answer an en­
thusiastic "yes" to all mesa questions.

For nearly two decades we have been developing 
and manufacturing weapons, sub-systems, and 
electro-mechanical nnd electronic instrumentation 
systems for both military and commercial use. 
Our growth has been impressive, ond it promises 
to be even more impressive. Right now we have 
several technical supervisory and purely technical 
opportunities open to senior level engineers and 
physicists in the fields of:

• Digital System Configuration

• Electronic Circuit Design

• Micro-wave Development

• Digital Computer Logic

• Electronic Packaging

• Advanced Pulse and Video Circuit Development

• Advanced Inertial Navigational System 
Development

• Optical and Infra-Red Equipment Engineering

Perhaps you are one of the men we seek. 
Ideally, you have a graduate degree and S to 8 
years experience in electronic instrumentation 
systems development. In any event, if you now 
hold a technical supervisory position or are 
capable of doiag so, if you have initiative and

Department:
Job Description.

Qualifications needed by applicant:
Education: EE degree or equivalent educa­

tional background
Experience: One or two years as components 

engineer and/or work in Engi­
neering Standards De|3artment. 
Some experience in writing eval­
uation reports.

Date position open: NOW
Salary to be paid: $6,000 to $8,000 depending on qualifica­

tions of applicant.

drive, if you enjoy exploring the unknown In Older 
to find better ways of doing things—we are 
genuinely interested in you. And you should be 
interested in us. because we promise you a crea­
tive environment in which you can quickly achieve 
the full measure of professional and personal 
recognition that your finest talents demand

You'd like living in Minneapolis—some of the 
nation s most beautiful fishing, hunting and camp- 
inq sites are just an hour's drive away. W- en­
joy a friendly, neighborly way of life aad, at the 
same time, nave all the advantages a major 
cosmopolitan center »an offi r Our people spend 
long evenings with their families because travel 
to and from work is easy, uncongested. Children 
grow strong anil healthy in this wholesome 
vacation-land. And they're educated in fine, 
trouble-free schools.

Send today for more informatinn

Mr. G. P lambert 
Manager Professional Personnel

Mechanical Division
2003 East Hennepin Avenur, 

Dept. ED-6 
Minneapolis 13, Minnesota

General

Mills

CIRCLE 914 ON CAREER INQUIRY FORM

ASSISTANT EDITOR 
WANTED

Editorial Department
Report on new developments and trends. Clas­
sification and evaluation of all New Products 
announced by industry.

THE
CORPORA! ION

Please write, outlining briefly your back­
ground, to:
Mr. T. E Bums, Dept. 555R1 
IBM Corporation 
2561 Strang Blvd.
Yorktown Heights, N. Y.

Approved
Edward E. Grazda, Editor-in-Chief 

ELECTRONIC DESIGN

York. Penna. / York 47-1951

CIRCLE 912 ON CAREER INQUIRY FORM
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IBM-
INTERNATIONAL BUSINESS MACHINES CORPORATION 

CIRCLE 913 ON CAREER INQUIRY FORM

HOW DO YOU APPLY FOR THIS OPENING?
Send letter outlining your experience ond background ta

Edward E. Grazda, Editor
ELECTRONIC DESIGN

Hayden Publishing Co., Inc.
S30 Third Avenue New York 22, Now York

ELECTRONIC DESIGN • June 8, 1960



A KI CONCEPT IN
PROFESSIONAL JOB
MA ■■ ■ P AIM A B New technical tests enable
^■L| ^LB* B AB you to calculate your probabilitypBm I IB for success at LMED - in 1 hourHl Hi Bbl WB B IVBi at your own home!

ENGINEERS

BY GENERAL ELECTRIC’S LIGHT MILITARY ELECTRONICS DEPARTMENT

If you’ve been thinking of changing 
your job some day—or in the near 
future—but have hesitated because 
of the many uncertainties involved, 
Light Military’s new concept in 
professional job selection will be 
of paramount interest to you.

What Is It?
The new concept is based on a series 
of technical tests developed and pre­
tested by Light Military engineers 
They are designed to be taken, scored 
and evaluated by the individual 
engineer, all in the privacy of his own 
home. And. because the sole purpose 
is to provide you with a novel, objec­
tive means for self-appraisal, your 
score need not be divulged to us at 
any time.

Here’s how It works:
First, fill out the coupon below and 
check off the tests which apply to your 
training and professional experience. 
Forward the completed coupon to us 
and in a few days you will receive the 
tests, a sealed answer sheet and ex­
planatory material.
During a convenient hour at home, 
take the test and score it with the 
answer sheet provided. Then, compare 
your performance with the criterion 
group composed of Light Military 
engineers at all levels who took the 
same test. In most cases you will be 
able to relate your score to years of 
experience, from 2 to more than 10.

What It measures:
If your adjusted score is equal to, or 
more than the years of experience you 

possess, the probability is excellent 
that a significant community of tech­
nical interest exists between you and 
The Light Military Department. In 
addition, a valid assumption can be 
made that a high probability for suc­
cess awaits you here. And remember, 
your score need not be divulged to us 
at any time; it is for your own guid­
ance exclusively!

CURRENT AREAS OF ACTIVITY 
AT THE LIGHT MILITARY DEPT.

SPACE COMMUNICATIONS A TELEMETRY • 
MISSILE A SATELLITE COMPUTERS • SPACE 
VEHICLE GUIDANCE • UNDERSEA WARFARE 
SYSTEMS • THERMOPLASTIC DATA STORAGE 
• SPACE DETECTION & SURVEILLANCE • 
COMMAND GUIDANCE & INSTRUMENTATION 
• INFRARED MISSILE APPLICATIONS

MAIL THIS COUPON FOR YOUR TESTS

Facts
about the tests
fl Each technical test is com- 
1 posed of 40 multiple choice 

questions.
9 To find answers for some 
* questions, mathematics is 
involved —but only to the de­
gree normally associated with 
the work.
9 The “mix" of questions in­
— eludes some easy ones, 
some bordering on the state of 
the art.
A None of our engineers 

achieved a perfect score.
K The test for Engineering Ad­
w ministration is psychologi­
cal, designed to reveal aptitudes 
and abilities most often found 
in good engineering managers 
or administrators.

Mr. R. Bach
Light Military Electronics Dept.

_ General Electric Company, French Road, Utica, New York
Please send me tests (limited to 2 subjects per individual) answer 

and self-evaluation sheets covering the areas cheeked;

□ RADAR □ MICROWAVE O ELECTRONIC PACKAGING (ME) 
□ COMMUNICATIONS □ ADMINISTRATIVE ENGINEERING

NAME

HOME ADDRESS. .HOME PHONE

CITY.

DEGREE(S).

¿ONE______ STATE

.YEAR(S) RECEIVED.

LIGHT MILITARY ELECTRONICS DEPARTMENT

78-MF

GENERAL ELECTRIC
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Nickel leads, welded directly 
to tantalum, boost capacitor 

ruggedness

DALLAS, TEX. - For maximum relia­
bility, new Texas Instruments tan-TI- 
capv* capacitors depend on leads of 
Electronic Grade “A”* Nickel. This 
strong, tough nickel wire, welded sound­
ly and easily to the tantalum stubs, helps 
provide the good connections needed to 
withstand mechanical and thermal 
shock.
Electronic Grade “A” Nickel is highly 
resistant to oxidation and corrosion. 
What’s more, it provides tight hermetic 
seals (note figure below) and speeds 
unit installation.
•*T. M. of Texas Instruments Incorporated

Pertinent Literature: Write for Techni­
cal Bulletin T-15.

Lead wires of Electronic Grade “A” 
Nickel strengthen thi- new ran-Tl-cap 
Solid Tantalum Electrolytic Capacitor.

Nickel materials keep 
electrons “in line" in

new linear accelerator

WALNUT CREEK, CALIF. - Intense 
electron, neutron and X-ray beams are 
generated by this new ARCO linear elec­
tron accelerator. In order to operate at 
very high vacuums —IO’7 to IO 8 mm Hg 
—its vacuum envelope must be de-gassed 
by baking out at 400°C. ARCO designers 
specify Electronic Grade “A” Nickel for 
the envelope because it provides the ex­
cellent vacuum properties required. This 
metal also resists oxidation, corrosion 
and retains its strength at operating 
temperatures well above 400' C.

FIRST COMMERCIAL ATOMIC CLOCK
WAVEGUIDES OF LOW PERMEABILITY MONEL

403” HOLD DOWN SIGNAL DISTORTION

No pioblem fabricating thew wave­
guide. of Monti **403" low perme­
ability alloy. report- National. The

. . . clock generate» frequencies 
accurate to S parts in 10 billion!

the Atomichran atom-regulated fre­
quency standard.

Heart of the “eloek” — a cesium beam tube—Monel 
**403” alloy pee, idea the tube*, pole a-semblie. 
with excellent mechanical properties plu- low mag­
netic permeability. Manufactured by National Com­
pany, Inc., 61 Sherman Street. Malden 48. Masa.

MALDEN, MASS. — You can now tell 
time accurately down to 100 millionths 
of a second with the Atomichront, first 
commercial atom-regulated “clock.”

Nickel improves seals
All metal surfaces of the envelope’s 
metal-ceramic seals are nickel-covered. 
Nickel is easily brazed, protects parts 
from oxidation. Its purity facilitates the 
elimination of all organic products from 
the vacuum envelope, permitting excel­
lent radio-frequency operation.
Pertinent Literature: Write for “Nickel 
Alloys for Electronic Uses.”

For outstanding vacuum properties, key 
parts of the Mark 1-T4 accelerator are 
made of Electronic Grade “A” Nickel. 
Built by Applied Radiation Corp., Walnut 
Cre ek, Cal.
•Inco trademark

How it works
Waveguides feed a tuned microwave 

signal through a stream of cesium atoms. 
As signal reaches the atoms’ resonant 
frequency, it changes some atoms in in­
ternal structure. This change is sensed 
by a detector and signalled to a servo 
system, which regulates the frequency 
of a basic oscillator at precisely the 
atomic resonance value. By means of 
electronic multipliers and dividers, this 
oscillator produces standard output fre­
quencies of 0.1, 1.0, 5, 10, and 100 mega­
cycles — the required “clocking” action.

Designers chose Monel “403”* low 
permeability nickel-copper alloy for the 
waveguides, radio frequency sections 
and magnet pole assemblies, because it 
provides magnetic permeability so low 
that atomic resonance remains free from 
distortion. Monel “403” alloy offers ex­
cellent vacuum and mechanical proper­
ties, is readily machined and formed into 
intricate shapes.

Like all nickel alloys, Monel “403” 
alloy is freely available.
Pertinent Literature: Write for “Basic 
Data-Monel ‘403’ Low Permeability 
Nickel-Copper Alloy.” 
tT. M. of The National Company, Inc.

HUNTINGTON ALLOY PRODUCTS DIVISION 
The International Nickel Company, Inc.
Huntington 17 Watt Virginia

Ä ALLOY PRODUCTS
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For cooling an electronic hot box in a missile oi airplane Globe Industries’ 
new Type FC blower is the optimum combination of high performance and 
small size Only 2%” in diameter it can handle 100 cfm. of air against a 
back pressure equivalent to 3 5" of water, or up to 169 cfm of free air. 
Weight is 14 ounces, and units are designed to meet MIL specs. The unit 
pictured is powered by a 115 or 200 v.a.c., 400 cycles, 3-phase Globe type 
FC motor. Three mounting options are available A smaller version will be 
announced soon.

If your “optimum” requirement is something more or less potent than 
the new Type FC. consider these facts 1) Because Globe is the largest 
manufacturer of precision miniature motors, Globe engineers have the 
greatest possible access to standard as well as developmental motors to 
meet requirements exactly. 2) Globe’s cooling specialists are expert in high­
efficiency propeller design 3) Globe's extensive blower and fan hne may 
already contain what you need. Orders for one. ten, or 10,000 blowers are 
welcomed. Request Catalog B l for technical information about Type FC 
and other miniature cooling equipment. GLOBE INDUSTRIES, INC., 1784 
Stanley Avenue, Dayton 4, Ohio. Telephone BAIdwin 2 3741
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Presented proudly
The 160B-a new 15 MC oscilloscope built 
to exacting MIL specifications; most versatile 
oscilloscope ever offered.
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Here are some of the outstanding features

New plug-in versatility Horizontal plug-ins. New 166 series hor­
izontal (time axis) plug-ins add a whole new dimension of flexibility to the basic oscilloscope. 
First two of the series are: $ 166C Display Scanner making the 160B the world’s first 
major scope with an X-Y recorder output. This output covers the full scope handwidth and 
makes possible large, high resolution, permanent X-Y records of repetitive waveforms, df 
166D Sweep Delay Generator establishing new’ convenience for conventional sweep delay 
measurements. A unique mixed sweep feature permits detailed analysis of one pulse in a 
wavetrain while retaining a display (on a slower time scale) of the entire wave preceding 
the pulse of interest. Thus, you view the exact pulse or segment desired while still retaining 
presentation of the earlier display. Extremely high magnifications are possible with appro­
priate settings of sweep controls.

Vertical amplifier plug-ins. New 162 series plug-ins will include new amplifiers permit­
ting scope operation under many different input conditions. Typical plug-in is 162A Dual 
Trace Amplifier, 20 mv/cm unit permitting simultaneous viewing of two phenomena or 
differential amplification of signals de to 14 MC.

Military quality — Using premium components throughout, the 160B is 
designed to meet the highest standards of ruggedness, accuracy and dependability. It follows 
MIL-E-16400B for shock, vibration, humidity and temperature. Premium features include 
high stability tube-transistor circuits, regulated de filament voltages, power transistors in 
efficient heat sinks, circuits on translucent epoxy-glass, simplified layout.

Easy to operate — Model 160B control array is traditional and logical. 
No special training is required to operate the 160B. Your set-up time and measurements are 
simplified with improved preset triggering and an automatic beam-finder. The first means 
that one preset adjustment insures optimum triggering for almost all conditions (even 
signals down to 2 mm deflection). The second means that with the press of one button the 
beam is instantly located and “held” until you center your trace.

S P E C I F I
SWEEP GENERATOR:

Internal Sweep 24 ranger, 0.1 psec/cm to 5 sec/cm; vernier to 
15 sec/cm

Magnification 7 ranges, to 0.02 psec/cm
Triggering: 2 mm minimum, internal, power line or vertical input 
signal. External 0.5 v peak to peak

Trigger Point: Going voltage. -30 to +30 v
Sawtooth Output: -50 to +50 v
Gale Output: 50 v pulse

HORIZONTAL AMPLIFIER:
Bandwidth: de to 1 MC
Sensitivity: 7 ranges. 0.1 v/cm to 10 v/cm; vernier to 25 v/cm
Input Impedance: 1 megohm, 30 pf shunt

CALIBRATOR:
Typo: 1,000 cycle square wave, 1 psec rise, decay lime 
Voltage: 9 ranges i 3%, 0.2 mv Io 100 v peak to peak

Current. 5 ma peak to peak, ± 3%

CATHODE RAY TUBE:
Typ»: 5AMP monoaccelerator, flat fact, PI, P2, PT, PH screen; 
5,000 v accelerating potential

Deflection Sensitivity: 20 v approx.; intensity modulation 20 v 
pulse to blank

MICE: £ 160B Oscilloscope, $1,850.00

$ 162A PLUG-IN AMPLIFIER
Sensitivity Range. (Each channel) 0.2 v/cm to 50 v/cm, 10 tanges, 

0.02 v/cm to 20 v/cm Accuracy — 5%

Pass Band: De coupled, de to 14 MC, 0.025 psec rise time
Ac coupled, 2 cps to 14 MC

Differential Input: Both attenuators may be switched to one chan­
nel and adjusted separately. Common Mode Rejection at least 
40 db at max sens.; at least 30 db with attenuators

PRICE: $ 162 A Plug in Amplifier. $350.00

Dota cubiect to change without notice, Prices f.o.b. factory.
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Characteristics, Class A! Amplifier (Each Unit)

1250

Shifting overtones give the piano its vibrant ring. Loiver 
register tones, as the first oscillogram indicates, may gener­
ate 10 or more perceptible overtones that continually change 
in relative intensity. In higher registers, as the second oscil­
logram shows, the struck tone dominates at first, but fades 
quickly leaving the first octave predominant. The subtlest 
shadings emerge with utmost clarity when you design your 
preamp circuits around the RCA-7025.

Discover a new world of preamp performance with the RCA- 
7025. For full information on RCA’s comprehensive line of 
audio tubes, «heck with your RCA Field Representative, or 
write to RCA Electron Tube Division, Commercial Engi­
neering, Section F-18-DE-1, Harrison, N.J.

the tow-noise high-mu twin triode 
for supersensitive preamplification

ectronTube Division, RCA Field Offices...east: Newark 2, New jersey, 744 
load Street, HUmboldt 5-3900 * MIDWEST: Chicago 54, Illinois, Suite 1154, Mer- 

randise Mart Plata, WHitehatl 4-2900 • WEST: Los Angeles 22, California, 6355 
I Washington Blvd., RAymond 3-8361

Plate Voltage 100

Grid Voltage ................. — 1

Amplification Factor 100

Plate Resistance (approx.) 80000

The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA

Transconductance 

Plate Current......

volts 

volts

ohms 

umhos

62500

1600

Developed especially for high-gain resistance- 
coupled preamplifier stages in top-quality audio 
systems, this 9-pin miniature twin triode performs 
with almost imperceptible hum and noise. Hum is 
minimized by use of a double helical hairpin-type 
heater in each triode unit. Minimum noise and 
microphonics are assured by use of an exceptionally 
sturdy cage structure with short, stiff leads, over­
sized side rods and newly designed micas.
Result: average noise and hum voltage for each unit 
is only 1.8 microvolts rms. And—this versatile per­
former operates from either a 6.3- or 12.6-volt 
heater supply for extra design flexibility.
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