




^¡IVirPIPSERIES
ULTRAMINIATURE 

TRANSISTOR 
VISE TRANSFORMERS

W fill r" HII “ ■■
UNITS SHOWN ACTUAL SIZE—IMMEDIATE DELIVERY FROM STOCK

MflNITIMt

Pulso wtflhi MicrosecoMs between 50% ampli- 
tuffa point* an teaffmg anff trailing pulse effges

All units individually 
checked and adjusted, in 
transistor circuit illustrated, 
to parameters in table.

•varabaffti Parcantag* by which hr«t oicanioa 
M pulaa aacaaff* 100% amplitude
•raopt Percentage raffuctian from 100% am- 
ptituffa a tpecifiod time after 100% ampiituffe

Baaiurwiat) natative swing after trailing edge 
aa percentage tf 100% ampiituffe

• MIL type TP6RX4410CZ — METAL CASED
• Manufactured & Guaranteed to MIL-T-21038
• 5/16" Dia x 3/16" Ht; Wt 1/20 oz.
• Ratio 4:4:1
• Anchored leads, withstands 10 lb. pull test
• Printed circuit use, plastic insulated leads
• Can be suspended by leads or clip mounted

Type 
No.

BLOCKING OSCILLATOR PULSE
Width Rist % Over Group % Back 
^Sec. Time Sheet % Swing

COUPLING CIRCUIT CHARACTERISTICS
P Width Veit Rise % Over Droop Dack Imp. 
p Sec. Out Time Sheet % Swing in, out.

APPROX. DCR, OHMS
1-0rn 3-0rg 9 Grn
2-Rd 4-Yel B-Olu

Transistor pulse transformer kit, consisting of PIP-1 thru PIP-9 in plastic case.

PIP-1 .18 .20 .07 .05 M2—J 37 .05 9 .018 0 0 , 12 50
PIP-2 .47 .56 .17 •1 .025 o zLp - 25 .1 8 .02 0 ° 4 5 50
PIP-3 1.01 1.25 .37 .2 .030 2 4 15 2 7 035 0 0 4 5 100
PIP-4 1.5 ' 1.85 .54 .5 .05 0 _L ° 15 5 7 06 0 0 0 100
PIP-5 2.45 3.1 .9 1 .08 0 . ° 14 1 68 t15 0 0 5 100
PIP-i 30 . 37 1.1 2 .10 0 0 15 2 66 •1«___ 0 2 10 100
PIP-7 ‘ 4.9 6 05 1.8 3 .20 0 4 Î 

0
14 3 6.8 .20 0 2 10 100

PIM 8.0 9.7 2.9 5 .30 0 3 5 7.9 .22 0 13 25 200
-PIM 13.1 4.7 10 .35 0 L 5 12 10 65 .4 0 15 1 20 200

AND CUSTOM BUILT 
UNITS TO YOUR SPECS. 
Write for catalog for 
full details on those and 
1000 other stock items

UNITED TRANSFORMER CORP.
150 VARICK STREET, NEW YORK 13, N.Y.

PACIFIC MFG. DIVISION: 4008 W. JEFFERSON BLVD., LOS ANGELES 16, CALIF
gXPORT OlVlStONi 13 BAST 40th STREET, NEW YORK 1«, N. Y. CABUBi “ARUT

COVER: Tightly spaced assemblies 
of printed circuits can be configured 
in many complex relationships with 
a new board-to-board connector. 
Electronic Design s art direc­
tor shows two connectors joining 
three printed circuits. His spatial view 
eliminates the actual boards holding 
the circuits. The cross-sectional ren­
dition of the connector s plastic block 
shows the beryllium-copper wires that 
make the electrical interconnections.

Sidelights of This Issue
News that the American Institute 

of Electrical Engineers and Institute 
of Radio Engineers contemplate a 
merger (see p 7) was welcome, if not 
exactly sui prising.

The gradual marriage of interest 
between the two societies was evi­
dent at the fall general meeting of 
the AIEE in Detroit. More than half 
of the technical papers delivered 
there were strictly electronic. Several 
sessions, including one on adaptive 
communications (see p 8), were con­
cerned with the frontiers of the elec­
tronic art. One complete symposium- 
within a-meeting—on switching-cir­
cuit theory and logical design—drew 
a distinguished audience of computer 
designers, who appeared to be only 
remotely connected with other ac­
tivities at the meeting.

The coming merger talks found fa­
vor at the AIEE meeting. Heard at 
the convention were such remarks as: 
"If the merger goes through, techni­
cal developments will probably be a 
lot easier to keep up with."

Among the many decisions facing 
the committee planning the consoli­
dation is that of a name for the com­
bined group. We are confident the 
more than 150,000 members of the 
new society will not have to refer to 
their organization as the AIEEIRE.
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New standard of oscilloscope reading accuracy

ELIMINATE SCOPE PARALLAX
ERROR

NEW WAY!

ERROR-PRONE OLD WAY!
Identical signal on old-type cathode 

ray tube. Note apparent non­
linearity caused by scope 

face parallax!

Perfectly linear signal reads 
perfectly. Each wave peak 

appears, and is, precisely on 
proper graticule line.

Revolutionary (^)CRT’S

F to see how 
ho does it... 

and read about 
the versatile new 
(¡f) 120B 450 KC 

oscilloscope



LIFT PAGE

Call your engineering 
representative today for data 
demonstration of these time-saving, 
precision, advanced instruments
Your k representative is your headquarters 
for sales, service and parts on the industry's 
most complete-coverage instrument array. 
( •) indicates factory-level field repair sta­
tions.

Eastern Seaboard
Asbury Pirk, New Jersey 
The I. E. Robinson Co.

1317 Railroad Ave. 
KE 1-3150

Baltimore 15, Maryland 
Horman Associates. Inc. 

3006 West Cold Spring Lane 
MO 4-4400

'• Boston Area 
Burlington, Mass.

Yewell Associates, Inc.
Middlesex Tnpike., BR 2-9000

Bridgeport 8, Conn.
Yewell Associates, Inc. 

1101 E. Main St., FO 6-3456
Camp Hill, Pennsylvania 
The I. E. Robinson Co. 
Park Place Office Bldg.

RE 7-6791
Englewood, New Jersey

R. M. C. Associates 
391 Grand Ave., LO 7-3933
. New York 21 New York 

R. M. C. Associates
236 E. 75th St., TR 9-2023

• Philadelphia Area 
West Conshohocken, Penn. 

The I. E. Robinson Co.
144 Elizabeth St. 

CH 8-1600 and TA 8-6200
¿.Pittsburgh 27, Pennsylvania

S. Sterling Company 
4232 Brwnsvle. Rd., TU 4-5515

Poughkeepsie, N. V.
Yewell Associates, Inc. 

806 Main St., GR 1-3456
• Rochester 25, New York 

Edward A. Ossmann & Assoc.
830 Linden Ave., LU 6-4940

Syracuse, New York 
Edward A. Ossmann & Assoc. 
101 Picard Dr., P.O. Box 128

GL 4 2461
Vestal, New York 

Edward A. Ossmann & Assoc.
149 Front St., ST 5-0296

<♦ Washington, D. C. Areo 
Rockville, Maryland

Horman Associates, Inc. 
941 Rollins Ave., HA 7-7560

Southeastern States
Atlanta 5, Georgia 

Bivins & Caldwell, Inc.
3110 Maple, N.E.

Area Code 404, 233-1141 
«• High Point, North Carolina

Bivins & Caldwell, Inc. 
1923 N. Main St., 882-6873

Huntsville, Alabama 
Bivins & Caldwell, Inc. 

534-5733 (Dir. line to Atlanta)
• Orlando, Florida

Stiles Associates. Inc.
1226 E. Colonial, GA 5-5541

Richmond 30, Virginia 
Bivins & Caldwell, Inc.
1219 High Point Ave. 

EL 5-7931
St. Petersburg 8, Fla.
Stiles Associates. Inc. 

410-150th Ave., Madeira 
Beach, 391-0211

Central, South 
Central States
^Chicago 45, Illinois 

Crossley Associates. Inc 
2501 W. Peterson, BR 5-1600

• Cleveland 24, Ohio 
S. Sterling Company 

5827 Mayfield Rd., HI 2-8080
<♦ Dallas 9, Texas 

Earl Lipscomb Associates
P. 0. Box 7084 

FL 7-1881 and ED 2-6667
• Dayton 19, Ohio 

Crossley Associates. Inc. 
2801 FarHillsAve., AX 9-3594

«• Detroit 35, Michigan 
S. Sterling Company 

15310 W. McNichols Rd.
BR 3-2900

• Houston 5, Texas 
Earl Lipscomb Associates 

P 0. Box 6646, MO 7-2407 
• Indianapolis 20, Indiana 
Crossley Associates, Inc. 

5420 N. College Av.. CL 1-9255 
Kansas City 30, Missouri 
Harris-Hanson Company 

7916 Paseo Blvd., HI 4-9494 
St. Louis 17, Missouri 

Harris-Hanson Company 
2814 S. Brentwood Blvd.

Ml 7-4350
• St. Paul 14, Minnesota 

Crossley Associates. Inc 
, 842 Raymond Ave., Ml 6-7881

Western States 
• Albuquerque, New Mexico 

Neely Enterprises
6501 Lomas Blvd., N.E. 

255-5586
«»■Denver 10, Colorado 

Lahana & Company 
1886 S. Broadway, PE 3-3791

Las Cruces, New Mexico 
Neely Enterprises 

114 S. Water St., 526-2486
• Los Angeles, California 

Neely Enterprises
3939 Lankershim Blvd. 
N. Hollywd , TR 7-1282, 

PO 6-3811
«-• Phoenix, Arizona 
Neely Enterprises 

641 E. Missouri, CR 4-5431
Portland 9, Oregon 

ARVA
1238 N W. Glisan, CA 2-7337 
• Sacramento 14, California 

Neely Enterprises 
131715th St., Gl 2-8901 
Salt Lake City 15, Utah 

lahana & Company
1482 Major St., HU 6-8166
• San Diego 6, California 

Neely Enterprises 
1055 Shafter St., AC 3-8106

• San Francisco Area 
San Carlos, California 

Neely Enterprises 
501 Laurel St.. LY 1-2626 
<• Seattle 9, Washington

ARVA
1320 Prospect St.. MA 2-0177 

Tucson, Arizona
Neely Enterprises 

232 S. Tucson, MA 3-2564

New, no-parallax(^)lz
easiest-to-use, surest
reading, 450 KC
oscilloscope!

HERE'S

Graticule on 
this surface

4 NEW WAY!
Exclusive $ development scribes calibrat­
ing graticule in identical inside plane with 
trace. No layers of glass, filter or plastic 
optically alter perfect reading. What you see 
—IS! Parallax is eliminated at last!

OLD WAY! )
Conventional oscilloscopes have calibrating 
graticule a full Ya inch in front of trace. Be­
tween are optically confusing plastic grati­
cule body, filter, and CRT envelope end. Par­
allax is inescapable; errors up to 5% are 
possible.



ft

CIRCLE 2 ON READER-SERVICE CARD

Geneva, Switzerland 
Tel. No. (022) 26. 43. 36

Rue du Vieux Billard No. 1 
Cable "HEWPACKSA"

L20B This new 120B Oscilloscope combines prob­
ably more actual measuring help and desirable 
features than any 450 KC scope ever produced.

Not only is reading error from parallax ended 
and not only are distracting reflections elimi­
nated (the CRT has a new, non-reflecting face 
developed by ^); but you also have a genuinely 
unique array of electrical and convenience fea­
tures for measurements from de to 450 KC.

Details of the 120B’s electrical capabilities are 
given in the specs below. You may particularly 
wish to note such features as direct reading cali­
bration, “times-5” sweep expander, linear inte­
grator for accurate sweeps and built-in amplifier 
calibrator. Also the slow sweep speeds for me­
chanical or medical work, and fast sweeps for 
transient measurements.

Many engineers who have tested the 
new 120B feel it is perhaps the easiest- 
to-use, most widely versatile, and 
highest value commercial 450 KC scope 
ever offered. Why not confirm their 
opinions with a test on your own 
bench.

Accessories available:
$ AC-83A Viewing Hood; face-fitting molded rubber, 

$5.00
$ 196A Oscilloscope Camera, $440.00

456A AC Current Probe, $190.00
$ AC-21J Probe, $9.00

Price:
$ Model 120B Oscilloscope, $475.00
Supplied with rack-mounting hardware.
Data subject to change without notice. Pnces f.o.b factory,

HEWLETT-PACKARD COMPANY
1095K Page Mill Road Palo Alto, Calif., U.S.A.
Cable “HEWPACK” DAvenport 6-7000

Sales representatives in all principal areas

HEWLETT-PACKARD S.A.

Further, the 120B has automatic triggering 
which ends trigger adjustment and insures a 
bright, clear baseline even without a sync signal. 
For manual level adjustment 10 to -10 volts, a 
panel control overrides the automatic trigger.
The 120B is also a boon physically. The front 
panel reads easily, and controls are where you 
expect them—simple, logical. When the trace 
strays, a push-button finds it instantly. The 
whole arrangement is such that, in an engineer’s 
hands, the instrument is quick and sure; yet it is 
readily understood and used by non-technical 
personnel.
Finally. Model 120B is either a sleek, modern 
bench instrument or (with a handful of hard­
ware suppliedf a precision-fit rack mount unit. 
Access to the inside is instantaneous, and the top 
cover contains a complete adjustment guide.

SPECIFICATIONS
SWEEP

Sweep Range: 1 /«sec/cm to at least 0.5 sec/cm. 15 cali­
brated sweeps, accurate within ±5%, in a 1, 2, 5, 10 
sequence, 5 /«sec/cm to 200 msec/cm. Vernier for con­
tinuous adjustment of sweep time between calibrated 
steps, extends slowest sweep to at least 0.5 sec/cm.

Sweep Expand: x5 sweep expansion usable on all ranges, 
expands fastest sweep to 1 /«sec/cm, accuracy ±10%.

Synchronization: Automatic, 50 cps to 450 KC.
Trigger Point: Zero crossing, negative slope of external 

sync signals, zero crossing, positive or negative slope 
of vertical deflection signals. Front panel control locks 
aut automatic and permits trigger point to be set be­
tween —10 to +10 v.

VERTICAL AMPLIFIER
Sandwidth: DC coupled de to 450 KC: ac coupled 2 cps 

to 450 KC.
Sensitivity: 10 mv/cm to 100 v/cm. 4 calibrated steps 

with attenuator accuracy of ±3%, 10 mv/cm, 100 
mv/cm, 1 v/cm, 10 v/cm. Vernier for continuous ad­
justment of sensitivity between steps and extends 10 
v/ cm step to at least 100 v/cm.

Internal Calibrator: Calibrating signal automatically 
connected to vertical amplifier for standardizing of 
gain, accuracy ±2%.

Input impedance; 1 megohm, approx. 50 pf shunt.
Balanced Input: On 10 mv/cm range. Input impedance 

2 megohms shunted by approx. 25 pf.
Common Mode Rejection: At least 40 db, should not ex­

ceed ±3 volts peak.
Phase Shift: Vertical and horizontal amplifiers have 

same phase characteristics within ±2° to 100 KC 
when verniers are in CAL

HORIZONTAL AMPLIFIER
Bandwidth: DC coupled: de to 450 KC; ac coupled: 2 cps 

to 450 KC.
Sensitivity: 0.1 v/cm to 100 v/cm. 3 calibrated steps, 

accurate within ±5%, 0.1 v/cm, 1 v/cm, 10 v/cm. 
Vernier for continuous adjustment of sensitivity be­
tween steps and extends 10 v/cm step to at least 100 
v/cm.

Input Impedance: 1 megohm, nominal, shunted by ap­
prox. 100 pf.

GENERAL
Internal Graticule: 10 cm x 10 cm marked in cm squares.



Relay. Loadea with engineeringQuite a job, this new Heinemann Type B
operational amplifier, in-line configuration silicon controlledmodules,

137

154
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refinements. Like totally enclosed contacts (for protection against environ 
mental contamination and tampering). And a balanced armature (for im 
proved shock and vibration resistance). And a smaller pole-piece (to reduce

a lot to offer, .too Most 
relay to work not only as 
most applications, there 

coil can remain energized

ELECTRONIC DESIGN News
More Switching, High-Frequency Barriers Fall ............. 
Canadians Simulate Adaptive Communications System 
Usable Current Obtained from Bio-Power Devices . . 
Significant Bits ......................................................................  
Optical Electronics to Highlight NEREM ......................
Washington Report ..................................................
Transportable Electronics Built for Rugged Treatment 
Designers’ Datebook ............................................................  
Computer’s Memory Drum Floats on Helium Film ... 
Field-Emission Theory Confirmed by Experiment.......

CONTINUOUS-DUTY 
CUIL

German Abstracts
Frequency Limitations of Tunnel Diodes .. . 
Analog Output Circuit for a Decimal Decade

NEW 
TIME-DELAY 

RELAY

MODERATE 
PRICE

New Products.......................................................................................................
Leading off the New Products section of this issue are semiconductor network

New Products Directory ... ........................
All the products presented in this issue are indexed with reference to page 
and Reader-Service number

Product Features
Newly available products of exceptional interest to design engineers
Board-lo-Board Connector Creates Package Flexibility ................. 52

Very simple in principle, this connector mechanically supports boards 
as it makes electrical connections

Photocunductive Cells For Industrial Cse............................................ 51
While a photoconductive cell requires a power supply for its operation, 
it is about 1,000 times more light-sensitive than a photovoltaic cell, making 
it useful for light-dependent control applications

ENCLOSED 
SNAP-ACTION 

CONTACTS 
(SPOT OR DPDT, 

5 AMPS)

A Signal Level Monitor For Go-No-Go Testing
Check-out equipment can be made more simply and inexpensively by using 
the “reactron” monitoring circuit—W. W. Gile, D. F. Newbigging

Engineering Data ..............................................................................................
Simplified Design Procedure for Timed Class-B Power Amplifiers—H. E. Moore

Feast Above, Famine Below
Editorial Comment

Low-Frequency Instability in Cascaded Emitter Followers
The analysis and design techniques applied to single and multistage emitter 
followers are presented. Stabilization techniques are outlined and a typical 
design example illustrates the design procedure—K I. Nordling

High Density Electronic Packaging—Thermal Design Considerations
Analysis of the component characteristics and heat transfer techniques used 
in welded assemblies—C. Kadlec

Gold-Plating on Leads Can Cause Cold-Soldered Joints
Pitfalls in relying upon gold-plating to produce reliable soldered lead 
nections—C. W. Brown

rectifiers, a 2-in. vaneaxial blower and an SCR trigger which provides high 
stability firing
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chatter noise). • Electrically, the Type B has 
notably, the continuous-duty coil It permits the 
j delay device, but as a load-carrier, too. (In 
is no need for slave or lock-in circuits since the
continuously after actuation.) • Think you might have use for the Type 
B’ It's available in sixteen standard timings, from % to 120 seconds, and 
v n be furnished for operation on any of a whole slew of AC or DC 
voltages Our nev Bulletin No 5004 will give you detailed specifications

HEINEMANN ELECTRIC COMPANY, 2616 BRUNSWICK PIKE. TRENTON 2, N. J.
* «k a4“’
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Micatemp Aerospace Wire 
Resists Nose Cone Heat

The new Rockbestos Aerospace & Electronic 
Catalog can help solve your wire and cable 
problems. Send for your copy today.

Ideas for Design
Dual Filter, Phase Detector from Frequency Discriminator 
Photoelectric Circuit Operates with High Light Resolution 
Small Test Probe Uses Hybrid Isolation Amplifier...........  
Single Potentiometer Adjusts Range of Simple VFO .......  
Ideas-for-Design Entry Blank ..................................................

Rockbestos Micatemp wire is an ultra-high temperature lead 
wire that will withstand temperatures up to 2000CF. Because 
of its ability to carry current at such extreme temperatures, 
it is used for wiring sub-assemblies in the Minuteman nose 
cone. Micatemp is also highly resistant to vibration 
fatigue and radiation.

Developed specifically for missile and satellite wiring, 
Rockbestos Micatemp wire offers interesting design capabilities 
for many other military and industrial applications. If you 
are looking for an ultra-high temperature or 
radiation resistant wire for your project, 
be sure to consider Micatemp.

ROCKBESTOS wire a cable co.
division of CERRO CORPORATION

MAIN OFFICE AND FACTORY: Nicoll and Canner Streets, New Haven, Conn. 
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Design Decisions
Reversed Weld Nut Makes Low-Cost Detent ...............
Rubber Cores in Eyelets Speed Circuit Breadboarding . 
Round Lights Cut Cost, Improve Panel Appearance .
Watch Crowns Crown Efforts to Waterproof Shaft Seals
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Early Birds—Attention!
“Sure, 1 have an interesting approach to a design problem. But 

I just don’t have the patience or desire to spend several weekends 
preparing an article."

This is the lament heard frequently by Electronic Design edi­
tors as they discuss potential articles with engineers during planl 
visits.

To help engineers past the mental block to w riting assignments. 
Electronic Design will present a writing seminar in conjunction 
with the NEREM conference in Boston.

Edward E. Grazda, editor of Electronic Design, will discuss 
“Let’s Write an Article Together.” The time and place: Nov. 15, at 
X am, in the Cleveland Plaza suite of Boston's Somerset Hotel— 
the convention headquarters. All NEREM visitors are invited. It 
will be a rewarding session.



More Switching, High-Frequency Barriers Fall

ELECTRONIC DESIGN

Electron Devices Meeting Told of Transistor Advances;
Gains in GaAs Solar Cells, Microwave and Data Units Noted

Robert Haavind
Chief News Editor

s OLID-STATE devices for faster switch­
ing or higher frequency operation were

prominent among developments unveiled at 
the Electron Devices Meeting in Washington, 
Oct. 26-28. New’ advances in microwave, data- 
handling, and energy-source devices also 
were introduced to the industry.

Some of the more important developments 
for the design engineer were:

■ Producible planar-silicon transistors, ca­
pable of operating to over 2 Gc, and of 

switching w’ith less then 2-nsec propaga­
tion-delay time.

■ Mesa-type switching transistors for 
switching rates up to 100 mc in satu­
rated circuits.

■ Gallium arsenide solar cells with efficien­
cies up to 13 per cent.

■ A multiposition core river using elec- 
tron-beam-swdtched silicon diodes in 
place of transistors.

■ A newr type 1.5-megawatt magnetron 
said to have four times the frequency sta­
bility of present types.

■ A microspot cathode-ray tube capable of 

displaying 92 million picture elements on 
a 5-in. face.

■ Gallium antimonide (GaSb) tunnel di­
odes with fmaz up to 10 Gc, said to have 
half the shot noise constant of equivalent 
germanium devices.

• Cryosistor—a three-terminal field-effect- 
controlled fast germanium switch for op­
eration at liquid-helium temperatures.

Lead Areas Larger Than Active Regions 
In New Gc-Operating Silicon Transistors

Gigacycle silicon transistors, reported by
Fairchild Semiconductor Corp., are designed

Verdict on Tunnel Diodes: Useful, But Can’t Replace Transistors
Design philosophy held as much attention as the new devices un­

veiled al the Electron Devices Meeting.
A definitive statement on the status of the tunnel diode was pre­

sented hy E. O. Johnson of RCA Laboratories, Princeton, N. J. 
“They will never replace transistors,” as some believed when thej 
were first developed. Mr. Johnson said. The greatest interest in 
tunnel diodes at present, he said, is for microwave and special 
applications.

In microwaves, tunnel diodes offer higher gain at higher fre­
quencies than transistors, with the added factor of low -noise char­
acteristics. Mr. Johnson thinks that when the devices are inte­
grated in distributed-circuit structures, to minimize serious in­
ductance effects, they will reach frequencies of 100 Gc. compared 
w ith an expected 10-Gc limit for transistors. Present limits of about 
10 mw for the tunnel diode at 2 Gc should be pushed to about I w 
in the gigacycle region, he predicted. Aside from the microwave 
use, special applications cited for the devices were in pulse dis­
criminators, scalers, pulse calibrators and coincidence detectors. 
In these applications low-noise and high-speed characteristics 
offered by tunnel diodes are of particular advantage.

Another important use is in down converters because of the in­
herent low noise of the devices in this application. Initial work at­
tempted to get optimum values for all parameters at once, but 

resulted in poor stability. Excellent stability has been achieved, 
however, by sacrificing gain and operating at unity gain factor 
while biasing in the positive R region of the l-V characteristic to­
ward the origin and pumping hard toward the negative R region 
of the curve.

Tunnel-diode down converters are being used in place of crystal 
mixers. The mixers gave about 7-db insertion loss and 8-db noise 
compared to no insertion loss and 1- to 2-db noise with the new 
tunnel diode devices, Mr. Johnson said.

Interest in tunnel diodes for computer logic is dwindling, Mr. 
Johnson commented, because of the difficulty in fanning out for 
more than two or three levels due to the low gain of the devices. 
Tolerance of all elements in these circuits must be held to 1 or 2 
per cent to achieve this. Although the tunnel diode is a simpler 
device than the transistor, this tolerance is a tough requirement 
to meet. The relatively low cost of transistors, especially now 
makes them more attractive for this application. The tunnel diode 
will he used, however, in small, fast computer memories because 
of their high-speed capability and low noise, allowing design for 
low power.

An additional important advantage cited for the tunnel diode 
in comparison with the transistor was its ability to operate in and 
to survive high radiation conditions.

4 ELECTRONIC DESIGN • November 8, 1961
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0028% ft

GET PEAK
POWER
WITH

RAYTHEON

DIODE
RECTIFIERS

For Small Order or Prototype Requirements, See Your Local Franchised Raytheon Distributor

RAYTHEON
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Array of gallium-arsenide solar cells converts light en 
ergy from lamp to drive small electric motor and wheel

Comparison of efficiency of gallium arsenide solar 
cells and silicon units shows advantages claimed for 
GaAs cells.

10 20SO4OSOeO7D 80 90i00IOl20BOMOe0«0r7Oe0 
TEMPERATURE. *C

so that areas where leads can be attached are 
larger than the actual active areas. This is 
said to make production simpler and is ex­
pected to result in devices cheaper than many 
existing types that have poorer characteris­
tics. Measurements at 1 Gc with 625 mw into 
one of these devices showed 50 mw out, ac­
cording to Fairchild. The 2-msec time was ob­
tained by dividing total delay time through 
an 11-stage ring counter by 11, Fairchild re­
ported.

Germanium epitaxial maser-type switches 
reported by Texas Instruments Inc., are said 
to have a unity-gain frequency of 1.5 to 4 Gc.

Gallium-arsenide solar cells developed by 
RCA’s Semiconductor Div., are said to have 
considerably higher radiation tolerance than 
silicon cells. Efficiency is said to decrease less 
w ith temperature for GaAs than for Si types.

0 GALLIUM ARSENIDE 

■ SILICON

On the ground, or high in the sky, Ray­
theon's line of rugged diode rectifiers gives 
dependable arc-free operation.

Example: Raytheon 583, one of six 
Raytheon half-wave rectifier types. Oper­
ating as a clipper diode at altitudes to 
36,000 feet, maximum ratings are 15,000 
volts PiV, 8 amperes peak plate current. 
Arc-free clipping action makes sure a 
magnetron can be fired once without re­
tiring automatically or uncontrollably!

The reliability of Raytheon diode recti­
fiers is the result of exceptional care in 
design and manufacture . . . with no com­
promise in quality control. Gold-plated 
plates and zirconium coatings assure re­
liable operation at high voltages. Cathodes 
are heliarc welded. Higher exhaust tem­
peratures mean less gas and longer life. 
For more information on Raytheon’s grow­
ing line of dependable diode rectifiers, 
please write: Raytheon, Industrial Com­
ponents Division, 55 Chapel Street, New­
ton 58, Massachusetts.

RUGGED, 
ARC-FREE

RAYTHEON DIOOE RECTIFIERS

typi URVICC

MATER MAX PLATE RAT MBS

VOLTS AMPS

PEAR 
INVERSE 
(VOLTS)

PC AB 
CURRENT 

(AMPCRES)

AVERABE 
CURRENT 

(AMPCRES)

H W BECT 
(to 

MOOCH) 2 5 4 S 17.000 3 250 CMS
sai CLIPPER 

DIOOE 
(to

M.000 H ) 2$ 4 t 15.000 13 0 240

3B24W I
M W BECT 
(HALF FIL J 2$ 30 20.000 3 150 0 030

M24WAJ (FULL FIL ) SO 30 20.000 0300 00M

IBM
CUFFE It 

DIOOE 25 475 15,000 10 0020

IBM H V BECT 
(OP. 1) 
(OF. 2) 
(OP 3)
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TYPICAL REVERSE CHARACTERISTICS
COMPARISON CHART.

ImpinvedStandardImprovedStandard

VersionVersion

150A250 A 150 A?00 A

make
0.5 mA1 0 mA

None
(VOLTS)

Call your Hughes representative or authorized Hughes distributorHughes Golden Line Rectifiers available Immediately
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IN 1199 ■ 
in 120»

INDUSTRY 
RANGE

INDUS rRY 
RANGE

in ini - 
1N13U

RfMisr 
Recovery 
Timr

Ma« Peak 
Su«ge Current 
1 Cycle 60 tpt

Fwd Voltage 
C>op -s 
RoUd Curron

1 HUGHES

GOLDEN 
UNE

_ RECTIFIERS

operation at over 50 per cent efficiency 
livering 1.5-megawatt peak and 750-w j

Max DC 
Reverse Current 
« Rated PIV 
eisoac

NOW 10 SEE
THE GOLDEN UNE IN ACTION
We are so certain of the perfor­
mance of the Golden Line of 
power rectifiers we have sup­
plied all our salesmen with 
special comparison kits. They 
will bring these kits right into 
your plant and show you how 
they compare with the best recti­
fiers you are now using. For com­
plete Golden Line data sheets, 
write Hughes Semiconductor 
Division, Marketing Department, 
Newport Beach, California.

aver-
CEM

Here are eight big reasons why you should buy Hughes silicon 
power rectifiers. Let us prove their superiority right in your plant. 
1. Low Reverse Leakage—Typically less than one microamp. at rated voltage at room temperature. 2. High Reverse 
Stability—All units 100% heat-soaked at 200° c for 200 hours. 3. Low Forward Voltage Drop—Typical units will have a 
forward voltaue drop of less than one volt at rated current. 4. Fast Reverse Recovery—Typically less than 2.0 microseconds! 
5. Low Dynamic Impedance—Typically .0035 ohms at rated current. 6. Low Thermal Impedance—Typically 2°c per 
watt. 7. High Current Surge Capability—Up to 240 amps, for one cycle 60 cps non-recurrent. 8. No Junction Stress 
— The Golden Line has a fine silver braided internal lead wire that adjusts for thermal expansion and contraction. Hughes 
silicon rectifiers are available with regular stud or with insulated type stud for even greater heat dissipation.

TYPICAL FORWARD CHARACTERISTICS
8 1.0 1.2
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age power. The device is called the 
Coaxial Magnetron.

Information-retrieval systems can

7OO 600 500 AOO 300 200 1OO

An in-flight comparison of these devices with 
silicon cells will be made next year on the 
Relay communications satellite, which will be 
orbited in the Van Allen radiation belts. 
The chief disadvantages of these devices at 
present is the expense in obtaining gallium 
and the difficulty in producing suitable crys­
tals, according to an RCA spokesman.

High-speed driving of memory core ar­
rays has been achieved using an array of 
silicon-diode junctions by switching with an 
electron beam. Dr. A. V. Brown of Interna­
tional Business Machines Corp, reported. 
Higher output currents and shorter switch­
ing times than those obtained with present 
transistor drivers were achieved, he said.

A new type magnetron using an improved 
anode structure, reported by S-F-D Labora­
tories Inc., was said to have achieved X-band

use of the new microspot ert reported by 
Kurt Schlesinger, consultant to GE’s Cathode

micro­
seconds Metal-Amplifier Paper 

Hastily Withdrawn
Disclosure of a complete metal-metal ox­

ide thin-film amplifier was held hack at the 
meeting by the last-minute withdrawal of 
a paper by !.. E. Godycki, D. P. Foote and 
I. Weiman of Electro-Optical Systems Inc. 
hecuase of patent considerations.

Operation of a metal-metal oxide ampli­
fier using a germanium collector—the Met­
al Interface Amplifier—was previously re­
ported by Philco Corp, (see ED, June 7. p 
24; June 21, p 18). An energy-level struc­
ture similar to that of the junction be­
tween metal oxide and germanium in the 
MIA is said to be achieved in the Electro- 
Optical device by substitution of a metal­
metal oxide-metal sandwich for the ger­
manium. Thus, a five-layer device with 
triode-like characteristics was said to have 
been achieved. Tantalum, niobium and alu­
minum with oxides, were said to have been 
used.

This work is being done under an Air 
Force contract.

Introducing Hughes

GOLDEN 
LINE

Silicon Power Rectifiers
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Ray Tube Dept. Unusual features include a 
spiral anode that doubles the effective length 
of the neck; use of a grainless thin-film 
phosphor; and a special microgun to generate 
an electron-focus whose brightness is said to 
exceed that of the cathode by a factor of 10.

GaSb tunnel diodes described by Micro 
State Electronics Corp, are said to be avail­
able now with /„„„ up to 1 Gc. Cutoff frequen­
cies of 6 to 10 Gc have been achieved in the 
laboratory, the company said, and future 
plans are to make devices for use at up to 30 
Gc.

Operation of the Cryosistor is based on im­
pact ionization of impurities in germanium 
at liquid-helium temperatures. Impact ioniza­
tion between two contacts on a germanium 
wafer is controlled by a reverse-bias rectifier 
junction situated between the two contacts. 
Short voltage pulses applied to the junction 
can switch the device in or out of breakdown 
in a few nanoseconds. Many Cryosistors can 
be put on a single germanium wafer, accord­
ing to its developer, Ivars Melngailis of 
MIT’s Lincoln Laboratory. His initial work 
on the device was done at Carnegie Institute 
of Technology. ■ ■

IRE, AIEE Consider 
Consolidation By '63

Merger talks have been launched by the 
two largest engineering societies in the 
world—the American Institute of Electrical 
Engineers and the Institute of Radio Engi­
neers.

The proposed new organization would in­
volve 150,000 engineers, scientists, educators 
and industrialists. A resolution approving 
a merger study by a special committee, was 
adopted by the IRE lx>ard of directors in 
New York and by the AIEE board in De­
troit at the close of the fall general meeting 
of the AIEE.

The committee, which also was asked to 
prepare a constitution and bylaws, is to 
submit a report to the societies by Feb. 15, 
1962. If approved, the merger proposal would 
be put to a vote of the members by Jan 1, 
1963.

The AIEE was organized in 1884 and has 
about 70,0(H) members in the United States 
and Canada. The IRE, organized in 1912, 
has 91,000 members all over the world. About 
6,000 persons belong to both societies.

Running the gamut in crystal filters
burnH» crystal filters now cover fullest range yet possible"^*

1 kc to 30 mcs
To its notable achievements in advancing the electronic arts, 

Burnell & Co. now adds another—the development of moderately 
priced high attenuation crystal filters covering the extraordinary 
range of 1 kc. to 30 me. This represents a range many times broad­
er than previously thought practicable. In addition, the BurnelL 
Crystal Filter line now includes several types heretofore con-^S. 
sidered impossible.

More than 15 years research, development and experience are 
represented in the designs illustrated in the response curves 
shown. Burnell A, Co. lias taken crystal filters out of the luxury 
class in applying its experience to their design and manufacturing 
without incurring developmental and engineering costs.

Whether your crystal filter needs are for standard units or 
those engineered to center frequency, band width, selectivity and 
impedance level, call on our Crystal Filter Division for quick 
delivery. Send now for Crystal Filter Catalog, XT455. \

PIONEERS IN microiBtniatvríMli«« OP

EXECUTIVE OFFICE 
ANILPLANT 

DEPT. 38 
PELHAM, NEW YORK 

PELHAM B SOOO 
TELETYPE PELHAM 3633

PACIFIC DIVISION
SOUTH PASADENA, CALIF 
MFD. IN CANADA
BY EDO (CANADA) ITO 
CORNWALL. ONT. 
WELLINGTON 2-.T74

TOROIDS FILTERS AND RELATED NETWORKS

DIVISIONS Gray t Kaba, lac Weilbcry, I I , Naw Yark • GuillaaOa Ratea> a lobsrc'ary Cambridaa Matt 
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Canadians Simulate Adaptive Communications System
Test Design, With Variable Data Rate, Demonstrates Ability
To Control Symbol Error; Others Pursue Similar Projects

Alan Comeretto
News Editor

AN ADAPTIVE communication system, 
designed to transfer digital data at a 
variable rate, has been simulated with digi­

tal modules. The performance of the sys­
tem correlates with predictions and indicates 
that an on-the-air system would be able to 
maintain a constant error rate despite chan­
nel fluctuations, according to scientists of 
the Defense Telecommunications Research 
Establishment, Ottawa.

In the Canadian system, phase-modulated 
sequences of binary digits are transmitted 
with a variable degree of redundancy to a 
receiver, in which the imcoming sequence is 
compared with a local stored copy of the 
transmitter sequence. After accuracy of the 
received message is determined, the data rate 
is modified by changing, through a feedback 
channel, the amount of redundancy needed 
to maintain a desired error rate.

The project is one of many by various or- system called Janet, developed sev-

gamzations to apply the adaptive concept 
and the developments of feedback theory to 
communications links. The project was de­
scribed by Prof. G. S. Glinski of the Univer­
sity of Ottawa at the recent fall general 
meeting of the AIEE. Adaptive communi­
cations studies, he said, fall into two large 
classes : unidirectional open-loop systems and 
bidirectional closed-loop systems.

The adaptive-filter systems, under study 
at General Electric and other organizations, 
are examples of open-loop systems. So are 
designs that include matched filters, comb 
filters, integrators and correlators, Prof.
Glinski said.

Closed-Loop Adaption
Due to Feedback Channel

In closed-loop systems adaption is achieved 
through a feedback channel. This channel is 
used either to improve error performance at 
a fixed data rate or to vary data rate in 
compensation for changing channel condi­
tions. A 

eral years ago at the Canadian Telecom­
munications Research Establishment, is an 
example of a variable-rate system using pre­
decision feedback, in which the feedback 
channel is used to supply data on the com­
munications channel.

The new Canadian system and two designs 
under study at the Radio Corp, of America 
use postdecision feedback to supply informa­
tion on the results of individual receiver 
decisions. The Canadian system and a pro­
posed RCA system, described a year ago 
at the National Communications Symposium, 
use the feedback information to modify data 
rate. The other RCA project, described at 
the Detroit Al EE meeting, is based on using 
feedback information to 
energy as needed.

The transmitter of the 
tem discussed at Detroit 

vary transmitted

variable-rate sys- 
(by N. G. Davies

of the Canadian defense agency), contains a 
binary-sequence generator that feeds an en­
coder. Combined message symbols and bi­
nary sequences go to a phase-modulated 
transmitter. The sequence generator, encoder 
and a timer are standard digital modules.

The generator is designed to produce a 
continuous stream of binary digits that oc­
cur with about equal probability and have a 
repetition period that is long compared with 
the period of a message symbol. This causes 
the bandwidth of the phase-modulated sig­
nal to approximate the digit rate of the 
binary-sequence generator.

High Symbol Rates Mean 
Few Sequence Digits

When the transmitter is operating at high 
message-symbol-transmission rates—which 
in the breadboarded equipment range from 
100 to 500 kilobits per sec—a small number 
of sequence digits is transmitted for each 
message symbol. At lower rates, the number 
of sequence digits per symbol increases. The 
period of the sequence digits, rather than the 
period of message symbols, determines the

Feedback-type adaptive communication systems fall into two classes—predecision, in which channel data is
supplied to the transmitter, and postdecision, in which the results of individual receiver decisions are supplied
Both types are closed-loop, two directional systems. Open-loop systems use filtering to achieve adaptation

8 ELECTRONIC DESIGN • November 8, 1961



STNl INFORMATION

DEMODULATOR INTEGRATOR

T2363 CHARACTERISTICS
•30 volts

TYPICAL CHOPPER CIRCUIT

CIRCLE II ON READER-SERVICE CARD >

DECBION 
CIRCUIT

DIGITAL 
CORRELATOR

MESSAGE 
r-*SINK

Philco SPAT N 
Chopper* are 
immediately available 
in quantities 1-999 
from your Philco 
Industrial Semiconductor 
Mistributor.

LANSDALE DIVISION, LANSDALE

BINARY 
SEQUENCE 
GENERATOR

T23C3: l-V CHARACTERISTIC 
(in above circuit)

For low level switching applications, Philco now makes available 
♦Silicon Precision Alloy Transistor Choppers—produced on industry’s 
only fully-automatic chopper production line—to assure the uniformity 
so important to matched pairs.
Only Philco Choppers offer you all these advantages—made possible by 
the SPAT® process:

* Low offset current—1 nanoampere maximum;
• Low offset voltage—50 hvoUs maximum (for the matched pair);
■■ Guaranteed match over a temperature range—25° to 85° C;
•■* Guaranteed maximum offset voltage for a wide range of base current 

values;
™ High gain-bandwidth product;
■■ Meet all requirements of MIL-S-19500B.

To assure ultra-high fidelity in multiplex systems for telemetry, multi­
channel communications, analog computers, and other low level data 
handling applications, be sure to specify Philco SPAT® Choppers. 
For complete data, write Dept. ED11861.

transmission bandwidth. Encoding does not 
change the bandwidth-determining charac­
teristics of the transmitted waveform, Mr. 
Davies reports.

At the receiver, the signal is detected, 
fully clipped and applied to a digital com­
parator, where it is matched digit by digit 
with a binary sequence generated by a local 
sequence generator. After the number of 
digit coincidences in a message symbol are 
counted, a decision is made on the most prob­
able transmitted symbol.

The incoming signal is spotted by a phase­
sensitive detector, whose coherent phase ref- 
ernce is supplied by the signal itself. This 
is done by squaring the input signal to re­
move the phase modulation, using narrow­
band filtering and dividing the frequency by 
two. The filter is a very narrow-band phase- 
locked loop able to track changes in fre­
quency caused by Doppler shifts and fre­
quency instability.

The basic parameters of the breadboarded 
system are a digit period of 10 /¿sec and a 
bandwidth of 100 kc. Transmission was over 
a few inches of wire and the system did not 
include a channel for feedback control of the 
data rate. This feature is to be added to the 
system, as will synchronization noise. The 
system was tested with noise-free sync for 
the transmitter and receiver sequences.

Measurements of the probability of error 
]>er message symbol over various signal-to- 
interference ratios show that for each reduc­
tion of the symbol rate by a factor of 2, 
the required signal power is reduced by 2. 
When the signal-to-noise ratio is high, mes­
sages can be transmitted at a high rate; 
when the ratio falls, the message rate can 
be reduced correspondingly to maintain a 
constant probability of error. Though the 
reduction in message rate causes no corre-

0.001 p» mi«.

0.001 M* mu

1.5 mv mar

Emitter Voltife BVICO 
Collector Cutoff Current 

lc.o(V„ - -10V)
Emitter Collector Current 

l,«(V« - -10V)
Offset Voltife

Vied. - -200 M*. I. - 0
Offset Voltit* V,cJ2357 

Mitched Plir, I. - —Ima 
it ill temperatures from 
25* to 85" C)

FEEDBACK TO TRANSMITTER

Receiver of o breadboarded postdecision feedback 
adaptive communication system, in which the feedback 
channel carries information that vanes the amount 
of redundance in the transmitted signal to assure a 
desired error rate despite changing channel conditions 
Incoming digit sequences are compared with stored 
sequences to determine the accuracy of reception.

NEW 
PHILCO 
SILICON 

CHOPPERS
With SPAT Matcried-Pair Uniformity

Bring High Fidelity To Low Level Switching



what every engineer knows about constant-current
power supplies How do you
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spending changes in the transmitted signal 
bandwidth, the period of the receiver coun­
ters must be increased.

At lower values of message-symbol rates, 
an acceptable probability of error can lie 
achieved when the signal power is consider­
ably below’ the noise power, according to 
Mr. Davies.

W. L. Hatton, co-author of the paper de­
scribing the system, reports that the experi­
mental data link is simple, yet lends itself 
well to combining with other communica­
tions techniques such as novel coding pro­
cedures and spread-spectrum methods.

Similarly, the variable-bandwidth system 
under development at RCA’s Applied Re­
search Laboratory, Camden, N. J.—though 
intended mainly for tropospheric-scatter 
communications—is said to be practical for 
other types of systems w’here received sig­
nal statistics vary in Rayleigh fashion. ■ ■

EATONTOWN • NEW JERSEY

check the peak inverse voltage rating of a solid state 
junction? the breakdown voltage of a reference diode 
at a specified current? the dynamic impedance of a 
reference diode? and the many other parameters that 
are so easily checked with constant-current power 
supplies?

It’s an easy matter to convert some voltage-regu­
lated power supplies to current-regulated operation. 
At least it’s easy with an E/M® Regatron Program­
mable Power Supply. But for true constant-current 
performance, there’s no substitute for a power supply 
specifically designed for constant-current operation.

Take Electronic Measurements’ Model C638A 
shown here It’s an easy matter to set the current con­
trol to any value desired—from a few microamperes 
up to 100 ma—manually or programmable. \nd there’s 
no juggling w ith makeshift, extra circuity'. Then you 
can adjust the voltage compliance to any value from 
0 to 1500 V. There’s no fear that the voltage may be

THERE’S NO SUBSTITUTE FUR AN 
ELECTRONIC MEASUREMENTS 
CONSTANT-CURRENT POWER SUPPLY

NEWS

Canadians Simulate 
(continued from page 9 )

too great or not enough; the voltage control sets the 
upper limit.

Here are some additional features of the C638A: 
Output impedance is 101 megohms at 0.5 wa to 0.5 
megohms at 100 ma. Above 2.2 ¡ca, regulation is better 
than 0.15?, line or load, Ripple is less than 0.01?4- 
1 ¡ca rms. A modulation input is provided.

But to get back to the point; to check the peak 
inverse voltage rating of a solid state junction, simply’ 
set the output current control of an E ZM Constant­
Current Power Supply at the specified current. Con­
nect the output to the junction, turn the power supply 
on, and measure the voltage drop across the junc­
tion. What could be easier? And other measurements 
can lx? made almost as easily.

For a complete discussion of constant-current power 
supplies with ratings up to 1 ask for Specification 
Sheet 3072B. It lists all the models and specifica­
tions, too.

Usable Current Obtained 
From Bio-Power Devices

Conversion of “life-energy” into usable 
electric power has gone far beyond the test­
tube stage, according to a company that has 
had such conversion devices—known as bio­
power units—in operation for more than a 
year.

Military secrecy has prevented the devel­
oper, Magna Products, Inc., Santa Fe Springs, 
Calif., from giving more than a bare outline 
of the project. But the company, a subsidiary 
of Thompson Ramo Wooldridge, Inc., hinted 
that bio-power devices are feasible and even 
competitive writh some conventional systems.

The company has tested three types of bio­
power units: a bio-battery, in which millions 
of bacteria, consuming minerals and organic 
matter found in sea water, produce an electri­
cal potential; a bio-fuel cell, utilizing organic 
matter and air; and a bio-solar cell, which 
uses photosynthetic organisms that convert 
solar energy directly into electricity.

Magna Products declined to give an effi­
ciency level for the solar cell, but predicted 
that its rating might eventually outstrip that 
of any known device.

Bio-power units already are generating
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ALL-NEW MADT
TRANSISTORS

THIS NEW FAMILY OF SWITCHES OFFERS

Huge Antenna Takes Shape

pplicotion

Sp'iijue and -Î are registered tiademaits of the Sprague Electn Co.
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INTERFERENCE FILTERS 

PULSE TRANSFORMERS 

PIEZOELECTRIC CERAMICS 

PULSE-FURMING NETWORKS

HIGH TEMPERATURE MAGNET WIRE 

CERAMIC BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES 

FUNCTIONAL DIGITAL CIRCUITS

Sprague now offers a complete new line of ultra-high­
speed switching transistors. For greater design flexibility, 
these Micro-Alloy Diffused-Base Transistors provide 
interchangeability of packages (identical specifications 
are available in either the TO-9 or TO-18 case).

TRANSISTORS

CAPACITORS

MAGNETIC COMPONENTS

RESISTORS

Wide Range of Parameters Plus Choice of Package 
Tailored to Meet Your Actual Circuit Requirements

•High BVceo Ratings
•Low Saturation Voltage
•Low Storage Time
•Low Output Capacitance

•Excellent Frequency 
Response

•Close Parameter Control 
in Your Choice of Package

engineering assistance, write
Product Marketing Section, Transistor Division, 
Sprague Electric Co., Concord, N.H.

For complete engineering data, write Tech­
nical Literature Section, Sprague Electric Com­
pany, 347 Marshall Street, North Adams, 
Massachusetts.

ELECTRONIC DESIGN • November 8, 1961

enough power to operate radio lieacons, sig­
nal lights and other apparatus at sea, Magna 
Products said.

Dr. Gilson H. Rohrback, president of the 
company, evolved the basic concepts of the 
bio-power devices. The company encountered 
the phenomenon while doing basic research 
on the causes of corrosion in oil wells and 
wean-water pipelines.

Radar and radio explorations of the solar system will 
be made with this 70-ton, 150-ft steel and aluminum 
parabolic antenna The dish, covering nearly a half 
acre, will be linked to a 20-55-mc radio transmitter. The 
transmitter's 1,000,000-w input will give the dish a 
300-400-kw radar probe The radio telescope was 
erected on the Stanford University campus

Bacteria culture in the battery cells produces elec 
tricity, as illustrated by Dr. Gilson H Rohrback, presi 
dent of Magne. Products, Inc.. Santa Fe Springs, Calif.

SPRRGUE
THE MARK OF RELIABILITY

HERE ARE SOME KEY PARAMETERS

Type 
No.

JEDEC 
CASE

Max.IcBO 
(Ma)

Min BVce> 
(volts)

Min.BVceo 
(volts)

Min.hfe Typ. h 
(me)

2N9B2 TO-11 3 20 15 50 450
2N216« TO-9

9N0A1 Tn.ii
3 15 15 40 450

2N2169 TO-9

quoa/ Tn.ia
5 15 10 20 350

2N2P.9 TO-9
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CALIBRATION OSCILLOGRAPH

For prompt attention, write to Dept. ED-11.
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Conventional Wheatstone-bridge circuits, fed by a l,000cycle oscilla 
lor, are used to sense forces in both the force table and the leg braces 
being used in NYU studies.

WHEATSTONE 
an Xif

Electronics to Test Leg-Brace Forces
Strain Gages, Relays Rigged Up by NYU Researchers 
In Quest of Better Mechanical Aids for Handicapped

Model B-10 — Transistorized Por* 
able High Speed Pulse Generator 
For field and laboratory use — 
featuring a self-contained recharge 
able battery pack — also operates 
from standard line voltage

Model A-9 — Pulse and Time Delay 
Systems
A highly accurate, jitter fiee.with time 
delays from OR to 100,000 usee
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There s a very good reason why Rutherford 
pulse instruments and systems have set the 
standard for the industry. For years, our 
company has been a specialist in manufac 
turing pulse instruments, and has earned 
the reputation of being the "number one" 
source for reliability, high performance, top 
quality, wide versatility and low cost of its 
products.

There’s a Rutherford instrument (over 20 
Models, Systems and a complete line of 
accessories), to meet your specific require­
ment and application

So...send us your specifications and let us 
get to the HEART of your PULSE PROBLEMS

Short leg brace is instrumented with 
strain gages oriented to permit analysis 
of the various forces involved in walk­
ing with a brace.

Modal B 5A — 10 Megacycle 
Pulse Generator
Offer* a combination of good, clean 
pulse* and high rep. rate with no 
greater than 8 mu* n»e and fall time

ELECTRONIC techniques will play a ma­
jor role in a research project on braces 
and artificial legs for the handicapped. The 

objective of the studies, to be conducted in a 
special laboratory now being outfitted at the 
orthotics section of New York University’s 
Research Div., New York, is the analysis 
and eventual improvement of brace construc­
tion.

In the past, according to Dr. Edward Pei- 
zer, who heads the NYU research program, 
braces for the legs and lower body have been 
built by skilled craftsmen on the basis of 
experience and common sense. Experimental 
data on such factors as the forces involved 
in walking, the effects of varying brace 
construction, and pressures at body-brace 
interfaces have not been available.

As a start in this direction, an NYU 
group including engineers, doctors and 
prosthetic-device specialists, will analyze 
eight specific problems in this field. One of 
these, for example, is the difficulty paralytics 
wearing short leg braces have in maintaining 
balance while walking, particularly at the mo­
ment of heel-strike. Transmission of forces 
applied to the calf through the calf-band 
will be studied, as will the effects on knee 
stability of redirecting these forces.

A special leg brace fitted with an array 
of strain gages has been developed by the

of your PULSE PROBLEM!

ELECTRONICS CO
delay generator.

8944 Lmdblade Street • Culver City, California • TWK CVR CY 4133

Model B-7B — High Repetition 
Rate Pulse Generator
‘ ’ » into 50 enrns '• <0X Out» tartar 
<« . rate to <’m c widths 05to 10 000 
us delays to 10 000 us
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Force plate used to analyze the forces involved in 
walking consists of a walking plate supported by four 
strain-gage-instrumented columns. Lower diagrams show 
how the torque measuring gages are connected in 
bridge to sense the magnitude of the turning torque 
exerted by a person stepping at any point on the 
walking plate.

NYU researchers. By mounting the gages 
with varying orientations on the side-bars 
of the brace, and arranging them in Wheat­
stone-bridge circuits, the forces involved in 
walking can be analyzed from ink-recorded 
records.

Another tool being used by the group is 
known as the force plate. A plate upon which 
a test subject steps is supported by four 
symmetrically placed columns, each supplied 
with 12 strain gages. Again, Wheatstone­
bridge circuits are used to obtain informa­
tion on direction and magnitude of the force 
applied in the step. The diagram illustrates 
the bridge arrangement used to measure the 
twisting torque applied to the force plate 
when a subject steps on it. Similar bridge ar­
rangements are used to measure other com­
ponents of the force.

Another instrument devised by the group 
is a tilt table. A test subject stands on a tilt­
board with each foot pressing three con­
tacts that hold relays fastened in an open 
position underneath the board. The square 
tilt-board is attached to a long plank that 
has a wire attached at the opposite end. A 
motor-pulley system is used to pull the wire 
and gradually tilt the board until the sub­
ject loses his balance, thus allowing relay 
closure. By testing various types of braces 
with different force distributions with this 
tilting system, the researchers hope to find 
optimum configurations for good balance.

The special needs of this project could be 
met by some of the following types of de­
vices, according to Elliot Dembner, chief en­
gineer for the program:

■ Wafer-type pressure transducers for

WALKING PLATE 
COLUMN (I OF 4) 
5“EAR GAGES
VERTiCA. , OAL GAGES 
X- ANO Y-COORDINATES

-TORQUE GAGES
- RASE PLATE

PLANAR RELIABILITY, STABILITY
Performance characteristics of the 2N2049 
are largely attributed to high degree of 
uniformity inherent in the Fairchild Planar 
Process. Parameter stability is assured as 
all junctions are protected against contam­
ination or environmental change from the 
start of manufacture by an integral oxide 
layer.

•CBO »t VCB = 60 V, Ie = 0 
hfe at 1 kc, lc = 1.0mA 
hit at 1 kc, lc = 1.0mA 
hOb 1 kc, lc = 10 mA 
NF at lc = 100 mA, VCB=1OV, 

f=l kc, Rg=2K, BW—1 cps.
hFE, d.c.pulse, IC = 100 mA,

HIGH YIELD, LOW PRICE
Low price, resulting from high Planar 
yields, makes it practical and economical 
to specify the 2N2049 for a wide variety ot 
audio applications, and for differential 
amplifiers and d-c amplifiers where stabil­
ity, low leakage, and low noise are prime 
considerations Get complete data and 
pricing information from your Fairchild 
distributor or sales office. Or write direct.

SEMICONDUCTOR
545 WHISMAN ROAD MOUNTAIN VIEW. CALIF • YORKSHIRE 8 8161 -TWX MNVWCAL853

2N2049
ELECTRICAL CHARACTERISTICS (25 C)

Send for APP 11/2 and APP 36

MINIMUM BETA OF 75
Guaranteed noise figure below all other 
devices, germanium or silicon, results 
from high gam (reduces middle frequency 
shot noise), passivated surface (cuts low 
frequency flicker), and alpha cutoff of 
0 8mc @ 10mA (shifts high-frequency 
noise above the audio range). Extremely 
low leakage (typically ’ .4mM) makes pos­
sible low current operation
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possibility is the use of generated 
signals to control the muscles of 
whose nerves are not functioning 
The second possibility is the use

ON

The Model 121A/A is a non-inverting (positive input pro­
duces a positive output), wideband, DC amplifier. Ampli­
fication is accurate within 0.1% for all gains other than 
+ 1 (gain accuracy is 0 2% at +1), linear within 0.005% 
for outputs up to ±15 volts DC with load impedances of 
200 ohms or more. The amplifier provides up to 100 ma- 
± DC or peak AC - into loads of 100 ohms or less. Input 
impedance is greater than 10 megohms; output imped­
ance is less than 0.3 ohm. Frequency response is flat 
within 0.25% to 2 kc, within 4% to 10 kc, within 3 db to 
200 kc. Drift is less than ±2.0 /ivolts equivalent input for 
over 40 hours at +1000 gain Amplifier recovers from 
100% overload in 0.4 second, is undamaged by sustained, 
direct short across output terminals. Price $1000

5725 Kearny Villa Road, San Diego 12, California • BRowning 7-6700
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electrical 
a person 
properly, 
of nerve

KIN TEL’s Model 121A/A non-inverting DC amplifier 
has fixed gains of 0, +1, +10, +20, +30, +50, +100, 
+200, +300, +500, and +1000. A variable gam con­
trol adjusts any fixed gain from xl to X2.2. A gain 
calibration control gives ±2.5% adjustment for each 
gain other than +1.
With this new' instrument, you can amplify accurate­
ly all low-level signals from DC to beyond 200 kc for 
the reliable measurement of strain, temperature, flow, 
vibration, displacement, or other physical phenomena. 
The 121A/A has the same dimensions, fits the same 
cabinets and modules as other kin tel DC amplifiers. 
For more information on this new, more usable DC 
amplifier, write to kin tel. Engineering representa­
tives in all major cities.

Fifty Navy Vessels To Use 
Improved Echo Depth Sounder

Fifty Navy vessels soon will be outfitted 
with an improved electronic echo depth 
sounder, know n as the DE-714/715.

The depth sounders, developed by Ray­
theon Co., Newton, Mass., give shipmasters 
instantaneous readings of the depth of water 
on a flashing-light indicator. The units also 
provide a simultaneous continuous graph of 
the ocean or harbor floor for navigation pur­
poses.

Receiver sensitivity is varied automatical­
ly within the depth sounders to provide ac­
curate readings from less than 2 ft to more 
than 780 fathoms.

signals in amplified form to control the op­
eration of artificial limbs.

The entire NYU research program is coor­
dinated by Dr. Sidney Fishman, under the 
sponsorship of the Easter Seal Research 
Foundation and the Office of Vocational Re­
habilitation, Dept, of Health, Education and 
Welfare. Laboratory facilities and special 
equipment are being made available by the 
Veterans Administration. ■ ■

measuring pressure between brace bands 
and the body.

• Wireless data transmitters so that test 
subjects do not have to carry a bundle 
of wires with them.

■ More sensitive strain gages (semicon­
ductor types are being investigated) to 
eliminate the need for amplifiers.

■ A small, light triaxial accelerometer 
that could be used in force and motion 
studies of walking.

The NYU group hopes eventually to move 
into studies of some of the advanced areas 
currently being opened up in the medical­
electronics field. Research in the potential 
variations within muscles and the electrical 
activity of the nerves suggests two impor­
tant studies with paralytics or amputees. One

New KIN TEL solid-state DC amplifier gives you
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Thermal Problems Under Attack

Electronic hea‘-transfer devices will be tested and de-
research laboratory, set up by the'eloped

Birtcher Corp Industrial Div., Monterey Park, Calif. 
The facility is equipped with environmental chambers 
to simulate internal and external ambients and flow 
patterns. It contains also calibrating equipment for 
direct measurement of thermal problems, in which the 
transistor's own junction will act as a thermocouple to 
measure heat transfer.
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disks are bolted together and interconnected. 
The entire assembly is mounted in an outer 
shell and the volume between is filled with 
silicone rubber.

All timing errors observed during testing 
were reported far below the 100-msec al­
lowed by the specification and directly re­
flected oscillator accuracy. The greatest error 
occurring during temperature tests was 27 
msec at a preset fusing time of 109.9 sec. 
This represents an accuracy of 0.024 i»er cent 
for the longest time required.

Development of the timing programmer 
was under the direction of the Special Weap­
ons Group of the Army Ordnance Corps’ 
Picatinny Arsenal, Dover, N. J.

Digital Programmer Operates 
With Accuracy of 0.1 Per Cent

A solid-state digital programmer, with ac­
curacy of better than 0.1 per cent, has been 
developed as part of an arming and fusing 
system for future atomic weapons.

The all-electronic programmer, developed 
by Tempo Instrument, Inc., Hicksville, L. 1., 
N. Y., consists of two identical, independent 
programmer channels. Each channel has a 
four-stage, adjustable timing program ac­
curate to better than 0.1 per cent under ex­
treme conditions, such as: 65 F to 165 F; 

- 5.5 v de; 50 g at 2,000 cps (vibration); and 
100 g (shock and acceleration).

The circuits 
tained on five 
disk is potted 
to encapsulate

SHOCKING NEWS FROM EIMAC: there’s now a 250-watt tetrode 
that can withstand shock of 90G for 11 milliseconds and vibration from 20-750 cps at 10G, 
with maximum rated voltages applied! It’s Eimac’s 4CX250R (shown 1^ times actual size). 
This new tube in the 4CX250B family is electrically equivalent to Eimac’s 7580. The dif­
ference: the 4CX250R is ruggedized for extreme environments — as are other 
members of the family. And what a difference! Call your Eimac representative or 
write: Power Grid Tube Marketing, Eitel-McCullough, Inc., San Carlos, Calif. HCSSfll 
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for each channel are con- 
printed-circuit disks. Each 

in rigid polyurethane foam 
all components. The potted



NOW! 3 amp glass diode

takes voltage spikes to 5,000 volts

conducts 1.5 amps at 15O°C

■ withstands 1O watts continuous overload

all without heat sinks

THE DIODE DESIGN THAT ELIMINATES FAILURE!

10A SURGES

24

FORWARD CURRENT CHARACTERISTICS
The large capacitor filter in this bridge rectifier circuit causes 10 amp surges 
to flow every half cycle. The heat generated in the junction of the Unitrode 
is quickly dissipated through the terminal pins, bonded throughout the full 
area of both faces of the silicon. There is no whisker to burn out. The 
original condition of the diffused silicon surface, in contact only with pure 
inert hard glass, is preserved. To add a safety factor, all materials are 
stable to over 600°C.

6G0V . 
U NITRODE

100 4
OHMS'

Current Decay

Surge Currents 
at 150 C

MAX 
RATING

Temperature Derating 
Curve at 
Forward 
Current

50 250
TEMP ( C AMBIENT)

25

(amps)

‘I
01 1 100

T (seconds)

INVERSE VOLTAGE CHARACTERISTICS
In this circuit, a .05/»f condenser charged to 3000V discharges into the 
diode in the inverse direction. With no degradation, the Unitrode conducts 
current in the zener (breakdown) region until the transient voltage drops 
to the 600V level. Heat due to zener currents and voltage concentrations, 
is immediately dissipated across the wafer and out through the pins. 
Elimination of internal voids prevents arcing.

HIGH TEMPERATURE OPERATION
A Unitrode rated at 3 amps at 25°C will conduct 1.5 amps at 150*C, 
300ma at 25O*C, and will withstand 25 amp surges at 150°C, because of 
the high temperature materials used and the high thermal conductivity of 
the package. Since all materials have the same low coefficient of expan­
sion, Unitrodes easily withstand thermal shock from —195 *C to +300°C. 
No heat sinks are required. Unitrodes need only the thermal mounting 
of a 2 watt resistor.

NEWS

SIGNIFICANT 
BITS

Important Industry News Written 
For Fast Scanning by Engineers

Research spending in the United States will 
amount to almost $16 billion next year, ac­
cording to George W. James, economist for 
the Battelle Memorial Institute, Columbus. 
Ohio. The total for 1960, he said, was $11 
billion, and that for 1950 only $3 billion. 
Mr. James estimated that 1962 spending 
would include: government research, $10 bil­
lion; industry, $5.5 billion; and universities 
and foundations, $350 million.

000I

Tough nonmagnetic and corrosion-resistant 
alloys have been developed by Navy scientists. 
The alloys, named Nitinol, are based on the 
intermetallic compound TiNi (a combination 
of titanium and nickel). Nitinol can be hard­
ened to 62 Rockwell “C.” The new alloys are 
expected to find uses in aircraft and space 
components by virtue of their low density, 
toughness and strength over a wide tempera­
ture range. They are easy to weld, according 
to reports from the Magnetic Materials Div. 
of the Naval Ordnance Laboratory. Silver 
Spring, Md.

OOIO

Both faces of the silicon 
wafer are bonded 

throughout their entire 
surfaces to the terminal 

pins. A hard glass sleeve is 
fused to all exposed silicon 

and terminal pin surfaces 
to positively exclude any 

space, air, or contaminants. 
The volume is approximately 

Va that of other glass 
package diodes, and 2% of 

stud-mounted rectifiers.

silicon wafer 
bonded

CUT-AWAY VIEW

ACTUAL SIZE

RATINGS
Single diodes:

10 milliamperes to 3 amperes
50 volts to 800 volts

Miniature potted assemblies:
Full wave rectifiers and bridges:

50 volts to 5000 volts
Selected matched pairs and quads 
for bridge end ring modulators:

1 milliampere to
50 milliamperes

Stacks (strings):
1000 volts to 20,000 volts

Storage and operating temperature:
-195’C to -f-300’C

Unitrodes are presently being 
specified for extremely difficult 
circuit applications, trouble spots, 
and retro-fit programs requiring 
extreme reliability against over­
loads in both directions and con- 
tinous operation in elevated 
ambients.

Price is comparable to the rec­
tifiers you are now using. Write 
for full data. Send for Unitrode 
samples to meet your needs.

Regional instrumentation centers for bi­
ological and medical research have been 
promised limited federal assistance. The Na­
tional Institutes of Health will support de­
velopment of such centers, beginning next 
year. The proposed centers, which would in­
clude electronic data-processing equipment, 
could serve scattered research laboratories, 
the U. S. agency pointed out.

OOII

TRANSISTOR PRODUCTS, inc. 214 Calvary Street, Waltham 54, Masa. ’ TWinbrook 9-8988
National Representatives and Stocking Distributors
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Modular arithmetic for computers prom­
ises to speed multiplications, additions and 
subtractions by eliminating the carry term 
used in conventional binary arithmetic. The
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Block that shock!

es through analyzer

Not a square in the whole family!

LEACH

Complete line 
of subminiatures for sale
Leach crystal can relays give you big performance in small 
packages in every standard relay configuration. Standard, 
Half-Size, Sensitive and Magnetic Latch in 0.20 inch grid 
spacing and “lazy S’’ header. Each type is capable of switch­
ing loads from low level to 2 amp in aerospace and electronic 
control applications. Bulletin CC-861.

When only a round can relay will fit your need, Leach offers 
this family group in contact configurations of 2, 4 and 6 PDT 
and in contact ratings ranging from dry circuit to 10 amps. 

Bulletin RC-300

Leach balanced-arma­
ture relays provide 
high resistance to 
shock (50 G’s) and vi­
bration (15 G’s to 
2000 cps) in 5 to 15 amp 
switching. They meet 
or exceed MIL-R- 
6106C, MIL-R-25018, 
and MIL-R-5757C. 
Choose from 4,000 
variations of 20 basic 
types!

Bulletin BA-859.

I» ll. kUHIOrUM
1101 Wilshire Blvd 
HUntley 2-0790

DaytM 2, Ohi« 
333 West First Street, Room 250 
BAIdwin 2-8652

P fl D D n D AT I n M 18435 susana road, compton, California 
v U n r U n H I lun export: leach international s a.
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Seattle 8, Washington 
South Annex Bldg., Room 201 
King County Airport 
Boeing Field 
PArkway 5-6978
Pala Alto, Callfarnla 
814 San Antonio Road 
Yorkshire 8-4408
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New York, New Yark 
405 Lexington Avenue. 
Suite 3204 
YUkon 6-2520

Washington, D.C. 
Suite 307
1700 K Street, N W 
Sterling 3-1147

Microwave-Modulated Light Demodulated 
With Photoconductors and Phototubes

A method of demodulation of microwave- 
modulated light from optical masers through 
use of semiconductor photodetectors and mi­
crowave phototubes will be described by A. E. 
Siegman of Stanford University, Palo Alto, 
Calif.

At Stanford, the output from a ruby laser 
was fired at an improvised phototube consist­
ing of a 2-4 Gc traveling-wave tube whose 
cathode was visible through the glass en­
velope. Photocurrent pulses of from 1 p.a to 
500 Ma were measured at the cathode and 
strong outputs were obtained at intervals 
from 1.8 to 4.2 Gc. The microwave signals 
were coherent and nearly monochromatic.

Mr. Siegman also plans to discuss a novel 
microwave-discriminator phototube for de­
modulating frequency-modulated coherent 
light.

A third optical technique, the generation

Nood htlln foot7 Sales engineers in Leach District Sales Offices are eager to help you 
livvU HUIp Iduk. with critical application problems, or to see that you get fast delivery

on prototype quantities from nearby Leach Distributors.

Optical Electronics 
To Highlight NEREM

Talks Set on Light Modulation, 
Demodulation and Harmonics

DEVELOPMENTS that ride the boundary 
between electronics and optics will be 
prominent among topics for discussion at the 

15th Northeast Electronics Research and En­
gineering Meeting (NEREM), to be held next 
week in Boston.

Microwave modulation of light through use 
of the Pockels electro-optic effect is scheduled 
to be described by 1. P. Kaminow, Bell Tele­
phone Laboratories, Inc., Holmdel, N. J. At 
Bell Laboratories, an experimental modulator, 
using potassium dihydrogen phosphate crys­
tals (KDP), has been operated in a pulsed 
mode at 9.25 Gc as part of an effort to develop 
optical communication systems.

According to Mr. Kaminow, about 2 kw are 
required to produce a peak phase retardation 
of 1.9 radians. To achieve modulation, the 
KDP crystal is placed in a microwave cavity 
where the forward wave component of the 
cavity standing wave in effect causes the 
crystal to rotate the polarization vectors of 
light passing through it. The light first passes 
through a polarizer; after modulation, it pass-

It's what’s inside that counts 
in time delay relays
Especially when milliseconds count! Note 
the printed circuit construction of Leach’s 
optional output time delay relays. This 
economical line of off-the-shelf electronic HmBiS 
units includes time delays on release and BWKB 
time delays on operate—in a timing range VHHHrj 
of 100 milliseconds to 60 seconds. These 
standard components are available with 
fixed or adjustable timing to meet your IM 
most critical requirements. And they’re IT I 
all 100% inspected during manufacture || 
for highest reliability! Bulletin TD-200.

LEACH 
literature anyone?

Write for bulletins, write for informa­
tion, write for details and specifica­
tions. Or mail your request on the 
Reader-Service Card.



New low-cost Transient Control
Test Transformer Unveiled makes silicon rectifiers reliable

by clipping voltage spikes

»FAT FINDING

While the device is mainly intended for 
protection of 115 VAC silicon rectifier 
circuits, it can also be designed to clip 
spikes and protect other semi-conductor 
circuits at lower or higher control voltages.

Other Ledex products are ready to 
go to work as compact solutions to 
your actuating, stepping or circuit 
switching applications.

31 Alfred Place, 
AEMGP, 115 Ave. 
logne, France

□ VALUE ANALYSIS RECTIFIER 
TRANSIENT CONTROL KIT con­
sists of Transient Control, Silicon 
Rectifier with built-in Control and 
outline for evaluation tests to com­
pare costs and reliability with your 
present circuits Part No. A47609- 
001. $11.00 per kit.

London, Eng.; 
Clement, Sou

□ NEW LEDEX TRANSIENT CON­
TROL is small (3/4" dia. by l3/8" 
long), lightweight (% oz ) low cost 
($1 60 to $2.05 in small quantities). 
Part No. A-46800-001 has 200 volt 
control and 2" leads.

FOR LITERATURE, clip this ad. 
check boxes above, attach to your 
letterhead and mail to Ledex Inc., 
Dayton 2, Ohio; Marsland Engineer­
ing, Ltd., Kitchener, Ont.; NSF Ltd.,

As shown in the actual scope shots 
above, the control will repeatedly clip 
transients or reverse voltages to a safe 
level of 200. To the design engineer, it is 
a guarantee that the maximum voltage will 
go no higher than 200. Compact, light, 
and economical, the new development 
puts low-cost 200 PIV diodes in a re­
liability class of their own.
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Tests for corona starts, flash over, dielectric breakdown 
voltage and related electrical properties will be per­
formed by this high-voltage transformer. The equip­
ment was installed by Ceramaseal, Inc, New Lebanon 
Center, N Y., as a service for purchasers of bushings 
and terminals, and for its own research. The equipment 
includes a Peschel Electronics 150-kv (rms) test trans­
former and cathode roy oscilloscope type corona de­
tector. Transformer and detection circuitry are inside a 
copper-screen enclosure to reduce interference effects.

The new I.edex Transient Control guaran­
tees positive dependability of 200 PIV 
silicon rectifiers. It’s a non-polarized de­
vice that automatically clips voltage spikes 
by providing a low resistance shunt for 
all potentials above 200 volts—on the AC 
or DC side. It draws no current in normal 
operation.

□ NEW LEDEX SILICON BRIDGE 
RECTIFIER is protected by a built-in 
Ledex Transient Control. Voltage 
spikes are automatically clipped at 
200. The rectifier is sealed in epoxy 
resin and meets the general require­
ments of MIL-E-5400 on insulation, 
terminals, vibration, shock, sand and 
dust, fungus and salt atmosphere 
Operating temperature is — 65 C to 
+ 120°C. Part No. A-46501-001 is 
rated as follows: 115 volt AC input, 
100 volt DC output, maximum surge 
50 amp for 8 msec. $6 80 to $8.15 
in small quantities
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of optical harmonics is scheduled to be de­
scribed by researchers of the University of 
Michigan, Ann Arbor. By focussing a beam 
from a pulsed ruby optical maser inside crys­
talline quartz, the Michigan investigators 
achieved a second harmonic of the fundamen­
tal laser beam. The laser produced about 3 
joules of light in a 1-mc pulse at 6,943 A. 
Detectable amounts of the optical second har­
monic were present at about 3,472 A.

In addition to quartz crystals, the research­
ers have found that KDP, ADP, and triglyc­
erin sulphate also are effective in producing 
harmonics.

The meeting will be held at Boston’s Com­
monwealth Armory; the headquarters hotel 
is the Somerset. About 15,000 persons are 
expected to participate. NEREM this year x* ill 
offer about 100 exhibits and some 90 techni­
cal papers. Among scheduled speakers are 
J. A. Volpe, the governor of Massachusetts 
and J. L. Burns, president of Radio Corp, of 
America, and Charles H. Townes, new prov­
ost of Massachusetts Institute of Technol­
ogy. ■ •
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DEFENSER&D BEING SHIFTED TO GOVERNMENT LABS

Brown spelledat the Anacostia Naval Research Laboratory

Dr. Brown told the Anacostia weapons developers that he is aware of

SHOW DOWN DUE IN FIGHT ON PATENT RIGHTS
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A smoldering controversy over conflicting patent policies of 
federal agencies is heading for a showdown in the next session of 
Congress. Inventors who claim rights to patents developed under 
government contracts may get some legislative breaks.

Emilio Q. Daddario (D-Conn.), chairman of the House Space 
Subcommittee on Patents, predicts the panel will endorse his bill 
to relax patent practices of the National Aeronautics and Space 
Administration (See ED, Oct. 11, p 20). NASA now is required by­
law to retain title to most patents resulting from farmed-out re-

The administration is quietly beginning to divert electronic re­
search and design from private contractors to government labora­
tories under military management and supervision.

This is no wholesale reversal of the Eisenhower policy of farming 
out such R&D work to industry and “nonprofit” companies. But a 
trend to in-house laboratory work has been discernible as a result of 
a directive from Secretary of Defense Robert S. MacNamara. The 
secretary expressed “profound concern” over Pentagon R&D policy.

A drive to beef up government R&D facilities has been signalled 
by Dr. Harold Brown, the Pentagon’s research and engineering di­
rector. In what had been billed as merely a pep talk for personnel

out some of the Kennedy administration’s thoughts. Rarely has a 
high defense official spoken with such candor outside the Pentagon 
corridors about a subject that has long disturbed military scientists.

Wilbur H. Baldinger
Washington Editor
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“bad” morale at such government installations. He said the causes of 
bitterness and frustration—lack of recognition, poor Pentagon man­
agement and low pay—now are recognized officially, and that the 
Pentagon intends to do something to eliminate them.

The weapons research chief did not promise that all of the 100-odd 
in-house defense establishments would be upgraded immediately at 
the expense of outside contract work. The speech acknowledged 
valid arguments for both types of research, but made the weightier 
case for the Defense Dept’s own shops.

Dr. Brown said that in view of urgent needs, most of the Penta­
gon’s billion-dollar spending program had properly been contracted 
to private industry—which includes 350 small companies set up 
during the Eisenhower years to perform government services. But 
he also promised that the Pentagon is going to have strong labora­
tories of its own, staffed by first-rate (and better paid) workers 
who will do their jobs with a new feeling of importance—and pro­
vide expert supervision over projects farmed out to industry.

Confidence

quality product

LAUDERDALESEMINOLE DIVISION

airpax
ELECTRONICS

The fast response, wide dynamic 
range, high gain and light weight 

of an Airpax MAG AMP provide 

the systems engineer with that 

extra degree of versatility which 

permits a successful design rather 

than a marginal system.



search. Final hearings on the Daddario bill are set for December— 
just before Congress comes back.

“We cannot hobble the inventive power of our industry,” Dad­
dario told the National Association of Manufacturers’ patents com­
mittee at a luncheon meeting marking the 125th anniversary of the 
U.S. patent system. “We must encourage initiative and the useful 
contributions that all in the free world can make.”

The effect of government restrictions on the rights of researchers, Rep. 
Daddario said, is “to retard the interest of American enterprise 
to invent—and particularly to deter small business from entering 
into research contracts with the U.S. government.”

On the Senate side, John L. McClellan (D-Ark.), chairman of 
the Judiciary Subcommittee on Patents, says it is high time for 
action: “If the government is to have a consistent policy, the 
Congress will have to decide whether ownership of these inventions 
should reside in the contractor or the government.”

The McClellan subcommittee is drafting a unified patent-policy 
bill. The subcommittee began to move after issuing a report on 
patent practices of the Defense Dept. Unlike NASA, Defense per­
mits most contractors to retain commercial rights to inventions, 
although royalty-free licenses go to the government.

ELECTRONIC DEVICE READS FOR THE BLIND
After four years of work, the Veterans Administration and re­

searchers at the Mauch Research Laboratories, Inc., Dayton, and 
Battelle Memorial Institute, Columbus, Ohio, have come up with 
machines that enable the blind to read without Braille. Demon­
strated at a VA press conference, the electronic gadgets are de­
signed to translate w’ritten characters into sounds of actual words 
or into a special musical alphabet. Dr. Robert E. Stuart of the VA 
expressed “cautious optimism” about developmental prospects. He 
said it may be many years before a compact, low -cost aural reading 
aid is available.

PROMISING REPORT CARD ON TEACHING MACHINES

| Good Things Come hi 
Small Packages

... is an old saying often used by 
mothers and fathers who don’t want to 
give the kids too much candy. Big 
things are nice in their place too, of 
course, like say a Rolls Royce, or a 
Chris Craft. But when you’re design­
ing very high speed computer circuits, 
you’ve got to agree with Mom and 
Dad. Small packages are important. 
And the new G-E MSD-150 micro­
miniature silicon switching diode is a 
perfect case in point. Planar Epitaxial 
Passivated construction makes possi­
ble a diode having high conductance, 
fast recovery time, low leakage and 
low capacitance combined with im­
proved uniformity and reliability. 
Minimum conductance is 50 ma at one 
volt; recovery time is less than 2 nano­
seconds And just try this outline 
drawing on for size:

-4 kNEGATIVE

matching a tall lightweight with a 
short heavyweight, sending a boy to do 
a man’s job, or arguing with the swift, 
sure logic of a woman. What would it 
get you? But putting 15 watts power 
dissipation at 25 C case temperature 
into a compact, rugged and reliable 
silicon power transistor gets you a 
power-size ratio that means important 
benefits in aircraft servo and industrial 
power supply applications. The new 
G-E 2N2201-2204, 2N2196-2197 series 
and other types offer you 16 different 
devices in your choice of 4 different 
packages to satisfy your particular 
circuit requirements. Applications 
include:

servos
power supplies 
de to de converters 
de to ac inverters 
static switching

We also have an interesting hi-fi cir­
cuit developed using the 2N2196. We’ll 
part with it for free. Just write to us 
at Section 11K112.

_L
020 t 002

0010 t OOM 
=4= 

»o» rut ’

T

Now hear this: a germanium epi­
taxial mesa transistor with typical 
45 nanosecond switching speed 
in conservative circuitry and Beta 
of 60, in a TO-18 package . . . and 
available now! Ask your District 
Sales Manager about the new G-E 
2N994 You’ll be glad you did.

There is no technical reason why digital computers cannot equal 
or surpass capabilities of classroom teachers, J. E. Coulson of Sys­
tem Development Corp, argued at a three-day Washington sym­
posium, co-sponsored by the Office of Naval Research.

Properly programmed machines of the future will be as informed, 
flexible, sophisticated, subtle and responsive to individual needs of 
students as skilled instructors themselves, Mr. Coulson said. He 
conceded that such devices are as far beyond present prototype 
teaching machines as computers are beyond adding machines.

But Mr. Coulson predicted the machines w ill be used not only to 
take the roll, give tests and grade papers but also to argue Greek 
philosophy, teach idiomatic languages, pose complex mathematical 
questions and answer them—and still not be taxed beyond their 
educational capacities.

The standard subminiature SD-150 
PEP diode is available in matched 
pairs and matched quads for highest 
performance and reliability in dis­
criminators, gates, choppers, ring 
modulators and bridge modulators. 
Just ask for complete information on 
G-E PEP diodes when you write to 
Section 11K112.

PUT
• rout 
RESIGNS

CAPITAL CAPSULES

QUESTION: Where can I get a 
Planar Epitaxial Passivated sili­
con transistor with the lowest Vcg 
(sat.) which will replace standard 
units without changing circuits?

ANSWER: At G-E, of course. Ask 
about the new 2N2193-2195 PEP 
transistors, with “A" versions.

Naad specs? Have questions? Write Semi­
conductor Products Department, Section 
11 K112, General Electric Company, Electronics 
Park, Syracuse New York. In Canada Cana­
dian General Electric, HV Dufferin Street. 
Toronto, Ont Export: International General 
Electric, 150 East 42nd St, New York 17, N.Y.

The Army has tracked down the culprit responsible for a $7.1- 
million excess supply order in Europe. It was a calculating machine
whose wires got crossed The Diamond Ordnance Fuze Labora-
tory has developed an automatic sensing device as part of the 
trigger for anti-missile warheads.

I The Power-Size Ratio
There wouldn’t be much sense in put­
ting a 350 hp motor in h Volkswagen.
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NEWS

Transportable Electronics I IN779,

Built For Rugged Treatment

launching positions for inertially guided mobile missiles

Mobility has become a primary concept in the design of electronic 
systems for national defense. Tight packaging techniques, rugged­
ized design approaches, and human engineering are some of the 
major considerations that must be used by the design engineer 
working on equipment to be built for air-drops or movement over 
rugged terrain. Here are some examples of the systems being 
readied for possible military needs.

A fifth-wheel, odometer-type ground navigator for mobile 
missiles has passed road tests successfully. A Chrysler Corp 
fifth-wheel odometer was hitched to an inert<al-reference system 
made by Kearfott Div. of General Precision, Inc., Little Falls, 
N. J. Technicians are shown during the road tests, run at 50 
mph over varied terrain. The passive navigator is designed to

Air-transportable terminal station, above, and mobile field subscriber station, left, are part of the 
Army s Strategic Army Communication (STARCOM) network. A family of three sideband-type systems, 
varying in power and channel capacity, were built for the Army by Adler Electronics, Inc., New Rochde, 
N. Y. The AN/TSC-18, 19 and 20 provide, respectively, ranges of 7,000; 5,000; and 2,500 miles. The 
AN/TSC-18 and 19 each provide 3 voice and 16 teletype channels, and the remaining system has 1 
voice and 3 teletype channels. Facsimile equipment in all three versions of the system allow sending of 
photographs. Spare parts for the Army s fixed communications equipment con be used with the new 
transportable systems. World wide communications would be possible with the STARCOM net from re 
mote areas without fixed communications



Advertisement)

Miniature Round Connector

NEW PRODUCT
Solder BANTAM

features: ■ connected with standard HYFEN 
installation tooling. ■ made of tough, light­
weight plastic (Polystyrene TMDA 2122) with 
molded-in ferrules for positive contact reten­
tion. ■ receptacle shells are available with 
either flange or nut mountings. ■ plastic 
shells will prevent electrolytic corrosion.

COAXIAL HYFEN

BURNDY now has available to the indus­
try its BANTAM miniature round connector 
which conforms to the requirements of MIL- 
C-0026482A (WEP). These connectors are 
supplied with a variety of insert configura­
tions in nine shell sizes. Number 16 and 20 
size contacts are supplied depending on the 
insert configurations.

The miniature solder BANTAM mates 
with, or replaces, all connectors which con­
form to MIL-C-0026482A (WEP).

BANTAM plug and receptacles feature the 
TRI-LOK bayonet coupling, a positive cou­
pling which can be quickly disconnected. They 
are vibration resistant and moisture-proof 
with the required temperature range of —67 
to 4-257 degrees F. They provide an inter­
facial seal, per the military spec and the need 
for safety wiring is eliminated by the positive 
locking bayonet coupling. Polarized inserts 
and a five point key and keyaway eliminate 
the possibility of mismating.

BANTAM contacts are machined of high 
conductivity copper alloy and the sockets fea­
ture closed-entry, making them probe-proof. 
Extra heavy gold silver plating provides high 
conductivity and extra protection against cor­
rosion. In addition, plating of contacts pro­
vides hard gold mating with soft gold, adding 
durability and minimizing galling. Special 
plating can be provided.

Solder BANTAM shells are fabricated of 
a high strength aluminum alloy. The standard 
finish is cadmium plate, type II, class C, per 
QQ-P-416, with olive drab iridite finish. Other 
finish plating can be provided.

For further information consult:
BURNDY. Norwalk, Connect.

CIRCLE 21 ON READER-SERVICE CARD
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BURNDY has developed the Coaxial Feed-Thru HYFEN 
to provide a new solderless, quick-disconnect, single 
feed-thru connector using proven coax HYFEN®' contacts. 
Installed cost lower than most BNC type panel connec­
tors, the new BURNDY series offers maximum mounting 
configurations requiring a minimum of components.

For full detail* and complete technical specification*, contact OMATON DIVISION 

BURNDY 
NORWALK, CONNECT. BICC-BURNDY Ltd. Prescot, Lancs., England In Europe Malines, Belgium TORONTO. CANADA 

CIRCLE 22 ON READFR-SERVICE CARD

□ Crimp-type contacts
Quick disconnect 

Single feed-thru



advance
in

another

the answer to high reliability for sensitive
instruments, guidance systems, electronic equipment

Oil-Pipe Mill Automated

Arc you concerned with high reliability for equip­
ment with low vibration/shock tolerance? Is your 
application on aircraft, missiles, space craft or ground 
support equipment?

Then here’s the vibration isolator that gives you 
everything you need.

Lord BTR (Broad Temperature Range) Elasto­
meric Mountings cushion high G shock loads, isolate 
vibration to 2000 cps, give all-attitude protection, limit 
resonant amplification to approximately three or less. 
And this performance is unaffected by extreme environ­
ments and temperatures from — 65 to +300° F. Size 
for size, ounce for ounce, they pack more load-carrying 
and energy-storage capacity than any other isolator.

Performance has been repeatedly proved on the 
most difficult applications. Even ultra-sensitive in­
ertial guidance systems on operational ICBM's are 
now protected by standard production BTR Mountings.

Utilize this advance in vibration/shock/noise con­
trol to achieve higher reliability for your project.

Information on BTR Elastomeric Mountings is con­
tained in Bulletin 301, available from your nearest Lord 
Field Engineering Office or the Home Office, Erie, Pa.
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BTR*
Elastomeric
Mountings

(L©B®
ENGINEERING

ATLANTA. GEORGIA CEder 7 9247 
BOSTON, MASS MAncock 6 9135 
CHICAGO. ILL. Michigan 2-6010 
DALLAS. TEXAS Riverside 1 3392 
DAYTON. OHIO BAIdwin 4 0351 
DETROIT. MICH Elgin 7 2150 
KANSAS CITY. MO WE St port 1-0136

LOS ANGELES. CAL Hollywood * 7593
NEW YORK. N V.(Paramu«. N 3.) 

N.« York City BRyant 9 8042 
Paramut. N. J. Olamond 3 5333

PHILADELPHIA. PA ■ PEnnyoackar 5 3559
SAN FRANCISCO. CAL. - EXbrook 7 6280
WINTER PARK. ELA. ■ Midway 7 5501

In Canada — Railway A Powar Enftnoarmd Corporation L'mitad" 

LORD MANUFACTURING COMPANY • IRIE, PA.

NEWS

Radiometer to Investigate 
Re-Entry Plasma Sheath

Hot ionized gases (plasmas), that form 
about the body of a space craft re-entering 
the atmosphere, are creating a communica­
tions problem. Radio signals over a wide fre­
quency range are severely attenuated by the 
plasmas.

To investigate this phenomenon, the Air 
Force Cambridge Research Laboratories, 
Hanscom Field, Mass., will send sensitive 
radiometers aloft on re-entry vehicles.

The radiometers are miniature, transistor­
ized, crystal radio receivers capable of detect­
ing the very small plasma noise. The Dicke- 
type radiometer compares the plasma noise 
to a reference-noise source within the re­
ceiver.

The radiometer was designed to operate 
over a wide range of frequencies by changing 
only the rf components. The first package will 
operate at 2,000 me with an input bandwidth 
of 200 me and a switching rate of 1,000 cps.

This fully automatic pipe-weighing, measuring and 
identification system processes heavy oil-field pipe at 
the rate of one piece every 18 to 36 sec. The system, 
developed by Baldwin-Lima-Hamilton Corp, s Indus­
trial Equipment Div., Eddystone, Pa., handles pipe up 
to 10-3/4 in. in diam and 50 ft 2 in. in length. Ac­
cording to HLH, the system enables one part-time at­
tendant to do the work of a crew of four to eight men.
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Reservations Network
For TWA to Cover Globe

TRAPTRAP

Two new approaches

TRAPTRAP

RFCHIGH POWER-HIGH FREQUENCY
200KC

TRIPLERDOUBLERINPUT
stead of having to go through a paper-tape

RATIONthe

are

Designers Use Blackboards

will 
that

Two real-time computers will process 
respond to all in-puts the moment they

messages from 
Telefl ite center

HIGH-Q , 
VARICAP

overseas will 
via teletype.

lends 
com-

For complete specifications, prices 
and delivery, phone, wire or write 
a PSI field office near you.

The High-Q Varicap frequency 
multiplier concept and its associ­
ated circuitry is original with PSI 
... another example of why it will 
pay you to "look first to PSI”!

munications terminal that permits teletype 
messages to be introduced into the computer 
directly from the communications lines in-

loop.
Reservations 

come into the 
There will be 
messages once

concept. This permits gradual expansion of 
storage and processing capabilities to keep 
pace with increasing traffic.

FREQUENCY DOUBLING 
with 80% Efficiency at 250mc.

FREQUENCY TRIPLING 
with 70% Efficiency at 250mc.

will store 32,- 
there will lie 
1,000,000 bits.
has been de­
building-block

An engineering method, called the Panoramic Design 
Technique, is said to cut engineering, design and draft 
ing costs from 33 to 50 per cent. Engineers put their 
designs directly on wall-size blackboards and record 
them photographically. A project shown in its entirety 
permits engineers to sec how the<r portion of a design 
fits the whole pattern The technique was developed 
by TAB Engineers, Inc., Chicago
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Trans World Airlines has ordered the first 
intercontinental electronic airline reserva­
tion system. The first link—to Europe—is 
scheduled for operation within 15 months. 
Eventually, all TWA offices will be con­
nected.

Called Teleflite, the new system, developed

received. Two core memories
000 decimal digits. Initially 
four drums, each storing over

The TWA Teleflite system 
signed by Teleregister on a

no manual handling of 
they are transmitted.

These new Varicap frequency multipliers in PSI - designed circuitry now make it a simple matter 
to attain high RF output power in the kilomegacycle range... with high efficiency!

HIGH-Q 
VARICAP

by Teleregister Corp., Stamford, Conn, 
transact in seconds the reservations 
used to require 45 min to 2 hr.

One of the design features, which 
si>eed to the data transmission, is a

Varicap is the registered trademark of silicon voltage-variable capacitors manufactured by Pacific Semiconductors, Inc.
CIRCLE 24 ON READER-SERVICE CARD

The combination of a high figure of merit (Q) and high maximum working voltage |MWV) 
in conjunction with high performance PSI transistors make these devices ideally suited 
for harmonic power generation. Note the examples of high efficiency circuits shown above.

These ten new High-Q Varicap ? caoaci-!Figureot| Min.Sat-i !
types, all available on prompt de- VARICA* Work. invem
livery schedules, give the designer type some some ioOmA Arte) RM">
a wide selection of electrical charac- i
teristics — capacitance from 6 5 to pc 114 47 50 ' 80 T 90 7 5 ® 50V Civ/C»ov > 4.0
47pf, Q values from 50 to 124 and pc 115 10 100 100 . no 0.5 @ 75V Civ/C.w > 5 J '
working voltages from 25 to 100V pc 122 . 47 75 _upo_ no . 0 5 @ 36V^ Civ/Cioov > 5.21

aa 10a ic tor tn ca n tc a a

1. C = K (Eb + 0.7 Vdc)-n Typical Voltage Sensitivity n = 0.48
? Maximum Operating Temperature: 150°C.
3 Capacitance tolerance of 10% available on request.
4. All capacitance values are ±20%. All values at 25°C.
5. These devices are characterized by 500mW power dissipation in standard 

package Up to 750mW power dissipation is available on request.

VARICAP 
TYPE

Capaci­
tane* 

fe4Vde 
50 me

Figure o< 
Merit (Q) 
(0 4Vde 

5C mr 
(min.)

Mes 
Work. 

Voltage 
(WP)

Min. Sat­
uration 
Volt, ft, 
lOOpA 
(Vdc)

Maximum 
Inverse 
Current 
(MAdc)

Minimum 
C «pantane* 

Ratio

PC 113 22 50 >0 90 0 5 ® 50V Czv/Csov >40
PC 114 47 50 80 90 0.5 ® 50V Civ/Csnv >40
PC 115 10 100 100 no 0 5 ® 75V Ctv/Cioov > 5.2
PC 122 47 75 100 no 0.5 ® 16V Czv/Cioov > 5.2
PC 124_, 15 125 50 60 0.5 ® 30V Civ/Csov > 4.0
PC 126 15 100 100 no 1 5 ® 75V C:v/Coov > 5.2
PC 128 33 125 50 60 0 5 ® 30V Civ/Csov >4.0
PC 129 33 50 «0 90 05 ® 50V Cjv/Cmv > 4 0
PC 133 22 50 25 30 0 5 ® 10V Civ/Cisv > 3.0
PC 141 6.5 

(—l-5pf) 125 100 uo 0 5 @ 75V Czv/Cioov > 5.2



Reliability is built into these Type TO 5 transistor headers by using Carpenter VacuMeltrol NICOSEAL alloy for leads and eyelets. NICOSEAL 
matches commercially hard glasses to provide a stress-free or matched type seal for dependable transistor performance in computers, 
communication equipment and other precise instrumentation.

NEWS
Designers’ Datebook
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17 18 19 20 2122 23
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matching metal to glass is a

In glass sealing alloys, Carpenter offers transistor and other electrical and electronic manufacturers 
the widest range available from any producer.

Excellent deep drawing on strip and better machinability on bar and wire items are extra benefits 
you get with Carpenter s broad selectivity. Crain size and orientation — directional physical 
properties—are precisely controlled to eliminate “orange peel” and “earing ', and 
assure you uniform working and performance characteristics on every order.

Nicoseal (above) is just one of many Carpenter alloys designed to match hard and 
soft glasses for specific glass scaling problems dl are eta ered in a mu ll-page 
technical booklet. Uectronie Alloys Simplified non available floou^h yom HIIBB 
( ai prater rt presentative or from The (arpentei Steel ( ompamf. I Io U Beni 
Street, Reading. Pa.

[arpenter steel
you can make it consistently better with Carpenter Specialty Steele for specialists

19 20 21 22 23 24 25
26 27 28 29 30

November
12-16
Phoenix

7th Annual Conference on Mag­
netism and Magnetic Materials; 
Hotel Westward Ho; IRE, AIEE, 
AI Phys., ONR, AIME.

13 14
Boston

Electrically Exploded Wires 
Conference ¡Kenmore Hotel; 
Air Force Cambridge Research 
Laboratories.

14
Kansas City

Electronics Systems Reliability 
Symposium; Linda Hall Library 
Auditorium.

14-16
Boston

NEREM Northeast Electronics 
Research and Engineering Meet­
ing); Somerset Hotel and Com­
monwealth Armory; IRE.

26-Dec. 1 
New York

Mechanical Engineers’ Winter 
Meeting; Statler-Hilton Hotel; 
A SME.

30-Dec. 1
Minneapolis

12th National Conference on Ve­
hicular Communications, Radi- 
son Hotel; PGVC.

December
12-14
Washington

Eastern Joint Computer Confer­
ence ; Sheraton Park Hotel; IRE, 
AIEE, ACM.

26-31
Denver

Annual Meeting and Exposition 
of Science and Industry ; Hilton 
Hotel; AAAS.

Steel

The Carpenter Steel Company, Main Office and Mills, Reading, Pa.
Export Dept., Port Washington, N Y.—“CARSTEELCO"

Alloy Tube Division, Union, N. J.
Webb Wire Division, North Brunswick, N ].
Carpenter Steel of New England, Inc., Bridgeport, Conn.

Two Comb-Filter Systems 
To Detect Tracking Beacons

Two comb-filter spectrographic systems, tr 
be developed by Itek Electro-Products Co., 
Cambridge, Mass., will be used in Bell Tele­
phone Laboratories’ space-communication 
program.

The comb-filter systems will be installed 
in the Rumford, Me., ground station and will 
detect the tracking beacon of the first com­
mercial communications satellite, to be 
launched next April. The systems will sur­
vey a frequency spectrum supplied by a re­
ceiver, detect any Doppler returns and iden­
tify their frequency within a few cycles.
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ALLEN-BRADLEY TYPE TR RESISTORS
are STANDARD for today’s miniaturized hearing aids

ALLEN-BRADLEY
Allen Bradley Co., 222 W. Greenfield Ave., Milwaukee 4, Wis. 

In Canada: Allen-Bradley Canada Ltd., Galt, Ont.

ENLARGED VIEW 
OF TYPE TR 
RESISTOR IS 
4 TIMES 
ACTUAL 
SIZE

Because of the engineering ingenuity of the manufacturers, 
hearing aids have become so tiny they are hardly noticeable— 
since the principal objection to wearing a hearing aid has been 
overcome, ever increasing thousands are enjoying this remark­
able contribution to the joy of hearing.

Allen Bradley is proud to play a part in this important 
development. The extremely tiny Type TR fixed resistor (ac­
tually smaller than a grain of rice) is used by virtually every 
hearing aid manufacturer to help achieve today’s amazing 
miniaturization—without sacrificing reliability!

Tiny as they are, these miniature resistors—made by Allen- 
Bradley’s exclusive hot molding process—have never experi­
enced catastrophic failure in service. They are remarkably “uni­
form” to their resistance rating. Therefore, you are only fair to 
yourself—and your customers—when you insist on the reliabil­
ity of the A-B Type TR resistors.

For complete details, please send for Technical Bulletin 5001, 
and Publication 6024 which also includes information on other 
A B space-saving electronic components.

SOME OF THE MANUFACTURERS OF HEARING AIDS 
WHO RELY ON A-B TYPE TR RESISTORS

American Sound Products, Inc.
Audivox, Inc.
Beltone Hearing Aid Company 
Lusse Electronics Company 
Dahlberg Company 
Dictograph Products, Inc.
Electro Acoustic Research Labs., Ltd.
Gem Ear Phone Co., Inc. 
Halhen Widex, Inc.
Johnston Hearing Aid & Electronics, Inc. 
Maico Electronics, Inc.
The Micrctone Company 
E A. Myers & Sons, Inc. 
Otarion Listener Corp. 
Qualitone Company, Inc. 
Sonotone Corp.
Telex, Inc.
Unex Laboratories 
Vari Electronics, Inc.

QUALITY 
ELECTRONIC COMPONENTS



Digital voltmeters — originated by NLS - 
permit rapid and accurate voltage measure­
ments. New Series 20 unit —with one 
plug-in decade board removed — shows 
the use of Allen-Bradley fixed resistors.

Non-Linear Systems, Inc. 
designs first digital volt­
meter to satisfy critical 
standards for missile work

Resistor Failures
UNHEARD OF
...naturally,NLS uses ALLEN-BRADLEY 
hot molded resistors

ALLEN-BRADLEY 
Hot Molded Resistors 
ACTUAL SIZE

To satisfy the high standards of consistent accuracy and reliability 
demanded for missile and weapons checkout, Non-Linear Systems, 
Inc., developed this digital voltmeter. It uses scores of Allen- 
Bradley fixed resistors. (For example, the latest Series 20 unit, 
shown above, contains about 1,000 in each instrument.) "In the 
selection of A-B resistors,” says NLS, "quality and availability 
have never been a problem.”

A-B resistors have such consistently uniform electrical character­
istics that their performance can be accurately predicted over long 
periods of time under various operating conditions... with complete 
freedom from catastrophic failure while in service! The hot molding 
process used exclusively by A-B is the reason for this uniformity 
and reliability.

To obtain this same measure of superior performance for your 
equipment, always insist on Allen-Bradley quality fixed resistors 
available in various types. For full details, send today for your copy 
of Technical Bulletin 5000 or Publication 6024. Write to: Allen- 
Bradley Co., 222 W. Greenfield Ave., Milwaukee 4, Wis. In 
Canada: Allen-Bradley Canada Ltd,, Galt, Ontario.

Hot molded composition resistors are 

available in all standard EIA and MIL- 
R-11 resistance values and tolerances.

★Pending MIL Spec Assignment

Type TR 1/10 Watt

Type CB 1/4 Watt

Type EB 1/2 Watt

Type GB 1 Watt

Type HB 2 Watt A

MIL Type RC 06*

MIL Type RC 07

MIL Type RC 20

MIL Type RC 32

MIL Type RC 42

ALLEN-BRADLEY QUALITY
ELECTRONIC COMPONENTS



Marconi TV System Ordered 
By University of California

Experiments with a 4.5-in. image orthicon 
TV camera have been so successful at the 
University of California, Berkeley, that the 
college will expand educational TV facilities.

An 80-seat classroom has been set aside as 
a TV teaching laboratory; in addition, a 
number of lecture courses will be video­
taped for subsequent playback.

A year ago, using a Marconi Mark IV 
camera and Zoomar lens, the university be­
gan televising various instructional activi­
ties and events around the campus. The 
Marconi camera televised physics lectures. 
Through a hook-up with the San Francisco 
TV-broadcast service, the lectures also could 
be seen by the public.

The order for installation was obtained by 
the Ampex Corp, of Redwood City, Calif., 
sole authorized distributors in the United 
States of Marconi broadcasting equipment.

75*60 50
—the

SOLID

Space Power Unit Tested

u want In High-Voltage

UM CAPACITORS

-EXCLUSIVE WITH KEMET
TRADE-MARK

A nuclear thermoelectric power system, which uses the 
spontaneous decay of curium 242 to produce heat, will 
be used in space studies. The model shown by a re­
searcher of Westinghouse Corp.’s Aerospace Dept., 
Lima, Ohio, is designed to produce 50 to 60 kw for 
three months on the moon's surface. During operation 
the high-junction temperature is 1,050 F, while the cold- 
junction temperature is 450 F. The curved shields are 
waste-heat radiators. Heat is transferred to the genera­
tor by liquid sodium potassium.

Only KEMET can offer you the widest selection of 
dependable high-voltage solid tantalum capacitors. 
Topping the list is KEMET’s new 75-volt type — the 
highest rated working voltage unit of its kind avail­
able today —by a margin of 50% !

KEMET’s complete J-Series and N-Series com­
prise voltages of 60 and 50 — ranging downward 
through 35, 20, 15, 10, and 6 volts — providing 
standard E.I.A. values with ±5%, ±10%, and 
±20% tolerances.

J-Series capacitance values range from .0047 
to 330 microfarads; operating temperatures from 
— 55 to 4-125° C. N-Series capacitance values

Write for technical date on the 
complete line of "KEMET'* 
Solid Tantelum Capacitor* 

range from .0024 to 160 microfarads; operating 
temperatures from —55 to 4-105° C.

“KEMET” solid tantalum capacitors are de­
signed, manufactured, and tested to serve the most 
demanding industrial/military applications. All 
are hermetically sealed in corrosion-resistant 
metal cans, with solderable and weldable leads. 
Four J-Series case sizes meet or exceed the per­
formance requirements of MIL-C-26655A/2.

For utmost reliability in solid tantalum capaci­
tors— high or low voltage—specify “KEMET”. Kemet 
Company, Division of Union Carbide Corpora­
tion, 11901 Madison Avenue, Cleveland 1, Ohio.

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

KEMET COMPANY
CIRCLE 27 ON READER-SERVICE CARD

UNION 
CARBIDE
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NEWS
25 nsec max.

0.45 V max.

lower Coi)...18nnf max

3H1M4 Md MltM

-65*Cto+3OO*CStorace Temperature. Tstg 
Junction Temperature. Tj

Sylvania 2Niy3ó. 2N1959— 
TO-5 Package- V4 Actual Size

Voit» 
Volt» 
von*

500
300
120

von* 
von»

Electrical Characteristics at 25*C: 2N19S8 2N1959 Unit

lower t

... with new Sylvania... SILICON

e p it axi a L rr| e s as
• 2N1958 * 2N1959 (compared with conventional mesa types 2N696,2N697)

Sylvania 2N1958 and 2N1959 ... first 2-watt tran­
sistors to handle 500 mA of collector current in a total 
switching time of 110 nsec.
Exclusively epitaxial! Now ALL Sylvania Silicon Mesa transistors are 
produced by the epitaxial process. Exceptional Sylvania knowledge of 
solid state physics combined with extraordinarily automated process­
ing and testing techniques continue to advance the state of the art. The 
new Sylvania 2N1958 and 2N1959—improved 2N696 and 2N697 con­
ventional Silicon Mesa types—are dynamic evidence of the benefits 
offered design engineers by ( 1 ) epitaxial techniques and ( 2 ) transistors 
quantity-produced by Sylvania for switching and amplifier circuitry 
operating in the nsec range.
Sylvania 2N1958 and 2N1959 Epitaxial Silicon Mesa transistors are 
now available from your Sylvania Franchised Semiconductor Distribu­
tor and your Sylvania Sales Engineer For tech data write to Semi­
conductor Division, Sylvania Electric Products Inc., Dept. 185, 1100 
Main Street, Buffalo 9, New York.

Curves compare storage time and saturation voltage V^E 
2N69«,2N697 end Sylvonio-eriginoted 2N1958 and 2N1959. Note 

significant improvements offered by Sylvania epitaxial mesas 2N1958,2N1959.

SYLVANIA
GENERAL TELEPHONE & ELECTRON I OS
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OSNUtAL

28

Collector to Base Voltage. Vee 
Emitter to Base Voltage. Veb 
Collector-Emitter Voltage. VcER 
Collector Current, 
Total Power Disk (free air). Py 
Total Power Oi**., (case at 25’0. Py

+ 175‘C 
60 Volt»

5 von»
40 Volt» 
500 mA 
600 mW
2 Watt*

MCM <IC - 100 <Al£ = 0) 
•»£•0 (IE = 100 M.IC = « 
UVC£R(1C = 50 .*, Ie = 0,Rb£ = 10a) 
>CMlVC8 = »*• 

v« = mv, t = iso-ci 
Hredc = 150mA,Vc£ = 10V) 
Vg< 0c = 150 mA. ig= 15 mA) 
VC£l»*»<lC= 150 mA. IB = ISmAl 
k 1« t»CB = 10 V. Ic = 25mA. F = 100 MC) 
Cm Oca = 10V.IE = ft F = 1 MC) 
»„»Ubi = 15mA. Ib2= 15mA, 

1C = 150mA.VCC = 7V.RL = 40 a) 
lt«>»Bl = IS mA. 182 15 mA 

IC = 150mA.Vcc=7V-*L = 40 a) 
»■•»<181 = 15mA, 182= 15mA.

IC= 150mA_Vcc= 7V.RL = 40a)

•ton. »,/f, »a », muturod from 50% point ot input puno

Computer’s Memory Drum 
Floats on Helium Film

A new approach to the memory-drum con­
cept—use of a 150-micro-in.-thick film of 
helium as a bearing—has made possible a 
smaller, more reliable digital computer for 
space-vehicle guidance.

The gas-bearing drum is said to eliminate 
mechanical wear of metal suspension sys­
tems and decreases the head-to-drum clear­
ance from 0.001 in. in earlier models to 
0.00015 in. The latter feature raises the 
memory capacity.

The computer (L-70) was developed by 
Librascope Div. of General Precision, Inc., 
Glendale, Calif. It is a follow-on design of 
Librascope’s Centaur guidance computer 
and, at 19 lb, weighs only half as much as 
its parent model.

The gas-bearing drum, permitting more 
accurate location of magnetic heads, made 
possible recording tracks on 0.045-in. cen­
ters. This gives 70 tracks within 3.7 in.

In its original application, the L-70 mem­
ory drum has a capacity of 112,000 bits.

Another feature of the L-70 is an output 
module that weighs only 8 oz and measures 
2-1/2 x 2-1/2 x 1 in. It has fewer components, 
a simplified gear train and increased ther­
mal efficiency. Standard accuracy of the 
model was given as 0.1 per cent.

The L-70’s amplifier is 50 per cent smaller 
than previous models. Heat sinks are elim­
inated by improved thermal efficiency. Tach­
ometer feedback for servo damping also has 
been eliminated, by utilizing integral feed­
back within the amplifier.

Close-up view of L-70 flight-guidance computer, weigh­
ing 19 lb, and with helium memory-drum bearing.
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Bank Uses ‘TV Scooter’

smaller space . 
importance in s

. two item! hi jh on :he list of vital 
ring today’s tohgh design problenis.

Key equipment in a closed-circuit television system is a 
TV scooter. The scooter moves on tracks in front of files 
at the Pioneer Bank and Trust Co., Shreveport, La. The 
scooter transmits TV pictures to monitors in branch 
banks, where the teller or customer requesting informa­
tion sees it on his screen. The system is manufactured 
by Dage Div. of Thompson Ramo Wooldridge, Inc., 
Michigan City, Ind.

MERCO 

EC 25 a
500K 1% 50OKI--.

the first 
economical, 

space saving, 
vertically mounted 

resistor for 
printed circuit 

applications

500K 1%

Computer Accessory Gives 
Voice Replies to Queries

Voice replies to queries fed into a com­
puter are given by a new alpha-numeric 
computer input/output device.

The unit, dubbed Unicall, transmits com­
plete messages (up to 40 alpha-numeric 
digits) in about 2 sec over long-distance 
telephone lines. Voice-reply transmission 
(from magnetic drums at the computer site) 
begins within a half-second of receipt of a 
Unicall query.

Remington Rand UNI VAC Div. of Sperry 
Rand Corp., New York City, developed Uni­
call. It is engineered for use with UNIV AC 
real-time computing systems. The company 
expects Unicall to facilitate reporting of 
changes in inventory, production, distribu-
tion and sales.

Unicall units will rent for about $30 
month. The price is about $1,350 per

per 
set.

MEPCys new miniature % W Ci rbon Film resistors were specifically
designed to break tl|e cost and space Trier

in printed circuit applications.
Having both leads extending from one end and available in three 

different lead spacing arrangements, these Carbon Film Resistors 
for vertical mounting offer advantages never before available. 

Write or call today for samples and literature.

Rating

Max. Voltage 
Htsutaur» Range 
Folennc» 
Temp. Coeff. 
Environmental Char,

y4 W at 70°C derated 
to 0 at150°C

300 volts
5 to 500 K
±1%
-200 PPM to 500 PPM
MIL-R-10509C Char. B

Length 
Diameter 
Leads 
Lead Spacing

^4 ± #4 
¥4 ±%4

A 
B 
C

.125 ±005 
.156 ±005 
.200 ±005

Manufacturers of Precision Resistors üo"
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MEPCO
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NEWS

A high field, on the order of 107 
and temperatures from about 4.2 to 
were used in the NBS tests. Liquid

v cm-, 
400 K 
helium

Resistances
Linearity
Power rating 
Operating temp.
Meeh, life

This specially designed tube was used at the National 
Bureau of Standards for experimental verification of the 
field emission of electrons from metals.

eliminates a chief cause of potentiometer failure. In addition, 
a special close tolerance rotor almost completely does away 
with backlash.
Model 3500 is also subjected to the rigorous double check of 
Bourns exclusive Reliability Assurance Program. In short, every 
possible step is taken to ensure that the performance you spe­
cify is the performance you get. Write for. complete data.

New Bourns Precision Potentiometer 
Resolves the Quality-Price Dilemma!

NUMBER 18 —NEW PRODUCT SERIES

Here is military reliability in a competitively-priced industrial 
potentiometer. Buurns wirewound 10-turn Model 3500 meas­
ures just %" in diameter by 1" long—shorter by W than units 
available elsewhere—yet has a resistance element 20% longer 
than that of comparable potentiometers.
Fully meeting military requirements for steady-state humidity. 
Model 3500 can aJso be provided at a 10% premium to meet 
the cycling humidity specs of MIL-STD-202, Method 106. It’s 
the only % "10-turn potentiometer guaranteed to meet this spec. 
Its published characteristics incorporate wide safety margins. 
Reliability insurance is provided by the exclusive Bourns Silver- 
weld® bond between terminal and resistance wire. Virtually inde 
structible under thermal or mechanical stress, this termination

Digital-Data System Tracks 
Pollution in Ohio River

A digital-data system will be used to mon­
itor the water quality of the Ohio River.

Data from about 40 points along the Ohio 
River are obtained on demand or automati­
cally in preselected sequence and transmit­
ted by telegraph to a central recording sta­
tion in Cincinnati. The system, developed by 
Datex Corp., Monrovia, Calif., transcribes 
the telemetered signals from the monitors 
in a permanent typewritten tabular form 
and also makes a punched-tape record for 
computer processing.

The entire system was designed by the 
Ohio River Valley Sanitation Commission. It 
is expected to yield clues to the behavior 
of the river and the performance of waste­
control facilities installed to curb pollution

The automatic system will replace a man­
ually operated data network.

Field-Emission Theory
Confirmed By Experiment

Experiments have verified the theory of 
emission of electrons from metals at low 
temperatures—or in the field-emission re­
gion.

Previous work had confirmed the theory 
of thermionic and transition emission, but 
until recent tests at the National Bureau of 
Standards the field-emission theory had not 
been experimentally verified.
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Manufacturer: Trim pot® potentiometer«; transducer« for position, pressure acceleration Plants- Riverside. California^ Ames. Iowa; and Toronto, Canada 
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500i! to 125K, ±3%, std (to 250K spl.) 
-0.25% std.
2w at 70°C
-65° to+125°C
2,000,000 shaft revolutions



FRIGID MIDGET" for electronic systems

that superconductivitysuperconducting

System ExtendedDEW Line

Electronics

been expected
niobium emitter

Failure to verify this effect suggests that 
the surface of the emitter either was not

at the surface might have been quenched by 
the applied field.
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Creative 
Engineering

an experiment with

was used to cool the vacuum tube containing 
the tungsten tip, attached to a tantalum loop. 
The loop was used as a thermometer for the 
experiment.

A resistance-temperature curve was de­
termined by calibration at several constant­
temperature points. Various temperatures 
were obtained by resistance heating of the 
loop. A field was applied to the emitter and 
a nulling circuit was used to measure the 
current variation with changes in temper­
ature. The theoretical expectation that the 
current increment would vary with the 
square of the absolute temperature was con­
firmed by the experiment.

The investigation also showed that the 
field at the emitter surface can be calculated 
from the slope of the emission current ver­
sus temperature squared curve.

One effect that was not observed during 
the experiment was that of the elimination 
of the energy band gap as a result of a super- 
conducting-to-normal transition. This had

EXPORT SALES Borg Warner International Corp., 36 South Wabash Avenue, Chicago 3, Illinois 
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OPTIMUM DESIGN FOR A BALANCED 
COOLING SYSTEM . . . and the customer receives perfection in 
miniature, assured performance . . . plus single-source responsibility 
from Pesco — the only manufacturer that produces all its own micro­
matched components for electronic cooling packages. Designed by a 
creative team of Pesco engineers, this compact package features a 
liquid flow rate of 1 gpm . . . high heat transfer of 2^2 KW at 212° F 
and 50,000 feet altitude . . . liquid temperature range from —65 to 
+ 212 F . . . plus built-in thermal bypass for low temperature opera­
tion requiring no cooling. It is particularly adaptable to electronic 
systems utilizing liquid-cooled power tubes in either airborne or 
ground installation where space and weight are of critical importance. 
For customized cooling packages engineered to meet your environ­
mental requirements, contact the Pesco Sales Office nearest you or 
write today to . . .

America's DEW (Distant Early Warning) system, which 
stretches 6,000 miles from the Aleutians to Iceland, has 
extended its network with the addition of the 7-station 
DEW East segment. Dye-2 above, is one of the Green 
land icecap sites in the 1,200-mile DEW East link. The 
self-sufficient building houses a rotating antenna, top 
center The circular structures, left and right, house 30 ft 
dish-type antennas Western Electric Co., Inc., New 
York City, is the prime industrial contractor



WESTON SWITCHBOARD
INSTRUMENTS SOLVE PROBLEMS
OF RANGE, ACCURACY, SPACE

IjÜ ijQ Models and types available 
for every application

Weston Switchboard Instruments provide basic accuracies of 
±1% full scale, and can be made to meet more exacting 
requirements. They are supplied in groups of matching units 
in a wide variety of models and ranges.

All modela are available with internal illumination, or with 
clear plastic fronts for exceptional visibility. “In-line” pointers 
and scales eliminate reading errors caused by parallax.
For even more precise measurement, they can be supplied 
with knife-edge pointers and mirror scales.

Model 610 Group is supplied with 4 x 4.5" Bakelite cases. 
Scales are 3.5" long. CORMAG® mechanisms permit mounting 
on magnetic or non-magnetic panels without special adjustment. 
These instruments are ideal for compact installations where 
one operator controls a large number of circuits.

Model 921 Group consists of 5.75 x 6" instruments with 
5.21 scales. Rugged steel cases provide shielding against 
external magnetic fields. This group is particularly suitable 
where good readability under adverse conditions is required.

Cali your Weston representative for details on how these 
instruments can be adapted to your most critical specifications, 
or write for Catalog 01-200. Daystrom, Incorporated, 
Weston Instruments Division, Newark 12, New Jersey. 
International Sales Division, 100 Empire St., Newark 12, N. J. 
In Canada: Daystrom Ltd., 840 Caledonia Rd., 
Toronto 19, Ontario.

NEWS

Simulated Flights Give
Lift to Minuteman Tests

The Minuteman’s recent successful flights 
were a foregone conclusion in the miniature 
“missile-test-range” laboratory at Autonet- 
ics, Div. of North American Aviation, Inc.

With equipment coded to simulate the 
many functions of a missile, program tape 
is run through a typical mission profile. By 
this direct simulation, using elements of the 
actual flight-control and guidance equipment 
of the Minuteman, scientists at Autonetics 
can locate a defect and thereby prevent costly 
disaster.

The direct simulator facility is a digital- 
oriented system. In addition to the Minute­
man airborne digital computer, Autonetics’ 
VERDAN airborne-type digital computers 
have been incorporated into the unit, along 
with simulation components.

When the command to “launch” is given, 
the VERDAN computer “flies” the simulated 
Minuteman from liftoff to thrust termina­
tion down the Atlantic missile-range path 
followed by the actual missile. Digital telem­
etry data needed for analysis of the test 
are gathered by tape recorders.

The exact duration of a Minuteman flight 
is used in the simulated runs.

Mm«I92I

Model 610 and 921 Group« have 90* 
orc mavaman»«, high torpue to woight 
ratio«, can withatand heavy over­
load«. Available 01 AC and DC volt­
meter» and ammeter», rectifier-type 
instrument«, «ingle element and poly­
phate wattmeters and varmeter», 
power factor and frequency meter«, 
and thermocouple instruments.

INCORPORATED

WESTON INSTRUMENTS DIVISION
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Hi-Fi Was Never Like This

Looking like a hi-fi fan's dream, this enormous acoustic 
testing facility at the Litchfield Park, Ariz., plant of 
Goodyear Aircraft Corp, will be used to test the de­
structive qualities of sound vibrations. The Goodyear 
noise-maker can duplicate sounds ranging from 37 to 
10,000 cps. Shown are some of the 48 circular "woof­
ers" and 64 trumpet-shaped mid-range speakers, which 
constitute "tweeters" because they are of the highest 
range employed in the installation.
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Titan Guidance Improved

(ENLARGED THREE TIMES)

Mechanical Arm for Industry

OA3993'

This 900-lb vehicular mechanical-arm is operated from 
a portable control station having an on-off push button 
for power regulation. Lever switches control the speed 
of each of six manipulator motions. Called Little Ranger 
by its developers. General Mills, Inc, Minneapolis, the 
system is said to operate at temperatures ranging from 
—30 F to +120F TV cameras and an intercom system 
can be installed.

New Zener-like characteristic of the improved Vickers 
Captivolt lets you build maximum surge protection into 
your silicon rectifier circuits... eliminates costly de-ratmg
The improved Captivolt responds faster to destructive voltage ¿urges 
(see graph), provides greater rectifier reliability, and lengthens recti­
fier life better than any other protective device. Better for one very 
good reason: the Captivolt is produced by a unique process de­
veloped specifically to give the device its Zener-like characteristic.

Now check this: because the protective capability of the Captivolt 
lets you end expensive de-rating. you can often save mure than $50 
in initial rectifier cost by using a Captivolt that costs less than 
three dollars. And you can get immediate delivery of the improved 
Captivolt m production quantities. There are 10 standard Captivolts 
in a range from 25 through 600 rated peak volts.

Get the whole Captivolt story. Write for Bulletin 3506-1. Then 
the next time you need to control transient high voltages (even in 
other circuits such as transistors, controlled rectifiers, meters, sole­
noids, relays, etc.) specify’ Vickers Captivolts.

For those extremely rugged rectifier applications, top quality 
Vickers Selenium Rectifiers with built-in surge protection are 
available from stock.

NEW 
VICKERS

IMPROVED PERFORMANCE 
CHARACTERISTICS 

OF THE NEW VICKERS CAPTIVOLT
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VICKERS INCORPORATED 
Division of Sperry Rand Corporation 

ELECTRIC PRODUCTS DIVISION

Technicians at Cape Canaveral, Fla., load an inertial- 
guidance package into a Titan ICBM missile The new 
system has gone through several successful in-flight 
tests. Among the innovations of the guidance package 
are a fluid temperature-control system, welded elec­
trical connections and beryllium gyroscopes. The guid­
ance system was developed by AC Spark Plug Div. of 
General Motors Corp., Milwaukee.

STOPS 
SURGES 
BETTER



Sperry adds high-power pulsed TWT’s
available in 30 daysto list of tubes

REGIONAL OFFICES

DISTRICT OFFICES

features

VERIFIED RELIABILITY
These pulsed TWT’s, produced at

facility,Sperry’s Great Neck, N. skilled Sperry technician, the assembly

CIRCLE 35 ON READER-SERVICE CARDCIRCLE 34 ON READER-SERVICE CARD

Typical small 
quency for a

Typical saturated power outpul vs. 
frequency for a pulsed Sperry TWT.

Seattle, Washington 
Phone MA 3-3303

San Diego, California 
Phone HU 8-0665

constant voltage operation, and short 
circuit stability.

signal gain vs. fre- 
pulsed Sperry TWT.

Washington, D. C. 
Phone EX 3-7587

Dallas, Texas 
Phone BL 5-2050

Dayton, Ohio 
Phone RO 7-8661

Albuquerque, New Mexico 
Phone 268-5300

Philadelphia, Pennsylvania 
Phone VI 8-1700

San Francisco, California 
Phone YO 8-0995

Boston, Massachusetts 
Phone VO 2-5330

broadband response,

FREE TECHNICAL INFORMATION on 
the Sperry line of high-power pulsed 
traveling wave tubes may be obtained 
by writing to Sec. 504, Sperry Electronic 
Tube Division, Gainesville, Florida.

Cain & Company 
offices
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Design features of this tube family 
minimize the necessity for system 
adjustments in the field. Among these

FACTORY ALIGNMENT of a Sperry TWT within its focusing solenoid greatly 
simplifies field maintenance. Once this operation has been performed by a 

* * is self-aligning.

GAINESVILLE, FLA. / GREAT NECK, N. Y. 
SPERRY RANL CORPORATION

Burbank, California 
2615 W. Magnolia Blvd. 
VI 9-67&X

St. Petersburg, Florida 
410 — 150th Avenue 
Madeira Beach Prof.Bldg 
391-0151

Chicago 45, Illinois 
3508 Devon Avenue 
OR 6-9500

Inquire about 
Sperry Tubes 

from these 
convenient

In a move to simplify design problems 
in present and future radar systems, 
Sperry Electronic Tube Division of 
Sperry Rand Corporation has added 
two high-power pulsed traveling wave 
tubes to the list of advanced micro­
wave tubes available in 30 days.

The two tubes covered by the an­
nouncement—the STL-114 and the 
STC-152—operate in L and C bands, 
respectively. They are typical of a 
line of pulsed TWT’s ranging from 
P through V bands which Sperry 
offers on a firm delivery date basis.

EASY RADAR APPLICATION
Sperry’s pulsed TWT’s are admir­

ably suited to the demands of applica­
tion in phased array radars, height 
finders, search, ECM, and other radar 
applications. Widely varied in-system 
experience has proved that their reli­
ability, long life, high power, high 
gain, and extreme broadband operation 
make them ideal for radar use.

have compiled an impressive record 
of in-system experience. Such experi­
ence has proved that their resistance 
to shock and vibration damage, their 
inherent indifference to ambient con­
ditions, and their mounting flexibility 
make them ideal for ground or 
airborne application.

Place your order with your Cain & 
Company representative. His phone 
number appears in the adjacent col­
umn. Tubes are available within 30 
days after receipt of order.

Great Neck, Long Island, 
N. Y.
260 Northern Boulevard 
HN 6-0600

V BAND CAPABILITY
Among Sperry’s other interesting 

activities in pulsed TWT’s is the ex­
tension of capability into the V Band 
—26.5 to 40.0 kMc. Although these 
efforts arc largely classified, inquiries 
are invited from those who have the 
necessary clearance and need to know

TUBE
ELECTRONIC

DIVISION



EDITORIAL.

IN THE ESI SYSTEM CONCEPT OF PRECISION MEASUREMENTS
integration of design,

metrology technique to achieve the accuracy and precision of measure-
ment demanded by modern and technology. The matched

through the use of substitution

and "state-of-the-art'
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accurate to better than ±0.005%.
Makes comparisons to an accuracy o* 1 ppi 
techniques.
Makes direct resistance measurements of

visit our display 

1961 NEREM 
Boston, Mass. 

Nov. 14-15-16

sembly of Kelvin Ratio Bridge, DC generator-detector and Decade 
Resistance Standard proc ides the high accuracy and resolution essential 
for standards laboratory calibration measurements and is an ideal system 
for use as a production test unit.
• Compares the percentage difference between the unknown resistance and 

the product of the standard resistance times the multiplier. Bridge multiplier

I Electro Scientific Industrie»
7524 S.W. MACADAM • PORTLAND 19, OREGON 

ELECTRO-MEASUREMENTS, INC.
CIRCLE 36 ON READER-SERVICE CARD

Feast Above, Famine Below
While hundreds of engineers in the space sciences attended the 

mammoth Space Flight Report to the Nation in New York’s Coli­
seum recently, another technical meeting took place in the near-by 
New Yorker Hotel. Before a handful of audio engineers, a group 
of scientists—mostly from Columbia University’s Hudson Labo­
ratories—presented a series of papers covering some of the funda­
mentals of underwater acoustics. The juxtaposition of this session 
of the annual Audio Society meeting and the space exhibition was 
rather startling.

The drama of space exploration naturally overshadows that of 
the study of the oceans and their sound-propagating characteristics. 
But drama alone is not a reliable index to relative importance.

At the space meeting, speakers ticked off countless planned, pro­
posed or imagined missions into the beyond. Imagination rode 
free-rein in some of these presentations. Systems were proposed 
that assumed a succession of breakthroughs.

This approach is necessary as we prepare to engineer for a com­
pletely new and hostile environment. It is too early to say what 
reward might await us in space, but the military implications and 
scientific interests drive us onward.

By contrast, the potential reward and the problems of the study 
of sound in the undersea are clearly defined. The reward is the 
long-range detection and surveillance of undersea craft, possibly 
bent on our destruction. The Soviet’s emphasis on its submarine 
fleet is a major military threat to the United States.

In the Navy’s Project Artemis these scientists accomplished the 
detection of sound at a range of 12.900 miles. The interpretation 
of received sound signals, however, is still a mysterious art.

A start has been made on analysis of these echoes, but the prob­
lems are tremendous. New techniques are needed for generation 
and reception of the sound. New approaches are necessary, to proc­
ess the data received; it often takes months to analyze information 
gathered in a few hours.

These problems are based on an immediate need. It is evident 
that the application of more talent and the expansion of undersea 
scientific programs, would speed solutions. And yet we seem willing 
to push much harder for the more glamorous, but as yet more 
distant, space rewards.

It is a tremendous task, with billions of dollars at stake, to 
choose from a myriad of technical proposals those that offer the 
greatest rewards, and that have the greatest probability Of success. 
In the by-play of emotions and propaganda spectaculars, such as 
we have witnessed in the past half-decade, it is increasingly im­
portant to probe deeply into these matters and to base decisions on 
real, existing needs—rather than hoopla and holler.

KELVIN KLIPS
precision 242 accessories for rapid, high- 
accuracy, 4-termina* measurements Send 
tor Catalog C-31, ESI technical bulletins on 
techniques and advantages of the time 
and labor-saving 4-terminal method

simplicity without calibration 01 need for zero resistance or lead resistance 
corrections.
With Model SR-1010 Resistance Transfer Standards, makes measurements 
ever a wide resistance range traceable to an NBS certified standard with an 
accuracy of - few ppm

Complete system in metal cabinet, S34OO, f.o.b factory.
Availability 45 to 60 days.

Resistance
MODEL 242

Comparison 
Accuracy 

±0.0001%
DIRECT 

MEASUREMENT 
OF RESISTANCE



In Cascaded Emitter Followers

where the real part may be written

case, Z,For the purpose of the single-stage 
and ZL are defined as follows:

Substituting these and the other frequency 
variants, the input impedance can be ex­
pressed as:

Rg. 2. Polar plot indicatino the impedance of an 
emitter-follower.

Rg. 1. Equivalent circuit of a single-stage emitter­
follower.

Oscillation is often a severe problem 
encountered with cascaded emitter fol­
lowers. Equivalent circuits are devel­
oped for low-frequency and high-fre­
quency conditions and techniques for 
predicting instability as well as re­
medial action are outlined for single 
and multistage amplifiers.

where the approximation is that Zg, rb, and 
re are assumed negligible compared to rc.

•Now with Beckman Instruments, Inc, Beckman Systems 
Div.. Palo Alto, Calif.

where Ao = 1 — au.
The second term contains a negative term, 

and if this is sufficiently larger 
than one, the whole expression will be nega­
tive for a range of frequencies. Fig. 2 shows 
a typical polar plot of the impedance of an 
emitter follower.1

It is apparent that if this circuit is driven 
from an inductive source with insufficient 
damping, it will oscillate at a frequency de­
termined by the source inductance and the 
reactive component of Z provided that this 
frequency is within a range of sufficient neg-
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CASCADED emitter followers, used in 
current amplifier designs, can be stabi­
lized by tw’o general approaches developed 

from a source and input-impedance concept. 
One technique involves the addition of series 
resistance to cancel the negative resistance 
component; with the other method, resonance 
is made to occur outside the negative resist­
ance range. The phenomenon of low-frequen­
cy oscillation in emitter-follower stages is 
analyzed on the basis of a simple equivalent 
circuit; test setups and resultant data are 
presented to illustrate the correlation be­
tween calculated and experimental results.

age gain and input and output impedances 
are derived:

Equivalent Circuit of a
Single-Stage Emitter Follower

The equivalent circuit used for the analy­
sis is shown in Fig. 1. From this circuit, the 
following approximate expressions for volt-

Karl 1. Nordling
Burroughs Laboratories'
Burroughs Corp.
Paoli, Pa.



ative resistance (above on in Fig. 2).
To prove this mathematically, the expres­

sion for the voltage gain is expanded in terms 
of frequency. The equation then takes on the 
form (using Laplace transforms) 

A (S) = Rl (1 + ST)
K}S2 + K2S2 + K3S + K

where:
K, 
Kz
K3

K

— TR^C^Lg
= TLg + RlCl [T(Rg + rb) + xLti
= T(RL + Rg + Tb) + Ao

[Lg + (Rg + rb) RlCl] (9)
— Rl + Ao (Rg + rb)

A linear amplifier is stable if its transfer 
function has no poles in the right hand half 
of the S-plane. In Eq. 8 this is equivalent to 
the denominator not having roots with posi­
tive real parts. To test for this condition, the 
Routh’s Criterion can be used. According to 
this criterion, the equation has as many roots 
with positive real parts as there are sign 
changes in the first column of the following

Since Ku K2, K3, and Kt are all

array:
S’ Ki k3
S2 Kz Kt

S’ K,Kt - KiK< 
Kz

0

s° K, 0
real and

positive, the only way a sign change can occur 
is if K2K3 — K4<0. This inequality de­
fines the conditions for instability. The same 
expression as an equation defines the border 
between stable and unstable operation.

K K3 - = 0 (10)
The locus of the solutions to this equation in

stable operation

Fig. 3. Locus of solutions to the equation de­
fining the stability of an emitter-follower con­
figuration.

Lg and CL is of the form shown in Fig. 3.
Any point in this figure corresponds to a 

particular combination of values for L3 and 
CL. Points inside the closed curve correspond 
to combinations which result in unstable op­
eration, and points outside correspond to 
stable operation; the curve itself defines the 
borderline between the two cases.

If some other parameter, such as rb, is 
varied, the area of the enclosed curve will 
decrease for increasing rb and vice versa. 
This is merely another way of saying that if 
rb increases, the range of sufficient negative 
resistance decreases, which reduces the range 
of values of L„ and CL for which the ampli­
fier will oscillate.

Analysis and Test Data
For a Single-Stage Amplifier

This analysis was performed on a typical 
amplifier using a 2N553 transistor, and the 
results checked by measurements of its per­
formance. The calculated data wrere obtained 
by computer solution of Eq. 10.

Fig. 5 shows the resulting plots and Fig. 
4 a schematic of the circuit used to obtain 
the experimental data. The values of the tran­
sistor parameters were known only to a low 
degree of precision (from measurements and 
published data).

The values substituted in Eq. 10 were
rb = 10Q, T = 1.9 x 10-7 sec, «0 = 0.988

= 10n, CL and : variable.
The calculated curve agrees reasonably well 

with the experimental data.

Extending Analysis to Multistage 
Amplifier Design

The analysis of single-stage circuits can 
now be extended to multistage amplifiers.

To establish the equivalence between the 
two cases, first consider the first stage as the 
source for the second. Then, the output im­
pedance of the first stage is the effective 
source impedance driving the second stage.

When evaluated in terms of frequency, 
the expression for Znut becomes

Zout = re + (rb + R9) (Xo + &2T2)
+ ju>Ta0 (rb 4- Re) (11)

Fig. 4. Schematic of an emitter-follower test circuit 
using a 2N553.

Fig. 5. Experimental and calculated curves for the 
circuit shown in Fig. 4.

which is the form Ro + >L0 (for small 
values of ^T) where

Ro = re + aQ(rh -i- Rg)

Co — a.,T (rb + Rg)

This approximation is quite good for values 
of u>T up to 0.1, as can be seen from Fig. 6,

Fig. 6. Plot of actual circuit output impedance com­
pared to (R„ + /wL0) indicates reasonable similarity 
up to a> = 0.1 w0.
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Fig. 7. Locus of instability for a two-stage emitter­
follower circuit.

2NIO5

2N553

*Belden Trademark 
Reg. U. S. Pat. Off.

••Patent applied for

BELDFOIL shielding is a lamination 
of aluminum foil with Mylar which 
provides a high dielectric strength 
insulation that is lighter in weight, 
requires less space, and is usually 
lower in cost. For multiple-paired 
cables, with each pair separately 
shielded, the Mylar is applied out­
side with an inward folded edge.** 
This gives 100% isolation between 
shields and adjacent pairs.

for comploto specifications, ask your Boldon electronics jobber.

power supply cords • cord sets and portable cordage • electrical 
household cords • magnet wire • lead wire • automotive wire 
and cable • aircraft wires • welding cable

■Md
which shows a polar plot of the actual out­
put impedance compared to one of Ru + j^L0.

Thus, the driving stage in a two-stage 
emitter-follower amplifier acts as an induc­
tive source for the second stage. Also, a third 
stage would provide capacitive loading for 
the second stage, making the combination po­
tentially unstable without any apparent re­
active components.

Fig. 7 shows the locus of instability curves 
for a two-stage circuit. The experimental re­
sults were obtained from a circuit as shown 
in Fig. 8. The analytical results were ob­
tained by using an equivalent circuit for each

Both shielded cables have the same number of twisted pairs with 
identical awg. But . . . the cable with exclusive Belden beldfoil 
is smaller in diameter.
What does this mean to you? It means that when you specify 
beldfoil, you are really buying extra space—extra conduit space, 
extra raceway space, extra console and rack space.
A new development by Belden—beldfoil shielding is 100% effec­
tive. It is a major development in quiet cables, beldfoil eliminates 
crosstalk and is superior for stationary or limited flexing at both 
audio and radio frequencies.

Folded Foil

Mylar Tape 

Aluminum Foil 

Insulated Conductors 

Drain Wire

Belden 
wiremaker for industry

SINCE 1902 
CHICAGO

Fig. 8. Test circuit of the two-stage emitter-fol­
lower used to obtain the experimental data of 
Fig. 7.

1-5-0
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stage, as shown in Fig. 1. One curve corres­
ponds to a driver stage with a = 200 and 
the other one to a driver with a /? = 160.

As indicated by Eq. 11, varying R9 in this 
case has the same effect as varying Lt in the 
single-stage case, and varying p, has the in­
verse effect of varying rb in the single-stage 
case.

Remedial Action to Stabilize
The Emitter Follower

On the basis of this analysis, remedial ac­
tion can be recommended. Returning again to 
the source and input-impedance concept, it 
appears that there are two approaches to­
ward stabilizing the circuit. One consists of 
cancelling the negative resistance by adding 
positive resistance in series, and the other 
one consists of arranging for resonance to 
fall outside the negative resistance range.

There are several ways of mechanizing the 
first approach; the most obvious, of course, 
is to insert an actual resistance between the 
stages. Another way is to select the param­
eters a0, Rr, CL, and T in Eq. 7 so that 
« RC^T. This is overdesigning appreciably, 
since it results in a total series resistance of 
rh + \nRt in the input circuit instead of one 
which is just greater than zero.

A third way is to use feedback around the 
driver stage to increase its output impedance 
and, specifically, the resistive component 
thereof. The circuit in Fig. 9 illustrates this 
technique.

The effective input voltage to the emitter 
follower, e . becomes

Z, Z (12)
(K — 1 ) + Z i

Based on this equation, the equivalent cir­
cuit in Fig. 10 can be drawn to represent 
the input circuit to the emitter follower.

Letting Z, = Rt and Z< — 1 /joC, the re­
sulting output impedance

W-RJl.Ci
■+- u>T-p2

¡w (rbT + R}R.Ci)
(13)

which for 10n, T 1 O'7, = 100 becomes
Z„ul = rf - 0.01 rb + 10%KrC, + ;(0.1r„

NEW DESIGN/IMPROVED RELIABILITY

Becon Connectors are based on a new technique 
which eliminates solder connections. This one 
aspect of Becon’s unique design puts an end to 
a whole group of problems previously associated 
with printed circuit connectors. □ Excessive heat 
from soldering can overcure the resin under the 
copper pads on the printed circuit board. This 
frequently results in pad separation and brittle­
ness. Bench or field repairs presently cannot be 
reliable because of soldering difficulties. □ With 
Becon Connectors, entire printed circuit boards 
can be removed and replaced in the assembly by 
just taking out a few screws ... no soldering or 
re-wiring is required! □ Write, wire or call today 
for additional data. Brown Engineering is an equal 
opportunity employer offering challenging oppor­
tunities to engineering personnel in the Space and 
Missile fields. Employment inquiries are invited.

NO SOLDERING
NO WIRING
NO HOLE DRILLING

90 CONNECTOR

180° CONNECTOR

The BECON 180° 
Connector provides 
parallel board con­
nection, adapts to 
any board thick­
ness, and works on 
any printed circuit 
configuration.

The BECON 903 
Connector pro­
vides perpendicular 
board connection, 
plug-in connection, 
and easy circuit 
pickup selectivity.

(14)

According to this typical example, the 
amount of damping can easily be controlled 
by manipulation of R„ R,, and Cf.

A way to mechanize the second approach
BECON PRINTED CIRCUIT CONNECTOR
a product of brown engineering company, inc. P. 0. Drawer 917, Huntsville, Alabama TWX-8552 
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2N 527j

2N553

2NI74

2NI74

Fig. 11. The design of four emitter-followers, used in 
a voltage regulator, is outlined to demonstrate the 
stabilization techniques.

o---------------------------------------------------------- o ------
Fig. 9. Feedback around the driver stage may be 
used to stabilize an emitter-follower circuit.

is to shunt the source of the first stage with 
a capacitance. This also results in an in­
creased output resistance, but its chief effect 
is in reducing the reactive component, even 
to the point of making it negative. The out­
put impedance in this case becomes

ZOut = re + (15)

(An + urT~) (rb 4" Rg) -|- ui~Rg~Cg («<>T 4“ Agl'hCg)
~I + •’ WCg* (1 + ^T-) + T-]

RgCg . -
■ ¡.T. U ~ + l)]

1 + U>- {Rg^C^ (1 + + T-]

Letting the reactive part equal zero and 
solving for Cg

(lb)

= , / -T- To» 4. ^r»(rb + /QI , . ,4 U>-1 • “Ao + a» I----------------——-----------  + Ao-
An 4- u>~ T~ ± ________________ Rg____ _____

ZJT rb

40

?-*CC

z. Zin-4---  <K ♦ l>

Fig. 10. Equivalent input circuit of an emitter-follower 
provided with feedback.

To resolve the ambiguity of this equation, 
consider the two extreme values of Cg, zero 
and infinity. It is already known that with 
zero capacitance, the reactive part is posi­
tive; it is in fact wTa0 (rb 4- ZQ/1 4- u2T2 as 
inspection of Eq. 15 shows. For values of Cg 
approaching infinity, the reactive part ap­
proaches u>2Ta0rbRg2CB2. Thus, values of Cg be­
tween Cgl and Cg2 result in negative values 
for the reactive part. The value of <» to be 
used in Eq. 16 is the upper end of the nega­
tive resistance range of the input impedance.

Another mechanization of this process is 
selection of transistor parameters such that 
the resonant frequency falls in a range where 
the circuit is stable. It was seen in Fig. 6 that 
the area of instability is smaller for a lower 
value of the driving stage beta. For still 
lower values of f3u (100 or less), the ampli­
fier was stable. A conclusion to this effect 
can be drawn from Eq. 11, where the real 
part, Ro, is seen to increase with increasing 

Ao, which corresponds to decreasing (3. Also, 
the reactive part, wL0, decreases with decreas­
ing T, which corresponds to increasing alpha­
cutoff frequency. Thus, the transistors should 
be so selected that the driving stages have 
low betas and higher alpha-cutoff frequen­
cies than the succeeding stages.

Evaluating the Effects of
Various Stabilization Techniques

Selecting a technique of stabilization 
among those presented will in general be 
dictated by considerations of frequency re­
sponse and gain. Inserting series resistance 
between the stages lowers the voltage gain 
somewhat and causes large de offsets if the 
steady-state current is appreciable; however, 
it has only a slight effect on the frequency 
response.

Using the feedback technique also reduces 
the voltage gain but does not produce the de 
effects mentioned. Its effects on frequency 
response, however, are somewhat complex 
and, since it is a feedback system, should be 
designed carefully so as not to introduce 
another source of instability.

Shunting the source with capacitance re­
sults in a reduced high frequency response, 
but in an easily predictable fashion, which 
makes it suitable for use in amplifiers which 
are part of a feedback loop. Shunting the 
load with capacitance has about the same 
effect, but differs in the value of capacitance 
required, which is greater by a factor rough­
ly equal to the current gain than that re­
quired across the source.

Stabilization by selection of transistor 
parameters restricts gain and frequency re­
sponse to the extent the gain-bandwidth 
product is limited in the first stage.

All these methods result in degraded per­
formance in some form or another. To allow 
for this it is necessary to overdesign some­
what; the gain-bandwidth product, in par­
ticular, must be higher than if no stabiliza­
tion were required.
Example of Stabilization Techniques 
In a Typical Design Problem

An example of a circuit using two of the 
discussed techniques is shown in Fig. 11. 
This is part of a voltage regulator where 
four emitter followers are required to pro­
vide the necessary current gain. This four- 
stage circuit is stabilized by means of a ca­
pacitance shunting the input to the first stage 
and a feed-back capacitance between col­
lector and base of the second stage. The first 
capacitor Ci is solved for by Eq. 16. By sub-
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stituting the following values in Eq. 16
Xo = 0.008 (min) 0.014 (max)

T = 2.5 x10 s lx 10 7 
n = 30 il

Rt = 4,000 il 
we obtain maximum 0.0015 /if <C<<0.17 /if 
using the maximum values of Xo and T and 
0.013 /if <Ci<10 Mf using the minimum val­
ues of x0 and T. Thus, the range for Ci is 
0.013 /if < Ci <0.17 /if. A value of 0.1 pf was 
chosen as being roughly in the center of the 
range.

To find the value of the feedback capacitor, 
solve for RcCf in the expression

R^C, X XTJ, = R u7) 
1 + ot'T'P'

This expression results from setting the real 
part of the equation for Zout (Eq. 13) equal 
to Rn, which is the required value of resist­
ance in the input circuit of the following 
stage. Resistance re is assumed to be so small 
as to be negligible.

The worst-case values for T and p are
T = 0.8 x 10 7
p = 40

The maximum value of Rn was found to be 
between 10 and 100 ohms at <u = 10’. These 
values were obtained by measurements; they 
could also be found by computing Ri versus 

in Eq. 7. The output impedance of the pre­
vious stage is assumed to be largely resistive 
(because of the capacitance across the in­
put) and is roughly equal to the re of the 
transistor, which is typically about 3 ohms.

Substituting the following values in Eq. 17:
T = 0.8 x 10 \ p = 40, R, = 3, Rn

= 100 ohms,

— 10e and solving for R,Cf
R(Cf = 4.4 x 10 4

Re is 400 ohms as dictated by other considera­
tions, which would make C/ = 1 /<f. By ex­
tensive testing, it was found that an optimum 
value for Cf was about 0.1 yf. This large 
discrepancy is apparently due to the assump­
tion that Zout of the previous stage consists 
merely of re. Better results would be obtained 
if Eq. 15 were used to calculate Zout for the 
appropriate value of «>. ■ ■
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TAKE AMP COAXICON®
the only coaxial cable connector which attaches to 
both center conductor and outer braid with ONE CRIMP 
of the matching, precision-controlled crimping tool.

ADD HARDWARE
a lock nut, a lock washer and plug retaining unit.
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the only threaded nut coaxial connector for through 
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conductor and outer braid with ONE CRIMP of the 
matching AMP tool.
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Gold-Plated Leads Can Cause Cold-Soldered Joints
Gold-plated leads have been over­

rated, says the author. It has been as­
sumed that they enhance the reliabil­
ity of a soldered joint but in some 
cases the gold-plating actually causes 
cold-soldered joints by dissolving into 
the solder bath and raising the solder's 
melting point. He believes that copper­
nickel or copper-bronze-nicket-zinc al­
loy leads without plating are best for 
soldered joints.

Fig. 1. Gold-plating causes cold solder joints because 
it dissolves in the solder and raises the solder s melting 
point. Here 60/40 solder has been flowed onto a gold- 
clad nickel wire (from the right) with a 600 F soldering 
iron. The heavy 0.002-in. thick gold cladding has al­
loyed with the solder, freezing it, and caused the ' cold­
solder'' look.

Fig. 2. A collar of gold-tin-lead alloy was formed 
above the solder level when this gold-clad nickel wire 
was dipped for 5 sec in a 450 F 60/40 solder bath. The 
gold was removed from the immersed (right hand) end 
of the wire during the formation of this collar.

Charles W. Brown
Laboratory For Electronics, Inc. 
Boston, Mass.

W ITH the increased stress on reliability, 
the materials used for the leads of the

many small electrical parts which are sol­
dered into printed-circuit boards or to termi­
nals, are becoming critical. As a result, there 
has been a tendency to go somewhat blindly 
to exotic coatings for the leads. The pur­
pose of this article is to show that merely 
specifying gold-plating on the leads can just 
as well be a step away from reliability as a 
step toward it.

Basically, it is necessary for the leads to 
be clean and easily soldered so that the sol­
dering operation can be accomplished with 
only rosin flux and reasonably low tempera­
tures to avoid damage to printed-circuit 
boards or other connections. In an attempt to 
provide reliable and easily soldered leads, 
several manufacturers have adopted gold- 
plated or gold-clad leads, basing this choice 
on the well-established fact that gold re­
mains easily solderable, even after long stor­
age. Gold-plated lead wire does not solve the 
problem, however, because the gold dissolves 
very readily in melted solder; and if the un­
derlying metal is not solderable, a poor con­
nection can result. (See Fig. 1.)

Gold-plated copper or brass lead wires 
probably will be satisfactory, because even 
if the gold is dissolved by the solder, the un­
derlying metal is solderable using (activated) 
rosin flux.

An exception to this condition will occur if 
heavily gold-clad leads are used. There is 
enough gold on this type of wire to form an 
alloy of gold-tin-lead, with a melting point so 
high that it will not flow; and a “cold-sol­
dered” joint will be formed.

Gold dissolves in melted solder and raises 
the freezing point of the solder. Thus, when 

only a small quantity of solder is used, it may 
be necessary to use a soldering iron having 
a temperature of 800 F, or even higher, to 
flow the solder properly. High temperatures 
are undesirable for several reasons:

■ Soldering iron tips erode rapidly.
■ Small-diameter wires of copper or bronze 

dissolve rapidly in solder.
• Laminated insulating boards and com­

ponent parts are damaged.
Fig. 2 shows the result (in 5 sec) if a 

gold-clad nickel lead is immersed with slight 
agitation in tin-lead (60/40) solder at 450 F. 
The gold has been removed from the im­
mersed area, and a collar of gold-tin-lead al­
loy formed on the wire lead above the solder 
level. A 1-sec dip of a heavily gold-plated 
nickel lead, however, was too short to permit 
the gold to alloy, but would also be too fast 
for practical wave, oi* dip, soldering.

Most printed-circuit soldering is done at 
low temperatures in wave-soldering or dip­
soldering machines. But even a small amount 
of gold will quickly “contaminate” the sol­
der, making it sluggish, so that the printed 
circuits will not be properly soldered. The 
gold which was dissolved from the leads by 
the solder remains in the solder pot; and 
there is no economically feasible method of 
removing the gold from the solder.

Gold-Plated Nickel-Wire 
Leads Not Solderable

Leads which are made of nickel wire, as is 
the case on tantalum capacitors, are not sol­
derable if gold-plated. The gold dissolves and 
leaves the nickel lead exposed, and it is unsol­
derable with rosin flux.

If a moderately active flux is used, such as 
hydrazine mono-hydrobromide, nickel can be 
properly solder-alloyed. (“Solder-alloyed” de­
scribes the union between solder and another 
metal whereby it becomes difficult to separate
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Here are two new
hp- couplers that can

reflectometer, mixing

phosphor

HEWLETT-PACKARD COMPANY

CIRCLE 40

Geneva, Switzerland 
Tel. No. (022) 26. 43. 36

Palo Alto, California 
DAvenport 6-7000

1084 KPage Mill Road 
Cable - HEWPACK”

bronze and steel wire with copper clad­
ding. In addition to solderability consider­
ations, universal leads must have sufficient 
electrical resistance and low enough ther­
mal conductivity to permit the weld tem­
peratures to build up.

SINGLE OCTAVE DUAL DIRECTIONAL COUPLERS 
FOR USE WHERE BROADBAND WIDTH NOT REQUIRED

cally tin-coated cadmium

Salt* representative* in all principal area*

HEWLETT-PACKARD S.A.

them, even by wiping while the solder is 
melted).

Supplies of this flux, and solder with this 
flux as a core, are readily available. Residues 
of this flux must be removed after solder 
coating the nickel lead wire. Therefore, this 
type of flux and solder should not be used on 
assemblies of parts to printed-circuit boards, 
as they cannot safely be rinsed to remove 
surplus flux after soldering.

A coating of solder properly alloyed to the 
lead wire is the most reliable preparation for 
good solderability. Gold-plated leads should 
be avoided unless a “gilded dress-up” is the 
chief reason for the gold. The solder coating 
also is more solderable than a coating of pure 
tin, if storage for more than a few days is 
likely.

Wherever possible, it is desirable to use 
leads made of material which is readily sol­
derable without any sort of coating. There 
are several copper-nickel and copper-nickel­
zinc alloys that remain easily solderable af­
ter long storage, are ductile, and have better 
endurance than pure copper under condi­
tions of twisting or bending. These alloys, 
however, have higher electrical resistivity 
than copper. ■ ■
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Higher resolution due to higher directivity 
Flat % db dual directional coupling 

2-octave range for broadband convenience, minimum system reassembly 
High power capacity, low SWR that makes permanent installation practical

IN REFLECTOMETER measurement of reflection 
coefficient and SWR you get better resolution 
due to new higher directivity, plus the conveni­
ence of needing only one coupler for measuring 
over a broad range, and in both directions.
IN POWER SAMPLING, flat coupling full range 
eliminates coupling corrections; you have, again, 
the convenience of one unit for both incident and 
reflected power, plus high power handling 
ability, low SWR and low insertion loss making 
practical a permanent monitoring installation in 
transmission lines.
SPECIFICATIONS Model 760D.250 to 1,000 MC, 
mean coupling 20 ± 14 db, coupling variation 
± V2 db, minimum directivity 35 db, pri- X 
mary SWR (max.) 1.20, secondary SWR f 1 
(max.) 1.25, power capacity 50 w CW, 10 I j 
kw peak, Type N connectors, price, $200.00. \ 
Model 761D, 1 to 4 GC, same except directiv­
ity > 30 db, primary SWR 1.25, secondary 
SWR 1.30, price, $185.00.

Two models: 
250 to 1,000 MC 
1 to 4 GC

What Lead Material?
For Soldering?
For Soldering and Welding?

A promising component lead material 
for soldering is kovar with a thin 0.000050­
in. coating of 24-karat gold applied imme­
diately after drawing to keep the Kovar 
from oxidizing during storage.

For a universal, soldering-welding, lead, 
two promising candidates are: electrolyti-

Rue du Vieux Billard No. 1 
Cable "HEWPACKSA’’

ON READER-SERVICE CARD

Mean coupling 20 ± ti db; coupling variation ± 1 db, power handling ca' 
pacity 50 w CW, 10 kw peak; Type N connectors.

Mini 11«» MrectMty
SWR 

(MUiMM)
SWR 

(■mmmm) Mm

7640 216-450 MC 30 dh 1.10 1.20 $160.00

765D 450-945 MC 30 db 1.15 1.20 160.00

766D 940-1,975 MC 26 db 1.20 1.30 150.00

767D 1,950 MC-4.0 GC 26 db 1.25 1.50 190.00



High-Density Electronic Packaging—Thermal Design
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LOSE control of component temperature 
is an important consideration for tight-

Charles Kadlec 
Samuel Francis 
The Sippican Corp. 
Marion, Mass.

Operational Requirements of a
Typical High Density Package Assembly

The following operational requirements 
should be listed:
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Components in tightly packed microminiature electronic as­
semblies are extremely susceptible to thermal damage. To 
achieve the high reliability demanded of High-Density Pack­
ages, thermal characteristics of components must be ascertained 
and proper heat transfer techniques applied.

The design steps involved in achieving proper thermal per­
formance during initial assembly analysis, rather than last­
minute haste, are outlined. Previous articles relating to HDEP 
have appeared April 12, May 10, May 24, and July 19.

ly packed assemblies specified for high-reli­
ability systems. High-Density Electronic 
Packaging (HDEP) increases the heat-dis­
sipation density and the intercomponent heat 
transfer; high power dissipation components 
must be kept within rated operating temper­
ature to minimize failures.
Heat Transfer by Conduction 
Key to Successful Thermal Design

It has always been recognized that in­
dividual component temperatures, rather 
than cold-plate or exhaust-air temperatures, 
are the important factors in system relia­
bility since failures occur at the component 
level. However, actual calculation of individ­
ual component temperatures has been gen­
erally considered too complex and time con­
suming, especially in conventional designs 
where components are exposed to the am­
bient gas and the heat is removed primarily 
by natural or forced convection. In HDEP, 
the components are encapsulated in epoxy 
compounds of known thermal characteris­
tics. The heat is removed from the compo­
nents by conduction, which is not affected by 
changes in altitude or surface conditions. 
Simple shapes and simple heat exchangers 
are used in the design of the heat path from 

the circuit module to the outside heat sink. 
This results in economy of fabrication and 
relative ease of thermal analysis, using well- 
known heat transfer equations and empiri­
cal data (refer to the material listed in the 
Bibliography for detailed explanation of heat 
transfer theory and data on heat exchang­
ers). Even transient temperatures may be 
evaluated analytically, with a minimum of 
approximations and adequate accuracy, us­
ing graphical or numerical methods.

As a result, the thermal performance of 
the design can be predicted and excessive 
component temperatures can be eliminated 
at the design stage. This step is in agree­
ment with high reliability design thinking.

To further aid in the thermal design, a 
procedure has been developed which helps 
to quickly identify those components which 
require the most careful analysis, as well 
as those components which are unlikely to 
cause trouble. The procedure, based on the 
flow of information shown schematically in 
Fig. 1, consists of a preliminary analysis of 
the operational requirements, the thermal 
environment and the components. The op­
erational requirements and the thermal en­
vironment are combined to determine the 
worst situation from the thermal point of 
view. The components are analyzed to de­
termine their rating (maximum allowable 
surface temperature vs dissipation) required 
by the specified system reliability. Then, the 
circuit is analyzed to obtain the maximum 

dissipation for each component. The maxi­
mum operating surface temperature is thus 
determined for each component and finally, 
thermal design, to maintain the components 
below their maximum temperatures under 
the worst combination of thermal environ­
ment and required operation, can proceed in 
detail.

Storage (nonoperating)
Ground operation (test and equipment 
calibration)
In-flight operation
a. Transient (short-term)
b. Steady-state (long-term)

The distinction between transient and 
steady-state operation is made on the basis 
of the anticipated thermal time constant of 
the package which is usually a few minutes 
to an hour. The thermal time constant can 
be evaluated at this stage from the proposed 
weight, size, and dissipation of the package 
(the dissipation will indicate how good a 
thermal path there must be to the environ­
ment; in general, the higher the dissipation, 
the shorter the time constant).

Last, the required warm-up time, if any. 
should be determined. Equipment which re­
quires rapid warm-up from low tempera­
tures may require heaters and complex tem-
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Fig 1. Information flow chart showing the relationship between package demands and thermal considerations
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Fig. 2. Various methods of removing heat from a circuit module involve the transfer of heat through c plate 
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module. Aluminum is used because it is the 
best heat conductor on a weight basis (cop­
per and silver are better on a volumetric
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perature control equipment.
Analysis of the Thermal Environment: 

The purpose of this analysis is to determine 
the most important means of heat removal 
that the package will use. Sometimes this 
is obvious, as when cooling fluid or gas is 
supplied, but more often a decision must 
be made.

The following means are available to re­
move the heat dissipated by the circuitry:

■ Conduction to the mounting structure.
■ Free convection to the surrounding at­

mosphere.
■ Forced convection to a fluid or gas sup­

plied to the package.
• Evaporation of a fluid either supplied to 

the package or stored.
■ Radiation to the surrounding equipment 

or the surrounding space.
Of the above, conduction, free convection, 

and radiation will always be present to some 
extent, and may either remove heat from the 
package or add to the heat dissipated by the 
package. For example, a package may be 
cooled by forced convection to a lower tem­
perature than the ambient air, in which case 
heat is added from the air. This will in­
crease the amount of heat which must be re­
moved by the cooling fluid.

To reach a decision regarding the primary 
means of heat removal, the expected char­
acteristics of all the available means should 
be listed for all types of required operation. 
The important characteristics are:
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■ Conduction—maximum and minimum 
temperature of the mounting structure.

■ Free Convection—maximum and min­
imum temperature and density of the am­
bient air. It should also be ascertained that 
the sides of the package are not in close prox­
imity to some other equipment. This would 
seriously impair free convection.

■ Forced Convection—maximum and min­
imum temperature and pressure of the cool­
ing fluid or gas, and the available pressure 
drop across the package.

• Evaporation—amount of fluid available 
and the maximum and minimum ambient 
pressure.

ESTABLISH BEST 
COMBINATION 

OF THERMAL, 
• STRUCTURAL, AND 

ELECTRICAL 
PACKAGE 

PARAMETERS

■ Radiation—maximum and minimum 
temperature of the surroundings and their 
emissivity.

Any of the above may change with time, 
sometimes very quickly. Such conditions must 
be carefully described to avoid designing for 
a situation that actually will not exist; for 
example, the skin of a missile reaches very 
high temperatures a few seconds after 
launch, but the equipment mounted to it on 
the inside, because of its thermal time con­
stant, is able to operate for several minutes 
at relatively low temperatures.

MIL-E-5400D describes the standard en­
vironment for airborne military equipment 
and is often used in specifications in lieu of a 
detailed description of the thermal environ­
ment. Another possible source of information 
is the specification for testing of the equip­
ment, which usually includes a test simulating 
the extremes of the expected thermal en­
vironment.

Preliminary Thermal Design: At this 
point, the general package layout, compati­
ble with the selected means of cooling, is es­
tablished. The various methods that have 
been used to remove the heat from the cir­
cuit modules are shown in Fig. 2. The de­
signs are such that each circuit module has 
one or more sides in contact with a metallic 
foil or plate (called the “cooling foil”) which 
is in turn connected to either the mounting 
structure or the side of a heat exchanger. 
The cooling foils are made of soft aluminum 
w’ 'ch deforms under the compressive load 
apf. d by the bolt and thereby provides a



Fig. 3. Typical temperature gradient along a heat path.

BTU-ft2 
hr-F-lb

foil is im-

basis). This statement is verified by the re­
lationship of thermal conductivity and densi­
ty for aluminum vs copper:

_ 0795 BTU-ft2 Keu
dai hr-F-lb dcu

= 0.402

The thickness of the cooling 
portant because it determines the tempera­
ture gradient in the foil. For example, as­
sume that a circuit module dissipates a total 
of 0.5 w and has a cooling foil 0.020 in. 
thick attached to one of its sides which has 
the dimensions of 2.5 x 1.5 sq in. The tem­
perature distribution can be evaluated using 
the equation for a flat plate with uniformly 
distributed heat sources1 which implies that 
the heat input from the circuit module is 
uniform. The maximum temperature differ­
ence along the length of the cooling foil is 
given by: 

Fig 4. Theoretical model and conduction path used in 
transient temperature calculations.

Fig. 5 Temperature-time response at the cooling fin 
of an assembly mounted to the inside of a missile skin.

-I------- 1--------1------- 1------- 1------- 1------- 1------- 1—
SO K>O 120 140 140 Ito 200 220

TIME . SECONDS

where
= max temperature difference 

along length of cooling foil 
q = heat dissipation per unit 

volume of cooling foil
L = length of cooling foil
K = thermal conductivity of

aluminum, 100 BTU
hr-ft2-F/ft

Substituting the given values and convert­
ing to a consistent set of units:

(3.413) (0.5)
_ (2.5) (1.5) (0.020) F
“ — (TOO) ~ 8 5 F

( (12)

This is an acceptable value. Now consider 
a different circuit module, dissipating 0.75 
w and having a cooling foil 0.02 in. thick 
attached to one of its sides which is 3.5 x 1 
sq in. The maximum temperature difference 
for this cooling foil is:

(3.413) (0.75)
_ (3.5) (1) (0.020)' ’ _

-------(W~--------------------------- -6'9 F 
' ’ (12)

This is probably too high and the thick­
ness of the cooling foil must be increased or 
the dimensions of the circuit module changed.

The rest of the heat path is analyzed sim­
ilarly. The resistance at the interfaces of 
metal parts can be estimated from available 
information on “contact coefficients’’2. When 
this is done, the temperature gradients along 
the path are added to give the total tempera­
ture difference from the heat sink to the cool­
ing foils (see Fig. 3).

The temperature of the cooling foil thus 
evaluated will be used to determine how the 
components should be distributed among the 
circuit modules.

To evaluate the temperature of the cooling 
foils under transient conditions, a theoreti­
cal model of the thermal path is drawn (see 
Fig. 4). Then, by either numerical or graphi­
cal methods, such as the Schmidt plot1 the 
temperature vs time of the cooling foil can 
be obtained with a good accuracy. Fig. 5 
shows the results for a package mounted to 
the inside of a missile skin.

To prevent excessive temperatures at the 
end of the required operating time, the pack­
age must have an adequate thermal capacity. 
The addition of mass for this purpose is not 
desirable, from the point of view of both 
weight and efficiency. The specific heat of 
most materials is about 0.25 BTU Ib-F, but 
the addition of a material which will change 
phase at a temperature below the maximum 
allowable component temperatures is a very 
good solution. One such material is a stearic 
acid compound'* which melts at about 85 C. 
The heat of fusion of this compound is in 
the order of 70 BTU/lb. In one application, 
a small copper container was built and filled 
with such a compound. The components 
(mostly Zener diodes) were cemented to the 
container and the whole assembly encapsu­
lated as a circuit module. The components 
will operate at 85 C as long as some of the 
compound is melting.
•Available from the Armour Industrial Chemical Co. as 
“Armid C".

TABLE 1. Thermal Characteristics of 
Several Encapsulating Compounds

Materials
Specific 
Gravity

Thermal '
Conduc­

tivity
BTU/hr/ 
ft2/F/in

Volume 
Resistivity 
ohm-cm

Eccofoam
Hi K625D(1) 0.37 0.36 1 x 1016
Stycast 1095 (1) 0.8 0.8 1 x IO1'1
Stycast 1231 (1) 1.4 3.1 1 x 10'-
P33 (2) 2.5 12.3 1 x 10‘*
Aluminum 2.8 1.100 2.8 x 10 «

References:
1. Emerson A Cuming Tech Bulletins Series 6-2 and 7-2.
2. Bacon Industries Tech. Data Sheet P33
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Preparation of a List Containing 
Component Thermal Characteristics

Before an intelligent breakdown of the 
system into modules can be made, it is es­
sential that each component be listed with its 
pertinent thermal characteristics:

1. The rating (maximum surface temper­
ature vs dissipation) obtained from relia­
bility considerations.

2. The maximum dissipation obtained 
from an analysis or test of the circuit.

3. The dimensions of the component, ob­
tained from the manufacturer or by actual 
measurement.

While this type of information is normal­
ly collected for component specifications, 
this is generally so late as to preclude its ef­
fective use in design. Rigorous, persistent 
pursual of this information before design 
commences is essential.

Arrangement of Components 
For Optimum Thermal Design

The heat transfer inside an encapsulated 
circuit module occurs by conduction from 
the components and their leads to the en­
capsulating compound. The purpose of the 
thermal design is to provide a sufficient 
thermal path between each component and 
the cooling foil. To do this as efficiently as 
possible, components that require the same 
thermal path should be placed in the same 
circuit module. Naturally, other require­
ments, such as the electrical logic intercon­
nections, often conflict with such an arrange­
ment and a compromise must be selected.

The thermal path required by each com­
ponent is calculated from the information 
already tabulated on the component lists. 
The equation which describes one-dimension­
al conduction is rearranged as follows:

Q 
(AO (A)

K

where
dissipation of the= maximum • 

component
Q

st

K

= difference between the maxi­
mum allowable surface temper­
ature of the component and the 
estimated temperature of the 
cooling foil

-= cross-sectional area of the com­
ponent perpendicular to its 
leads

■ required thermal path

Fig. 6. Assembled circuit module (before potting) show­
ing metallic heat conductor to transfer heat from high­
dissipation components.

If components with the same value of K/X 
are placed in the same circuit module, they 
will operate at the same proportion of their 
maximum allowable surface temperature if 
no lateral heat transfer takes place. Lateral 
heat transfer will occur if there are tempera­
ture differences between adjacent compo­
nents. Therefore, it is desirable to arrange 
the components in the circuit module in a 
way which minimizes the temperature dif­
ference between adjacent components. For 
example, the component which has the high­
est allowable surface temperature is placed 
at the center of the circuit module and the 
other components are arranged toward the 
outside of the module in order of decreasing 
allowable surface temperature.

The value of K/X for each component is 
tabulated on the component lists to give the 
layout designer a quick reference of the 
thermal requirements of each component.

After the components have been allocated 
to the various circuit modules, the type of 
cooling method for the whole circuit module 
is determined. There are two possible ap­
proaches for cooling modules:

1. Selection of encapsulating compound.
2. Use of metallic conductors.
For the first case, an encapsulating com­

pound is chosen which has an adequate 
thermal conductivity. As seen from Table 1. 
the weight of the encapsulating compound 
increases with increased thermal conductivi­
ty, so that appreciable weight savings can 
be achieved by careful selection of the final 
compound.

The second option, metallic heat conduc­
tors, is usually employed when it is impos­
sible to remove component heat by encapsu­
lation in a potting compound having the 

highest available thermal conductivity. Me­
tallic heat conductors are also useful in the 
case where a component with a high thermal 
path requirement (high value of K/X} must 
be placed in a circuit module having compo­
nents with much lower thermal path re­
quirements (see Fig. 6).

The actual operating component tempera­
tures are evaluated after a preliminary lay­
out of the circuit module has been made and 
an encapsulating compound has been chosen. 
Knowledge of the internal construction of a 
component helps in estimating the amount of 
heat which will be removed by the leads 
(usually about 50 per cent). The leads, be­
ing connected to metallic conductors in close 
proximity to the cooling foil, provide a low- 
resistance path from the point of attach­
ment to the component. The remainder of the 
heat will be conducted in three dimensions 
by the surrounding encapsulant. An evalua­
tion of the effective cross-sectional area in 
the axial direction is made according to the 
spacing shown by the preliminary layout. 
The temperature difference is then calculated 
using this area, the amount of heat not re­
moved by the leads, the thermal conductivity 
of the encapsulant, and an average distance 
along the axis of the component.

The results of this calculation will show 
whether or not the selected encapsulant is 
adequate. It may be found at this point that 
metallic heat conductors are preferable to a 
highly filled epoxy encapsulant, or that a re­
arrangement of the components results in a 
more satisfactory thermal design.

The final recheck of component tempera­
tures is usually confined to those components 
whose location was a compromise due to oth­
er requirements and to those components 
whose performance was predicted to be mar­
ginal and thus subject to failure. ■ ■
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For Go-No-Go Testing

Go-no-go testing, particularly when many different voltage 
levels must be monitored, can call for a lot of complicated 
and expensive equipment. In this article, authors Gile (left)
and Newbigging describe a circuit which can be used 
just about anyone's check-out equipment.

Rg. 1. Reactron monitoring circuit consists of two regenerative, complementary transistor trigger circuits.

in

William W. Gile and David F. Newbigging
Seismological Laboratory
California Institute of Technology 
Pasadena, Calif.

IDEALLY, electronic equipment used for 
go-no-go testing should be accurate, fast 
and inexpensive. In our work with such test­

ing, we designed a monitoring circuit which, 
compared with commercially available units, 
could perform just as accurately, had a faster 
speed of response, and cost considerably (up 
to 90 per cent) less. The design, which we 
call the “reactron” circuit, may be applied to 
monitor any signal that can be transduced 
to a varying de level.

Basically, the circuit acts as a high and 
low-level voltage comparator. That is, if the 
applied signal goes above or below any pre­
selected levels for a duration of 0.1 /¿sec or 
longer, the device will “trigger.” This in 
turn may operate a relay, light a lamp, initi­
ate a command function, etc.

Major specifications of the reactron are 
listed in the table. The circuit, Fig. 1, con­
sists primarily of two complementary pnp- 
npn monostable, highly regenerative, trig­
ger circuits. In Fig. 2 the circuit is shown 
laid out on a modular plug-in card.

The primary factors that influenced the 
selection of the transistor types were:

1. High Beta. This was desired for high 
regeneration within the trigger cir­
cuit.

2. Low ICbo- This characteristic allows 
the device an operating temperature 
gradient without excessive trigger­
point level changes.

3. Conduction Hysteresis. Of the many 
types of transistors evaluated, sev­
eral exhibited a nonrepeatable gain 
factor when going from cut-off to low 
conduction. Since the repeatability of
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DALI

Trigger point accuracy

Thermal drift

Response

FULL POWER to 70s C

A subsidiary of HATHAWAY INSTRUMENTS. INC.

CIRCLE 41 ON READER-SERVICE CARD

Input trigger range (up 
per and lower limits) .

than the 
its, that 
than 100
10 min.

Adjustable within 
±2.0 vdc of the sig­
nal to be monitored. 
No practical limits 
Under $150.00

Write for Bulletin R-3S and 
handy cross reference fife card

Stabilization time . . . 
Input impedance (de) 
Input impedance (ac)

preset lim- 
last longer 
/isec.

Input signal range
Cost ..................

Greater than 10 meg. 
Varies as a function 
of amplitude and fre­
quency. Always great­
er than 2 5 K.

That of the reference 
±35 /iv.
Less than 30 /¿v per 
deg C.
Will trigger at any 
pulse, transient, or 
level change greater

• TEMPERATURE COEFFICIENT 500 P.P.M 
maximum

the trigger point is a function of the 
repeatability of the transistor gain 
factor, this had to be considered.

The operation of both the npn and pnp sec­
tions of the circuit is identical except for 
polarity. Thus, a description of the circuit’s 
operation can be concerned mainly with the 
pnp side.

The input transistor Ql is biased to cut­
off by feedback through resistor R8. The 
“reaction” transistor Q2 is biased slightly 
into saturation via feedback through R4- 
The negative-going trigger point is selected 
by adjusting potentiometers R2 and R7. Po­
tentiometer R7 acts as a coarse adjustment 
and is returned to the collector supply. This 
supply furnishes an emitter potential 0.5 v 
more positive than the desired negative-level 
trigger point. This gradient compensates for 
the emitter-base voltage drop across Ql.

Table 1. Specifications for Reactron* 
Monitoring Circuit.

•Initial development of the reactron was completed at Au­
tonetics, a division of North American Aviation.

Monitor Can Be Set
To Trigger At Any Levels

Suppose that the desired voltage to be 
monitored was +10.000 vdc and the trigger 
points were to be +10.020 and +9.980. Pin 
“E”, the collector supply for the negative 
sensing side, would be returned to a voltage 
supply that was 20. ±2 vdc more negative 
than the input signal. This supply would 
then be —10. ±2 vdc. The positive-sensing-
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DALE ELECTRONICS, INC.
1328 28th Ave, Columbus, Nebraska, U.S.A

CARBON FILM • MOLDED • PRECISION

Type MC carbon film resistors are 
completely insulated and protected 
by molded housings against mechan­
ical damage and against moisture, 
salt spray and other severe envir­
onmental factors. They offer out­
standing stability and have excel­
lent high frequency characteristics.

Type MC resistors 
meet every environmental test

DALK TYPE MC RESISTORSAs specifications grow even more demanding... as envir­
onmental conditions grow even more rigorous ... you can 
continue to place the utmost confidence in Dale precision 
resistors.
Dale resistors retain their stability because it is inherent 
—that is, “firmly infixed” by design and methods of man­
ufacture. These methods have reached new levels of 
achievement as the result of Dale’s super-high reliability 
development program.
SPECIAL PROBLEMS? Let us help you with your 
requirements for special resistance products. We make 
modifications of standard products, resistor networks, 
matched pairs, etc. Send us your specs.
PROMPT DELIVERY: Whether your need is for a 
short “test run” or a large production release, Dale offers 
prompt service, direct from the factory and through a 
widespread network of distributors.

RATED AT % watt, % watt, >/2 watt, 1 
watt, 2 watts

RESISTANCE RANGE fiom 1 ohm to 50 
megohms

TOLERANCE ±1%

VS M F
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the signal to be monitored, the light drivers 
must be biased off regardless of the voltage 
level feeding resistors R6 and R20. This is

would be needed. The “normal

done by inserting bias resistors at points 
“F” and “M” and connecting them to posi­
tive or negative supplies determined by the 
respective collector-voltage swings.

Let us illustrate how these connections are 
made by again considering the +10.0 vdc 
signal condition. The collector swing on Q2 
will be approximately from +10.0 vdc dur­
ing conduction to —10.0 vdc during trigger­
ing. In this case, no external bias resistor

Fig. 3 Monitoring circuit for lunar seismometer leveling device is built around reactron 
but also provides input time constant delay, automatic discharge o* the time constant, and 
automatic reset
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turned to a supply that was 20. ±2 vdc 
more positive than the input signal, or, in 
this case, +30. ±2 vdc.

Since the emitter potentials of Ql and Q2 
must be of approximately the same magni­
tude as the signal to be monitored, the re­
turns of potentiometers R7 and R14 would 
be connected to the +30. ±2 vdc supply 
(for monitoring the +10.0 vdc level). Trig­
ger-point adjustment would be made by con­
necting the desired trigger level potential to

Current Feedback Produces
High Dynamic Input Impedance

An interesting feature of the circuit is its 
extremely high dynamic input impedance. 
This is the result of current feedback 
through resistors R8 and R15. Transistors 
Q2 and Q5 are biased at borderline satura­
tion. Thus there exists a collector potential 
on both Q2 and Q5 when they are in the 
conducting state (Vce sat). These opposite 
polarity potentials cancel when coupled 
through Rl and R12, resulting in zero signal 
current flow at the optimum level. As the 
input signal shifts toward either of the trig­
ger points, the reaction transistor (Q2 or 
Q5) senses that polarity shift and begins to 
come out of saturation. This results m feed­
back. through R8 or R15, of a potential that 
is the same as the input swing. This feed­
back is not cancelled by the reaction transis­
tor opposite to the input swing due to its 
relative position on the saturation curve. The

I2K, j 

relay!

and R7. The fine adjustment potentiometer 
R2 is a 20-tum carbon trimpot. This was 
selected to provide infinite resolution.

The circuit is reset manually by SW — 1. In 
the case of a high-speed transient that 
causes the circuit to “set”, return of the 
signal voltage to the “normal” level will not 
reset the circuit. Reset is accomplished by 
selecting the ratio of resistors R5 to R3 and 
R8 to R4. Transistors Q3 and Q6 are stand­
ard “normally off” and “normally on” light 
drivers. Since the collector voltages at points

state would reverse-bias Q3 and the “trig­
gered” state would cause sufficient current 
flow through R6 for conduction.

On the positive-sensing side the collector 
swing of Q5 would be from +10.0 vdc to 
+ 30.0 vdc. A resistor must be inserted at 
point “M” and returned to a negative sup­
ply to provide turn-on current for Q6.

If we were to return this resistor to the 
— 10.0 vdc supply, we could determine its 
value by making a Thevenin equivalent for 
the base of Q6. Thus we would find that the 
nonconducting state is represented by a volt­
age of +7.56 vdc through a 5-K resistor. If 
a reverse bias of +1.0 vdc rather than 
- 7.56 vdc is desired, the resistor to be con­
nected to the —10.0 vdc supply would be 
8.40 K.

Making a Thevenin equivalent of the base 
of Q6 during conduction yields a circuit 
which has —1.97 vdc through 3.8 K, or a 
base current in Q6 of 0.635 ma. This is suf­
ficient to cause Q6 to saturate. In actual prac­
tice the nearest standard resistor value is se­
lected and used.

.¿or
5601-

nun
Fig. 2. Complete circuit can be laid out on etched 
circuit, plug-in card.
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SPECIFICATIONS

CIRCLE 42 ON READER-SERVICE CARO

The above empirical description will sat­
isfy the circuit condition for high-impedance

loads the normal precautions must be taken. 
The emitter potentiometers must be small 
enough to stabilize the operating point. Nor­
mally, this condition will be met if:

loading (light drivers, etc.)
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TRANSISTORIZED sine wave inverter - 
The Q1SB, a rugged, low-cost, compact 
inverter, provides up to 60 VA of 115V 
AC at 60 or 400 cycles from a IX source. 
Output will not 
vary more than 
±1% * ’h load
v.,r i I he k
OHB -1- > to <r
•tall J L Itn
st rtl. I: I no fJHHBQp 
moving parts and 
is not damaged by >
momentary over- •
loads or output 
shorts.

Close regulation, constant current output and provisions for ex­
ternal programming distinguish these versatile new B Supplies. 
Available with 125-325 VDC or 325-525 VDC output, they also 
provide 6.5 VAC for powering external tube filaments. Mechani­
cally designed for easy access to tubes and circuits, all models are 
designed for standard 19" rack mounting and include front-panel 
output voltmeters and ammeters. These compact new plate and 
filament supplies are ideal for use in a broad variety of industrial 
and laboratory electronic equipment. Ask for complete specifica­
tions and literature.

Two Supplies Are Sufficient 
For Multiple Signal Monitoring

In making use of the reactron some choice 
is allowed in selecting the respective collec­
tor supplies. It has been found that many 
different signal levels may be monitored with 
the use of only two supplies. One console, 
designed for the Minuteman Missile mon­
itored approximate^ 60 signals derived from 
a telemetry package during vibration testing. 
All of the input signals were within the 0 to 
4 5.0 vdc range. Some signal limits were as 
close as ±10 mv. Under these conditions it 
was possible to connect all 60 reactrons to 
only two supplies. (Also included within the 
console was circuitry for transducing fre­
quencies, pulses, sine and square wave ampli­
tudes, temperatures, etc. to de voltages that 
can be monitored). This, of course, indicates 
the versatility of the circuit.

Another example of the reactron may be 
seen in Fig. 3. This circuit was designed for 
a lunar exploration seismometer levelling de­
vice presently being developed by the Cali­
fornia Institute of Technology. The design 
is still based on reactron monitoring; how­
ever, this circuit provides an input time con­
stant delay, automatic discharge of the time 
constant and automatic reset. ■ ■

result is an almost infinite input impedance 
over limited signal swings.

The mathematics of design are primarily 
dependent upon the type of transistors used. 
They follow the normal “flip-flop” technique 
with but one exception. It has been found 
that if the collector resistors are kept to the 
approximate ratio of 50:1 and the biasing 
resistors approximately 12:1 (see Rl, R5, 
and R4. R8), extreme stability results. The 
normal procedure in design would be to se­
lect the collector load of the reaction transis­
tor (Q2 or Q5) to be of optimum value for 
the current desired. Its value is then multi­
plied by 50 to find the load for Ql or Q4. 
The value of R4 or R17, the base feedback 
resistors, would then be: R, = R (/?—50) 
where beta is greater than 50. The opposite 
feedback resistor (R8 or R15) would then

106-125 «Oit» AC 60 400 CyClM All MotWt
126-326 V DC or 326-626 V DC
200, 400 ar 800
±(01% 4- .05 V)
I millivolts RMS
5 5 V (at full IMO 115 V AC Input)

3-PHASE FREQUENCY CHANGER—The 
FCR 3P3OO variable frequency power 
source supplies 0-130 volts line to neutral; 
300 VA 3-phase, 200 VA 2-phase, or 300 

VA single phase 
_ with±l%regu- 

lation for both 
■ a output fre-

M fluency and volt -
m jVI igc । requency

1 ma> he variedJ p" | from 45 to 2000
■ * f I cps in t w a 
■ .. ' ranges. Suitable

W " ** J for many labo- 
W " ratory and in-

▼ dustrial applica­
tions.

INPUT VOLTS:
DC OUTPUT VOLTS'
DC OUTPUT CURRENT (MA):
LINE E LOAD REGULATION COMBINED
RIPPLE:
AC OUTPUT VOLTS (unragulatM)

Regulated, variable-output
B SUPPLIES
2 voltage ranges at 200, 400 and 800 MA



WINNER!

PRODUCT FEATURE

Army IARGMA) application of 
Becon connectors: In this case the 
connectors are screw fastened to the 
top and bottom boards but adapter 
strips permit the smaller boards to be 
plugged in. Only disadvantage noted 
by this user was the weight of the 
connectors.

Board-to-Board Connector 
Creates Package Flexibility

It's not the game, it’s winning that 
counts —and Duncan potentiometers 
score right down the line. Precision, 
quality and reliability (three in a row) 
offer a combination that thwarts com­
petition. Simple? Only because Dun­
can has improved design and manu­
facturing techniques—become expert 
in potentiometer oneupmanship.

Our pots can fill that blank spot on 
your board. The next move is yours. 
Put your x on this advertisement 
(name and address will further clarify) 
and return it to us. We’ll be pleased 
to send you a complete list of the 
Duncan winners.

NEW arrangements for assemblies 
of printed-circuit boards are per­
mitted by a recently developed com­

bined connector-mounting device. 
The “Becon” connector, which is be­
ing offered by the Brown Engineer­
ing Co., P. O. Box 917, Huntsville, 
Ala., was conceived at the National 
Aeronautics and Space Administra­
tion’s Marshall Space Flight Center, 
also in Huntsville. The Becon has 
flown on a successful Juno-II satel­
lite boost and is being used on the 
large Saturn rocket. However, a Mar­
shall Center engineer cautioned Elec­
tronic Design that time has not per­
mitted reliability histories to be ful­
ly developed.

D U

Exceptional vibration and shock perform­
ance (30g to 2,000 cps vibration and 50g 
shock) make Duncan’s miniature %' single 
turn Model 1201 above, particularly suitable 
for military servo packages. Dialiyl pthalate 
housing withstands shock and protects
against fungus, acid and 
Operating temperatures 
available.

NGAN E L E C T R

alkali attack, 
to 150’C are

ONICS, INC
2865 FAIRVIEW ROAD • COSTA MESA, CALIFORNIA

The 90-deg version of the Becon connector 
comes with 20 contacts (shown) or 10 contacts.

The manner in which this new 
connector increases a designer’s free­
dom is symbolized on this issue’s 
cover. As the cross sections indicate, 
the connector is but a block of dialiyl 
phthalate plastic into which have 
been molded grooves to carry the 
contact fingers and tapjfed bushings 
for the hold-down screws. The con­
tacts are springs of beryllium copper 
ribbons, gold plated.

When a printed-circuit i>oard is 
screwed down onto this connector, 
the protruding contacts are com­
pressed (with some wiping action) 
against the mating conductors on 
the boards. A virtue of this simple 
type of connection is that it can be 
placed anywhere on the board. The 
designer is not limited to inserting 
one end of the board into a con­
nector or soldering board.

Thus the board arrangement pat­
terns can be as regular as most 
conventional arrangements or very 
irregular, as long as the Ixtards are 
either parallel or at right angles to 
each other. For example, the com­
bined electrical and mechanical in­
terconnection ability of the Becon 
could be used, first with the 180-

CIRCLE 43 ON READER-SERVICE CARD
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d-c torque motors
save critical weight

in guidance systems

PLATFORM SHOWN H SIZE

COMPARE THESE TYPICAL INLAND TORQUER RATINGS

Thickness

$7.38 for 1 O-contact 180-deg.

Motor Corjioration of Virginia, Northampton, Massachusetts Dept. 3-8

Peak torque, oz. in. ...
Volts at peak torque, stalled at 250°C
Amps at peak torque............................
Total friction, oz. in................................
Rotor Inertia, oz. in sec2 
Weight, oz............................................
Dimensions (inches):—O.D.

For complete catalog with engineering data, outline drawings and specih 
cations on these and other Inland d-c pancake torquers, write Inland

These are for sample quantities up 
to nine connectors and the prices have 
the usual decrease with quantity. 
Availability is from stock for quan­
tities of fewer than 150 units and 
within 30 days for larger quantities.

For more information on these con­
nectors turn to the Reader-Service 
Card and circle 250.

ELECTRONIC DESIGN • November 8, 1961

Norden Miniature All-Attitude Inertial Plat­
form uses four Inland torque motors, one for 
each gimbal axis.

Norden specifies these Inland d-c torque 
motors because of their compact pancake 
shape, low-power input and direct torquing. 
In addition to providing the obvious weight 
and space reduction, Inland’s direct drive 
positioning eliminates gear train problems 
such as backlash.

Norden engineers say, “The linearity of 
the Inland torquers is excellent over a wide 
range so that precession rates may be ac­
curately established. The torquer fixed field 
is carefully stabilized so that the torquer 
gradients will be constant over long periods 
of time.”

Inland d-c pancake torque motors with 
high torque-to-inertia ratios and linearity 
of output provide all the advantages of 
direct gearless servo positioning in a com­
plete line over the full range of 0.1 to 3,000 
pound-feet.

deg types to stack the boards one 
on top of the other in parallel planes. 
Then the 90-deg types could be used 
to right-angle smaller boards off the 
main boards.

Prices for the connectors start at 
$3.74 each for the 10-contact, 90-deg; 
$5.46 for the 20-contact 90-deg; and

The 1.200-in high by 1 600-in 
wide 180-deg version can be used 
for stacking in parallel planes.

The 0.375-in. sq, 3.5-in. long 90-deg version is 
for joining boards at right angles.

CORPORATION 
OF VIRGINIA

CORPORATION

T-1321-A T- 213 6- A T-2108-B
I 20 0

48.0 
1.21 
0.5 

.001
5.0 
1.937 

.625
50

1
35.0
26.0

1.6
0.8

.007
9.0
2.81
1.00

1 .63

60.0
25.6

1.24
1.5

.011
14.0
2.81
1.00
1 00



PRODUCT FEATURE

Photoconductive

handled within our own plant andtesting

INSIDE LOOK AT AUTE

CIRCLE 45 ON READER-SERVICE CARD

carefully supervised to assure strict adherence to 

specifications, utmost uniformity and reliability.

From design to finished part, every manufacturing step 

— including formulating, firing, metalizing and

To simplify design problems and speed delivery, 

Alite terminals, feed-throughs and cable end seals are 

available in over 100 standard sizes.

In all phases of planning for high-alumina 

ceramic-to-metal seals you can rely on Alite for the 

“know-how” and “do-how” required to produce highest 

quality for critical applications.

Writ* today for Bulletin 
A 40R—Full technical data 
on standard and special 
Alite ceramic-to metal

ELECTRONIC DESIGN • November 8, 1961

ABOUT l,000 times more light­
sensitive than photovoltaic cells, 
these photoconductive cells are de­

signed for light-dependent control ap­
plications. They are available in four 
basic sizes: a “Compactron” type; 
a 9-pin type in a conventional tube 
envek>|)e; a medium size and a min­
iature type, each with flying leads.

The “Compactron” type and the 
two smaller cells are end-illuminated 
while the fourth is side-illuminated. 
The units, manufactured by the Re­
ceiving Tube Dept, of General Elec­
tric, Owensboro, Ky., are hermetical­
ly sealed to protect the photocon­
ductive material from moisture.

The “Compactron” type Z-2946 and 
the conventional-tube envelope type 
7427 are all-glass while the medium­
size cell Z-2963 and the miniature 
Z-2755-1 are of metal-to-glass con­
struction. All the cells operate over 
a range of 1,490 A. The wavelength 
of maximum response is 5.500 A 
which is the center of the visible 
light spectrum.

Both the “Compactron” type and 
the 7427 have essentially the same 
ratings. Power dissipation is about 
100 mw; max current is 50 ma and 
max applied voltage is 350 V.

The “Compactron” envelope, l»e- 
cause it is bottom-evacuated, lends 
itself to the end-illumination design. 
Its 12-pin feature provides extra tie 
points, socket adaptability and rug­
gedness. Seated height is less than 1 
in. It can be used for street-lighting 
control and other area or residential- 
lighting applications. The seated 
height of the 7427 is 2.25 in.

The medium-size cell was developed 
for ert picture-brightness and con­
trast control. Its power dissipation is 
about 250 mw, max current is 20 
ma and max applied voltage is 250 V. 
The outside diam is a little more



Cells For Industrial Use

BALLANTINE True RMS VTVM 
model 350

Write for brochure giving many more details

CHECK WITH BALLANTINE FIRST FOR LABORATORY AC VACUUM TUBE VOLTMETERS. REGARDLESS OF YOUR REQUIREMENTS FOR 
AMPLITUDE. FREQUENCY. OR WAVEFORM WE HAVE A LARGE LINE. WITH ADDITIONS EACH YEAR ALSO AC DC AND 0C AC 
INVERTERS. CALIBRATORS. CALIBRATED WIDE BAND AF AMPLIFIER. DIRECT READING CAPACITANCE METER. OTHER ACCESSORIES. 

ASK ABOUT OUR LABORATORY VOLTAGE STANDARDS TO 1.000 MC.

CIRCLE 46 ON READER SERVICE CARD

55

SPECIFICATIONS

Voltage Range.........  0.1 V to 1199.9 V
Accuracy. */«%, 100 cps to 10 kc, 0.1 V 

to 300 V; Vi% outside these limits

Frequency Range.........  50 cps to 20 kc
Max Crest Factor..................................2
Input Impedance ... 2 M’--’ shunted by 

15 pF to 45 pF

14% ACCURACY

than 0.6 in. and height, excluding 
leads, is about 0.3 in.

The miniature cell is 0.37 in. in 
diam and 0.22 in. in height, excluding 
leads. Power dissipation is 50 mw; 
max current is 2 ma and max ap­
plied voltage is 3 V. Among the ap­
plications are camera-ajierture con­
trols and toys.

Factory life-test results for the 
units are impressive. During life-tests 
of 20 lots of 7127s, totaling 200 units 
and 100.000 hours of device opera­
tion, there were no failures. All 200 
tubes were checked for dark cur­
rent. light current and 350-v break­
down periodically during the test pe-

riods. Variations in these character­
istics were neglible.

Among the uses for photoconduc- 
tive cells are in anemometers, blood­
pressure gages, card sorters, comput­
er-logic circuits, radiation detec­
tors and crt brightness controls.

Prices to original-equipment man­
ufacturers are 85 cents for type Z- 
2963 and 80 cents for type Z-2755-1. 
Prices for the larger cells are in the 
$1 to $2 range. The 7427 is avail­
able from distributors, the other 
three are available in sample quan­
tities. For more information on these 
photo-conductive cells turn to the 
Reader-Service Card and circle 251.

Measures 
wide 

range of 
waveforms

For highly accurate voltage measurements, the uncertainty introduced by waveform 
distortion limits the use of average and peak-responding instruments. The Model 350 
is a 0.25% accurate, true rms-responding instrument designed to overcome this limi­
tation. It provides the engineer with a rugged, reliable and easy-to-use laboratory or 
production line instrument. It will measure a periodic waveform in which the ratio 
of peak voltage to rms is not over 2.
The method of measurement with the Model 350 is similar to balancing a bridge: four 
knobs are set for minimum indication and the unknown voltage is read directly from 
a 4 to 5 digit NIXIE” in line readout. The precision exceeds the stated accuracy by 
5 to 10 times. Price: $720.

— Since 1932 —

|{ft BALLANTINE LABORATORIES inc.
Boonton, New Jersey
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NEW PRODUCTS

256

257

Vaneaxial Blowers 
Have 2-In. Diameter

Semiconductor Networks 
Measure 1/4 x 1/8 x 1/32 In

Up to 50 cfm at 2.1 H2O back pressure is produced 
by vaneaxial blowers designated VAX-2-MC. Maximum 
length of the unit is 1-1/2 in.; diameter is 2 in. The 
blower motor can be wound for 115 v ac, 1- or 3-phase, 
400 cps or 200 v ac. 3-phase 400 cps. Maximum power for 
the 3-phase version is 45 w at 65 cfm free air delivery. 
The unit weighs 5 oz and is designed to meet appropri­
ate MIL specifications for environmental protection.

Globe Industries, Inc., Dept. ED, 1784 Stanley Ave., 
Dayton 4, Ohio.
P&A: factory quote; some from stock.

ELECTRONIC DESIGN • November 8, 1961

The series 51 includes six different digital circuit modules which 
will handle 90% of the circuit functions of digital equipments, par­
ticularly for military computers, programmers and other information 
processing application functions. Each silicon network is contained 
in an hermetically sealed package measuring 1/4 x 1/8 x 1/32 in. 
Produced to meet the requirements of military applications, they 
have design compatibility with present-day digital circuitry and op­
erate over a temperature range of —55 to +125 C. The SN 510 flip­
flop and the SN 512 and 514 NOR/NAND gates have power drain of 
2 mw while the power drain of the emitter-follower units SN 511 and 
513 is about 8 mw for Vr, of 3 v.

Texas Instruments Inc., Dept. ED, 13500 N. Central Expressway, 
Dallas, Tex.
P&A: $50 to $65 for quantities of 1,000; immediate.

Covering all new products generally specified by engineers designing electronic original 
equipment. Use the Reader-Service Card for more information on any product. Merely 
circle number corresponding to that appearing at the top of each description.

SCR Trigger 255
Provides High Stability Firing

Designed specifically for industrial con- 
trolled-rectifier firing circuits, the SCR 
trigger is a silicon transistor which ex­
hibits a negative resistance characteristic 
when a predetermined emitter-to-base fir­
ing voltage is exceeded. This characteristic 
is stable over a temperature range of —65 
to +140 C. Rated rms power dissipation 
is 250 mw; max rms emitter current is 50 
ma. Permissible emitter reverse voltage is 
30 v max and interbase voltage is 35 v 
max. Units are encased in a TO-18 package.

International Rectifier Corp., Dept. ED, 
233 Kansas St., El Segundo, Calif.
P&A: $3 ca, 1 to 99; from stock.



DC SUPPLYREGULATED

test-bench
instrument

258

MODEL ABC 30-0.3M

DIMENSIONS

ABC 40-0.5 0-40 0-500ma. $139.00
ABC 7.5-2 0-2 amp $139.00
ABC 15-1 0-15 0-1 amp $139.00

Dept.

WRITE FOR COMPLETE SPECIFICATIONS

CIRCLE 47 ON READER-SERVICE CARD

CC OUTPUT 
RANGE

Silicon Controlled Rectifiers 
Have In-Line Configuration

131-36 SANFORD AVENUE • FLUSHING 52, N Y. 
Area Code 212 IN 1-7300 • TWX # NY4-5196

George A. Philbrick Researches.

of 100; immediate.

or systems 
component

KEPCO "ABC” POWER SUPPLY

VOLTS

0-30
CURRENT

0-300ma

ED, 127 Clarendon St., Boston, Mass.
P&A: $95; immediate delivery is possible for 
small quantities.

ELECTRONIC DESIGN • November 8, 1961

PRICE

$ 99.00

MODEL

ABC 30-0.3

KEPCO "ABC” POWER SUPPLY
Its small, lightweight design makes the Kepco ‘'ABC 
Power Supply equally at home on the test bench for 
R &. D, rack-mounted as a system element, and chassis­
mounted as a modular component.
Its precise, versatile capability makes it compatible 
with stringent and varied applications
■ Line/Load Regulation: 0.05% ■ Stability: 0.05% or 
6mv, whichever is greater ■ Ripple: 0.5mv RMS ■ 
Input- 105-125v ac, 50-440 cps ■ Constant Current 
operation ■ Remote Programming at 1000 ohms per 
volt ■ Remote error sensing to maintain regulation at 
the load ■ Automatic overload protection ■ Adjustable 
current limiting.
Its Low Price is achieved by efficient design without 
sacrifice in quality and reliability

For meter: Add suffix "M” to Model No. and $2000 to price
Rack Adapter Model RA-4 (for 2 units), RA-5 (for 1 unit) 

available at $15.00 each.

Newly developed packaging techniques allow 
miniaturization with no loss of sensitivity, cut­
off characteristics or inherent reliability, in sil­
icon controlled rectifiers types 3F15 through 
3G200. Both conventional outline and new in­
line configuration for welded modules and print­
ed circuits are available with 2-ma triggering, 
de ratings to 200 v and 350 ma with pulse cap­
ability to 10 amp.

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

Operational Amplifier 259
Has No Choppers Or Modulators

A miniaturized plug-in, the P65 differential 
operational amplifier is designed primarily for 
instrumenting, controlling and computing. Con­
taining no choppers or modulators, it has a di­
rect-coupled input circuit with a differential 
input range of ±10 v and a common-mode rejec­
tion of about 10,000 to 1. Output range is ±1.1 
ma at ±11 v. High temperature characteristics 
of silicon transistors used in the P65 provide an 
operating range of —20 to +85 C.



SHOWN ACTUAL SIZE

SIZE 5 COMPONENTS
FOR SERVO SYSTEM MINIATURIZATION

A complete family of Size 5 components for every servo system 
function is now available from Kearfott. Stainless steel housings, 
shafts and bearings protect the units against environmental 
extremes and contribute to stability under shock, vibration, and 
temperature fluctuations. • Standard 26-v, 400-cps excitation. 
• Operating temperature range —55° to +125°C.

Category

CHARACTERISTICS
SYNCHROS VOLTAGE NULL ERROR

(400 cps) T.R. (mv) (min)
Transmitter

CJO 0565 100
Control Transformer

26 .454 34 10

Low Z-CJO 0555 100 11.8 1.765 34 10
High Z-CJO 0552 900

Differential
11.8 1.765 34 10

CJO 0595 100
Resolver

11.8 1.154 34 10

Low Z-CJO 0585 100 26 1.0 34 10
High Z-CJO 0589 100 26 1.0 34 10

SERVO MOTORS SYNCHRONOUS MOTOR

No-Load Speed 
Stall Torque

JI 26-06
9800 rpm
0.10 in. oz

JI 26 02
9800 rpm
0.10 in. oz

Pull-In Torque
Pull-Out Torque

CJO 0172 200
0.06 in. oz
0.10 in. oz

Rotor Moment of Inertia 0.175 gm cm2 
Voltage 01 /02 (400 cps) 26 /36 CT
Power Input/Phase 1.7 w

0.175 gm cm2 
26/26 
1.7 w

Pull-Out Power 4 w

MOTOR GENERATORS
MOTOR CJ4 0812001 CJO 0812 650 CJO 0813 200
Voltage 01 /02 (400 cps) 26/36-CT 26/36-CT 26/26
Power /0 1.5w 1.5 w 1.5 w
No-Load Speed 8000 rpm 3000 rpm 8000 rpm
Stall Torque 0.10 in. oz 0.10 in. oz 0.10 in. oz
GENERATOR
Voltage (400 cps) 26 v 26 v 26 v
Volts/1000 RPM 0.1 v 0.1 v 0.5 v
Null 1.3 mv 10 mv 6.7 mv

Size 5 gearheads range in reduction ratios from 20:1 to 1019:1 for servomotors 
and motor tachometers above. In addition to Size 5 clutches, brakes, and brake­
clutches, Size 6 are available.

Write for complete data

KEARFOTT DIVISION 
GENERAL PRECISION. INC,

Little Falls. New Jersey

New Products Directory

Category

Amplifiers and Preamplifiers
amplifier, carrier .... 
amplifier, chopper ... 
amplifier, chopper . . 
amplifier, compression 
amplifier, compressor 
amplifier, de..............  
amplifier, de signal .
amplifier, differential operational 
amplifier, recording .. 
amplifier, solid-state 
preamplifier, telemetry

Communications Equipment
discriminator, pulse-height 
equipment, transmitting 
filters, uhf ...............................  
instruments, transistorized 
phase shifter, servo 
pulser, ultrasonic ..
receiver-recorder, telemetry- 
signal generator ...
sounding system, ionospheric 
telemetry system, video 
transmitter, fm ...

112
76
66

110
60

119
79
57
85

123
80

403 
472 
481
412 
523 
658 
628 
259 
397 
646 
501

Components
capacitor, vhf variable 
capacitors, ceramic 
capacitors, feed-thru 
capacitors, mica .. 
capacitors, piston .
capacitors, tantalum 
capacitors, tantalum 
capacitors, trimmer 
click reducer, telephone 
coils, amateur-band . 
crystals, ionic 
delay, sol id-st< 
delay line 
delay line 
delay line 
doublers, vol
light source ... 
lights, indicator 
module, relay .
motor, instrumei.. . 
motors, wound .... 
networks, semiconductor 
oscillator, bias ........ 
oscillator, tuning fork 
potentiometer, precision 
potentiometer, variable 
potentiometers ............  
reactor, saturable .... 
relay, static ..................  
relay, time delay ... 
relays and contactors 
resistors, precision . ..
source, voltage referen^, 

differentialtransformer, 
transformer, 
transformer, 
transformer, 
transformer,

79
79

103
71
64

114
95 

126 
115 
124
81

567
393 
372 
509 
559
424 
429 
406 
379 
450 
395

clutch, slip 
clutches, slip 
control, remote 
control, temperature 
control equipment, digital
control stations, electronic 
regulators, ac line voltage 
regulators and controls 
switch, adjustable stop . 
switch, digital ..... 
switch, dual-pressure 
switch, high-capacity
switch, miniature pressure 
switch. nylon-in.",,'~*—1 
switch, pressure 
switch, pulse 
switch, push-button 
switch, stack 
thermostat, precision 
transmission, gear 
valve, pressure

62
77
61
66

101
129 
126
125 
110

88
85
63
80 

128 
102
99
61

100 
111
87 

116

537
455
492
462
373
448
433
452
404 
451
578
536
495
444
360
464
475 
377
386 
576
420

and Equipment

isolation 
power . 
pulse 
variable

Control Devices
assembly, servo . 
clutch, hysteresis

63 
97

114 
116
73 

127
90 

118
74
96 
93
65
76
82 

118
60 
99

129 
95

113
71
56
83

119
89 

129
77
88 
69
62 

109
68

. 69 
. 87 
. 75 
. 94 
.100 
.126

533 
595
419
405 
547
380 
489
413 
443
482
498 
575
480 
506
355 
463
366 
454
465
354 
532
257 
396
382 
570
441 
445
479
534
516 
415
459 
538
568 
384
461
356 
446

Data and Computing Equipment
acquisition system, mobile data 
card system logic .... 
commutator, telemetry 
converter, analog 
converter, binary
converter, pdm to pem 
display, machine tool position 
indicator, set-reset 
indicators, multistation . . 
integrator, general purpose 
integrator, signal
integrator, sunlight 
memories, magnetic core 
module, logic ............
programmer, production machine 
reader, punched-tape............
resolver, winding compensated 
resolvers, precision 
scanner, crossbar 
simulators and con 
system, data ........
translator, shaft angle 
transport, tape

Environmental Equipment 
blowers, vaneaxial . .. 
coolers, thermoelectric 
fan, brushless .... 
heater, component 
heaters, sprayed-on 
heating device
motor-fan. brushless de 
temperature chamber

M
128

645
442

98 
112

79 
M 
65
82 

131
74

. 72
124 
100 
122 
107 
105 
106
120 
72 
86 
84 
97

104 
111 
121

431
374 
460
557 
561 
426 
264
550 
469 
449 
362
440 
647
363 
421
425 
491 
38K 
496 
474 
371
648 
407

Hardware and Cabinets
attachment, soldering 
cabinets, rack ..........  
cable, conical helix . 
clamps, tube ..............
header, miniature parts 
headers and cases, epoxy 
housings, ceramic-to-metal 
isolator, vibration ................

56
101
88

110
77

125
|M

91

256 
376 
471
408 
499 
457 
359 
483

131 
82 
6X
60 

131
65 

112
101

265 
486 
574 
478
263 
560 
400
358
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A complete index of all new products contained in 
this issue of Electronic Design, including page 

and reader-service numbers.

( atcgory

Materials
alloy, gold-tin ........  
coating, copper . . .
coating, insulating 
compound, molding 
compound, silicone 
laminate, paper phenolic 
material, dielectric 
material, magnetic 
packaging, protective 
varnishes, insulating ..

63 
115
95
95 
87
93
90
72 

117 
127

515 
394
436 
438 
387
504 
505
551 
365 
597

Category

power supply, ac .. 
power supply, de . 
power supply, gyro 
power supply, laboratory 
power supply, programmable 
power supply, regulated

. 61
84

125 
. 76 
.121
• 111

477 
456
458 
430
361 
467

Measuring and Test Equipment 
checker, phase ..........  
comparator, voltage 
counter, high-speed 
counter, impulse .... 
detector, liquid-level 
gages, vacuum ...  
gaging console . ..
gaussmeter, transistorized 
harmonic generator ..... 
indicator, humidity 
indicator, one-station 
load, dynamic ..............  
meter, four-element 
meter, radiation ............  
modules, counter ..........  
multimeter, digital 
noise generator, vhf-uhf 
oscillograph, optical . 
oscilloscope, six-channel 
pulse generator ........ 
pulse generator, double 
scale, lissajous ................ 
shunt, ammeter..........  
spectrometers, infrared 
standard, frequency 
standard, secondary frequency 
substitution box. inductance 
test clip ......................................  
test set. transistor .......... 
tester, diode ...................... 
tester, environmental . 
tester, materials ............ 
tester, materials ........ 
tester, tachometer 
timer, electronic . 
timer, pneumatic 
timer, sequence . 
transmitter, flow . 
voltmeter, digital 
voltmeter, digital . 
voltmeter, digital . 
voltmeter, rf .........

113
75 

128
78
77

127
90
15
98
92
94

122
71

106
124
94 

120

109
91
22
73
69
81

117
98 
IM
74
68
66

107
92 

116 
120
91
86
89

117
78
81
81

118

410
383
453 
569
423 
627
466 
381
599
485 
470 
427 
535
375 
508
487 
367 
368
414
398 
399 
572 
526 
565
418 
488 
582 
555 
584 
563 
638
494 
402 
401
473 
566 
493 
422 
656 
655 
476

Production Equipment
cleaner, ultrasonic . . . 
coil-winding head, tor 
dip soldering device . 
eyeleting machines .. 
parts feeder, vibratory 
screen press ................
tool, welding ..............  
trays, production .... 
TV monitor, vertical .

Recording Equipment
pneumatic instrumentation 
recorder, fixed span

Semiconductors

diodes, tunnel ......................  
rectifier, half-wave ............  
rectifier, instrument.............. 
rectifiers, silicon ..................  
rectifiers, silicon ................... 
rectifiers, silicon ..................  
rectifiers, silicon-controlled 
rectifiers, silicon-controlled 
transistor, planar ................  
transistor, power .................
transistors, silicon ........ ..
trigger, SCR ...........................

Sensing Devices
gaging probe ... 
transducer, force

Technical Aids 
component kits, semiconductor 
custom modules .................... 
heat-sink kits ........................  
resistor kit ......... ....................

102 
130

75 
. 82 
130

. 83 

.103 

.130

. 70

89
105

85 
73 

109
70 
80 
85

. 57 

. 93 

. 83 

.104 

.102 

. 56

97 
123

108 
121
96 

. 93

378 
260 
654
439 
262 
392 
630
261 
490

389
353

391 
558 
416
554 
500
592 
258
497 
593 
357
370 
255

468
643

369
409
596
484

Optical and Photographic Equipment 
photoconductive cells ...........

Power Equipment 
changer, frequency .................. 

inverter, static ............................
power source ..............................’ / ‘
power source ................. 
power supplies ..............  
power supplies, regulated . . 
power supply ....................................

Terminals and Connectors
blocks, contact ..................  
connector, board-to-board 
connector devices ..............  
connectors, gold-plated .
plug, round...........................

103
52 

114 
. 70 
113

657
250
351
519
352

105 
119

78 
106

81 
%

123

364
385
564
417
589
432
653

Tubes 
electron gun............... 
tetrode, twin ............  
tube, cathode-ray....  
tube, cathode-ray ....  
tubes, voltage regulator

107
83
62
86

. 92

608 
577 
531 
390 
428

KEARFOTT 
MICROWAVE 

ANTENNAS
1. X-BAND MONO PULSE ANTENNA utilizes the principle of multiple 

modes in waveguide. It features extremely deep mulls (50 DB) and 
a very compact configuration.

2. PARABOLIC ANTENNAS of conventional design for X Band and 
KU-Band are also available in the Kearfott line.

3. HORN ANTENNA This dielectric lense horn antenna is phase com 
pensated to give optimum patterns and side lobe levels.

4. X-BAND PLANAR ARRAY ANTENNA consists of a phased array of 
waveguide slot radiators. The pattern consists of two conical beams 
at a carefully controlled angle with respect to vertical.

5. Ka BAND CONICAL SCANNING ANTENNA achieves a high rate of 
electrical scanning through use of a tri slot device that gives 3 
electrical scans for each mechanical scan. Compactly designed, it 
provides extremely close control (less than .1 DB) over the cross 
over.

Wnte for complete data

KEARFOTT DIVISION 
GENERAL PRECISION. INC.

Little Falls. New Jersey

CIRCLE 49 ON READER-SERVICE CARD
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NEW PRODUCTS
478Tube Clamps

10^

100

width

,010

RoadMon teres

100 icon

FREQUENCY

523

time,

463Voltage Doublers

CIRCLE 5C ON READER-SERVICE CARD

Pro- 
45th

iv., Dept. 
MontereyED, 745 S 

Park, Calif. 
Availability.

Compressor Amplifier
Model 666 compresses 40 db without

ohms. Attack time

ALL SOLID-STATE 
FREQUENCY MULTIPLIERS 

Power Output (vs) Frequency

ELECTRONIC DESIGN • November 8, 1961

power with all-solid-state techniques is related to per­
formance of the most advanced high-power epitaxial 
varactors with significantly lower losses. The capa­
bilities of Microwave Associates’ Semiconductor 
Division in producing such varactors is a most posi­
tive asset. As this article is being printed, the multi­
plier performances shown here have already been 
exceeded.

200 msec.
Fairchild Recording Equipment Corp., 

fessional Products Div., Dept. ED. 10-40 
Ave., Long Island City 1, N. Y.
Price: $495.

Efficient conversion of microwave power has been 
accomplished with a variety of new varactor fre­
quency multipliers developed at the Waveguide 
Systems Division of Microwave Associates, Inc.

We have produced microwave power of several 
watts at UHF frequencies, several hundred milliwatts 
at X-band frequencies, and tens of milliwatts at Ka- 
band frequencies. The curve above indicates more 
accurately the power levels achieved by these Micro­
wave Associates units. They employed doublers and 
triplers.

Efficiencies of these units range from 80 — 90% in 
the UHF region and from 20 — 30% at X-band. At 
present, the highest efficiencies are achieved at rela­
tively narrow bandwidths (l%-2%). However, our 
capabilities are rapidly improving efficiencies for 
broader band operation. An example of a fixed-tuned 
broadband unit is a “tripler” which provides an out­
put of 10 milliwatts over a 14% range at X-band.

Because of their efficiency and simplicity, these fre­
quency multipliers are of considerable interest to sys­
tems engineers designing radar exciter circuits, low- 
power transmitters, stable local oscillator and paramp 
pump sources, and other circuits which require high 
frequency stability and exceptionally long life. These 
varactor multiplier circuits are generally passive, re­
quiring neither tuning nor external bias voltage.

Our progress in producing efficient microwave

ing distortion, according to the manufacturer. 
The unit can be used as a line amplifier or pre­
amplifier. Response is ±1 db from 20 to 15 kc 
and output is +25 dbm with an input of —15 
dbm. Inputs and outputs are 150, 300 or 600

For subminiature T-3 envelopes. Series 7B 
is available with or without sockets for in-line 
and circular basing. The design is the open 
finger-sleeve which permits easy top insertion 
and/or withdrawal. The device conforms to 
irregularities of the envelope to provide greater 
contact and thus greater thermal conductivity.

Ranging from 50 to 1,500 v piv at a current 
rating of 1.1 amp, three basic configurations 
of voltage doublers are available. Series DB 
features miniature size and high surge current 
rating. Series SC polarized plug-in type has a 
3/4-in. diam. Series MB is available in mold­
ed blocks with mounting studs and is manu­
factured to meet all military specifications.

Solitron Devices, Inc., Dept. ED, 500 Living­
ston St., Norwood, N. J.
P&A: $0.70 to $4.00; stock.

10.009 100,000

We are also developing chains of these frequency 
multipliers to provide moderate amounts of power 
when driven by transistor oscillators. Efficiencies of 
these multiplier chains (RF output/DC input) are 
as good or better than equivalent klystron sources. 
Compactness and all-solid-state reliability are equally 
important benefits.

If you have an application for efficient varactor 
frequency multiplication or would like to discuss the 
very latest capabilities of these units, please write to 
Mr. Herbert Cox, Waveguide Systems Division. 
We’ll be pleased to send you a new article on Varactor 
Frequency Multiplication by Mr. M. E. Hines.

S MICROWAVE ASSOCIATES, INC.
WAVEGUIDE SYSTEMS DIVISION

Burlington, Massachusetts • BRowning 2-3000
Western Union Fax • TWX; Burlington, Mass. 942

Export Sales: MICROWAVE INTERNATIONAL CORP.
36 W. 44th Street. N.Y.C., N.Y., U.S.A., Cable MICROKEN

Lengths are 1-3/4 and 1-15/16 
0.60 in.

The Birtcher Corp., Industrial

MICROWAVE ASSOCIATES 
PROGRESS REPORT

Microwave Power 
from 

Varactor Diodes



AC Power Supply 477

I
Output power is 160 va, 1 phase ±0.7 

factor load, with output voltage of 0 to
power 
130 v.

Full power output voltage is 100-130 v and bas­
ic amplifier response is 45 to 5,000 cps. Regu­
lation vs line is ±0.5% for ±5% line at full 
power and ±1% for ±10% line at 3/4 power. 
Recovery time is zero. Model 161A has input 
of 115 v ac, 1 phase, 60 cps.

Behlman-Invar Electronics Corp., Dept. ED, 
1723 Cloverfield Blvd., Santa Monica, Calif. 
Price: $420.00 fob Santa Monica.

Remote Control 492

For motor-driven variable autotransformers. 
Voltage on type 1590-A is indicated on a qua- 
si-rms panel meter. Correction rate of the sys­
tem depends upon the size of the driven auto- 
trar.sformer and can reach 60 v per sec for 
small units. Tracking accuracy is ±2% of the 
line voltage.

General Radio Co., Dept. ED, West Concord, 
Mass.
'rice: $95.00 fob Weat Concord.

Push-Button Switch 475

new twist in extreme temperature wire and cable
SILICONE RUBBER!

Available with from one to ten stations. 
Model TP 8800 has snap-action contact with 
rating of 5 amp at 120-250 v ac (30 v de rating, 
3 amp inductive, 5 amp resistive). The switch 
has full interlock and lock out design which 
prevents the user from engaging more than 
one push-button at a time.

American Monarch Corp., Dept. ED, 2801 
37th Ave. N.E., Minneapolis 18, Minn.
Price: $50.00.

Synkote' Silicone Rubber insulated wire and cable is the answer for extreme temperature applications. 
It combines some of the best physical and electrical properties of rubber and plastics in one insulation. 
Flexible even after long exposure to temperatures from —130 F to -1-500 F, ozone and corona resistant, 
non-flammable, high dielectric strength and insulation resistance, low dissipation factor and dielectric con­
stant, good tensile strength and elongation. Can be manufactured in watertight constructions. Ideal for
outstanding performance under difficult operating conditions—in air- B^B
craft, missiles, electronic equipment, motor and ir msformei leads. UI B I
high tension ignition leads. Synkote" Silicone Rubber insulated wire
and cable—a new twist you should know more about! Write today.

- CORPORATION
42-61 24TH STREET / LONG ISLAND CITY 1, N Y. / ST 6-6200
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NEW PRODUCTS
Slip Clutch 537

Adjustable from 0 to 50 oz.-in. 
MCS series is designed to meet 
MIL-E-5272 C and is comprised of 
a stainless steel spur gear, Delrin 
bearing and clutch plate, steel 
spring and anodized aluminum hub 
and clamp. Axial position of the 
clamp sets the torque and locks 
unit to the shaft.

Northfield Precision Instrument 
Corp., Dept. ED, 4400 Austin Blvd., 
Island Park, N. Y.
P&A: $22.00; stock.

H I ■MB J Time Delay Relay 516
Model 591 can be used as a de­

lay timer, or a remote time adjust­
ment. Weighing 9 oz, this 2 x 
2-1/4 x 3-1/8 in. unit operates on 
105 to 125 v ac, 60 to 1,200 cps. 
with de units available. Time in­
tervals range from 0.003 to 300 
sec (factory set), with 5 amp con­
tacts on this 3pdt relay.

G. C. Wilson & Co., Dept. ED. 
P. O. Box 5525, Huntington, W. Va.

Cathode Ray Tube 531

INSIDE GENERAL 
INSTRUMENT 
TANTALUM 
RELIABILITY THAT MEETS 

MILC-26655A 
FOR ALL 5 MAJOR RATINGS

Most sources for solid tantalum capacitors meet MIL spec requirements for one, two or possibly three major ratings. 
Only General Instrument satisfies all five major ratings, from 6 through 35 volts. ■ This proven ability to develop 
and produce advanced capacitors explains why General Instrument solid tantalums have gained unprecedented 
acceptance for military and industrial applications. It’s also a good reason why General Instrument should be 
your source for tantalums, micas, films and electrolytics too. ■ Write for engineering bulletin and booklet 
“Inside General Instrument Capacitor.” General Instrument Corporation, Dept. 200A, Darlington, South Carolina.

Dual-gun, 12-in. ETC type 
M1030 tube provides tracking ac­
curacy over a 10-in. diam useful 
area with a maximum error of 
0.070 in. With additional electrodes 
providing further electrical cor­
rection, accuracy can be improved 
to approximately 0.050 in. max.

Electronic Tube and Instrument 
Div., General Atronics Corp., Dept. 
ED, 1200 E. Mermaid Lane, Phil­
adelphia 18, Pa.
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VHF Variable 
Capacitors

533

can give you the profitable combination of

CONSISTENT REPRODUCIBILITY

HIGH PURITY • HIGHER YIELDS

• UNIFORM

ingot after

Capacities are 1.3 pf min, 32.0 
pf max. Standard, butterfly and 
differential capacitors are available 
with silicone-treated steatite bases, 
soldered nickel-plated brass rotor 
and stator assemblies, and lock­
type bearing configurations for ex­
treme shock conditions. These 
units, which test at 880 v rms, 60 
cps, meet or exceed MIL specifica­
tions.

Hammarlund Manufacturing Co., 
Inc., Dept. ED, 460 W. 34th St., 
New York 1, N. Y.
Availability: stock.

Gold-Tin Alloy 515

after after after

Eutectic, 
mogenous 
automically 
Precision 
disks and 
diam and

Acculoy 280C, a ho- 
Au80-Sn20 alloy has 
interspersed elements, 
squares, rectangles, 

washers up to 1.5 in. 
0.001 in. to 0.015 in.

finished gage, have a melting point 
of 280 C. Alloy is suitable for elec­
trode attachment in semiconductor 
devices.

Accurate Specialties Co.. Inc., 
Dept. ED, 345 Lodi St., Hacken-

High-Capacity Switch 536

W W
iter after after i after after J

Rated at 22 amp at 125, 250 or 
480 v ac, 1/4 hp at 125 v ac or 
1/2 hp at 250 v ac, type BM-1R-A2 
has spdt circuitry and is available 
with spst. The switch has 0.001 
max differential travel and 0.005 
min overtravel. The unit carries 
UL listing and CSA certification.

Minneapolis-Honeywell Regula­
tor Co., Micro Switch Div., Dept. 
ED, Freeport, Ill.
Price: $2 ea., 1 to 9.

Single crystal MONSANTO SILICON — float-zone- 
refined with parameters precision-tailored to customers’ 
specifications—assures these advantages:

• Extremely flat vertical and horizontal resistivity profiles

• Excellent crystal structure—no slippage or lineage

• Boron level in n type crystals less than 0.25 ppb—tor 
minimum compensation effect

• Uniform radial and vertical dislocation density

• Low oxygen content—less than 1 x 1016 atoms per cc.

• Uniformly tight diameter control

Grow your own? Find out how Monsanto micropure poly- 
crystalline silicon can help boost your ingot yield. Boron 
content guaranteed less than 0.25 parts per billion 
(typically less than 0.15 ppb).

■ MONSANTO SILICON is being pro- 

. 1 • •• • -• .< r
I ’’ d.* On . fi'.p' n. -- -, |<j

cntica specifications.

I gists ar. developing promising new
I semiconductormaterialsand process- 

ing advances —including new poly 
and single crystal intermetallics. We cordially invite your inquiries.

Use the handy coupon-------- 1

MONSANTO CHEMICAL COMPANY 
Inorganic Chemical* Division 
Electronic Chemical* Dept. 4213 
St. Loui* 66, Missouri

Monsanto
Please send me: Q Monsanto mono- and polycrystalline silicon 
specifications. ±1 Information about new intermetallics.

NAME

COMPANY

STREET

CITY ZONE STATE .........CIRCLE S3 ON READER-SERVICE CARD



NEW PRODUCTS
Inductance Substitution Box 582

Three decades of inductance, from 0.1 to 111 
mh by toggle switch selection are featured in 
model SB-100. Low’ level contact and low stray 
capacity are claimed due to gold contact 
switches. Use of unit in an environmental 
chamber yields approximately +100 ppm per 
degree C.

Electronics Div., Bulova Watch Co., Inc., 
Dept. ED, 40-10 61st St., Woodside 77, X. Y. 
P&A: $210.00; 3 weeks.

Servo Phase Shifter 559

At Dev Tek, Inc.
The highly reliable new Pershing Missile built by the Martin Company

RIGID PERSHING MISSILE SPECS ARE MET WITH 
AUTRONEX ACID GOLD PLATING PROCESS’

A completely solid-state instrument, model 
SRA is modular in construction and meets MIL­
E-4008. It is a companion unit to the model VLA 
receiver phase comparator, which supplies 19 v 
de operating power. Signal out is 3 v max into 
100 ohms for recorder, with a digital readout 
in ju-sec.

Specific Products, Dept. ED, 21051 Costanso, 
Woodland Hills, Calif.
Price: $1,485.00.

Dev Tek, Inc., Orlando, Florida, uses the patented 
Autronex Acid Gold Process to plate circuit conduc­
tors. According to Mr. A. F. Goldsby, Dev Tek Presi­
dent, Autronex Acid Gold permits compliance with 
the rigid ABMA-428 specifications for a hard bright 
coat of gold alloy 100-150 millionths thick covering 
all circuit conductors.
Dev Tek is one of the very few manufacturers of 
electronic components qualified to meet the ABMA 
Huntsville Specification ABMA-428 and PDS-1C for 
printed circuits and encapsulated assemblies, as used 
in the highly reliable new Pershing Missile. The spec­
ifications require close control over processes and 
raw material so that reliability is assured for each 
part that goes into the missile.
Dev Tek controls the gold bath closely which gives 

Patented processes for phtiinv with Gold, Rhodium, Platinum, Paladium Silver, and to produce “custom alloys" for your particular requirements.

‘Patented

SEL-REX CORPORATION
NUTLEY 1O, NEW JERSEY

The World't Largest Selling Precious Metal Plating Processes 

CIRCLE 54 ON READER-SERVICE CARD

an easy-to-solder-to surface which readily yields the 
desired ABMA PDS-1C solder joint characteristics 
of the exacting Pershing workmanship standard.
SEL-REX makes the world’s largest selection of proc­
esses and systems which take the guesswork out of 
plating with precious metals. Baths are simply 
maintained with scientific precision by additions of 
pre-measured salts or solutions. Your assurance of 
consistent quality results from one batch to the next.
An internationally based network of sales and 
service technicians is at your beck and call to make 
sure you get the optimum results built into every 
SEL-REX PROCESS.
Complete technical literature free on request. Specify 
precious metal(s) and your application.

Analog Converter 557

Transistorized unit has self contained power 
supply. Capcoder, model OC-2000, is an 8-bit, 
serial or parallel output, capacitive charge 
transfer analog to digital converter. Unit offers 
0 to 210,000 encodings per sec, with a min of 4 
psec between encodings.

Towson Laboratories, Inc., Dept. ED, 200 E. 
Joppa Road, Baltimore 4, Md.
P&A: $8,000.00; 60 days.
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Binary Convertor 561

Direct binary to BCD conversion of 23 bits 
to a 7 decade decimal output in 50 ¿isec, with 1- 
2-4-8 BCD code. Other units can be furnished 
for any number of bits, with any standard code 
output. Size varies from 3-1/2 to 7 in. in a 19-in. 
rack, depending on the number of bits.

Wang Laboratories, Inc., Dept. ED. 12 
Huron Drive, Natick, Mass.
P&A: $600 to $6,000; 6 weeks.

Epoxy Headers and Cases 560

• ti
Epoxy module packages plug into standard 

crystal can relay sockets. Friction fit between 
header and case prevents leakage during encap­
sulation. Unit will withstand continuous operat­
ing temperature of 400 F. Models are 
or 10 pin.

Epoxy Products Div., J. Waldman 
Dept. ED, 137 Coit St., Irvington 11, 
P&A: $0.50 to $2.00 each; stock.

either 8

& Sons, 
N. J.

Solid-State Delay 575

Time delay module is housed in a crystal case. 
This spst is normally open and can handle de 
voltages up to 300 v. Operation is delay on make 
with a 1 amp rating and 26 v input. Units meet 
MIL-E-5400C and MIL-E-5272C. Two ranges are 
available; —55 to + 85 C and —55 to +125 C.

Accutronics, Inc., Dept. ED, 403 N. Foothill 
Road, Beverly Hills, Calif.
P&A: $60.00 ea per 100; 2 iceeks.
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From the Indiana Steel Products Division of
INDIANA GENERAL CORPORATION

NEW INDOX°VI-A 
another ceramic magnet advance for microwave use

Developed by Indiana General’s Indiana Steel Products Division, 
new Inoox VI A has the highest coercive force of any commer­
cially available magnetic material now in quantity production — 
plus better resistance to low temperatures, higher residual in­
duction, higher peak energy product.
Indiana General’s new Indox VI-A is a highly oriented 
barium ferrite material that will effect substantial sav­
ings in both material and space in critical equipment 
such as periodic-focus traveling wave tubes.

One big advantage is that in many applications Indox 
VI-A may be magnetized before assembly. Like Indox V, 
Indox VI-A is best suited for simple shapes: rings, discs, 
rectangles and squares. Magnet length (pressing direc­
tion) is limited to one inch or less; longer units can be 
built up from separate magnets.

Indiana design engineers worked closely with leading 
microwave manufacturers in the development of Indox 
VI-A. The same characteristics that make this material 
outstanding for microwaveapplication will open the door 
to other new applications and improve existing products.

New Indox VI-A is another in a series of Indiana 
General’s notable achievements in ceramic magnet de­
sign. For full details on this or other magnetic materials, 
write us or check your Indiana sales engineer.

INDIANA

Ei
H - KILO OERSTEDS 

Tfpiul Charxtemtici «nt OemagnftlMtNn Curve lor INBOX VI-A

INDIANA STEEL PRODUCTS
Phone HOward 2-3131 — Direct Distance Dialing Code 219

VALPARAISO, INDIANA 

INDIANA PERMANENT MAGNETS 
CIRCLE 55 ON READER-SERVICE CARD

Residual Induction (Br) gauss
Coercive Force (Hc) oersteds
Intrinsic Coercive Force (HC1) oersteds 
Peak Energy Product (B:Hd) max.
Reversible Permeability

Room Temperature 
20° C

3300
2740
3000
2.55 x 10*

1.06
Reversible Temperature Coefficient (magnetic) 
Magnetizing Field for Saturation, oersteds 
Chemical Composition
Specific Gravity

-65° C 

3830 
2140 
2300 
3.4x10*

10.000 
BaFe ,0.
4.5 or 162 lb 
per cu in.

PERMEANCE COEFFICIENT - P



POLAROID® I NEW PRODUCTS
Chopper Amplifier 481

Transistorized stabilizing amplifier uses a 
10,000-hr mechanical chopper. The unit fea­
tures balanced input, single-ended output and 
may be used as an inverting or noninverting 
amplifier. With two output terminals to provide 
either internally filtered or unfiltered output, 
Series 200 may be driven from a source im­
pedance up to 50,000 ohms.

C. E. S. Electronic Products, Dept. ED, 
5026 Newport Ave., San Diego 7, Calif.

Diode Tester 563

High voltage constant current power supply 
production test diodes. Supply features adjust­
able current levels Iwith less than 1 mv ripple. 
Output voltages from 400 to 800 v, with current 
ranges of 1 and 10 ma are available.

Wiley Electronics Co., Dept. ED. 2045 W. 
Cheryl Drive, Phoenix, Ariz.
Price: $632.

2 nanoseconds/cm: 
impossible to photograph until now

Temperature Control 462

Polaroid has a new film that is 
so fast, it will reproduce scope 
traces that are almost invisible 
to the naked eye. The one above, 
a scintillation pulse, has never 
been photographed until now. 
Pulse duration was ten nanosec­
onds. Scope sweep speed was 2 
nanoseconds cm.Theneiv 10,000- 
speed Polaroid PolaScope Land 
film produced a finished usable 
print ten seconds after exposure.

The maximum writing speed 
of the 10,000-speed film is about 
twice that of the Polaroid Land 

New Polaroid Land 10,000-speed film for oscillography
CIRCLE 56 ON READER-SERVICE CARD

3000-speed film, which is cur­
rently the standard for high 
speed photography. The new film 
not only gets “impossible” pic­
tures, it also produces far better 
shots of slower pulses and steady 
state waveforms. Because of its 
high speed, less light is required; 
camera aperture and scope inten­
sity can be reduced considerably, 
producing sharper pictures.

And besides oscillography, the 
PolaScope film opens up new pos­
sibilities in applications where 
light is at a premium, such as pho­

tomicrography and metallogra­
phy. It is not suited, however, for 
pictorial work due to its high con­
trast and relatively coarse grain.

PolaScope film (designated 
Type 410) is packed twelve rolls 
to a carton. The price is actually 
lower than the 3000-speed film.

The film can be obtained 
through industrial photographic 
dealers. For the name of the 
dealer nearest you, write to 
Technical Sales Department, 
Polaroid Corporation, Cambridge 
39, Massachusetts.

is limited 
mocouple 
done at 0 
rectifiers.

Temperature tolerances can be as low as 
±1/2 F using this system. Temperature range

only by the capabilities of the ther- 
used. Switching of power current is 
v and 0 amp using silicon controlled

Electronic Div., Product Management, Inc.,
Dept. ED, P. O. Box 
P&A: $135.00 for 650 
2 weeks.

6077, San Diego, Calif. 
w unit, fob San Diego;
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Immediate delivery at factory prices
from Mallory industrial distributors

Mallory

they’re ready to serve you,

Distributor Division

Indianapolis 6, Indiana

Tucson AnzStandard Radio Parts 1

Denver, ColoDenver Electronics Winston-Salem.NC
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G Washington D.C.
6 Washington, D.C.

Akron. Ohio 
Cincinnati. Ohio 
Cleveland Oh.o 
Columbus, Ohio 
Columbus, Ohio

Bridgeport. Conn. 
E Hartford. Conn. 
Stamford. Conn.

Burstein-Applebee 
Walters Radio 
Interstate Indus. Elec. 
Olive Electronics

General Radio 
Eastern Radio 

.Federated Purchaser
Aaron Lippman & Co. 
Lafayette Radio

New Brighton, Pa. 
Pittsburgh, Pa.
Pittsburgh, Pa 
Philadelphia. Pa 
Philadelphia, Pa. 
Philadelphia, Pa. 
Philadelphia Pa. 
Reading. Pa.
West Chester. Pa

Westconn Electronics 1 
Radio Appliance Co. 
Westchester Electronics

Electronic Equipment 
East Coast Radio 
Thurow Electronics

Allied Radio 
Chauncey's. Inc. 
Newark Electronics 
Melvin Electronics 
Bruce Electronics

Allied Supply 
Srepco,Inc. 
Servex Electronics

Atlas Electronics 
Nidisco. Inc.
State Electronics

6 Kansas City. Mo.
G Kansas City, Mo 

St. Louis, Mo. 
St. Louis, Mo.

G Perth Amboy, N. J 
Union City, N.J.

6 Whippany. N. J

Television Parts 
Cameradio Co. 
Radio Parts 
Almo Radio 
Herbach & Rademan 
Phila. Electronics 
Radio Elec. Serv. 
Geo. U Barbey Co. 
West Chester Elec

November 8, 1961

Albany, N.Y. 
Binghamton. N. Y, 
Brooklyn, N.Y. 
Buffalo. N. Y 
Buffalo, N.Y. 
Buffalo. N.Y. 
Buffalo N.Y.
East Syracuse. N.Y.
Jamaica, N. Y. 
Kingston, N. Y. 
Lynbrook, L.I., NY. 
New York, N. Y 
New York. N. Y. 
New York, N.Y 
New York. N. Y. 
New York, N. Y.
New York. N.Y 
New York, N. Y 
Poughkeepsie. N.Y 
Syracuse, N.Y. 
Utica. N. Y.
White Plains, N.Y

G Miami. Tia 
G Orlando. Fla.

Tampa. Fla

Also hermetically sealed

research, maintenance, or short

Capitol Radio 1
Electronic Indus. Sales 1 2

M ntreal, Que 
Ottawa Ont 
Toronto, Ont. 
Toronto, Ont. 
Toronto Ont.

Camden, N. J.
Clifton, N.J. 
Mountainside. N J. 
Newark, N. J.
Newark, N. J.

Materials Company, 
division.

CERAMIC DISC CAPACITORS All 
standard temperature coefficients. 
Ratings from 50 volts general pur­
pose to 6000 volts. Made by Radio

These Mallory industrial distributors 
stock the lines indicated by numerals:

Key: 1—Tantalum capacitors 
2—Selector switches 
3—Vitreous enamel resistors 
4—Ceramic disc capacitors 
5—Snap-action switches 
6—HC-NP capacitors

SUBMINIATURE SNAP-ACTION
SWITCHES Milli-Switch line of preci­
sion push-button switches; toggles 
and auxiliary actuators for slide or 
cam action. Temperature ratings to

Newark Electronics 
California Electronics 1 
Federated Purchaser 
Kierulff Electronics 1
Radio Product Sales 1
Lynch Electronics 1
Brill Electronics
Elmar Electronics 1
Zack Electronics I
Elwyn W. Ley
Allied Radio dCaliforn-al 
Shanks & Wlright 
Pennisula Eectronics

HIGH-CAPACITY, HEAVY-DUTY
ELECTROLYTICS High-capacity HC 
type and non-polarized NP type. 
Plastic case. Compact, leak-proof 
design. High ripple current rating, 
cool operation. From 3V, 6700 mfd. 
to 450V, 88 mfd.

VITREOUS ENAMEL RESISTORS Com­
plete line of fixed and adjustable 
wire-wound resistors including MIL 
types. 5 to 200 watts, resistances to 
100,000 ohms.

Inglewood. Calif 
Los Angeles. Calif 
Los Angeles. Calif 
Los Angeles, Calif 
Los Angeles. Calif 
Monrovia. Calif.
Oakland, Calif. 
Oakland. Cahf. 
Palo Alto, Calif. 
Paramount. Calif. 
Pasadena Caiif. 
San Diego, Calif 
San Jose. Calif.

production runs. Each of the or­
ganizations listed below special­
izes in industrial electronic supply. 
C all them for vour rush orders

TANTALUM CAPACITORS Industry's 
broadest line. Microminiature to 
high capacity: 0.33 to 1300 mfd. 
Sintered wet slug, solid and foil 
types. Temperature ratings —55 to 
+200°C.

300° F. 
types.

SELECTOR SWITCHES Push button 
lever action, rotary, wafer, multi­
section. Phenolic or ceramic in­
sulation.

Dalton-Hege Inc.

Akron Electronic sup.
United Radio
Pioneer Electronics
Thompson Radio 
Whitenead Radio

Ft. Orange Radio
Federal tlectromcs 1
GEM Electronics
Radio Equipment 
Standard Electronics.Inc. 
Summit Dists

■Wenle Electronics 1 
.Statewide Electronics
Lafayette Radio
Greylock Electronic 
Peerless Radio 
Bruno-New York

■Electronic Center
Harrison Radio 1
Harvey Radio 1
Lafayette Radio 1
Milo Electronics 1
Terminal HudsonElec 1 

'Higgins & Sheer Elec. 
■ Morris Electronics

Valley Indus Elec
Westchester Electron 1

Wherever you may be, a Mallory 
Industrial Distributor near you 
can supply you with Mallory 
original equipment parts from 
stock at factory prices. You’ll 
profit by his prompt delivery on 
all your small-lot orders . . . for

MallorY

Chicago. Ill 
Chicago. III. 
Chicago. III. 
Oak Park. III. 
Springfield. III.

Graham Electronics 1 2 3 4 S 6 Indianapolis. Ind. '

Rado Supply s Wichita, Kansas 1

P 1 Burks 4 Co. 2 6 Louisville. Kv. |

D & H Distributing G Baltimore. Md. 1
Kann-Eilert Electron. 2 Baltimore, Md
Radio Elec. Serv. 1 s Baltimore. Md.
Cramer Electronics 1 2 fi Boston Mass.
DeMambro R 'd Sup. 1 2 6 Boston, Mass.
Lafayette Radio 1 i 3 6 Boston Mass. ।
Radio Shack 2 Boston. Mass.
Radio Specialties 2 Detroit. Mich.
Northwest Radio 1 2 4 Minneapolis Minn.

Dayton Ohio 
Dayton. Ohio 
Marion. Ohio

Trice Whlsle Electronics 2
Engineering Supply 1

Okla. City, Okla. 
Tulsa, Okla.

Eoff Electric 4 Portland. Ore.

Canadian Elec. Sup. 
Wackrd Radio 
Alpha Aracon Radio 
Electro Sonic Sup. 
Wholesale Radio

Electra Distnb 1 2 G Nashville. Tenn.

Engineering Supply 
McNicol, Inc.

1 4 
<

6 Dallas, Texas 
El Paso. Texas

Harrison Equip. 1 b Houston, Texas
Lenert Co. 1 G Houston. Texas

Rucker Electronic 1 2 3 4 6 Arlington, Va.
F. B. Connelly Co. 1 2 3 4 5 Seattle Wash.

Radio Parts 3 G Milwaukee, Wis.



NEW PRODUCTS
Transistor Test Set 584

Conical Helix Cable 574
100

CASE #3
CASE #2

Spectra-Flex extensible cable is suited for
vertical plane

ANO 3 HEW SPACE SAVING PACKAGES

CASE #3

459Precision Resistors

Main Plant: MAHWAH, N. J DAm 71123
PACIFIC DIV-UPLAND, CALIF. YUkon 2-0215

CENTRAL DIV-LANESBORO, PA. ULYsses 3-3500

CASE #1

18.5

Write for NEW "DEFLECTRON" 
Data and Standard Yoke

from less than 1 na to 1 ma.
Dynatran Electronics Corp. 

Herricks Road, Mineola, N. Y. 
P&A: $795.00; stock.

New techniques developed by Dickson Electronics engineers for 
producing high voltage zener reference diodes result in a sophisti­
cated combination of performance, small size, stability, rugged 
ness, reliability and value rarely, if ever, approached by any other 
semiconductor product. And Dickson’s standardization of these 
hitherto special order devices results in ready availability
Other series with voltages of 9.3 volts (1N262O-1N2^4B) and 
11.7 volts (Series 3/4T100A11.7-3/4T5C11.7) also available as 
standard items.

Small signal parameters for npn and pnp 
transistors can be measured with model 1803A 
transistor parameter test set. Grounded emitter 
or base connections are measured with 3% ac­
curacy and collector leakage current can be read

extension and retraction

0.005%/°C Max 

55° C to +25°C to +100°C

Dept. ED, 178

TEMPERATURE COEFFICIENT

TEMPERATURE RANGES : 0° to 75° C;

248 WELLS FARGO AVENUE SCOTTSDALE. ARIZONA

CIRCLE 58 ON READER-SERVICE CARD

MAJOR ADVANCE IN 
THE SCIENCE OF 

ELECTRON BEAM DEFLECTION!

SPOT RECOVERY
Fastest! toljus

SPOT SIZE
Smallest- by 25%

SPOT SWEEP
Straightest..........

* DEFLECTRONS for DISPLAYS
Where ordinary precision 
yokes FAIL to meet your 
requirements.

For prototype orders, complete technical information and prices, 
call your Dickson distributor or representative... or write

Micromodule, rectangular and dot resistor 
microelement, and microminiature ceramic 
printed circuits with printed resistors are avail­
able. Micromodule resistors range from 10 to 
100,000 ohms for 4 resistors per wafer. Rec­
tangular resistors rated at 1/10 w at 100 C 
range from 10 ohms to 1 megohm. Dot resistors 
have some rating and range from 10 ohms to 
50 K.

Microelectron, Inc., Dept. ED, Santa Monica, 
Calif.

CIRCLE 59 ON READER SERVICE CARD 

ELECTRONIC DESIGN • November 8, 1961

DICKSON
ELECTRONICS CORPORATION

Vz TOLERANCE 5% Max Designed to Meet Requirements of MILS 19500B

CASE #1 CASE #2 
(Units shown actual size)

Cables are custom built from No. 10 to No. 
30 AWG and retract to a flat disk. Large 
numbers of conductors can be used.

Spectra-Strip Wire & Cable Corp., Dept. 
ED, P. O. Box 415, Garden Grove, Calif. 
P&A: depending on specifications; 2 weeks.

from DICKSON

Ceke

. . . THE INDUSTRY’S 
BROADEST LINE OF

High Voltage, Temperature Compensated
ZENER REFERENCE DIODES

Cdct



534Static Relay

Belle

526Ammeter Shunt

3111

538Voltage Reference

solid

CIRCLE 60 ON READER-SERVICE CARD *

The user can start with as few as 10 amplifiers and expand 
to 60 as necessary. Two or more 60 amplifier computers 
can be slaved to solve more complex problems. This flexi­
bility is the product of a new packaging concept which 
emphasizes modularity and etched wiring. The plethora of 
cables usually associated with computers is gone but hardly 
grieved. Note these other unique features and specifications.

Every important assembly in the completely new Donner 
3200 series iterative computer combines better perform­
ance and more features in less space than ever available 
before from any maker at any price.

The all new 60 amplifier .01% Donner 3200 is the first computer 
designed from the ground up to use the new iterative technique

NEW AMPLIFIER Bandwidth, 1 me; drift, 20 microvolts 
per day; gain, 108; noise, 500 microvolts; output, ±100 
volts @ 20 milliamps. Three types of dual amplifiers are 
available —integrators, summers and inverters.

Dept. ED, 675 Main St. 
ville 9, N. J.
Availability: 60 to 90 days.

x 1 x13/16 in.
Janco Corp., Dept. ED, 

Winona Ave., Burbank, Calif. 
P&A: $7.00; stock.

Isolation is 100 db.

Maximum contact voltage is 
28 v de with resistive load, 25 
v de with inductive load; maxi­
mum contact current is 50 ma 
de. Model DD-5 has nominal ac­
tuation voltage of 10 v at 4 ma, 
pull-in voltage of 10 v ±1 v and 
frequency response of 1,000 cps. 
The dpst unit is epoxy encapsu­
lated.

Kidde Electronics Laborato­
ries, Walter Kidde & Co., Inc.,

Accuracy is ±0.3%. Series 8500 
miniature, external ammeter shunt 
meets the operational requirements 
of MIL-S-61B. All units are indi­
vidually calibrated by means of 
the Kelvin Comparison Bridge 
method. This shunt measures 5/8

state device, designated type PR1, 
the voltage reference source is 
available in models to accept both 
115 and 6.3 v inputs, from 50 to 
400 cps. Outputs may be specified 
at 5.9, 8.6, 11.0, 14.5, 17.2 and 22.0 
v, nominally. Temperature coeffi­
cient is 0.0005% per deg C.

CircuitDyne Corp., Dept. ED, 
480 Mermaid St., Laguna Beach, 
Calif.
P&A: $30.00 to $130.00; 30 to 60 
days.

• NEW POTENTIOMETER MODULE Each compact module 
contains 20 fused precision potentiometers mounted on 
the smoothest drawer slides we’ve ever found. Eighty po­
tentiometers take only 7" of panel height.

NEW CONTROL CENTER Pushbuttons select these modes 
of operation: compute, hold, reset, automatic recycle, slave, 
audible overload indication, and automatic hold. A new 
reference potentiometer allows null voltage measurements 
accurate to 0.02%. Meter sensitivities which can be push­
button chosen are 300, 100, 30, 10, 3 volts, zero centered.
Forward and reverse relay logic is incorporated for either 
iterative or continuous operation.
OTHER FEATURES The novel amplifier construction incor­
porates a built-in jack field on every module which helps 
the user get a quality computer for minimum cost and later, 
when he adds the standard removable patch board, he can 
use the amplifier patching bay as a built-in simulation 
board. Several sizes of removable patch boards are avail­
able both shielded and unshielded. All critical computing 
components are mounted in a temperature controlled en­
vironment.

NEW DUAL MULTIPLIER Solid state .05% quarter-square 
multiplier which can be programmed to function as multi­
plier, divider, or 2 squaring networks.

NEW FUNCTION GENERATOR WITH STORABLE PRO­
GRAMS Each module contains 2 independent 12-segment 
silicon diode function generators. Channels can be paral­
leled to provide 24 line segments. Programs can be stored 
by simply unplugging and removing the inexpensive poten­
tiometer element from the function generator.

Advance



NEW PRODUCTS
Silicon Rectifiers 554

Gold-Plated Connectors Model ELH 0.5 LC519

Vertical TV Monitor 490

STRUTHERS-DUNN sociated

Box
High Point

ELECTRONIC

Write for Bunco Data Bulletin FC-215 
to Struthers-Dunn, Inc., Pitman, N. -J.

with the same piv 
125 C are types

Delivery from stock. For complete data, write 
today for Bulletin C-19.

Packed into this Struthers-Dunn FC-215 DP-DT relay is reliability here­
tofore unattained in a tiny sealed can unit for heavy duty power service 
under critical ground and air uses up to 125° C.

Designed to meet or exceed MIL-R-5757D, MIL-R-6106C and the super­
seded MIL-R-25018 requirements. Assembled under rigid environmental 
conditions. Laboratory checked and quality controlled throughout.

Contacts rated for 10 ampere DC operation. Standard coils rated 26.5 
volts DC nominal with 400 ohms coil resistance. Others available. Hook or 
wire lead terminals available on 0.2 grid-spaced headers.

i San Carlos « Seattle • Toronto • Export: Langguth-Olson Co., hew York 

CIRCLE 61 ON READER-SERVICE CARD

+100 C. Rated at 16 amp,

ASSOCIATED TESTING LABORATORIES. INC 
(Manufacturing Division)

I SO ROUTE 4b * WAYNE, NEW JERSEY • Clifford 6 'MC

Corp., Dept. ED, 233 
Calif.

Three screen sizes are available; 14, 17 and 
21 in. Unit operates with standard vidicon 
and image orthicon cameras in which the pick­
up tube and deflection yoke have been rotated 
to provide a vertical signal. Size, focus and 
linearity controls are operated individually, and 
adjustment of one has no effect on the others.

Wayne, NJ. • Winter Par# Fla. • Burlington, Mass

CIRCLE 62 ON READER-SERVICE CARD 

DESIGN • November 8, 1961

Here it is — a quality temperature chamber 
at a previously unheard of budget price! The 
Econ-O-Lme Mark II n designed specifically 
for components and small assemblies — 
gives you complete temperature test capa­
bility for productir n line, research or devel 
opment lab Ruggedly constructed for long, 
accurate service, its features include

• Temperature control to ^2’F.

• Liquid CO refrigeration

• United Electric indicating controller

• 11" 112" x 5" work area

• Rugged aluminum liner

• Fan circulation with external motor

• 1" port and plug for 
external connections

General Electric Co., Dept. ED, 
4197, Lynchburg, Va.

over a range of —65 C 
16RC2 to 16RC40.

International Rectifier 
Kansas St., El Segundo

Dayton • Denver • Detroit 
Pittsburgh • St. Louis

Micro-second switching speeds are featured 
in two series of silicon controlled rectifiers. Types 
2N1842 through 2N1849 are rated at 10 amp 
with piv of 25 to 400 v between —40 C to

* Buffalo • Charlotte • Chicago * Cincinnati • Cleveland • Dallas 
Kansas City • Los Angeles • Montreal • New York • Orlando

All-welded Internal 
Construction- - - - - - - -
. . . assures reliable operation 
under 30G vibration to 2000 
cycles and 50G shock.

Plated aluminum connectors are designed to 
retain the mechanical and electrical character­
istics of gold-plated brass, while weighing ap­
proximately one-third that of the brass type.

Micon Electronics, Inc., Dept. ED, Roosevelt 
Field, Garden City, N Y

only *285

+350°F 
test chamber



Four-Element Meter 535

10 POTS

509

differentelude
The linear amplifier

Wound Motors 532

long and

able three-wireseries

The World's Broadest Line of Precision Potentiometers
CIRCLE 63 ON READER-SERVICE CARD *■

is rated 1/100 hp at 10,000 rpm. 
Both versions are normally avail-

instruments. 
and discrim-

SPECTROL MODEL 510
diameter precision potentiometer

Linearity Tolerance ±0.25%
Standard Resistance Range 
150 to 150K (to 250K at extra cost)

Transistorized 
Instruments

The Designer series featur

SHAFT SUPPORT Spectrol pot shafts are supported by bearings at both ends and have provision for rear shaft extension.
STOPS Spectrol uses 750 oz. in. stops on Model 860; 50 oz. in. on Model 510, the strongest you'll find.
LIDS SECURED BY INTERNAL SNAP RING Use of snap rings gives 360° lid support as opposed to other methods of attachment. Another exclusive feature: Remove or replace lids without damaging unit.
POWER RATING Model 860, 8 watts, and Model 510, 3 watts; at 40° C ambient.
SPECIAL FEATURES AVAILABLEAdditional taps up to 111 on Model 860, up to 49 on Model 510. Special front shaft configurations and rear extensions. Special linearity and resistance tolerances.
Mor* Data Avallabla For complete electrical and me­chanical specifications, and quantity discounts, contact your Spectrol representative or call or write the factory.

Stocked by 50
Local Distributors 
Throughout the U.S. and 
Canada for Immediate 
Off-the-Shelf Delivery

SPECTROL MODEL 860
I'X»” diameter precision potentiometer 

Linearity Tolerance ±0.25% 
Standard Resistance Range 

50U to 500K (to 1 Meg at extra cost)

line of single instruments which 
are 4 x 8-1/2 x 10 in. All circuits 
contain transistors and use etched 
circuit boards. The series will in-

These two Spectrol 10-tum precision pots are not specials in any way. They’re standard production items in two popular sizes, tailor-made to fit almost all 10-tum requirements. Here’s where Spectrol ex­cels to give you the best pot for your 1 O-spot:
END RESISTANCE Spectrol’s low end resistance is achieved by tap welding terminations to the turn of resistance wire nearest the mechanical stop. In addi­tion, Spectrol provides an extra turn of helical resist­ance element beyond the stop insuring electrical con­tinuity under all conditions.
ROTOR MASS Spectrol’s lightweight rotor reduces inertia and starting torque, as well as minimizing the effects of shock and vibration.
WIPER MASS A wiper that’s the lightest we’ve seen in any 10-tum pot allows lower contact force with resultant long life and superior performance under shock and vibration.

inator has a gain of 400 and rise 
time of 0.25 Discriminator 
range is 0.1 to 10 v. Five other 
instruments are immediately avail­
able.

Radiation Instrument Develop­
ment Laboratory, Inc., Dept. ED, 
4501 W. North Ave.. Melrose, Ill.

reversibility with spdt switch.
Globe Industries, Inc., Dept. 

ED, 1784 Stanley Ave., Dayton 4, 
Ohio.

ELECTRONICS CORPORATION 
1704 South Del Mar Ave. • San Gabriel, Calif. • Phone: ATIantic 7-9761 
Adams Court • Plainview, Long Island, N.Y. * Phone: WEIIs 8-4000 

P 0. Box 130 • Brampton, Ontario, Canada

Ranges of de millamperes, am­
peres, millivolts and volts are 
available. Type MDE-4 contains 
four self-shielded, coaxial meter 
movements that can be supplied 
w'ith sensitivities as low as 100 ya. 
Units can be supplied with or with­
out lighting.

Minneapolis-Honeywell Regula­
tor Co., Precision Meter Div., Dept. 
ED, Grenier Field. Manchester,

Type GJ wound field de mo­
tors art 1-3/8 in. in diam and 
are available in two basic rat­
ings: type GJA is 3 in. long and 
is rated 1/50 hp at 10,000 rpm;
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551

Multi-Station Indicators 469

rawu TumuidK KUTMC cvm

1751 E. 23 St., Cleveland 14, Ohio.
Winslow Manufacturing Dept. ED,

Excitation voltage is 26 v and frequency is 
400 cps. Model T980-003 size 15 operates from 
— 54 to +85 C. Impedance of the primary is 
480 + j2500 ohms; of the secondary, 440 +j- 
2650 ohms. This unit features 0.1% function 
error and maximum perpendicularity of 5 min.

Kearfott Div., General Precision, Inc., Dept. 
ED, 1150 McBride Ave., Little Falls, N. J.

ELECTRONIC DESIGN • November 8, 1961

Winding Compensated Resolver 491

Model LP-18 reads out up to 18 contour 
points and the variation from nominal “thick­
ness” between any of the nine probes in the 
left-hand bank and any of the nine in the right­
hand bank. Standard range is ±0.010 in. and 
accuracy is within 0.0002 in. Unit requires 
115 v, 60 cps current. Model LP-9 reads up to 
9 contour points.

* 170 WATTS—93% greater power dissipation capability than conventional TO-36 power transistors
■ 110* C. Tj — Maximum junction temperature rating (15* higher than conventional TO-36 units) provides 
added operating temperature safeguard and also increases allowable power dissipation at any given case 
temperature. In over 3,000.000 device hours of storage life testing at temperatures up to 150*C the fail­
ure rate was only 0.030%/1000 hrs.
■ “MEG-A-LIFE"—a program offering industrial users certified reliability based upon complete electrical, 
mechanical, and environmental tests to military type specs. Lot acceptance data and test results available 
to purchasers of “MEG-A-LIFE” versions of these devices.

High energy permanent magnet material for 
timing motors is called Lodex. Material has 
high torque output, good flux distribution from 
magnet to magnet; is resistant to stray fields, 
vibration and temperature. Small complex shapes 
can be produced.

General Electric Co., Dept. ED, 7852 Neff 
Road, Edmore, Mich.

Magnetic Material

hoq

NEW 2N2075-82 SERIES OFFERS

FROM MOTOROLA..
____ POWER
NEW PNP GERMANIUM SERIES RATED AT

2N2075 SERIES, 15 AMP

h^®5A *V«S

40V 50V 70V 80V

20-40 2N207H 2N2O77 2N2076 2N2075

35-70 2N2082 2N2M1 ZN208C 2N2079



Piston Capacitors 547

Plus this most complete line of other TO-36 and TO-3 devices

Half-Wave Rectifier 558

50 v mulpiv of 50 v to 800 v,

unit has
Honeck St

572Lissajous Scale

DISTRIBUTORS'

A SUBSlOIARY Of MOTOROLA iNC

CLEVE LAMO
Box 2242,

MINNEAPOLIS

CEO*« MIM 
**l'CM0

W.cmy Elects, k Iru 
Electronic IMu» l. IncWnor Unno* Mei C» 

MW M .«M« C».. ‘re 
MM EKctmUc C»i»

MIM MI» C»i» 
HowMt t Inctroní i Cor».

Walker Pacific, Dept. ED, 
La Puente, Calif.

hat construction 
over all, rectifier

Welded 
1-3/16 in. 
Trans-Sil 
able with

Phase relationship can be read directly with 
the Pha-o-Scale. The scale, calibrated in de­
grees on the vertical axis, allows direct read­
out of signal on X and Y axis.

type MA, twenty types are avail

MOTOROLA DISTRICT OFFICES:
B«lmont M»m. / Burlingam». Call* I Chicago I Clifton. N. J. / Dilia* 
Dayton / Datroit I Glanaida. Fa / Hollywood I M>.»<! ip* » I Orlando 
Fla I Phoenix / Silver Spring Md. / Syracuse / Toronto, Canada

tiples. This double-diffused silicon junction
max surge rating of 30 amp

Solid dielectrics enable miniaturizing of pis­
ton trimmer capacitors. These capacitors range 
from less than 1 to 30 pf, with Q (MIL) specifi­
cation of 500 and temperature range of —55 to 
-I-125 C. The temperature coefficient is 50 ppm 
per C, or less.

Voltronics, Inc., Dept. ED, 34-51 56th St., 
Woodside 77, N. Y.
P&A: $2.35 to $3.50; stock.

'«MOEN Ml» MH» C».. Ine.
MEXEOEA. L I. SdMMr ElKtranici

IMMEDIATE LOCAL AVAILABILITY-You may 
obtain sample or volume quantities of any of these 
devices by contacting your nearest Motorola 
distributor. Also be sure to ask for the complete 
Motorola Power Transistor Selection Chart, listing 
Motorola's new low prices.

Trans-Sil Corp., Dept. ED, 
Englewood. N. J.
Availability: 5 days.

CIRCLE 64 ON READER-SERVICE CARO

ELECTRONIC DESIGN • November 8, 1961

provides compact, 
series. Designated

POWER TRANSISTOR HANDBOOK 
if you ’^ve not yet purchased this 
valuable reference book covering 
power transistor design considerations 
and applications, you may still obtain 
a copy from your Motorola distributor 
Price is $2

O 15 AMP P# = 150 wat’s, T. max = 100 "C 
A

»ALO AITO »»wit»» EWcUw S3« N»rtk 
SAX MESO M Odew. Inc.
SEATTLE «Mr fHctranlct Cor»
moxxt*m mm 
DENVEX InMMtat» «Ml» a M) C»

MOTOROLA
Semiconductor IRr<»<í«ac?<» Inc.

hfE 25-50 hF(25-! 
2X17« 2X1100

THE LEADER IN
TRANSISTORS

O 3 AMP* Ft = 90 waft». T| max = 100’C
h„ a .5 A *VCM

JW 45V 60V 75V 90V
30 -60 2X2137 2X213» 2X213» 2X2140 2X2141
50 100 2N2142 2X2143 2X2144 2X2145 2X2146

O 3 AMP P. = 90 watt», T, max = 100*C
"7E^ > A *’CES

40V WV 75V 100V
60 - 14Ü 2X1360 2X616 2X1363 2X1365
35-90 7WI35S 2X375 2X1362 2X1364

h„ @ J A ■' BV— Cl$
30V 45V 63V 75V 90V

75-150 2X1544 2X1545 2X1546 2X1547 2X154»
50- 100 2X1539 2X1540 2X1541 2N1542 2X1543
K-7Ö 2X15M 2X1535 2X153« 2X1537 2X153S

•O’ 1O AMP P» — 90 watt», T max = 1(X C
hn ~ '”A ■vcij

10-30
30V 45V «UV 7SV

2X627 2X626 2X629 2X63C

30V 45V 60V 75V
50- 100 2X1557 2X1556 2X1559 2X1560
30-60 2X1S53 2X1554 2X1555 2X1556
10-30 2X1549 .7X1550 2X1551 2X1552

1 1 ■1 ■ - -------- - ■ ' ■■ • •• ■ ■ ■ ■

O 25 AMP* P. = 90 watts, T, max =100‘C
25 A •V«5

35V 60V 75V
2X1162 TX’IM 2X1166

15-65 2X1163 2X1165 2X1167

MILITARY TYPES
•’cio •*CEJ

1*9 2X174 bov 70V 40-60/1 2«
2X2*7« (Sif C) 80V 50V 20 min/2A
2X2*7* 80V 50V 20 mtn/2A
2X1011 (Sig C) 80V sov 30-75/3*
2X1011 80V 80V 3O-7S/3Ä
2X112* (Si< Cl 80V 70V 20-50/tO*
2X1120 80V 70V 20 50 10*
2X1351 (Si( C) 80V 7W 25-50/5*
2111358 80V 70V 25-56/5*
2X1412 (USX) 100 V 80V 25-50/5*
2X1412 100 V 80V 25 50 5*



NEW PRODUCTS
Telephone Click Reducer

550Set-Reset Indicator

Norbatrol helped us cut

play. The unit has a diode matrix,
4-1/2 and operates up

Shown

555Test Clip
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ELECTRONIC

Shown 
actual

(Military
HC 27/U)

Shuwn 
actual

Bistable Amplifier for 
static relay control

G-20 
(Military 
HC-26/U)

G-21 
(Military 
HC-29/U)

Electronic Control Products, Dept. ED, U.S, 
Rt 22. Box 286, Dunellen, N. J.
P& 4 $82.00 to $103.00; 1 week.

sure changes or exposure to 
another vacuum.

measures
100 kc.

this Bistable Amplifier"
"Norbatrol’s Bistable Amplifiers solved many 
control problems in redesigning our McWilliams 
Jack-and-Production Tamper from manual to 
reliable, automatic operation. Now this RMC 
railroad surface machine operates electroni­
cally—improves grade and cross level to ac­
curacies never previously accomplished And 
we got a bonus," Mr. Doorley continues, "these 
rugged, reliable static relays cost less than 
alternate systems."

You, too. can speed development and pro­
duction time with the ultrasensitive Bistable 
Amplifier—it replaces mechanical reiays in 
critical control and regulating applications. 
The Bistable incorporates silicon controlled 
rectifiers, magnetic amplifiers and attendant 
circuitry to give multiple inputs as low as 
5 x 10-s «atts, fast response, high gain and a 
current output of 1 Amp at an 85° C ambient

Scissor action of “Monte-clip” test device 
gives high contact pressure on leads. Tapered 
throat guides leads to contact blades, which are 
individually adjustable. Blades are connected 
to banana plugs and show negligible fatigue at 
10-million insertion cycles.

Monterey Engineering, Dept. ED, P.O. Box 
3083, Granada Hills, Calif.
Price: $11 a pair.

This true "hard glass" seal re­
sults in lower resistance (higher 
Q), greatly increased long term 
stability plus ability to withstand 
extremes of shock and vibration, 
as well as, better control of crys­
tal parameters.

Frequency drlh stabilities of 
0025% over 55’C to +105«C

ELECTRONICS ■
COMPANY fl

Dept. FD 11
MT. HOLLY SPRINGS. PA. 

Phone: HUntcr 6 3411

MICRO MODULE CRYSTALS GLASS
28" square x .110" thick; frequency range 10.0 mc 

to 200 me Now available in limited quantities

Solid-state telephone click reducer lasts over 
200,000 hrs and operates from —65 to +175 C. 
Device, made to replace copper-oxide units, con­
tains silicon rectifiers in a miniature hermeti­
cally-sealed package. Two eyelet leads are pro­
vided for mounting.

Solitron Devices, Inc., Dept. ED, 500 Living­
stone St., Norwood, N. J.
P&A: $0.40; immediate.

Their fabulous quality — which, 
heretofore, could only be enjoyed 
— can now be seen in the new 
McCOY G-l, G-20, G-21 and 
Micro-Module vacuum sealed 
ALL-GLASS Crystals.
Because they are sealed in vacu­
um, their performance CANNOT 
be affected by atmospheric pres-

This vacuum sealed hard glass 
crystal unit possesses all of the 
quality »eatures for which the 
McCoy Ml is so famous. Il has 
long term frequency stability, ap­
proximately five times better than 
the conventional metal types 
Available in frequencies from 
2000 kc to 200 mc.

Plug-in module, model (D9)G-104/N-lA 
expressly designed for parallel transfer <
1-2-4-8 code to a remote NIXIE digital di

<nU NORBATROL 
Electronics Corp.

DEPT C 356 Collins Avenue
Pittsburgh 6, Pennsylvania
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unit meets the new CR-73/U and CR-74/U 
specifications It has long term frequency 
stability approximately five times better 
than the conventional metal type Avail­
able in frequencies from 5000 kc to 200 mc

e»***

io© 6* * Vn p‘*n<* 
Virth^’^urst^ ‘n

GET THE FACTS on design 
and application data—write for 
technical bulletin CS60.

NEL

Richard B. Doorley, Mgr., New Products Div.
Railway Maintenance Corp., Pittsburgh, Pa

SUBSIDIARY OF OAK MANUFACTURING CO.



Voltage Comparator 383

Dip Soldering Device 654

Dallai Texai. Southwest William H Ramsey, UN 4-6369 Houston

CERAMICS

Verco, 
130th N.

Co.. Golden, Colo

Isolation Transformer 384

For printed-circuit boards, the 
DIP-RAC soldering fixture is ad­
justable in widths from 1/4 to 10 
in. and accommodates cards to 1 
ft long. All parts are made of 
high-temperature-resistant mate­
rials. Card assemblies are held 
firmly in flat position through 
thermal cycling.

Defiance Printed Circuit Corp., 
Dept. ED, 144 Commercial St., 
Malden, Mass.
P&A: $29.95; stock.

Portable voltage correcting 
transformer, for tools and lights 
comes in ratings of 1 through 5 
kva and voltages through 600 v. 
Encapsulated core and coil are 
water and shock proof. Included 
are an output socket and a 15-ft 
cord and plug for input.

Westinghouse Electric Corp., 
Dept. ED, P. 0 Box 2099, Pitts­
burg 30, Pa.

A fail-safe alarm is provided 
by model VC670, transistorized 
voltage monitor. When the signal 
value exceeds the external refer­
ence limit the contacts open. Two 
sets of contacts indicate a go or 
no-go condition in this compact 
10-oz unit. Input impedance is 
2 meg, and sensitivity is 5 mv.

Dept. ED, 1430 
Bellevue, Wash.

When your packaging application demands high strength and reliability — 
envelopes for vacuum switches, vacuum capacitors, vacuum tubes — use Coors 
high alumina ceramics. Outstanding properties include high dielectric character­
istics at high frequencies, and high mechanical strength even at high tempera­
tures These materials can be metalized and subsequently brazed with bond 
strengths up to 15,000 psi. Coors has facilities for forming, for metalizing and 
for precision inspection of mass production quantities of dimensionally uniform 
envelopes. Small parts are dry-pressed larger ones are isostatically formed. 
Write for “Ceramic Envelopes for Electronic Packaging,” Data Sheet No 7003, 
or call your nearest Coors regional sales manager: west coast, wunam s. smith. Jr. 
EM 6-8129. Redwood City. Calif.; Midwest, John E Marozeck. FR 2-7100, Chicago, III, Centbal, Donald 
Dobbins. GL 4-9638, Canton, Ohio; East Coast. John J McManus, MA 7-3996. Manhasset, N. T.; New 
England, Warren G McDonald FR 4-O663, Schenectady. N. Y : Southwest, Kenneth R Lundy DA 7-5716.

ALUMINA
Coors Porcelain

COORS CERAMIC



NEW PRODUCTS
472Chopper Amplifier

Laboratory Power Supply 430

South

AT 500 VOLTS 20,000 PSI
DOW EPOXY RESIN HOLDS 1000-MEG0HM RESISTIVITY! 480Delay Lines

Nanolines are available delay10-nsec

THE DOW CHEMICAL ► Midland, Michigan
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PGAC electrical lead 
holder enlarged 2'/j 
times actual size.

is in a cabinet measuring 54 x 22 x 36
Electric Specialty Co., Dept. ED, 211 

St., Stamford, Conn.

Providing 24 to 28 v power, de and 60 and 
400 cps ac, regulated to 1%, the model LPC- 
220 laboratory power center operates from 220 
to 440 v, 60 cps, 3-phase power. Power is con­
verted by a 3,500 rpm induction motor. Voltage 
regulators are solid-state. Self-contained unit

Input de is converted to ac at 91 cps with a 
mechanical spdt chopper. Ac is amplified in 
three stages, demodulated by the same chopper, 
and then filtered. The 94 cps is internally gen­
erated. Model C-2 features de gain of over 
10,000 and drift of less than 0.5 gv per C over 
the range of 25 to 50 C. Filter time constant 
is 6 sec.

Ridgefield Instrument Group, Schlumberger 
Corp., Dept. ED, Ridgefield Conn., 
P&A: $195.00 fob Ridgefield; $0 days.

ELECTRONIC DESIGN • November 8, 1961

Made of Dow epoxy resin, this electrical 
lead holder costs $85.00 less to produce 
than a similar unit constructed of other 
materials. Yet it maintains a constant high 
resistivity of 1000 megohms at 500 volts 
under tremendous bottom hole pressures 
and temperatures which can reach 20,000 
psi and more than 300° F.

Dow epoxy resin was selected for lami­
nating this part because of its durability, 
chemical resistance, low water absorption, 
and excellent electrical characteristics. This 
same resin is also used in making other 
accurate PGAC down-hole instruments.

The Dow family of epoxy resins for 
electronics applications includes unusual 
broininated epoxies . . . casting and lami­

nating resins which offer self-extinguishing 
properties, and excellent electrical and 
other physical properties.

Dow’ offers designers the important ad­
vantage of uniform high purity and quality. 
Because Dow produces the raw materials 
required ... and controls every step ... in 
the production of epoxy resins, Dow can 
maintain absolute control over the purity 
and properties of its epoxies. This basic 
epoxy position assures a product you can 
depend on.

For information and data on the family 
of Dow epoxy resins, write us today in 
Midland, C/O Coatings Sales Department 
1957BC11-8.

Part laminated with Dow epoxy resin holds 
high voltage leads inside this oil well instru­
ment made by Pan Geo Atlas Corporation, 
Houston, Texas

increments ranging from 20 to 100 nsec and 
are epoxy encapsulated. Delay to rise time 
ratio ranges from 5 to 1 for the 20-nsec units to 
greater than 10 to 1 for the 50- to 100-nsec 
lines. Impedance is 500 ohms ±10%. The lines 
meet or exceed environmental requirements of 
MIL-STD-202B.

Richard D. Brew and Co., Inc., Dept. ED, 
Concord, N. H
Availability: samples from stock.

DOW



Potentiometers 445

LOW LEVEL/LOW NOISE
A stable composition resistance element in 

this line of potentiometers is temperature and 
humidity resistant. Resistance change from 
20 to 105 C is ±3% avg. Voltage coefficient is 
less than 0.01% resistance change per v. Life 
of 25,000 cycles has less than ±4% resistance 
change. Tandem controls are matched in pro­
duction. All standard tapers are available.

Stackpole Carbon Co., Dept. ED, St. Marys, 
Pa.
Availability: three weeks.

Liquid Level Detector 423
Bellows or bourdon tube respond to pres­

sure changes in the Chronoflo transmitter, 
model 231-10. Unit can measure liquid levels 
despite turbulences and ice formations. Infor­
mation is telemetered with a pulsed code.

B-I-F Industries, Dept. ED, Providence, R. I.

Sprayed-On Heaters 499
Custom “sprayed-on” elements are designed 

for use where stable temperature environment 
is mandatory. Conductive and insulating coat­
ings combined are 0.015 in. thick. These ele­
ments may be applied to flat, cubicle or con­
toured surfaces of any kind or size.

Electrofilm, Inc., Dept. ED, 7116 N. Laurel 
Canyon Blvd., North Hollywood, Calif.

Slip Clutches 455

Locking-type set screw adjusts torque trans­
mission through a range of from 0 to 4 Ib-in. 
Clutch parts are constructed of oil-impregnated 
sintered alloy and require no lubrication. Model 
K is designed to couple two shafts. Model M 
is supplied with a 1/4-in. bore on one end and 
1/4-in. shaft on the other.

Precision Specialties, Inc., Dept. ED, Pitman,

NS430-438 SILICON NPN TRANSISTORS

1000

Equiv. Input Noise Current 300mmA max.

Equiv. Input Noise Voltage 2m V max.

100

COLLECTOR CURRENT (,.A)

1000

uJ 100 
.c

BETA X ao at 2m A COLLECTOR CURRENT

Guaranteed 
test points

NS432 
435,438

LVceo 45V

8 pfd max.

VCE (sat) (at 1mA)

(at 1mA)

Physical Package

0.2V max.

60 me min.

.. TO-18

TWO NEW APPLICATION 
REPORTS AVAILABLE!

Two new papers on low noise 
transistor design, “Low Noise 
Transistors: A General Discus­
sion,” and “Calculating Noise 
Figure When Equivalent Input 
Noise Voltage and Noise Current 
are Known,” are available from 
NSC.

LOW NOISE

For complote technical information on NS430 serie« transistors and new engineering papers, check key number below, or write:

Danbury, Conn. Pioneer 3-7624
f. 1/ E CORPORATION 

TWX DANB 452 U

CIRCLE 69 ON READER-SERVICE CARD
ELECTRONIC DESIGN • November 8, 1961



NEW PRODUCTS 
Impulse Counter 569

Power Source 564 
1

Automatic-reset impulse coun­
ter model 310-B requires a pulse 
of 50 msec duration. Standard 
ranges are: 1 to 40, 2 to 120, 5 
to 480 and 10 to 960 counts at 500 
counts per min, A 14-point ter­
minal block permits wiring for all 
connections. Load ratings are 10 
amp at 115 v ac, 5 amp at 230 v 
ac, 1/4 amp at 115 v de.

Automatic Timing & Controls, 
Inc., Dept. ED, King of Prussia, 
Pa.

Digital Voltmeter 656
Range is 1 mv to 1 kv. Model 

VR-2100 digital voltmeter reads 
de voltages with an absolute ac­
curacy of 0.01%, 4-1 digit. The 
input impedance is so high that 
the instrument can be standard­
ized directly from standard cells. 
It withstands abnormal humidity, 
extreme shock and vibration, ex­
plosive atmospheres.

Cubic Corp., Dept. ED, 5575 
Kearny Villa Road, San Diego 11, 
Calif.
Price: $3,580.

Output is 115 v de at up to 3 
amp. Model 10-C power source op­
erates from an input of 115 ±10 
v and 230 ±20 v, single phase, at 
25 to 60 cps. It uses silicon rec­
tifiers in full-wave configuration. 
It can be used as a power source 
for fractional horsepower de mo­
tors, local relays and selector 
magnets.

H. O. Boehme, Inc., Dept. ED, 
915 Broadway, New York 10, N.Y.



and upgraded reliimproved control rangeallowable ambient
ability in almost all circuits.

DC Signal Amplifier 628

2N1809-2N2109 eerie». New 30-amp
world’s

567

F« immedute1 oM-the sheiF' deiivery. ardir from then Wirtinjhousi Distributori
EASTERN

RADIO DISTRIB CO.

Westinghouse ( W
< CIRCLE 70 ON READER-SERVICE CARD

2N1015-2N1016 series. Highest re­
liability from production-proved 150 
watt designs. Get maximum circuit re­
liability at no extra cost by specifying 
the Westinghouse 2N1015-2N1016 se­
ries These popular transistors have

Sut»«. Wuh /PA 3-
Oaktand, Cal./TE 4

Los Angeles Col /BR 2-
Psto Alto, Cal /OA 1

Inglewood, Cal /OR 4-

Chiose. IH /NA 24860 
Detroit. Mich /BR 3-2900 
C»nc*n»tt, O./MA 14530

Pulse-Height 
Discriminator

LEHERT CO
MIDLAND SPECIALTY CO

S STERLING CO 
UNITED RADIO INC

WESTERN
ALMAC ELECTRONICS CORP
ELMAR ELECTRONICS 
HAMILTON ELECTRO SIS
NEWARK ELECTRONICS CO

Telemetry Commutator 460
Life is 1,000 hr min at the high­

est sampling rate for the Datacel 
type 100 telemetry commutator. 
Sampling rates as high as 1,350 
per sec are offered with a stand­
ard 90-channel unit. Contact noise 
is less than 5 v.

Datametrics, Inc., Dept. ED, 87 
Beaver St., Waltham, Mass.

most powerfull With 30-amp. 200-volt, 
250-watt ratings these newest Westing­
house series 2N1809 and 2N2109 tran­
sistors are designed to meet the most 
exacting high power applications Ger­
manium-level saturation resistance 
(.037 ohms), and freedom from sec­
ondary breakdown mean highest effi­
ciency and operating reliability.

WX118 series. World’s highest gain 
power transistors provide current 
gain of 400 at 10 amps! New West 
inghouse Type WX118 high-gain silicon 
transistors simplify circuitry, increase 
reliability, reduce cost of assembly. 
They're ideal for application in high 
power, high efficiency regulators, in­
verters and switching circuits. Satura­
tion resistance is only 0 22 ohms

Rock-Top” transistors

MIDWESTERN
E.CI SEMICONDUCTORS INC 

rifluititi Ro VE -Ota

Low-level, de signal amplifier 
model MA-100 is for measurements 
such as temperature or strain in 
industrial and military applica­
tions. Output is 0 to 5 v de from 0 
to 10 mv de input. Input resistance 
is 10 ohms ±10%; output load is 
1 to 100 K; frequency response is 0 
to 2 cps; response time is 100 msec. 
De voltage gain is 500 v ±10%.

Dynex Industries, Inc., Dept. ED, 
170 Eileen Way, Syosset, N. Y. 
Availability: custom units, less than 
8 weeks.

Omnt 4. Colo /TA 5-4257 
Houston. Toiu/CA 4-2663 
El Pata. Texas/KE 3-4555
Phoenix. Aril /AL 4-4254

AHmoetique, N M /CH 7-0236

ELECTRONIC COMPONENTS FOR INDUSTRY CO.
St. Lwis. Me./WO 2-9*16 

HALLMARK INSTRUMENTS CORP
•Vita, lesei Ri 7 R433 

INTER STATE RAOIO A SUPPLY CO

I CD — 0Q7 lowest saturation resistance ratings in the in- I■OT1 ’“eUOl dustry enable design engineers to obtain three­
fold increases in power-handling capability. Now—with these higher per­
formance specifications you can replace germanium units and gain the 
silicon power transistor advantages of reduced heat sink size ... higher

»Lowest Saturation Resistance 

been field-proven in thousands of oper­
ating equipments. They can replace 
lower rated transistors (2N1489- 
2N1490, 2N1069-2N1070, 2N389 and 
others), and give you up to twice-the- 
power derating margin. In addition to 
the exclusive rating characteristics of 
these transistors, you get greater as 
surance of performance reliability from 
• True voltage ratings. Westinghouse 

transistors can be operated continu­
ously at their full published ratings 
into highly inductive loads. True Volt­
age Ratings are verified by 100% 
Power Testing.

• 100% Power Testing. Each Westing­
house transistor is 100% Power Test­
ed before leaving the plant. Tests are 
conducted over the full operating 
range—under all conditions of base 
bias and collector current at maxi­
mum rated dissipation

For more information or technical as­
sista nee, see your nea rest Westinghouse 
representative or write: Westinghouse 
Electric Corporation, Semiconductor 
Department, Youngwood, Penna. You 
can be sure... if it's Westinghouse, sc-lost

For electronic scalers with high 
speeds, model 2301 pulse-height 
discriminator provides an output 
pulse when the input signal is 
within a certain range. It resolves 
paired pulses spaced at 0.5 psec. 
Overload capacity is 120 v. It can 
be used in nuclear radiation or 
X-ray spectrum analyses.

Beckman Instruments, Inc., 
Berkeley Div., Dept. ED, 2200 
Wright Ave., Richmond, Calif. 
P&A: $895; 90 days.

Look to Westinghouse for Silicon Power Transistors 
with lowest saturation resistance

-------------------- —. Indianapolis. M./ME 7-5571 
SEMICONDUCTOR SPECIALISTS, INC.

Bwminihan 5. Ah /FA 2/1544
CAMERA0I0 Pittsborth, Pa /EX I -40M
CRAMER ELECTRONICS. INC Boston Mass./CO 7-4700 
ELECTRONIC WHOLESALERS. INC

Meiboerne. Florida/PA 3 1441
GENERAL RAOIO SUPPLY CO . INC.

Camden. NJ WO 4 4560
GENESEE RADIO PTS CO Bottaio. N.Y /TR 3 *661 
KANN ELLERT ELECTRONICS, INC

UaRimore. Md /TU 1-4242
MILGRAY ELECTRONICS Now York, N V /RE 7 4400 
RAOIO I ELECTRONIC PTS. CORP

. notar.3 UT 1-6060
SCHWERER ELECTRONICS Loot Island. N Y./PI 6 6520

Silver Sprint Md /JU 5 7021

Transmitting Equipment 393
Am, 1,000, 500, 250-m trans­

mitter type 20V-3 has pushbutton 
control of filament and plate pow­
er which may be extended to 
a remote position. Automatic se­
quencing of power-control cir­
cuits is used. Also offered is the 
matching 81M phasor with T- 
designed phase shifting networks.

Collins Radio Co., Dept. ED, 
P. O. Box 1891, Dallas 21, Tex.

2N2109

Ic Vet Ti»«» «« (SAT)
2N1809-2N2109 series 30 A 50-200V .037

2N1015-2N1016 series 7.5 A 30-200V .25

WX118 series 10 A 50-150V .22



NEW PRODUCTS
501Telemetry Preamplifier

METALS AND ALLOYS

Miniature Pressure Switches 495

High purity are made

PRECISION 3-TERMINAL
STANDARD FORMS(INSENSITIVE TO GROUNDED CAPACITANCE)

CAPACITANCE BRIDGES
Silicon Rectifiers 500

CHEMICALSPrice $935 Price $990 SOLUTIONSSALTS
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ALUMINUM 
ARSENIC 
CADMIUM 
INDIUM 
SILVER

INGOTS 
BARS 
RODS 

RIBBON

ANTIMONY 
BISMUTH 

GOLD

SHEET 
SHOT 

POWDER

from these metals to customer 
specifications.

Noise figure is 4.25 db max. Model TPA-1 has 
a range from 215 to 260 me. Ceramic tubes, 
hermetically sealed transformers and the elim­
ination of blower motor and relay contribute to 
optimum performance under field conditions. 
Gain is 20 db min. The unit, which features 
type N connectors, operates from 117 v ac, 60 
cps.

Defense Electronics, Inc., Dept. ED, 5455 
Randolph Road, Rockville, Md.
Price: $975.00

Piv ranges from 200 to 1,000 v. Full cycle 
average leakage ratings for the three types 
are: type 10AL, 10 /xa max at 150 C; type 10AT, 
150 /xa max at 150 C; and 10AG, 500 /xa max 
at 100 C. Double-diffused silicon junction is her­
metically sealed in flangeless cylindrical case 
measuring 1/4 x 1/4 in.

Electronic Devices, Inc., Dept. ED, New Ro­
chelle, N. Y.
P&A: $0.50 to $5.50; stock to 2 iveeks.

Accuracy Is Our Policy
The new product item appearing on p 118 

of the Sept. 27 issue of Electronic Design 
was in error. It should have read: the dis­
charge of the “Hi-Jul” storage capacitors 
manufactured by Dearborn Electronic Lab­
oratories, Inc., is as low as 0.1 /xsec.

CIRCLE 72 ON READER-SERVICE CARO 
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0.0002-11,000 wxf
Generally 0.25%

1000 ohms to 1000 megohms 
Shunt Resistance

0.001 to 1000 gmhos
Conductance

MODEL 74C
100 KC Test Frequency

COMPOUND 
SEMICONDUCTORS

INDIUM ANTIMONIDE 
Available as crystals, wafers, 
circles, rings and other shapes 
made to precise tolerances.

5^ Boonton ELECTRONICS Corp 
\z MORRIS PLAINS, N J. • Phone JEFFERSON »4210

MODEL 7SA
1 Me Test Frequency 
MIL SPEC. TESTING

0.0002 to 1000 MMf
Generally 0.25%

1000 ohms to 100 megohms 
Shunt Resistance

0.01 to 1000 Mmhos 
Conductance

PREFORMS
Preferms are available in a range 
of sizes and shapes such as 
discs, dots, washers, squares 
and spheres. Enquiries are 
invited on our alloy preforms.

MODEL 74C-88 (Shown)

• With -5 to +100V DC Bias 
for Diode Testing

Price $995

MODEL 76A-S8
With -5 to +100 VDC Bias 
for Diode Testing

Price $1050

Proof pressure is 750 psig. Switches can be 
factory adjusted to pressure settings from 10 
to 500 psig. Type 1100 has an ambient tem­
perature range from —65 to 250 F. This unit 
is available with or without pressure port and 
with options of solder terminals, potted leads 
or electrical connector for termination. Size 
without external port is 1-5/8 x 15/16 in. diam; 
weight is 0.75 to 2 oz.

Haydon Switch, Inc., Dept. ED, Waterbury, 
Conn.

HfMMOhf

COMINCO 
PRODUCTS INC. 
Electronic Materials Department 

933 West Third Avenue
Spokane. Washington 

Ph. RI 7 7103 TWX SP 311

HIGH PURITY 
METALS 

AND 

ELECTRONIC 
MATERIALS



Digital Voltmeter 655

Printed circuit

to maintain positive contact!
395

Dept. ED,
P. O. Box 1891, Dallas 21, Tex

Infrared Spectrometers 565

Power Supplies 589

CIRCLE 73 ON READER-SERVICE CARD »

is completely self contained with 
high-voltage transformer, direc­
tional couplers and filters mounted 
inside the cabinet. The amplifier

the 830E-1 
the 830B-1 

amplifier. It

WRITE FOR FULL INFORMATION 
TODAY! Complete details and perform­
ance specifications on new Bifurcated Cinch 
Printed Circuit Board Edge Connectors are 
available for the asking. Write for full infor­
mation now.

power supply may 
rectifiers.

Collins Radio Co.

use silicon

Reed-relay digital voltmeter 
model V-70 has a range of ±0.­
000 to ±999.9 v de with a sensi­
tivity of 1 mv. Absolute accuracy 
is 0.01%, ±1 digit; balance time 
is 500 msec max. Common mode 
rejection is 80 db at 60 cps and 
input impedance is 10 meg.

Cubic Corp., Dept. ED, 5575 
Kearny Villa Road, San Diego 11, 
Calif.
Price: $1180

Noise-free power supplies have 
precise voltage regulation for both 
line and load. Six Sorensen QIS 
60-cps and six DQIS 400-cps mod­
els are transistorized, 115-v ac or 
de, sine-wave inverters. Outputs 
are 20, 40 or 60 w, from 12 or 28 v 
de. They are suitable for replacing 
vibrators.

Raytheon Co., Sorensen Prod­
ucts, Dept. ED, South Norwalk, 
Conn.
P&A: $190 to $200; stock.

Two models offered. Model 1-4S 
and I-4T infrared spectrometers 
have the following specs: ranges, 
0.35 to 3.0 and 1 to 16 microns; 
resolution, 40 cm-1 max; entrance 
aperture, 2.25 cm2; angular ac­
ceptance, 15 deg; output imped­
ance, 1,000 ohms resistive.

Block Associates, Inc., Dept. ED, 
385 Putnam Ave., Cambridge 39, 
Mass.
Price: $4,515 up

NOW AVAILABLE FOR IMMEDIATE DELIVERY!
Bifurcated Contact Connectors with two flexing surfaces 
instead of ne to provide positive contact!.. . accom­
modate irregularities in Printed Circuit Boards.
TWO TYPES—conventional wiring tail (type 251) or dip 
solder (for .051 dia. hole) (type 252)... with 6 to 25 con­
tact positions (12-50 contacts).
INSULATION—glass filed diallyl phthalate type GDI 
30 per MIL-M-19833
POLARIZING KEYS—can be supplied loose, or in­
serted in any position designated.
FINISHES—phosphor bronze or beryllium copper . . . 
.00003 Min. Sel-rex gold plated
PART NUMBERS—customer part numbers imprinted 
when required.
MEETS MIL-C-2109A (ships) specs for printed wiring 
board connectors

FM Transmitter
Rated at 5,000 w, 

fm transmitter uses 
250-w driver and an

Cinch Manufacturing Company
1026 South Homan Avenue • Chicago 24, Illinois 

Division of Unitad-Carr Fostonor Corporation, Boston, Massachusetts

NEW FROM 
CINCH..

Contact*
Positions A 8 C ° 1

6 1.098 1.239 1.531 1.785 I
\ i I 254 1.395 1.687 I 941 1

8 1.411 1 552 1.844 2.098
\ 9 1.567 1.708 2.000 2.254 1

10 1 723 1.864 2.156 2.410 Ì
11 1.879 2.020 2.312 2.566
12 2.036 2.177 2.469 2.723 1
13 2.192 2.333 2.625 2.879 I
14 2 348 2.489 2.781 3.035
15 2 504 2.645 2.937 3.1911 16 2.661 2.802 3.094 3.348

1 17 2.817 2.958 3.250 3.504 1
18 2.973 3.114 3.406 3.660 |1 I® 3.129 3.270 3.562 3.816 1

1 20 3 286 3.427 3.719 3.973
1 21 3.442 3.583 3.875 4129
1 22 3.598 3.739 4 031 4.285I 23 3.754 3.895 4.187 4.441

2a 3.911 4 052 4.344 4 5981 4.067 4.206 4.500 4.754



NEW PRODUCTS
PDM to PCM Converter 426

Pdm data in 30 x 30 to 90 x 10 format is con­
verted to pcm signal by this converter. Desig­
nated model 29309, the unit synchronizes con­
version operation with the pdm frame rate, 
even when input momentarily drops out. Unit, 
self checking, allows either even or odd parity 
in output code. A portable input unit may be 
located up to 3 miles from other units.

Electronic Engineering Co., Dept. ED, 1601 
E. Chestnut Ave., Santa Ana, Calif.
Price: $17,500.

486Rack Cabinets

Custom built UNICABINET units include 
heavy 11-gage vertical posts in “arrowhead” 
configuration integrally welded both to its one- 
piece top and base. Panels and doors are avail­
able in both flush mounted and surface mount­
ed stylings. The cabinet will meet most mili­
tary specifications, and provisions have been 
made for rf shielding and metalizing as may be 
necessary.

Dahlstrom Manufacturing Corp., Dept. ED, 
Jamestown, N. Y.

■
 It's easy for head manufacturers to talk about

l tP the theoretical superiority of their particular de- 
signs . . . but the all-important proof is in the 
results achieved in actual mass production.

Michigan Magnetics' design is conventional yet efficient...it lends itself to modern 
production conditions and economies. No one has matched Michigan Magnetics' 
record for reliability. No one has a quality control and inspection system that can 
beat M/M . . . that's why you get 1000 reliable, dependable heads every time you 
order 1000 heads from M/M Take the gamble out of head pur­
chases . . . order only from the leading manufacturer of OEM 
heads for home tape recording equipment . . . always specify 
Michigan Maghetics!

Eyeleting Machines 439
Feeds and sets as many as 12 eyelets auto­

matically. Model F features easy change of 
raceways and setting tools to accommodate 
different sizes of eyelets. Model A permits 
conversion from hand-fed and foot-power opera­
tion to automatic feed and motor drive.

Fastener Div., United Shoe Machinery Corp., 
Dept. ED, Shelton, Conn.

YNIS BUARANTEE TAS IS YOUR CUSTOMER’S ASSURANCE 0Y FIDELITY ANO RELIABILITY.

MICHIGAN MAGNETICS, INC.
VERMONTVILLE, MICHIGAN M

CIRCLE 74 ON READER-SERVICE CARD

82

EF 223

You mix ’em!

We mount’em!
To your systems specifications

On | Flexi-Ca.rd ~

Harman-Kardon’s new economical 
Digital Card Assembly

Now, Harman-Kardon’s new flexi-card 
circuit assemblies bring logical versa­
tility to logical circuits. Each Flexi- 
card is factory-assembled to your 
specific requirement quickly, and at 
competitive prices,for any of the thou­
sands of combinations of digital logic 
you require.

...And two new series of 
Encapsulated Logic Modules

Completely compatible modules now 
available at 125°C. • 5 MC. • 250 KC.

Delay Lines 506
Signal-to-noise ratio is 7:1. and can be im­

proved to 30:1. Input and output impedances 
of types ML and MT are supplied to accommo­
date driving and output circuitry. Type ML de­
lays up to 100 gsec; type MT delays up to 5,000 
psec.

Computer Devices Corp., Dept. ED, 6 W. 18 
St., Huntington Station, N. Y.

ELECTRONIC

Send for complete details and... 
FREE guide to Boolean Algebra!

Data Systems Division

harman kardon
IHCOHrORATH,’. PLAINVIEW. UU N.Y.

CIRCLE 75 ON READER-SERVICE CARD 
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Planar Transistor 593

lowing ratings

Twin Tetrode 577

General Instrument Silicon Planar Epitaxial Transistors

392Screen Press

CIRCLE 76 ON READER-SERVICE CARD ►

Triple-diffused planar transit 
tor type 2N2102 offers the fol

of 120 v 
of 0.5 v

off-contact 
3-way line 
tive taper 
tioning of
registration plate is for drilled 
hole and pin holding

Etchomatic, Inc., Dept. ED, P. O.
Box 444, Waltham 54, Mass.
Price: $895.00.

For printed circuits. The unit 
features horizontal working ac­
tion on rollers, registration and

Now, together they make possible faster 
switching, more usable current gain over a 
wider current range and lower costs due to 
higher production yields. ■ For complete tech­
nical data on silicon planar epitaxials and any 
other semiconductor in our complete line, call 
the General Instrument sales office or fran­
chised distributor nearest you, or write today 
General Instrument Semiconductor Division, 
65 Gouverneur Street, Newark 4. New Jersey.

Warmup is 0.7 sec to full 3-db 
power output. Type 7983 twin 
tetrode can be used as a power­
output amplifier, driver nr fre­
quency multiplier. It provides 16 
w at 200 mc. Cathode voltage is 
3.15 v. Rf performance is com­
parable to that of indirectly heat­
ed cathodes.

Amperex Electronics Corp., Pow­
er Tube Div., Dept. ED, 230 Duffy 
Ave., Hicksville, L. I., N. Y.

Source for Silicon Planar Epitaxial Transistors. 
Get the benefits of both planar and epitaxial 
constructions in the transistors you specify 
for computer logic circuits. New General 
Instrument silicon transistors supply both. To 
the superior stability and freedom from con­
taminants our unique Molecular Shield™ 
planar-passivation process offers, we’ve added 
the high speed, low saturation resistance and 
high breakdown voltage of epitaxial devices.

GENERAL INSTRUMENTSEMICONDUCTOR DIVISION
GENERAL INSTRUMENT CORPORATION

height adjustments, 
adjustment, and posi- 
pin automatic posi- 
work frame. Planed

Output level of type RA-1668 is 
sufficient to provide bias current 
to drive six direct record chan­
nels. Normally encapsulated in 
polyurethane or modified epoxy 
resin, the unit requires 24 ±1 v 
de at 50 ma. Temperature range 
is —30 to +80 C.

Westrex Co., Dept. ED, 335 N. 
Maple Drive, Beverly Hills, Calif.

Bias Oscillator
Output frequency

396
100 kc.

max at Ic of 150 ma, VBF of 1.1 
v max at Ic of 150 ma. Output 
capacitance is 15 pf, noise is 6 db 
max, switching speed is 30 m/xsec 
max.

Radio Corp, of America, Semi­
conductor & Materials Div.. Dept. 
ED, Somerville, N. J.

2N1613
2N696* 2N1711 2N1893
2N697* 2N1252 2N1958
2N698 2N1253 2N1959
2N699 2N1410 2N1990

2N914 2N707 2N753
2N706* 2N708 2N783
2N706A 2N743 2N784
2N7068 2N744 2N834

•miutaRY TYPES AYAH ABIE



NEW PRODUCTS
456DC Power Supply

476Digital Voltmeter

Crossbar Scanner 496

For detailed specifications urite

Dept,

Converter* (DC to Power Supplies.
CIRCLE 77 ON READER-SERVICE CARD

than 
is de

THIS WELDMATIC WELDING HEAD IS 
USED TO PRODUCE MORE MODULES 
than all other makes combined

CUSTOM DESIGN 
LOW COST 
FAST DELIVERY

WALTER KIDDE A COMPANY. INC. 
1174 Brighton Road, Clifton, N. J.

Static Frequency Changers, Static Inverters Static

For thermoelectric coolers. All components 
are mounted on a base plate which acts as a 
heat sink or cooling surface for the rectifier. 
At maximum output, ripple content in the out­
put voltage wave shape is limited to 10% of 
the de level, according to the manufacturer. The 
unit is rated at 60 cps, 117 v input, 4 v at 30 
amp output.

General Electric Co., Dept. ED, Schenectady 
5, N. Y.

and the breakdown voltage is not less 
1,000 v ac rms. Signal frequency range 
to 10 me.

James Cunningham, Son & Co., Inc., 
ED, 33 Litchfield St., Rochester, N. Y. 
P&A: $1,600 to $1,800; 4-5 weeks.

Minimum Movable Mass
All parts moving during follow-up total 
less than 4 ozs. Die-cast electrode arm 
and holder, with electroplated high con­
ductivity interfaces, offer highest weld­
ing efficiency yet lowest mass.

Full Flexibility and Accessibility
The head features full frontal 3-dimen­
sional access with fully adjustable arm 
lengths. The head operates at any 
desired work position, either singly or 
in double head combinations.

Exhibits 5-digit resolution on all readings 
by means of a front panel meter which veri­
fies the null balance condition. Features of the 
model 2000 include ±1 digit accuracy, floating 
operation, 0.001% resolution, transistorized cir­
cuitry and optional printout.

Auto-Data, Dept. ED, 943 Turquoise, San 
Diego, Calif.

Now!
Kidde “know-how’ 

delivers 
pre-engineered 
static frequency 
changers with..

Kidde Electronics Laboratories now of­
fer static frequency changers on a 
“custom” basis at lowest cost. Utilizing 
the extensive experience gained in the 
design and production of working 
units, Kidde static frequency changers 
employ any of the three principal de­
sign techniques—intermediate DC link; 
phase modulation, straight-through 
method; and switch modulation, 
straight-through method.

This background of experience with 
these techniques has resulted in cir­
cuits which are now available almost 
on an "off the shelf” basis, and can be 
used to produce custom static fre­
quency changers in minimum time and 
at lowest cost. They are available from 
10VA to 10 KVA and within the range 
of 50 cps to 3200 cps upward and down­
ward. For more information write or 
call Kidde today.
Phone: GRegory 2-5000
(Area Code 201)

Kidde )
lectronics az /

I CZl~l aboratories

Here's why—
Fastest Fallow-Up
Model 1032 combines (1) near-zero iner­
tia of lightweight electrode arm with 
(2) minimum friction (thanks to self­
adjustingspring loaded linear raceways) 
and (3) low spring-rate driving force, to 
supply ultimate acceleration capability 
throughout the weld formation period. 
The vital combination of these 3 factors 
determines the resultant Weld-Schedule 
optimum “maximum-strength” area.

Absolute Linear Electrode Movement
I <»ng linear ball-bearing raceways allow 
only perfect, non-wiping action—wiping 
action being a major contributor to 
mediocre welds.

True Force Firing
Patented, pure force-firing action is de­
signed into the Model 1032. Weld energy 
is released to the electrodes only —and 
exactly—when the preset force is reached, 
regardless of setup configuration.

Self-Adjusting Raceways
Dual, linear ball-bearing raceways.

CIRCLE 70 ON READER-SERVICE CARD 

ELECTRONIC DESIGN • November 8. 1961

spring loaded for full compliance, com­
pensate for w’ear, thermal effects, and 
normal dirt and provide absolute, lowest 
constant friction over full electrode arm 
stroke.

Accommodates up to 100 one-wire channels, 
60 two-wire channels, or 40 three-wire chan­
nels. Bounce is less than 400 psec, none on 
break. Model ST-IL handles 100 ma at 50 v de

Full Line of Tailored Accessories Available
Optimum production weld repeatability 
results through minimizing operator 
fatigue. Tailored accessories such as 
actuators, illuminator, magnifiers, riser 
assembly, horizontal adaptor, etc., pro­
vide these results.

WELDMATIC DIVISION / T T T HT 1?
950 ROYAL OAKS DRIVE, MONROVIA, CALIFORNIA / U 1 1 1 JL Ldl\



Recording Amplifier 397

THE OFFNER
DYNOGRAPH

Handl«« all your recording requirements.

Silicon Rectifiers 592

YEARS

Tunnel Diodes 391

Write for complete details.

CIRCLE 79 ON READER-SERVICE CARD »
3900 River Road, Schiller Park, III. (suburb of Chicago)

Rated at 20 amp at 150 C case 
temperature, types USA-1N249B, 
1N250B and 1N2135A silicon rec­
tifiers have 100, 200 and 400 piv, 
respectively. They are designed 
in accordance with MIL-S-19500/ 
134.

Radio Corp, of America, Semi­
conductors & Material Div., Dept. 
ED, Somerville, N. J.

OFFNER DHIECT-WRITINí 
OSCILLOGRAPHS

Dual Pressure Switch 578

OFFNER DIVISION 
of Beckman Instruments, Inc.

For airborne and missile en­
vironments. Temperature range 
of type RA-1667 is -30 to +80 C. 
Output signal is 2.5 ma rms. In­
put is adjustable from 35 mv 
rms to 4 v rms for output re­
cording current of 1 ma rms. The 
unit requires 24 ±1 v de at 15 
ma. Bias frequency is 100 kc at 
15 ma rms.

Westrex Co., Dept. ED, 335 N. 
Maple Drive, Beverly Hills, Calif,

Range is 1 to 10 in. Hg with a 
calibration accuracy of ±0.05 in. 
The dual pressure switch, for 
spdt, normally closed operation, 
has contacts rated at 3-amp in­
ductive load at 28 v de. Maxi­
mum inrush is 15 amp. Switches 
meet MIL-S-8805, Class A-8, and 
environmental requirements of 
MIL-E-5272.

Assembly Engineers, Inc., Dept. 
ED, 3640 Holdrege Ave., Los An­
geles, Calif.

16 pages of facts, 
figures, and specifi­
cations on the Off­
ner Type R Dyno­
graph.

Write for your copy.

High current silicon tunnel 
diodes, HT-25, HT-26, and HT-27, 
have output voltages up to 0.8 v 
and typical switching time of 5 
nsec. Peak current tolerances are 
±10% with a temperature coef­
ficient of ±0.04% per C. Oper­
ating and storage temperature 
range is —85 to +200 C.

Hoffman Semiconductor Div., 
Dept. ED, 1001 N. Arden Drive, 
El Monte, Calif.
P&A: $25 to $45; immediate.

This one high-speed direct writing assembly handles all your 
recording requirements. You change only the input coupler for 
thermocouples, strain gages, servo monitors; for industrial, scien­
tific, and medical applications.

☆ From one microvolt, d-c to over 200 cps.
ft Ink, heat, electric recording media—easily convertible.

Th« most vereatile and sensitiv« 

direct-writing unit available!



NEW PRODUCTS
390Cathode-Ray Tube

final anode potential

566Pneumatic Timer

Precision Resolvers 388

has an 
15 sec 
cycles. 
±10% 
switch

A full line of capacities from 
10 to 52 points. Capable of 
millions of steps without ad­
justment.

When standard CLARE relays or switches meet 
your needs, distributor service saves you time, 
costs ydU no more.

kv and a 
of 4 kv.

The M-0 
ED, Brook 
England.

Valve Co. Ltd., Dept. 
Green, London W. 6

adjustable range of 0.2 to 
and is built for 5 million 
Repeat accuracy is within 
from 32 to 120 F. The 
is rated at 10 amp and is

STEPPING 
SWITCHES

Engineering assistance
—always available from CLARE field engineers who 
work in close cooperation with CLARE distributors.

Top quality
—the same fine design and long life you get in 
CLARE custom-built relays and switches.

Easy purchasing
—you can order CLARE relays at the same time you 
purchase other components...have them 
delivered together.

Transformation 
±0.5% for size 8, 
size 11 and ±0.15% 
from room ambient 
-55 to +125 C
range. Size 8 has input of 26 v, 
output of 11.146 v, phase shift 
of 22 deg, accuracy of ±7 min 
max, and total null voltage of 
0.030.

John Oster Manufacturing Co., 
Avionic Div., Dept. ED, Racine, 
Wis.
Availability: 60-90 days.

easily replaced.
Hagen Manufacturing Co. Div., 

E. W. Bliss Co., Dept. ED, 104 
Walnut St., Baraboo, Wis.

ratios are 
±0.2% for 
for size 15 
value over 

temperature

For general purpose oscillo­
scopes in which two independent 
signals are displayed on a com­
mon time base. This double-gun 
helical tube, type 1000F, has 10 
cm diam. and a window of 6.3 x 
6.3 cm. Deflection sensitivity in 
the X direction is 24 v per cm 
and in the Y direction, 14 v per 
cm, with a gun voltage of 1.2

Is 1.5 in. sq, weighs less than 
1 oz. Modal *90 pneumatic timer

Overnight delivery 
on many items 

at factory prices

NOW AVAILABLB
... mereury-wetted contact relay modules 

for mounting on your own printed circuit board

Type HGM relay module (left) with cut-away 
(right) showing mercury-wetted switch cap­
sule and coil potted in steel enclosure.

Your nearby CLARE distributor can now 
supply you with the new CLARE mercury- 
wetted relays, steel enclosed and ready for 
mounting. They combine the famous CLARE 
billion-operation reliability with unusual ease 
of handling and application. You can choose 
either the standard CLARE HG relay module 
or the HGS, super-fast and super-sensitive. 
Each module contains the CLARE mercury- 
wetted contact switch capsule with contacts 
continually wetted by capillary action. They 
never bounce, never get dirty, never weld and 
never wear out



576Gear Transmission

TYPE J RELAY

Silicone Compound

From these distributors
designed forType KW-1920

568

CENTRAL

Relays and related control components
4 CIRCLE «0 ON READER-SERVICE CARD

A compact telephone type 
relay of unequaled long life 
and superior performance.

Compound oil resistance 
low temperature flexibility.

Single or multiple switch 
capsules potted in steel con­
tainer. Gives billions of oper­
ations with no maintenance.

Harrison Equipment Co.
1422 San Jacinto St.
P. O. Boi 1506
Houston 1, Texas 
Tel: Capitol 4-8131

4. Enqineonnq Supply Co. 
0000 Denton Drive 
Dallas 35. Texas 
Tel: Fleetwood 7-6121

6. Enqinoorinq Supply Co. 
1124 East Fourth Street 
Tulsa 20, Oklahoma 
Tel: Luther 3-8121

9 Electronic Wholesalers, Inc.
9390 N.W. 27th Ave
Miami 47, Florida 
Tel: Oxford 6-1620

13. M G Electronic* A Equip. Co 
201-3 South 18th Street 
Birmingham 3, Alabama 
Tel: FA 2-0449

12. Pioneer Electronics Supply Co. 
5403 Prospect Avenue 
Cleveland 3, Ohio 
Tel: 432-0010

3, Radio Specialties Co., Inc 
209 Penn Avenue 
Alamogordo. New Mexico 
Tel: Hemlock 7-0370

C. P. Clara A Co., 3101 Pratt Blvd., 
Chicago 45, Illinois. 

Cablo Address: CLARELAY 
In Canada: C. P. Clare Canada Limited 

840 Caledonia Road, Toronto 10, Ontario. 
In Europe: Europelec, 

les Clayes-sout-Boi* (S.et O.), Franco.

A crystal can relay with un­
usual flexibility and a variety 
of mounting styles.

Differential 
Transformers

ber-base compound has a useful 
temperature range of —120 to 
+ 450 F. Volume swell in fluids 
is equivalent to that of dimethyl 
silicone rubber compounds which 
have brittle point of —80 F.

vital parts for military aircraft 
and missiles.

Silicones Div., Union Carbide 
Corp., Dept. ED, 270 Park Ave., 
New York 17, N. Y.

TYPE F 
RELAY

A highly reliable switching 
device for single or multiple 
circuit control... wide 
mounting versatility.

Multispeed, direct coupled gear 
transmission changes speeds while 
rotating. Offered in several sizes 
for different torque requirements, 
it is for use in power transmis­
sions for industrial-process con­
trols and instrumentation of com­
puters, data-reduction equipment, 
and film and tape-drive mecha­
nisms.

Analog General Corp., Dept. ED, 
7-11 Main St., East Rockaway, 
L. I., N. Y.
P&A: from $200; stock.

MERCURY-WETTED 
CONTACT RELAY

10. Relay Sale*. Inc.
P. O. Box 186 
West Chicago. Illinois 
Tel: 231-1100

11. Srepco, Inc.
314 Leo Street 
Dayton 4, Ohio 
Tel: Baldwin 8-2546

387 
with 
Rub-

EAST
7. R A D Supply, Ine 

1492 Highland Ave. 
Needham 92, Mass. 
Tel: Hillcrest 4-4500

PACIFIC COAST
1. Puqet Electro Products 

5319 Fourth Ave., South 
Seattle 8, Washington 
Tel: Par*war 5-9700

2. Bell Electronic Corporation 
1070 O'Brien Drive 
Menlo Perk, California 
Tel: Davenport 3-9431

2. Bell Electronic Corporation 
306 E. Alondra 
Gardena, California 
Tel: Faculty 1-5802

2. Bell Electronie Corporation 
8072 Engineers Road 
San Diego 12. California 
Tel: Browning 8-4350

8. Avnet Electronic* Corp.
70 State Street 
Westbury, L.I.. New York 
Tel: Edgewood 3-5800

9. Electronic Wholesalers, Inc 
1301 Hibiscus Boulevard
P. O. Drawer 1655 
Melbourne, Florida 
Tel: PA 3-1441

SEALED CONTACT 
REED RELAY

SOUTHWEST
1. Radio Specialties Co., Inc. 

6323 Acoma Road, S.E. 
Albuquerque, New Mexico 
Tel. Amherst 8-3901

Electromechanical transducers, 
the Atcotran differential trans­
formers convert linear displace­
ment into a proportional ac mv 
signal. They can be used with 
motion from bellows, diaphragms, 
Bourdon tubes, flow meters and 
levers. The electrical signal can 
be transmitted several miles over 
wire.

Automatic Timing & Controls, 
Inc., Dept. ED, King of Prussia,



NEW PRODUCTS
Saturable Reactor 479

TRANSMIT ON

ENCODE

Brushless Fan 471

OFF

♦ FREO

RECEIVE
DECODE

FREQUENCIES <50-1000 CPS

Digital Switch 451

QUALITY SINCE 1943

CIRCLE «1 ON READER-SERVICE CARD

HRHUTMt 
rommoMtni
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Thumbwheel switches can be stacked up to 
15 sections in a panel slot 8 x 1-9/16 in. Deca­
switch sections are available in single-pole 10- 
position, single-pole 11-position, plus/minus, 
binary and 2-pole, 5-position models. Switch 
contacts are gold plated and are said to feature 
low resistance.

Hallamore Electronics Div., The Siegler 
Corp., Dept. ED, 714 N. Brookhurst St., Ana­
heim, Calif.

Cabinet fan meets the temperature require­
ments of MIL-E-5272-C (—65 to 160 F). Elim­
ination of the brushes increases the life ex­
pectancy of the unit. The device uses a shade 
pole motor.

Rotronics of California. Dept. ED, 11168 
Santa Monica Blvd., Los Angeles 25, Calif.

Power-O-Matic 60 includes control, satur­
able power reactor, voltmeter and circuit break­
er plus heavy gage polished aluminum ven­
tilated housing. Three ranges are --20 to +650 
F and sizes are 2 to 10 kva.

Blue M Electric Co., Dept. ED, 138th & 
Chatham St., Blue Island. Ill.

LEKD8 A IWORTHRUP
Pioneers in Precision

CIRCLE «2 ON READER-SERVICE CARD

NEW-COMPACT 
8695 
TEMPERATURE 
POTENTIOMETER
Here in one space-saving instrument (only 
7" x 6" x 5"), you’ll find a self-contained 
portable potentiometer made with L&N’s 
top-quality craftmanship. If you’re check­
ing thermocouples, recorders or con­
trollers in industry—or measuring tem­
peratures in research work—you can 
choose, from 15 different ranges, the 8695 
Double-Range Potentiometer which meets 
your needs (an 8694 Single-Range instru­
ment is also available). For information 
on ranges, write for Data Sheet E-33(5). 
limit of error—±0.3% of range.
function switch—Six-position switch pro­
vides following internal connections: (1) ‘‘OUTPUT” 
A (2) "STD” A (3) "MEAS” A (4) "MEAS" B (5) "STD” 
B (6) "OUTPUT” B
CASE-Metal with handle, 7" x 6" x 5". Wt: 
4% lbs.
price—8695 $240.00. 8694: $200.00 F.O B. Phila. 
or North Wales, Pa. (Price subject to change without 
notice). Specify List Number 8694 or 8695 with 
desired range suffix numbers, obtainable from your 
nearest LAN Office or 4908 Stenton Ave., Phila. 44.

7 ELKINS ST., SOUTH BOSTON 27, MASS,
SM28>6

FOR RELIABLE

Process Control

Traffic Control

Catalog 563

OSCILLATOR 
STABILIZER

RESONANT 
RELAY

Telemetering 

by wire or radio

Selective Calling

Remote Control



Precision Potentiometer 570

Low-noise, 10-turn precision po­
tentiometer has the following 
specs: resistances, 25 ohms to 
200-K, 0.03% linearity; 0.0075* 
resolution; power rating, 3 w at 
40 C; temperature range, —55 to 
+ 110 C; life of 2 million revolu­
tions. Dimensions are 1-in. in diam 
by 1-53/64 in. long.

Arcon Electronics, Dept. ED, 
Box 31, Los Alamitos, Calif. 
Availability. 1 to 2 weeks.

Pneumatic 389
Instrumentation

Instruments feature automatic 
switching with no matching of any 
pressures, accessible zero and 
damping adjustments, 4-in. charts 
with rectilinear recording, cali­
brated control adjustments and 
optional front-set control adjust­
ments. Available are S1004-1 in­
dicators and recorders, S1004-2 
recording and indicating control 
stations, and S1004-3 recording 
and indicating control stations 
for cascade control.

Minneapolis-Honeywell Regu­
lator Co., Industrial Div., Dept. 
ED, Wayne and Windrim Aves., 
Philadelphia 44, Pa.

493Sequence Timer 
■

Battery-powered timer is accu­
rate to ± 10 sec per day over a tem­
perature range of 30 to 140 F. A 
4.5-v “A” battery will power the 
unit for 8-12 months. Cams are 
available with 1, 2, 3, 4 or 6 lobes, 
enabling the spdt switch to be cy­
cled as many times in a 1- or 12- 
hr period.

Geodyne Corp., Dept. ED, 180 
Bear Hill Road, Waltham 54, Mass.
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National
Nearest Competitor

50,000 G’s
30,000 G’s

3,000 G’s
1,500 G’s

150 psi
1OO psi

National Germanium Gold Bonded Diodi 
* Surpass All Others in these vital tests 

which determine reliability and ruggedness.
Result: Fewer Opens and Shorts —

Reduced Circuit Board Shrinkage.

SHOCK
NATIONAL 
Subminiature 
Diode HERMETIC SEAL

REDUCE 
ircuit Board 

shrinkage

Mil-S-19500 20,000 O’s 1,500 G’s not required

j\J jX 'Í J 0 M jX L
NATIONAL TRANSISTOR MFG„ INC.

500 Broadway, Lawrence, Massachusetts



FRONT END 
PLUG IN 
VERSATILITY

THE ONLY SOLID STATE 

10 MC COUNTER-TIMERS 

THAT PROVIDE COMPLETE 

FRONT END FLEXIBILITY. 

ALL MODELS ARE READILY 

CONVERTIBLE TO UNIVERSAL COUNTER­

TIMERS BY USE OF PLUG-IN UNITS.

1039TL
Time Interval Meter $2,325.00

The 1039 Series equipment represents 
a significant engineering design 
contribution to user convenience; ease 
of operation, performance, 
flexibility and modular solid state 
reliability are achieved.

1039T
Time Interval Meter $2,475.00 PICK A PLUGIN FOR YOUR SIGNAL

1O39FL
Frequency Counter $2,475 00

1039UL
Universal Counter-Timer $2,525.00

Universal Amplifier AC-DC Coupled
Sensitivity: 0.1 vrms 0 to 11 me
Impedance: ImQ 50 pf
Attenuator: 1,3,10,30,100 

with Trigger Level Control

Low Impedance Unit — DC Coupled
Sensitivity: 0.25vrms at 10 me 
Impedance: 93q or 50q
Trigger Level: ± 1 volt

1039F
Frequency Counter $2,550.00 These instruments, depending upon the 

model desired, are priced between 
$2,325.00 and $2,750.00

1039U
Universal Counter-Timer $2,750 00

Let us send you complete specifications 
of the Model 1039 Series.

JjYBTRDN
DIVISION OF J WJW -aJJONNER,

NEW PRODUCTS
Tantalum Capacitors 489

For filter, by-pass, coupling, blocking, RC 
differentiating and integrating circuits, phase 
shifting and vacuum tube grid circuits. Avail­
able in MIL case sizes A, B, C, and D, to MIL 
CS 12 or CS 13, these capacitors range from 
1.0 to 330 pf with tolerances of ±5%, ±10% or 
±20% and working voltages of 6, 10, 15, 20 
and 35 v. The units operate from —80 to 4-85 
C at full rated voltage or to +125 C at de­
rated voltage.

Erie Resistor Corp., Dept. ED, 644 W. 12th 
St., Erie, Pa.
P&A: $0.67 to $4.58; 3 to 4 weeks.

Dielectric Material 505
High-K 707 is available in dielectrics of 6, 

9 and 12 as rods, bars and sheets. The range of 
dielectric constants is from 3 to 18 and the ma­
terial can be manufactured for the customer to 
a tolerance of ±0.1 at microwave frequencies. 
The high-temperature (500 F continuous opera­
tion) material is also available as a casting 
compound in a 1-lb containers.

Custom Materials, Inc., Dept. ED, 279 Billeri­
ca Road, Chelmsford, Mass.
Price: on request.

Gaging Console 466

Reads- and prints-out up to 24 gage points 
in 1 min. Digital read-out windows give the 
gaging position and variation in lighted nu­
meral 1 in. high. Readings are accurate to 
0.0002 in. Range is ± 0.010 in. Model CS-24 uses 
110-120 v, 60 cps ac and consumes 350 w.

Winslow Manufacturing Co., Dept. ED, 1751 
E. 23 St., Cleveland 14, Ohio.

WHAT ELSE 
CAN YOU 
ASK FOR IN 
HOOK-UP 
WIRE?

WHEN YOU CAN get wire in sizes from 
No. 24 to No. 6 from Rome Cable 
WHEN YOU CAN specify either rubber 
or thermoplastic insulation from Rome 
Cable
WHEN YOU CAN order wire to meet 
either commercial or military specs 
from Rome Cable
WHEN YOU CAN select outer covers of 
nylon, cotton, rayon or glass from 
Rome Cable
WHEN YOU CAN be sure of fast de­
livery from Rome Cable, why look 
elsewhere for hook-up wire?

Whatever your requirements, Rome 
Cable can fill them. For the full story 
on types, sizes and specs, write for Bul­
letin TR-3. Direct inquiries to Rome 
Cable Division of Alcoa, Department 
11-111, Rome, New York.

ALCOA
ROME CABLE

CIRCLE 14 ON READER-SERVICE CARD CIRCI! «5 ON RtADH-StRVICE CARD
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Pulse Generator 398

Transistorized 10-mc pulse generator has 
rise time of 10 nsec. Extended performance 
capabilities of model 4550A include: pulse 
train generation to 10 me, coherent double 
pulse rate generation, multiple-channel pulse 
generation and de biased pulse generation.

Servo Corp, of America, Dept. ED, 111 New 
South Road, Hicksville, N. Y.
P&A: $18.75; 30 days.

Electronic Timer 473

Two adjustments for predetermined time 
intervals are featured in the “Protectal” timer: 
on—from 1/16 to 5 sec; off—from 1/16 to 
30 sec. Step switch consecutively energizes up 
to 24 external circuits. Incorporating a single 
electronic tube, the device operates from 115 v, 
60 cps.

Protection Controls, Inc., Dept. ED, 7317 N. 
Lawndale Ave., Skokie, Ill.

Temperature Chamber 483

Tests 150 component parts simultaneously. 
Range is from —100 to 4-350 F. Model SU-100- 
10-HC, 10-cu ft chamber, has a thermal capac­
ity of 400 BTU per hr at —80 F. The unit is 30 
x 24 x 24 in. and is equipped with fin coil evap­
orator on the rear wall, 1.000-w heaters and 
air baffle.

Cincinnati Sub Zero Products, Dept. ED, 
3932 Reading Road, Cincinnati 29, Ohio.

Slip Rings?
To provide excellent electrical properties 
and long equipment life for slip rings, we 
manufacture and supply fine and coin silver 
in the form, size, finish and degree of hard­
ness most convenient for the manufacturer 
and least productive of scrap.
Photo courtesy of Breeze Corporations, lnc„ 
L nion. New Jersey

Adjustable Contacts?
The Handy & Harman Bimet shown here is 
used as an adjustable contact in a Rimset 
thermostat for control of residential heat­
ing, cooling and air conditioning. It is made 
of fine silver for optimum conductivity and 
reliability, and clad with bronze to give a 
more machinable, easily threaded surface. 
Handy & Harman bimetals give you uni­
formly clad precious metal just where you 
need it, with no excess. Available in gold 
and silver and their alloys in strip, overlays, 
inlays, edge lays and thrulays.
Photo courtesy of Penn Controls, Inc., Goshen, 
Indiana
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If W hat You 're Doing 
Involves Precious Metals*

HANDY & HARMAN
CAN HELP YOU DO IT
Gold and silver...and their alloys...possess a combination of char­
acteristics that offers unique advantages to the electronics and 
electrical industries. Their excellent electrical and thermal conduc­
tivity makes them ideal for a vast range of applications, particularly 
in subminiature components. Their ability to resist corrosion im­
parts long service life and dependability to critical control items. 
The fact, too, that they can be obtained in so many convenient 
forms... wire, strip, sheet, powder, bimetals, flakes and plating 
anodes... lends them unusual versatility.

These are only a few examples of the ways in which Handy & 
Harman precious metals are used in the electronics and electrical 
fields. Perhaps they will suggest some ideas to help you apply them 
advantageously in your own products or operations. Our technical 
staff invites your inquiries. No obligation.

* BOLD & BOLD ALLOYS • SILVER AND SILVER ALLOYS 

BIMETALS • SILVER PAINTS • POWDERS AND FLAKE

HANDY & HARMAN
General Offices: 850 Third Avenue, New York 22, N. Y.
Offices and Plants: Bridgeport, Conn. • Chicago, III. • Cleveland, Ohio 

Dallas, Texas • Detroit, Mich. • Los Angeles, Calif. • Providence, R. I.
Toronto, Ontario • Montreal, Quebec
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Rotary Switches?
Low contact resistance and ability 
to withstand corrosion make silver 
ideal for switch parts. The stationary 
contacts of this rotary switch are 
made of fine silver...the multiple 
leaf brushes are of durable silver 
alloy. Life tests of one million oper­
ations, representing several years of 
normal use, show that “Zero” re­
sistance of 0.001 ohm through the 
switch body changes by le«s than 
0.0005 ohm.
Photo courtesy of Leeds & Northrup 
Company, Philadelphia, Pa.
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NEW PRODUCTS

The First MajorMaterials Tester 494

Variable Resistor
In load life, freedom from

resistance change under mechanical
wear and aging, Stackpole Controls

with new STABILITE* ElementsVoltage Regulator Tubes 428

surpass any general purpose
variable resistors produced since

the early days of radio
vibration characteristics

Humidity Indicator 485

all Stackpole ControlAvailable

samples of magnetic films as thin 
as well as wire and other bulk ma-

the B-H hysteresis loop 
material. Model 750T is

terial. The unit, which operates from 110 v, 60 
cps at 5 amp, is capable of developing mag­
netic fields up to 1,000 oersteds.

Halex, Inc., Dept. ED, 310 E. Imperial High­
way, El Segundo, Calif.
P&A: $5,230; 60 days.

of small 
designed

Measures 
samples of 
to evaluate 
as 10 /xin., ;
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ambient; shock and 
meet MIL-E-1.

Bendix Corp., Red 
Products, Dept. ED,

Bank Div., Electron Tube 
Eatontown, N. J.

Microminiature voltage regulator tubes are 
gas-filled cold-cathode diodes. Designated types 
TD-9A and TD-19, the tubes measure about 1.1 
in. long and 0.13 in. in diam. Regulation voltage 
is 150 and 115 v respectively, at 75 to 400 
operating current. Typical regulation is with­
in 1.7 v de. Temperature range is —55 to +125

Measures true relative humidity. Readings of 
wet and dry bulb can easily be taken in close 
proximity to critical manufacturing processes. 
Accurate measurements may be made with the 
instrument in any position. Two standard flash­
light batteries power a fan of low durrent 
drain to provide proper air circulation and evap­
oration. Dimensions are 2-3/4 x 5-1/2 x 7 in. 
and weight is 1-1/2 lb.

Better Fabrics Testing Bureau, Inc., Dept. 
ED. 101 W. 31 St., New York 1, N. Y.
P&A: $63.50; stock.

By achieving far greater variable resistor 
stability—at no increase in cost—the new 
Stackpole Stabilite elements provide 
greater circuit design freedom while 
assuring maximum dependability for the 
equipment in which they are used.



497Silicon-Controlled Rectifiers

Advance in
STABILITY in Years

504Paper Phenolic Laminate

LOAD LIFE @ 70’C, 1000 hours

own story of truly remarkable perform-
498Ionic Crystals

normal use.
For complete details and engineering

484Resistor KitPennsylvania.

READER-SERVICE CARD

persions to a specially-developed base 
material. The accompanying data tells its

samples, call your local Stackpole sales 
engineer or write on company letterhead

500 volts, de. 
750 volts, de

Each 
with-

types. Stabilitf. elements handle higher 
loads with an absolute minimum of derat-

% to 1 watt 
Vi watt, Min.

rated
5-amp

Stabilite elements result from entirely 
new techniques in applying carbon dis-

depenamg 
on value.

ing. And they maintain their tolerance 
through years of hard use!

500 volts, de.
750 volts, de.

SHELF LIFE .
NOISE ...........

Experimental kit contains seven microminia­
ture solid cermet fixed resistors, each with a 
different resistance value within the range of 
250 ohms to 12-K. CERA DOTS are designed

PERFORMANCE TEST

LOAD LIFE @ 25’C, 1000 hours

VARIABLE 
composition 

RESISTORS

to: Electronic Components Division, 
Stackpole Carbon Company, St. Marys,

Dilecto 160 is a warm punch laminate meet­
ing NEMA X and XP requirements. Perpendic­
ular short time dielectric strength is 500 v per 
mil. At 1 me, dissipation factor is 0.666 and 
dielectric constant is 5.7. In 1/32-in. thickness, 
it is punched at 170 F.

Continental-Diamond Fibre Corp., Dept. ED, 
Newark, Del.

Compare this performance 
with any controls you've 

ever used before!

rated series, have a prv range from 25 to 400 v. 
All types enable rapid firing with 2.5 ma at 
125 C. Units measure approximately 1 18 in. 
over-all length.

International Rectifier Corp., Dept. ED, 233 
Kansas St., El Segundo, Calif.
P&A: $7.46 to $53.25 each, (1-99); stock.

Twenty-two crystal types, including masers 
and lasers, are available in disk, plate and 
boule shapes. These crystals span a wide range 
of metallic halogens, including sodium, calcium, 
lithium, cadmium, lead, potassium and magne­
sium.

Gulton Industries, Inc., Dept. ED, 212 Dur­
ham Ave., Metuchen, N. J.

Types 3RC5A—3RC40A, the 3-amp 
series, and types 5RC2A—5RC40A, the

CIRCLE 07 ON
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ance under pertinent conditions

ZERO LOAD @ 100’C for 1000 hours
±4%, values to 100k; ±2%, values above 100k.

VOLTAGE COEFFICIENT
Less than ±0.01% per volt. (±0.005% per volt, avg )

TEMPERATURE CHARACTERISTIC
±3% from 20’C to 105’C

HUMIDITY: 95% RH @ 40’C for 240 hoars
±4% to ±5%, values to 250k; ±6% to ±9%, values 
above 250k.

MECHANICAL LIFE: 25,000 cycles... .Less than ±4%

Control "Mechanics" Have Been 
Improved Too!

e New rear bearings assure wobble-free shaft 
operation

e 70% less backlash on "ordinary'' tandem controls. 
Zero backlash on tandems for stereo.

• Close-tracking w matched element controls available 
for stereo.

• Full line of switches for most typos—rotary, push­
push, pull-push.

• Built-in solder flux guards an switches of miniature, 
diameter types.

Fixed Composition Resistors - Slide A S^ap Switches • CeramagW 

Ferrite Cores » F,«ed Composition C spac.tors • Ceramagnet* 

Ce-amic Magnets * Electrical Contacts • Brushes for ell Rc’ating 

Electrical Equipment • Graphite Bearings, Seal Rings, Anodes 

Hundreds of Related Carbon B Graphite Products

for insertion into printed circuit boards, 
is 0.050 in. diam x 0.030 in. thick and is 
out leads.

CTS Corp, Dept. ED, Elkhart, Ind. 
P&A: $7.00; stock.

................. 14 to % watt | depending 

................. 14 watt, Min.( on value.

................. Unlimited

................. 3 to 8 millivolts, values 
Delow 500,000 ohms 

8 to 12 millivolts, values 
above 500,000 ohms.

Average Percent Resistance Change



Power Transformer 461

Laboratory demonstration shows Du Pont Resistor Composition being applied to a ceramic base by stencil 
screen and squeegee (left). When stencil is removed from ceramic base, resistor is ready for firing (right).

NEW PRODUCTS
Digital Multimeter 487

Measures de volts, de ratios, ac volts and 
resistance. De voltage and ratio range and ac 
voltage range are 0.0001 to 999.9; resistance 
range is 0.0001 K to 999.9 K. Input impedance 
(de) is 1,000 to 10 megohms. Model 851 has 
provision for directly driving a digital printer.

Electro Instruments, Inc., Dept. ED. 8611 
Balboa Ave., San Diego 11, Calif.

New Du Pont Resistor Compositions are easy to apply... 
permit you to vary resistance values by blending the compositions

One major advantage of Du Pont Resistor Composition 
is its ease of application on ceramic or glass substrates. 
Just a simple screen-print, dip, brush or spray application, 
and the resistor is ready for firing under normal atmos­
pheric conditions in the range of 1100-1400°F.

Du Pont resistor compositions allow you to vary resist­
ance values by changing the composition of the resistor 
without altering its geometric form. You are no longer 
limited by the physical shape of conventional resistor ma­
terials. These compositions give you greater design flexi­
bility, essential for miniaturized circuits. They are available 
at three approximate resistance values: 500, 3,500 and 
10,000 ohms/sq. per mil thickness, and they can be blended 
to give a range of intermediate values.

Perhaps you can also profit from these Du Pont Products for the Electronics Industry
Conductive Coatings—Specially compounded silver, gold, 
palladium and platinum compositions that are used to pro­
duce capacitor electrodes, ceramic-to-metal hermetic seals, 
electrical shields and surfaces of high conductivity on 
non-conductive materials.

94

Electrical properties are reproducible. Laboratory tests 
show that fired printed patterns and coated rods have abra­
sion and impact resistance similar to fired silver coatings.

Fired samples are available for your own evaluation. 
Request them on your letterhead. For more technical infor­
mation, write: Du Pont, Electrochemicals Department, 
Ceramic Products Div., Wilmington 98, Del. Please indi­
cate the application you are considering. Du Pont does 
not manufacture resistors . . . only resistor compositions.

SETTER THINGS FOR BETTER LIVING 

. . . THROUGH CHEMISTRY

Conductive Cements—Silver and gold compositions con­
sisting of finely divided metallic particles dispersed in a 
resin system; Du Pont conductive cements may be used to 
replace solder as lead attachments for transistors, diodes,
resistors and as a base for electroplating.

CIRCLE •• ON READER-SERVICE CARD

Triaxial 30 kc output power transformer has 
a 2,000 v dielectric breakdown rating. Potted 
in flameproof epoxy resin, it meets all applica­
ble military specifications for flammability and 
thermal shock.

PCA Electronics, Inc., Dept. ED, 16799 
Schoenborn St., Sepulveda, Calif.
Price: $25.00 to $35.00.

One-Station Indicator 470

Standard range is ±0.010 in. with accuracy 
of 0.0002 in. for model IN-27 Electro-chek. Op­
tional ranges are ±0.020, ±0.005, ±0.C03. 
±0.001 in. Scale length is 4 in. The unit re­
quires 20 w of 115 v, 60 cps regulated power. 
A knife-edge pointer minimizes reading errors 
due to parallax.

Winslow Manufacturing Co., Dept. ED, 
1751 E. 23 St., Cleveland 14, Ohio.
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Telemetry Receiver-Recorder 429
Signals from fluid-flow transmitters made 

by the firm are received, totalized, indicated, 
and recorded by this receiver. Unit includes a 
modular circuit pre-wired to handle 16 control 
switches. Three recording pens on a circular 
graph are provided.

B-I-F Industries. Dept. ED. Providence, R. I

Insulating Coating 436
Designed for high temperature applications, 

type 1C40 is recommended for continuous oper­
ation up to 300 C. The manufacturer claims 
that the single-component coating has good 
weathering resistance and excellent adhesion. 
The compound is made to meet MIL-E-005272B.

Columbia Technical Corp., Dept. ED, Wood­
side 77, N. Y.

Relay Module 465

If
Uses dry-reed switch contactor. The unit con­

sists of a spst normally open reed switch rated 
at 12 va up to 250 v ac resistive load. Up to 12 
switche’ e’ be operated by the same coil. 
Operatii ne is from 1.5 to 3 msec at coil 
power of 0.1 to 0.4 w. Coils are available for 
operations at 6, 12, 24, 32, or 48 v de.

D. Randall Co., Dept. ED. 6 Pawcatuck Ave., 
Westerly, R. I.

Molding Compound 438
Designed for use in apparatus operating at 

130 C continuous. Components produced with 
grade 1703-A have a dielectric strength of 
more than 400 v per mil, good thermal stability 
and high corona starting voltages, according to 
the manufacturer.

The Glastic Corp., Molding Materials Div., 
Dept. ED, 4321 Glenridge Road. Cleveland 21, 
Ohio.

Accuracy Is Our Policy
Model 5000 analog to digital converter, 

manufactured by Non-Linear Systems, Inc., 
Del Mar, Calif., has an overall accuracy of 
±0.01% plus 1 digit. In the Sept. 27 issue on 
p 78, Electronic Design incorrectly report­
ed the accuracy as being ±1% plus I digit.
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the Difference

You can 
FEEL

in an Ohmite 
Rheostat

Sm-o-o-o-th Operation Prolongs Life... Aids in Close Control

TRY IT YOURSELF! Note the smooth, silent glide 
of the contact over the windings . . . and of the contact 
moving off and on the terminal bands. There’s abso­
lutely no raspy grinding to cause premature wear ... no 
aggravating “jerk” points that make you hunt for a setting.

The smooth, close control of Ohmite rheostats doesn’t 
just happen. It’s the result of special production opera­
tions that eliminate roughness. All 11 sizes of Ohmite 
rheostats from 12V4 to 1000 watts bring you this plus 
value ... a refinement that pays dividends in your equip­
ment, whether the rheostat is to be hand operated or 
motor driven.

Write on Company Letterhead for Catalog 58.

Terminal lug 
band is ad­
justed to wire 
diameter...no 
bump up or 
down for the 
contact.

Smooth, welded transi­
tions between the differ­
ent wire sizes of tapered 
windings.

Rounded pivot gives 
metal-graphite contact 
brush flush-floating con­
tact with wire.

SMOOTHNESS FROM ATTENTION TO DETAIL

OHMITE OHMITE MANUFACTURING COMPANY 
3643 Howard Street, Skokie, Illinois
Rheostats Power Resistors Precision Resistors
Variable Transformers
Tap Switches
Germanium Diod

Relays
Tantalum Capacitors 

R.F. Chokes
Micromodules
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NEW PRODUCTS
Amateur* Ba nd Coils 482

432Regulated Power Supplies

596Heat-Sink Kits

Operating in the 3.5- to 28-mc hands, coil 
series 2419 consists of five coils used as a set. 
Coil no. 2546 enables obtaining a wide variety 
of inductances by shorting different sections 
of the coil. The amateur bands of 80 through 
10 meters may be covered by presetting the 
entire coil to tune at 4 mc with 37 pf of shunt 
capacity.

Cambridge Thermionic Corp., Dept. ED, 445 
Concord Ave., Cambridge 38, Mass.
P&A: $1.50 to $2.00; stock.

Rated up to 3,500 v de, continuously variable, 
this line of power supplies offers 0.4 amp at 
high voltage and up to 50 amp on low-voltage 
models. The line includes narrow-band models 
variable over ±10% of nominal output, rated 
from 6 to 60 v de. Line and load regulation is 
from 0.1% to 0.005%, with long-term chopper 
stability of 0.01%.

Davenport Manufacturing Div., Duncan Elec­
tric Co., Dept. ED, 2530 N. Elston Ave., Chi­
cago 47, Ill.
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For evaluation purposes, four heat-sink kits 
are available. Kit A contains three TO-3, two 
TO-5, one TO-8 and two TO-18 heat sinks; kit 
B contains one TO-3, two TO-5, four TO-8 and 
two TO-18 types; kit C contains one TO-3, six 
TO-5, one TO-8 and two TO-18; kit D contains 
one TO-3, two TO-5, one TO-8 and seven TO-18 
types.

National Beryllia Corp., Dept. ED, First & 
Haskell Ave., Haskell, N. J.
Price: $18.

The Porter Alloyist delivers the right alloy 
IN THE SPOTS THAT COUNT «



Gaging Probe 468

There can be no compromise* for in­
stant, reliable communication when 
disaster strikes. That’s why the Por­
ter Alloyist recommends phosphor 
bronze and other special alloys for 
telephone and switchboard compo­
nents. Contact springs and other 
vital parts made from these alloys 
deliver high electrical conductivity 
and resist deformation after re­
peated use.

THE PORTER ALLOYIST IS 
A SPECIALIST IN A WIDE 
RANGE OF SPECIAL METALS
Porter’s Riverside-Alloy Metal Di­
vision is your single reliable source 
for specialty alloys in 8 basic groups 
of wire, rod and strip . . . phosphor 
bronze, nickel silver, cupro nickel, 
brass, stainless steel, nickel, Monel 
and Inconel.

Ask for a free copy of “Alloys for 
Industry” describing our wide range 
of specialty alloys. Write H. K. 
Porter Company, Inc., Riverside- 
Alloy Metal Division, Riverside, 
N. J. Or contact our sales offices 
in Hartford, Chicago, East Orange, 
Atlanta, Cleveland, Detroit, Cincin­
nati, Los Angeles, and Rochester.

PORTER supplies stainless steel, "K” 
Monel and Inconel “X” wire for many 
types of springs.

PORTER carbon steel wire reinforces 
and lengthens the life of a wide range 
of industrial hose.

»/vfM/of-Auor mevAL division 
tl. X. POItTCIt COMPANY, INC-
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A transducer of the inductive type. Gaging 
range is 0.040 in. and total plunger travel is 
0.080 in. Linearity is 0.1% over 0.020 in.; 
0.25% over the full 0.040-in. range. Output is 
5 mv per 0.00 in. with 6 v excitation. Units are 
designed for 60 cps operation. Sensitivity of 
model S reaches 0.00001 in.

Winslow Manufacturing Co., Dept. ED, 1751 
E. 23 St., Cleveland 14, Ohio.

Simulators and Converters 474

Repeated serial data words up to 120 bits 
in length are provided by the 600-series digital 
data simulators. Bit rates from 1,000 to 500,- 
000 per sec are available. Up to 8 parallel 
channels are provided. C-series binary to deci­
mal converters accept 10-bit binary data, either 
serial or parallel, and convert data to 12-bit 
binary-coded decimal.

Howard Instrument Co., Dept. ED, Red 
Bank, N. J.

Ceramic Capacitors 595

In values up to 0.2 pf, miniature 20-v Ultra- 
Kap ceramic capacitors can be substituted for 
paper capacitors in semiconductor circuits. 
They are stable at temperatures from —55 to 
+ 85 C. The basic construction principles of 
previous lower voltage Ultra-Kaps is employed.

Globe-Union Inc., Centralab Div., Dept. ED, 
900 E. Keefe Ave., Milwaukee 1, Wis.
P&A: $50 to $100; 3 to 4 weeks.

COUCH RUGGED 
ROTARY RELAYS
SPECIFICATIONS

CONTACTS - 4 PDT (4 form C) 5 A @ 
30 VDC

SIZE —1WD. x IWH.
WEIGHT-3.2 oz.
PULL-IN-POWERwatt
VIBRATION-50 G, 10 to 3,000 CPS
SHOCK, Electrical —100 G minimum
TYPE — CVE with patented rotary 

armature
WRITE FOR DATA SHEET 1

A subsidiary of S. H Couch Company. Inc.

3 ARLINGTON STREET. NORTH QUINCY. MASS.

CIRCLE 92 ON READER-SERVICE CARD
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NEW PRODUCTS
Harmonic Generator 599

presents
a Series of Broadband

431Mobile Data Acquisition System

488Secondary Frequency Standard

Drop us a card requesting Spec Sheet

ELECTRONIC

STEPPING SWITCHES. Fast and de­
pendable Bulletin T-5001R.

JACKS i PLUGS For many electri­
cal and electronic uses Send for 
Bulletin T-5003.

KEYS Cam-type and push button 
Send for Bulletin T-5OO2R.

TELEPHONE HANDSETS: Standard 
or with switch assemblies Send 
tor Bulletin T5017-R.

For bulletins and more information 
contact the nearest Sales Branch 
office; Atlanta—750 Ponce de Leon 
Place N.E.; Chicago-564 W. Adams 
Street; «ansas City (Mo.)—2017 
Grand Avenue; Rochester—1040 
University Avenue; San Francisco- 
1805 Rollins Road.

Check* and seta operating frequencies of 
mobile communications systems. ZEROBEAT 
will produce signals from 5 kc to 500 me with 
an accuracy of ±0.0002% as a primary stand­
ard in the field or ±0.00003% as a secondary 
standard in the laboratory. The unit can also 
be operated in the field from a 6- or 12-v in­
verter, weighs 21 lb, and is 19-7/8 x 11-1/8 
x 6-1/4 in.

Eltec Laboratories, Inc., Dept. ED, Middle­
town, Conn.
Price: $550 00

WHEN QUALITY 
IS A MUST

Wide-range harmonic generator model CDH- 
0.1 uses three tubes and two crystal diodes. 
Accuracy of the crystal is ±0.005%. Several 
of the units can be used at one time with a 
sweep generator. It can be furnished with crys­
tals ranging from 0.1 to 100 me.

Telonic Industries, Inc., Dept. ED, Beech 
Grove, Ind.
Price: $55 to $75.

With 18 channels of instrumentation, this 
data aquhition system is designed as a mobile 
device. Called Mobidac, it measures 36 x 24 x 
20 in. and weighs 175 lb. Magnetic tapes pro­
duced by the device are suitable for direct input 
into computers. Digital logic is contained on 
five different standard circuit cards. Nixie out­
put is provided.

Systems Engineering Laboratories, Inc., 
Dept. ED, P. O. Box 9148, Fort Lauderdale, Fla.

Canal St. and Beaver Dam Rd., Bristol, Pa.
Spaclallsts In designing and building equipment 

to operating specifications
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RELAYS: Wide range, for electro­
mechanical switching Send for 
Bulletin T-5600R2.

A few other RAW product«. I P TRANSFORMERS • COMMUNICATIONS 
EQUIPMENT • AUDIO PHASE SHIFT NETWORKS • TEST EQUIPMENT • and 
n—v typos of Hord and «pedal electronic component, and equipment
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Stromberg-Carlson
TELEPHONE-TYPE 

COMPONENTS

High-Frequency Matching 
Transformers

Frequency range 2 to 30 me . . . low insertion 

loss . . . low SWR . . . good balance.

Power ratings: 1KW, 5KW and 20KW.

These high frequency transformers are ideal 

for matching unbalanced radio transmitter 

outputs to balanced amplifiers and balanced 

antennas. Standard impedance transformations 

50 to 70 ohms unbalanced to 150, 300 or 600 

ohms balanced as required. Other impedance 

ratios available on special order.

Pioneers in the development of baluns and 

unique RF coupling devices B&W again sets a 

standard-



Light Source 366

step

464Pulse Switch STILL OPERATIVE!

total travel

of TI Grown-Junction Transistor Reliability

645Servo Assembly
low average failure rate of less than 5 More

18594
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Gives 50-ft scanning range 
with omni-directional mounting. 
Type LS-3 light source includes a

than six-million life-test hours give you the industry's 
greatest source of reliability data for predicting TI 
transistor performance

Write on your company letter­
head for Tl g row n -junction 
reliability data, application 
notes, data sheets or engineer­
ing assistance

low-voltage lamp and

ing force,

• Low cost of TI grown-junction transistors is made 
possible through industry's wide acceptance and usage 
of these units in many applications, enabling TI to 
provide fast, cost-saving production in large quantities. 
Added savings in time and money too, through one- 
source purchasing from TI's complete line of military 
and industrial grown-junction types.

• Successful applications in thousands of circuits 
over the years testify to the consistent reliability 
of these TI units.

0.105 in.; pretravel, 0.040 in. min; 
differential travel, 0.050 in. max

Minneapolis-Honeywell Regula­
tor Co., Micro-Switch Div., Dept. 
ED, Freeport, Ill.
P&A: from $26.40 to $28: immedi­
ate.

g Only Texas Instruments offers life-test data 
from lots that have been continuously on operating 
life test for over five years — showing an extremely

down transformer for connection 
to any 115-v ac circuit. Housed 
in aluminum, it is sealed against 
moisture and dirt. Dimensions 
are 6-1/16 x 5-7/8 x 3-15/16 in.

Farmer Electric Products Co., 
Inc., Dept. ED, 2300 Washington 
St., Newton Lower Falls, Mass.

• Independent Quality and Reliability Assurance 
department augments TI's own production and testing 
know-how .. independently measuring device reliability 
at every manufacturing stage. Approximately one-million 
life-test hours monthly offer continuous verification of TI 
grown-junction reliability.

TRANSISTOR 
PRODUCTS 
DIVISION

Take advantage of the predictable reliability of 
these devices in your low frequency and switching de­
signs. Call your local TI sales office or TI distributor now 
for immediate delivery in sample or production quantities.

One-shot pushbutton sw itches, 
series 1PB3000, produce one 
square-wave, msec-length pulse 
with each operation. Eight cir­
cuits are available to produce 
lengths from 0.030 to 0.5 sec at 
amplitudes of 6 to 20 v and 20 to 
55 v. Characteristics are: operat-

I GROWN JUNCTION TRANSISTORS m mUIIi*«
viva torture treatuant The satellite fell I roe atop a Bisiile t
came* led tx.ueced acrou a iannrmng pad etc a LOX- and 
kerosene-filled ditch. The feel ii the ditch ignited and the satellite 
horned for Mveral boon. Resell —TI transistors are still operatire 
drauatic proof of the high reliability d TI units order eitreee coadituN

Integrated servo assembly is 
designed to provide remote 
transmission of angular posi­
tions. It contains a size 5 motor, 
a size 5 synchro and precision 
gearing with gear ratios of up to 
875 to 1. The output shaft is 
geared 1 to 1 with a size 5 con­
trol transformer. The complete 
assembly is integrally housed in 
a size 11 configuration.

Daystrom, Inc., Transicoil Div., 
Dept. ED, Worcester, Pa.



NEW PRODUCTS
362Signal Integrator

377Stack Switch

New SYNTRON Power Point
Delivers up to 22 KW

356Pulse Transformer

Ltd., Stony Creek. Ontario. •Syntron Trade Mark

IOO

three phase operation . . . current range from 3-25 amps 
(75 amps on force cooled units).

ELECTRONIC DESIGN • November 8, 1961

Telephone relay type. Switch features tem­
pered nickel-silver springs, ranging in thick­
ness from 0.0063 to 0.016 in.; type XXXP 
paper-base phenolic spacers in thicknesses of 
1/32, 3/64, and 1/16 in. Silver or welded cross­
bar palladium contacts are used and tubing 
is polystyrene or bakelite.

Switchcraft, Inc., Dept. ED, 5555 N. Elston 
Ave., Chicago 30, Ill.

The PIP series of nine pulse transformers 
are completely metal cased. Measurements are 
5/16 in. diam x 3/16 in. high, weight is 1/20 
oz. Units meet MIL-T-21038 and MIL-TP6RX- 
4410CZ. Parameter ranges are: 0.05 to 10.0 psec 
pulse width; 0.018 to 0.4 psec rise time; 50 to 
200 ohms impedance (in, out).

United Transformer Corp., Dept. ED, 150 
Varick St., New York 13, N. Y.

Integrates amplified signals from various 
transducing elements. Model J101B can be used 
with current and voltage indicators, recorders 
or any instrument that supplies a full-scale out­
put of 1 ma from 10 to 100 v. Accuracy is 1%. 
Drift is less than 0.01% per hr. Information is 
indicated by a 6 decimal digit counter and a 
2-1/2 in. meter.

Elcor, Inc., Dept. ED, 1225 W. Broad St., 
Falls Church, Va.
P&A: $795.00; 4 weeks.

Plagued by the lack of space for your power rectifier 
circuits?
Looking for more delivered d-c power?
Like to reduce the costs of the rectifier assemblies you’re 
using by 30% or more? Want certified and guaranteed* 
performance? You’ll want the new Syntron Power 
Point**, the new component you mount right at the 
point of use, right where you need the d-c. It’s a single 
unit replacing the usual complicated assembly of silicon 
rectifiers, heat sinks, cooling fins, terminal posts and 
mounting lugs, spacers, etc.
It’s a compact unit that supplies a lot of power. Example: 
a force cooled heavy duty model, measuring only 4% by 
3^ by 4 inches, can deliver 22 kw at the d-c terminals. 
If you prefer to use the smaller of the two available 
models, you can get as much as 17 kw d-c. This little 
fellow is only 4 by 2916 by 2*^ inches.
You can get either of these two sizes for single phase or

W/iai about cost? ... Depending on the number you need, 
you’ll find that the Power Point costs from 30% to 50f í 
less than any comparable silicon rectifier assembly. If 
you want a firm dollar quote, let us know your require­
ments and the quantity desired. We’ll tell you exact 
prices along with delivery dates. Usually, delivery is 15 
days or less after you order. (We can make it fast be­
cause the Power Point is in stock NOW and it’s avail­
able direct from Syntron or from selected distributors 
throughout the country.)

Want a quote or more information? A complete data 
sheet showing performance curves, dimensions, opera­
tional characteristics is yours by completing the coupon 
or by writing Syntron Company, Semiconductor Divi­
sion, Homer City, Pa. In Canada: Syntron Company



Thermoelectric Coolers 376

Using 3.0 amp max, these 2 and 3 stage cas
95 C from a sink

The 2 stage
615-5 has a maximum delta T in open
65 C

active

$349

Digital Control Equipment 373

Digital transducers and a sampling multi

digital

Frank-

Vibration Isolator 358

title

company

address

state

615-5-1 specifications are 75 and 115 
spectively. Both units have a maximum

plexer are available to operate over range —40 
to +158 F ambient. Higher ranges are avail­
able. Components are capable of operating

cade coolers will reach 
temperature of +20 C. model 

air of 
model

individually or collectively with any 
controller or data recorder.

Diginamics Corp., Dept. ED, 2525 E.
lin Ave., Minneapolis 6, Minn.

SYNTRON CO , Semiconductor Div., Homer City, Pa. ED 11 
□ Please send me more information on Syntron Power Point 
□ Please have a Syntron representative call.

P&A: model 615-5, $309, model 615-5-1 
30 days.

vacuum, 86 C. The 3 stage

heat pumping capacity of 20 mw.
Jepson Thermoelectrics, Inc., Dept. ED, 139 

Nevada St., El Segundo, Calif.

Based on the principle of seismic motion, 
this shock and vibration isolation system is de­
signed to protect supported mass in all altitudes, 
even in combination with high steady-state G- 
loads. Featuring all-metal construction, the iso­
lator is unaffected by temperatures from —100 
to +500 F; meets MIL-E-5272C and exceeds 
performance requirements of MIL-C-172.

Aeroflex Laboratories, Inc., Dept. ED, 48-25 
36th St., Long Island City 1, N. Y.
P&A: $4 to $50; stock to 60 days.

SYNTRON
certified SEMICONDUCTORS

CIRCLE 96 ON READER-SERVICE CARD

ELECTRONIC DESIGN • November 8, 1961

WHERE TO USE THE POWER POINT
• on clutches, computers, for cathodic protection
• business machines, and burglar alarms, and battery chargers
• on magnetic chucks and amplifiers and magnetic reactors
• on motors and brakes and to close circuit breakers
• in circuits with telephones, telrqraph and other equipment, such as
• vibrators and relays and traffic control
• power supplies for autos and airplanes and electro-plating
• in short: almost mywhere you need d-c power close to the Point of use

A ♦ SYNTRON CERTIFIED SEMICONDUCTORS
All Syntron semiconductors have been tested and inspected to AQL level of 1.0, 
Inspection Level II, and are so certified. Electrical and mechanical tests include 

» • Inspection to the appropriate JEDEC outline drawing.
«XL • Stated PRV for specific current ratings over a range of diode tr cell temperatures. 
LX- • Forward drop at rated current and a diode or cell temperature of 25’C.
X • Testing al all rectifier assemblies al rated load conditions.

Vie guarantee that our semiconductors will meet their certified AQl performance 
LXL levels for up H II months after manufacture provided they are not misused or 
y+ misapplied. All Syntron semiconductors found to be defective in materials 

or workmanship will H replaced at no charge upon return to our plant.

Replaces Bridge Assemblies 
in 50% less space, 30% less cost



NEW PRODUCTS
Silicon Transistors

Ultrasonic Cleaner 378

370

DESIGNED TO MEET THE CHALLENGE OF ENVIRONMENT

Power dissipation is 85 w. Types 2N1212 and 
2N1208 are diffused junction npn high power 
transistors designed to operate from —65 to 
+ 200 C. Vcg is 60 v, Vcb is 60 v, Veb is 10 v, 
and Ic is 5 amp. These transistors meet the en­
vironmental requirements of MIL-S-19500B.

Silicon Transistor Corp., Dept. ED, 150 Glen 
Cove Road, Carle Place, L. I., N. Y.

Connectors
Strength... Endurance... Survivability 
...The Albatross is well equipped to 
live at sea and in the air almost contin­
ually. Airborne missiles, too, are 
designed for capable operation under 
rigorous environmental conditions. 
That is why Anton Series S-20 Minia­
ture Connectors by Lionel are specified 
whenever utmost reliability is essential 
for plug-in type sub-assemblies.

■ Positive alignment <& polarization 
« Minimum mated depth 
■ Extended insertion/withdrawal 

life
■ 4 sizes: 13 to 41 high voltage 

contacts, 2 & 4 coaxial contacts 
& combinations

■ Meet applicable MIL Specs
(Special material« and modifications to meet 
specific requirements)

• • • sign here!
If you want top-quality pots when you need them, you could make 
your own! Of course, you 11 need Swiss screw machinery to produce 
the cases necessary to complete the job. So plunge right in — sign up 
for those highly precision screw machines . . . and hang the cost!

But before you deplete the family exchequer with a grand flourish of 
the pen, come to Ace! We ve already taken the plunge, and it s paid 
off. These machines automatically deliver, at high 
speed, cases with mechanical tolerances closer 
than .0002. This also means the most flexible 
production operation in the industry. No sub­
contracted parts to wait for — we design our own 
cams to any special size and shape, and we run 
the cases ourselves, on a 24-hour day basis! So 
for dependable delivery, see your ACErep!

Features 5 gal capacity. The system 320 has 
a generator rated at 320 w average power, 
1,280 w at peak power output. Fused for 7 amp, 
the generator operates from 117 v, 50 to 60 
cycle line current. A 220 v, 50 to 60 cycle export 
model is also available. Broad-band frequency 
modulation is used to prevent overloading of 
transducers.

Ultrasonic Industries, Inc., Dept. ED, En­
gineers Hill, Plainview, L.L, N. Y.
P&A: $499.95: immediate.

/ ¡ere s one of our automatic-production cases, on a servo mount A.I. A. 
size 1-1/16" ACEPOl^. In-plant production on cases up to 6".

Pressure Switch 360

Delivery time slashed for Anton “spe­
cial" connectors! New Lionel tooling 
practices provide rapid delivery of 
“specials” for unusual applications... 
within 6-8 weeks* of order date!
'“Standard“ catalog units are in-stock items.

Write Dept. 1H-W for Series S-20 
Technical Literature.

102

ELECTRONICS ASSOCIATES, INC
99 Dover Slreot, Somerville 44, Most.

SOmwwl «SIX TMX SMVl 181 Wwt. Unto« WUX

AcvOlwr- Ac«Mi9 A«a»kn^

Trips at 50 psi; resets at 30 psi. Model 
65M291 is designed for a wide range of environ­
mental conditions and operates from —65 to 
+ 300 F at altitudes from sea level to 800,000 ft. 
Featuring explosion proof construction, the unit 
measures 1-in. sq by 1-1/2 in. overall length.

Captive Seal Corp., Dept. ED, Caldwell, N. J.

LIONEL
Electronic Laboratories

FORMERLY ANTON ELECTRONIC ! * »ORATOR IE I 

1226 Flushing Ave., Brooklyn 37, N.Y.
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UHF Filters 372

Contact Blocks 657

extra features

at no extra cost!Welding Tool 630

Daven metal film resistors

THE DAVEN COMPANY, Livingston, New Jersey

RESISTORS
each; from stock.

TODAY. MORE THAN EVER. THE DAVEN © STANDS FOR DEPENDABILITY
CIRCLE 99 ON READER-SERVICE CARD

Aircraft 
Short St.

3o., Dept. 
Oceanside, General

Mills

Three-terminal, high-frequency, 
low-pass filters are designed to 
eliminate parallel resonance peaks 
in the uhf range of 100 to 2,000 
me. At 500 me the transfer imped­
ance of the filter is below 0.01 
ohms; effective filtering continues 
to above 1 Gc. Temperature ranges 
are up to 125 C.

Erie Resistor Corp., Dept. ED, 
644 W. 12th St., Erie, Pa.
P&A: from $0.60 to $12.50 each in 
lots of 1M to 10M; immediate.

A pressure sensing, pencil­
probe type welding handpiece, 
the VTA-43, has been designed 
to facilitate small, pin-point 
welds entirely from one side of 
a work surface. The probe is ad­
justable to fire and weld energy 
at preset pressures ranging from 
1/2 to 5 lb. The unit weighs 6 
oz with cables.

Hughes 
ED, 2020 
Calif.
P&A: $75

For push button and selector 
switches. Type H and HO mela­
mine contact blocks can be sup­
plied for panel mounting with 1 
NO or 1 NC contact and 2 NO 
or 2 NC contacts for base or pan­
el mounting. They are rated at 6 
amp, 110 to 125 v; 3 amp, 220 to 
250 v; 1.5 amp at 440 to 480 v; 
1.2 amp at 550 to 600 v.

Clark Controller Co., Dept. ED, 
1146 E. 152nd St., Cleveland 10, 
Ohio.

• True glass-to-metal seal plus epoxy encapsulation
• 25 PPM/°C. temperature coefficient over normal operating 

temperatures at no surcharge
• Weldable leads, which are readily solderable, are standard 

on all units at no surcharge
• Exceeds MIL-R-10509D, Characteristic C specs
• Off-the-shelf delivery from your Daven distributor
Write for full details on Types DA 2 and DA 4
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NEW PRODUCTS
Data System

[Wi*

371

Industrié Electronics Measurement & Control
Ed Bukstein’s up-to-date volume describes the 
electronic devices most commonly used for indus­
trial measurement and control. Nine chapters 
cover techniques and devices for measuring: pres­
sure; illumination and color; temperature; humid­
ity; liquid level; time and speed; frequency; 
dimensiona; rate of flow, etc. Seven additional 
chantera describe methods for electronically con­
trolling: time delay; temperature; motor speed; 
weld current; positioning; illumination; tension, 
etc. Covers devices such as Bourdon tubes, serv­
omanometers. radiation pyrometers, binary 
counters, ratemeters, radioactivity gauges, 
anemometers, etc. Components, circuits, and 
applications are adequately described to provide 
a ready reference source for engineers, technicians, 
and maintenance personnel. 192 pages, 5 x 8^'.
Ne. IND-1. Only..............  ........ $3.95

Electronics Math Simplified
A solid background in basic electronics requires at 
least a working knowledge of advanced arithmetic, 
algebra, and trigonometry. Here is a simplified 
approach to the understanding of these subjects, 
specifically tied into and based on electronics 
theory. Includes dozens of step-by-step examples 
relatim: to problems concerned with resistance, 
capacitance, inductance, wire measurements, fre­
quency, vacuum tube characteristics, transform­
ers, modulation, meters, antennas, etc. Practical 
exercises are included, with answers in a special 
Appendix. Especially helpful for use with texts or 
courses leading to aecond and first class FCC 
'phone licenses. Ideal for home study or classroom 
use. 224 pages. 5 x 8*. No. MAT-1. Only $4.95

Density and pressure can be digitized and 
recorded on Mobidac for later computer analy­
sis of standard deviation, variance, quantities, 
mean values, etc. This unit accepts 48 input 
data channels directly from transducers at full 
scale levels at low mv. Inputs are multiplexed 
and digitized into binary or binary-coded deci­
mal codes and recorded on magnetic tape.

Systems Engineering Laboratories, Inc., 
Dept. ED, 4066 N. E. Fifth Ave., Fort Lauder­
dale, Fla.
P&A: $50,000 to $60,000; 90 days.

Power Transistor 357

HOW TO SAVE TIME
WHEN YOU NEED

CORNING COMPONENTS
IN A HURRY

Check this list for the Corning Electronic Components
distributor located nearest to you Clip and save.
You can get immediate delivery from him at factory prices on virtually 
the full line of top-reliability Coming components ... tin oxide resistors, 
from the 6^ C line through the environment-proof NF type; capacitors, 
axial lead and wafer types; shock- and vibration-resistant precision 
trimmers; rugged, high stability inductors and inductor kits, and printed 
circuit grid boards and grid board kits.

All you need: your distributor's name, a telephone and a purchase 
order. Your distributor will do the rest... quickly.

CORNING ELECTRONIC COMPONENTS DISTRIBUTORS

ABC’s of Ultrasonics
Alan Andrews provides a basic overview of ultra­
sonics. Cover* the nature and behavior of sound 
waves, the maintenance and testing of ultrasonics 
equipment, transducers, typical circuitry, cavita­
tion Describee commercial ultrasonics equipment 
used for various applications. Brings you right up 
to date on thia faacinating subject. 96 pages; 
5H x 8H'- Ne. ULT-1. Only $195

Transistor SnhsfitMtion Handbook, 2nd Edition
Tetost volume; contains only DIRECT substitu­
tions. Now includes 7500 substitutions (1000 more 
than in prior volume). Includes basing diagrams, 
polarity identifications and manufacturers for over 
3100 transistor types. Special section covers over 
700 American replacements for Japanese tran­sistors, plu» a semiconductor diode and rectifier cross-reference directory (over 600 substitutions 
shown). Text explains when substitution Is appro­
priate and when not, what precaution* to take 
when substituting. Cover* all transistor types, 
UJS. and foreign, for home entertainment, indus­
trial and military use. 96 page*. 5Vi x 8J^'
Ne. SSH-2. Only.......................... $1-50

—— Send ter tn* H«wers w. .«"• 
ED EE nicol Baek Usi—sv*r U0 .ulhoHIn 
■ Hv* IWIst Send csspan belew.

HOWARD W. SAMS & CO., INC.
Order freer any Elsdronlc Pari* Dittribwtor, er a 
mail fa Heward W. Sams 4 Co., Inc, Dep«. L-101 a 
1720 i. 3BW> St, Indianapolis 4, Ind. a
Sand the fellowin®. □ IND-1 □ MAT-1

□ ULT-1 □ SSH-2 J 
¡5.............endosed.D Sand an FREE 10-Oay Appra«ala

,N«n_ 

gAddrstt.

■ aty Stat«.
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Silicon power transistor has u current gain 
of 1,000 at 2 amp and a 0.35 ohm saturation re­
sistance. This 10 amp device, designated WX- 
118, has voltage ratings up to 150 v and a power 
rating of 150 w. The low saturation resistance 
of this device improves efficiency and reduces 
cooling problems in power switching circuits.

Westinghouse Electric Corp., Dept. ED, 2519 
Wilkins Ave., Baltimore 3, Md.

Optical Oscillograph 368

Featuring direct readout, the 8-channel unit 
has 0 to 500 cps response with standard gal­
vanometers. The model 658 T system uses an 
8-in. wide chart, has 9 chart speeds from 1,000 
to 2.5 mm per sec, timing lines at 0.1 and 1.0 
sec intervals, and a beam interrupter for trace 
identification. Amplitude lines are “written,” 
and may be eliminated from 1/4, 1/2, 3/4 or 
the entire width of the band.

Sanborn Co., Medical Div., Dept. ED, 175 Wy­
man St., Waltham 54, Mass.

ARIZONA
PHOENIX
Radio Specialties & Appliances 

Corp.
TUCSON
Standard Radio Parts, Inc.

CALIFORNIA
SOUTHERN CALIFORNIA 
Federated Purchaser, Inc. 
Universal Radio Supply Co. 
Western Radio & TV Supply 
Newark Electronics Co., Inc. 
R. V. Weatherford Co.
NORTHERN CALIFORNIA 
Elmar Electronics, Inc. 
R. V. Weatherford Co.

COLORADO
DENVER
Interstate Radio 4 Supply Co.

FLORIDA
MELBOURNE
Electronic Wholesalers, Inc.
MIAMI
Electronic Wholesalers, Inc.

ILLINOIS
CHICAGO 
Newark Electronic* Corp.

INDIANA
FORT WAYNE
Ft. Wayne Electronic Supply, 

Inc.
INDIANAPOLIS
Graham Electronic* Supply, 

Inc.
IOWA

CEDAR RAPIDS 
Deeco, Inc.

LOUISIANA
NEW ORLEANS 
Electronic Part* Corp.

MASSACHUSETTS
BOSTON
Cramer Electronics, Inc.
Radio Shack Corp.

MICHIGAN
DETROIT
Ferguson Electronic Supply

MINNESOTA
MINNEAPOLIS 
George Spencer, Inc.

NEW JERSEY 
MOUNTAINSIDE 
Federated Purchaser, Inc.

NEW MEXICO 
ALAMOGORDO
Radio Specialties Co., Inc.
ALBUQUERQUE 
Radio Specialties Co., Inc.

MARY LAN) I 
BALTIMORE 
Wholesale Radio Parts Co., Inc. 
Radio Electronic Service 

Company of Baltimore, Inc.

NEW YORK
BUFFALO 
Radio Equipment Corp.
NEW YORK CITY AREA 
Interstate Electronics, Inc. 
Milgray Electronics. Inc. 
Milo Electronics Corp.
Terminal Hudson Electronics, 

Inc.
POUGHKEEPSIE
Higgins 4 Sheer Electronic 

Distributor*
ROCHESTER
Rochester Radio Supply Co., 

Inc.
SYRACUSE
Morris Distributing Co., Inc.
UTICA
Valley Industrial 

Electronics, Inc.
VESTAL
Federal Electronics, Inc.

OHIO
AKRON
The Sun Radio Company
CINCINNATI 
Hughes-Peter*, Inc.
CLEVELAND
Radio and Electronic Parts 

Corp.
COLUMBUS 
Hughes-Peters, Inc. 
DAYTON 
Srepco, Inc.

OKLAHOMA
TULSA
Oil Capital Electronics Corp.

OREGON
PORTLAND
United Radio Supply

PENNSYLVANIA
PHILADELPHIA
Herbach 4 Rademan, Inc.
Radio Electric Service Co.
PITTSBURGH
Cameradio Company 
SCRANTON 
Fred P. Pursell

TENNESSEE
NASHVILLE
Electra Oistributing Company
DALLAS TEXAS
Adleta Company
HOUSTON
Busacker Electronic Equipment 

Co.

NORTH CAROLINA
WINSTON-SALEM 
Dalton Hege Inc.

UTAH
SALT LAKE CITY
Kimball Distributing Co.

VIRGINIA
NORFOLK
Priest Electronics. Inc.

WASHINGTON
SEATTLE
Seattle Radio Supply, Inc.

WASHINGTON, D.C.
Electronic Wholesalers, Inc.
Silberne Radio 4 Electronics 

Co.

CORNING ELECTRONIC COMPONENTS
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CORNING CYFM CAPACITOR 
has reliability you can see
You get total protection against environment for less money than ever before
The new Corning CYFM capacitor gives you reliability at a 
markedly lower cost than that of any like capacitor.

The CYFM goes far beyond MIL-C-11272B specs. It has 
proved its performance through more than 3,000,000 hours of 
testing. It took a 50-day MIL moisture test and a 96-hour salt 
spray test with no measurable effects. We stopped testing only 
when it became evident that no more significant data could be 
developed. The CYFM went through other tests, with solvents, 
fluxes, boiling salt, and steam, to make sure it is the most com­
pletely sealed capacitor you can buy.

You’ll see why the CYFM can take such torture when you 
check its design. We stack alternate layers of stable ribbon glass 
and aluminum foil. Then we weld the foils to the bead-terminal 
assembly, which has a glass bead sealed to the Dumet wire lead. 
With heat and pressure, the entire capacitive element is frozen in 
glass for complete protection against environment and for struc­

This is the CYFM capacitor. 6 times actual size. The dark areas between the ends of the glass and the capacitance element are your visual proof of the complete glass tometal seal.

tured protection against physical shock.
True glass-to-metal seals at the weld area and along the leads 

bar moisture. The seal of the leads to the glass shifts stresses from 
the leads to the entire monolithic unit, guarding the capacitance 
area. Of course, you get electrical performance to match this 
environmental stability, since the CYFM has our glass-foil ca­
pacitor construction.

The CYFM is machine made ... each capacitor is the same as 
every other, to give you uniformity which hand production 
cannot match.

You can get immediate delivery on the CYFM in four types. 
The CYFM-10 gives capacitance values from 0.5 to 300 pf; the 
CYFM-15, from 220 to 1200 pf; the CYFM-20, from 560 to 
5100 pf, and the CYFM-30, from 3600 to 10000 pf.

For the rest of the story on this capacitor, send for our data 
sheet. Write to Corning Glass Works. 540 High St., Bradford, Pa.

Fixed Span Recorder 353

With 24 plug-in modules, this unit operates 
as a strain gage or a potentiometer-following 
recorder. No rewiring is needed to change from 
one module to another. Tape sizes are either 5 
or 11 in., with single or dual pen and multipoint 
models.

Westronics, Inc., Dept. ED, 3605 McCary, 
Fort Worth 10, Tex.

Frequency Changer 364

Maintains ±0.25% frequency stability. This 
400 cycle sine wave frequency changer has in­
put of 105 to 130 v, 47 to 1,000 cps, 2.5 amp max. 
Regulation of the adjustable 105 to 130 v single 
phase output is said to be ±1% from full load 
or over 105 to 130 v line change. The solid-state 
100 va converter is packaged for bench or rack­
mounted applications.

Magnetic Research Corp., Dept. ED, 3160 W. 
El Segundo Blvd., Hawthorne, Calif.

Logic Module 363

Available in two package styles, this module 
contains three gate circuits and a flip-flop 
which is capable of being set, cleared and com­
plemented at a 10 me. Model 1012 is designed 
for basic test equipment and prototype system 
design applications. Model 2012 is intended for 
use in final systems.

Harvey-Wells Electronics, Inc., Dept. ED, 14 
Huron Drive, Natick, Mass.
P&A: $140; from stock.
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I NEW PRODUCTS
375Radiation Meter

NEW Time Delay Relays

actual site

421
ma-

RUGGED CONSTRUCTION THROUGHOUT

417Power Source

our

Automatic reset on digital ruadoulSequential timing for missiks
Oscillato« >tabilizutiui> Overload protectionequipment

CIRCLE 103 ON READER-SERVICE CARD

106

Gamewell made 
a sector pot 
with .0006"

Designed with an instantaneous reset feature, these relays provide 
the same time delay for a series of cycles when temperature and 
voltage vary.

They are pre-set from 3 to 180 seconds, are chatter-free and 
will withstand severe shock and vibration. Because of this 
unique combination of features, these relays are now being used 
in such new circuit applications as:

CURTISS
CORPORATION •

THE GAMEWELL COMPANY POTENTIOMETER DIVISION 
1427 CHESTNUT STREET, NEWTON UPPER FALLS 64, 
MASS A SUBSIDIARY GF E. W BLISS COMPANY

CIRCLE 104 ON READER-SERVICE CARD

Production Machine Programmer
Card programmer, model 1600, allow

For emergency operation of critical equip­
ment The unit supplies up to 750 va at 115 v 
ac, 60 cps from reserve battery sources of 
120, 130 or 140 v de. Capable of picking up 
full load from standstill within 50 msec, the 
equipment maintains an output power fre­
quency of 60 ±1/2 cycle regardless of battery 
condition or load.

Cornell-Dubilier Electronics Div., Dept. ED, 
118 E. Jones St., Fuquay Springs, N. C.

Little larger than a pack of cigarettes, this 
device w’eighs less than 8-1/2 oz and operates 
on power from ordinary penlight batteries or 
mercury cells. In normal use, the mercury cells 
are said to power the unit for more than a 
year. The meter is accurate at any temperature 
from —20 to +140 F, according to the manu­
facturer.

Gelman Instrument Co., Dept. ED, Chelsea, 
Mich.

BRACKET MOUNTING STUD MOUNTING

Coiuputvf wqucncing
"DM" tniu STIFFING MOTORS

^7 Curtiss-Wright Stepping Motors convert digital pulses into
mechanical work or motion. Units arc bi-directional with 
high starting torque.

Write fur compiete CoiupuocnU Catiloj 260 to help you velcri Curtiw- 
Wrigbi eketvonie components fai use where dependability ts of mime 
ha port ance.

COMPONENTS DEPARTMENT*ELECTRONICS DIVISION

wire
This subminiature sector pot 
is wound with .0006" wire 
at over 1000 turns per inch. 
Required winding length 
tolerance is only .005". 
Here's one example of 
the hundreds of ' special” 
pot design requests that 
Gamewell is answering 
with an unqualified YES. 
Find out what Gamewell 
YES service — Your 
Engineered Specials service 
— can do for you. 
Write for the facts.
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WRIGHT
EAST PATERSON, N. J.

chine tool systems, automatic check-out equip­
ment, and circuit testers to be programmed 
from standard computer cards. Unit includes a 
series of memory bands, each containing 960 
normally open latching relays. Relays remain 
closed according to instructions until program 
is erased.

Embree Electronics Corp., Dept. ED, 993 
Farmington Ave., West Hartford, Conn.
Price: less than $6 per connection.

BUSS



Environmental Tester 638

Combination vibration and shock­
testing instrument ST300 has a 
250-force-pound air-bearing excit­
er. The instrument allows shock 
testing to over 5,000 g and vibra­
tion testing over a useful frequen­
cy range from 5 to 30,000 cps. The 
first major resonance is above 
6,000 cps.

International Telephone and 
Telegraph Corp., Industrial Prod­
ucts Div., Dept. ED, 320 Park Ave., 
New York 22, N. Y.

Electron Gun 608
Produces 10,000-deg Kelvin at 

the smallest spot size. The elec­
tron gun and transport mecha­
nism is designed for mass pro­
duction of thin-film microcircuit 
elements. A pulsed triode, it op­
erates at 55 kv peak with a beam 
current of 1 to 10 ma. Spot size 
is 0.010 to 0.125 in. Hole-punch­
ing rate is 60 or 120 per sec.

Rescon Electronics Corp., Dept. 
ED, 151 Bear Hill Road, Waltham. 
Mass.

Magnetic Core Memories 647

For use in the design of data 
conversion and data processing 
systems, the EECO 8-level series 
has a capacity of 128 to 2,048 
characters. The series has three 
models: random access; sequen­
tial access; sequential interlace. 
Self-checking features provide 
automatic test of the entire mem­
ory at the 200 kc rate or a manu­
al step-by-step test can be made.

Electronic Engineering Co. of 
California, Dept. ED, 1601 E.
Chestnut Ave., Santa Ana, 
P&A: $10,000 to $15,000; 
90 days.
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Calif.
60 to

CARD

/VOW CURES FAST AT ROOM TEMPERATURE TOo' 
(OR 2 HOURS W/rH Heat)

General Electric qQooc? 3®mpsaadl
for potting and embedding

Transparent, resilient, self-supporting and easy to repair

LTV-602 it easy to work with and easy to rapair. 
To repair parts embedded in LTV, merely 
cut out and remove section of material, repair 
or replace defective part, pour fresh LTV 
into opening and cure. Pot life, with catalyst 

ik is amifoximateTy 8 
xtended with refrigeration. When desira 
TV may also be cured at room temperatu

Resiliency offers excellent shock resistance. 
LTV-602 easily meets thermal shock tests de­
scribed in MIL-STD-202A test condition B 
which specifies five temperature cycles from 
—65 to 125°C. Tests indicate that LTV retains 
protective properties even after 1800 hours 

at 175°C. Other tests confirm LTV’s

LTV>602 it easily applied flows freely in-and- 
around complicated parts. Having a low vis­
cosity in the uncured state, 800-1500 centi­
poise, LTV is ideal for potting and embedding 
of electronic Mimblii s. Uiilili»- “ 1-like” 

erials, LTV-602 cures to apot tin
solid. Oven cure is overnight, or fro 

rs at 75 to 80°C. resista

and encapsulating matensilicone po

moisture and water immersion.

AJQW CUACS tN LTV-602 is the newest addition to the broad line of*2 _ ? which also include the RTV silicone rubbers. Fir more information J write to General Electric2 HOURS-CAN Company» Silicone Products Department, Section L

EVEN USE HEAT 
LAMP!

3 TIMES FASTER 
THAU BEFORE

SEHR FOR DATA 
ON NEW FAST CURE



Wyl« Model C-106 Miniature Clumber

Offering You...
CLOSER TEMPERATURE CONTROL • 
COOLER OUTSIDE SKIN • BETTER OPERAT­
ING ECONOMY • GREATER FLEXIBILITY 
• FASTER HEATING & COOLING RATES

NEW PRODUCTS
Semiconductor Component Kits 369

Contains spheres, washers, rings, pellets, 
base tabs and foils of various alloys, claddings 
and combinations. Nine different kits of 
spheres, four different kits of specialized stamp­
ings and three kits of foils and clad metals are 
available, along with special kits for micro­
wave devices and tunnel diodes.

Semi-Alloys, Inc., Dept. ED, 20 N. Mac- 
Questen Parkway, Mount Vernon, N. Y.
Price: $18.50 to $47.50.

HIGH-VOLTAGE 
BRIDGE 

RECTIFIERS

Typical Unit
• 7,000 Watts (1.0 amp (d, 7000 vdc)
• Silicon Diffused Junction Diodes
• Matched Thermal Coefficient of Expansion
• 2.25 Cubic Inches
• Packaging to Customer’s Requirements

Applications
• Klystron Power Supplies
• High Voltage D-C Power Supplies
• Plate Power Supplies for Transmitters
• D-C Power Supply for Traveling-Wave-Tubes
For Additional Information urite or phone

Revolutionary NEW "Sensor" The new Wyle liquid 
COx-cooled Model C-106 Miniature Temperature 
Chamber is the first to use a revolutionary new 
type electronic resistance bulb controller that 
"anticipates” temperature changes and thus 
effects minimum variation over the full range.

Extra thick layers of new, improved insulation 
retard flow of heat to outside skin ... skin stays 
cooler. Interchangeable plug-in doors, with various 
provisions for specimen mounting, instrumenta­
tion, specimen operation, and observation, assure 
minimum downtime. All features lead to greater 
economy of operation.

RACK...STACK...OR SIDE-BY-SIDE MOUNTING

Fits standard 19” racks ... Flush top 8 bottom ... Flush sides

640 Cu. In. Capacity • —100’F to +500*F 
Range • 8" x 8" x 10" Test Volume Dimen­
sions • Weight... Approx. 55 Lbs. • Heating 
& Cooling Rates... Up to 100'F per Minute

Write TODAY for Full Information!
DEPARTMENT MIN 

WYLE 
LABORATORIES 

MANUFACTURING DIVISION

128 Maryland Street, El Segundo, California 
OTHER FACILITIES AT WESTBURY, NEW YORK..NEW 
HYDE PARK, NEW YORK..AND AT NORCO, CALIF.

CIRCLE 106 ON READER-SERVICE CARD

Brushless DC Motor-Fan 359
SPECIAL PRODUCTS DIVISION

nx

2201 Walnut St., Garland, Texas * Phone BRoadway 6 6141

CIRCLE 107 ON READER-SERVICE CARD

Capacity is 270 cfm free air delivery. Op­
erates at 28 v de and requires 50 w of power. 
Designated model 3301, the fan has sealed ball 
bearings for adverse environmental conditions 
and is housed in a black anodized aluminum 
frame per MIL-A-8625, type II. Featuring stain­
less steel shaft and hardware, the unit is de­
signed for operation in ambient from —55 to 
+ 55C.

Astro Dynamics, Inc., Dept. ED, Northwest 
Industrial Park, Burlington, Mass.
P&A: $75 to $150; 2 weeks.

Accuracy Is Our Policy
Volt-ohmmeter model 21A, manufactured 

by J-Omega Co., Los Altos, Calif., was er­
roneously described, on p 76 of the Sept. 13 
issue of Electronic Design, as having an 
accuracy of ±15% of full scale. The accuracy 
is actually ±0.15% of full scale.

umsec measures angles accu unisec measures angular
rateiy in missile controlling submarines precision of radar antennas

umsec positions precise umsec is used to measure 
guidance equipment .n missiles prior azimuth in the newest surveying 
to launching equipment

Sfoj ophea1 system »eadmg angles to one
IS 1*7 second of arc is mude m several sizes by

W &L.E GURLEY,TROY,N Y
525 Fulton Street

W'ite for further information
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MAKE A

In Electronic Engineering?
Not likely. Only a few have done it. How­
ever, most electronics engineers realize that 
above average earnings can be theirs in the 
electronics market. For the man who wants 
challenging work & earnings reflecting his 
capabilities, we are retained by over 500 
top electronics firms (both “giants” and 
“comers”).

FREE—MONTHLY OPPORTUNITIES BULLETIN
If you wish to receive a monthly bulletin of 
the finest available electronic opportunities, 
simply send us your name and home address 
(and if you wish, a review of your qualifica­
tions)—Our services are without cost to you 
through our Chicago office and our Los An­
geles subsidiary, Lon Barton Associates.

Lon D Barton, President 
Cadillac Associates, Inc. 
29 East Madison Bldg. 

Chicago 2, Illinois 

Financial 6-9400

* Where More electronic Executive! find Their 
Potitioni Than Anywhere Elte in the World ”

CIRCLE 888 ON READER-SERVICE CARD

YOUR

kWhen employment information is obtained through £L£C-j 
[TRONIC DESIGN, it s sent direct to your home, so that only] 
[you and one prospective employer at a time know about it. You! 
kan conduct your employment campaign privately—as it should! 
kbe conducted i

This is why every Reader Service Card 

reserves a line for your home address, and 

why circled numbers are detached from 

Career Inquiry Service Forms sent to companies. 
r You can apply for many jobs

simultaneously .. . only you will 

know how many.

Use the Career Inquiry Service Form, and the Reader Service 

Card when job hunting. They’re your private lines to employ­

ment opportunities ... another service for you from 

ELECTRONIC DESIGN.

Relays and Contactors 415

taaam dura-clad
and other standard Aladdin

For noninductive loads. The four units 
available are contact rated at 30 amp, 250 v 
ac and may be applied continuously up to 
their full rating, open or enclosed, with con­
servative temperature rises.

Automatic Switch Co., Dept. ED, Florham 
Park, N. J.
Price: $27.00 to $35.00.

Six-Channel Oscilloscope 414

Features upper 5-in. memory tube and low­
er 5-in. square five gun tube. Range of sensi­
tivities is 100 v per cm to 0.1 v per cm. Rise 
time is 40 nsec. Sweep speeds are available 
between 5 sec per cm and 0.1 p.sec per cm in 
23 calibrated steps. A 1-kc oscillator acts as 
the driving source of a square wave generator 
to provide calibrating voltages and time in­
tervals.

Clifton Technical Physics, Dept. ED, 3329 
Doris Ave., Wanamassa, N. J.
Price: $8,500.

Instrument Rectifier 416

Redesigned model 500 has 0.5-in. cell size 
and 0.125-in. active cell area. The device has a 
6-32 stud mounting and is available in five 
standard types. Terminal ends clamp on to 
lead wires in a vise-like hold.

Conant Laboratories, Dept. ED, Box 3997, 
Bethany Station, Lincoln, Neb.

TRANSFORMERS
for applications in

• Data Processing Equipment
• Missile Guidance
• Automatic Controls
• Multiplex Telephone Systems
• Telemetry Interstage Coupling

Aladdin DURA-CLADS are designed for reliability and 
made on automatic machinery.

The DURA-CLADS and other Aladdin transformers 
are used at frequencies from 20 CYCLES to 30 MEG­
ACYCLES.

For a free sample to try on for size, (infinite 
impedance—ie., no windings), check No. 249 
on the Reader-Service card in this issue.

NOW AVAILABLE: The Aladdin Trans­
former Encyclopedia. Write for your 
copy on company letterhead to:

Nashville 10, Tenn.

PULSE

ELECTRONICS
A Division of Aladdin Industries. Inc.

WIDE-BAND TRANSFORMERS AND INDUCTORS
CIRCLE 249 ON READER-SERVICE CARD
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NEW PRODUCTS
Adjustable Stop Switches 404

POWER, 
CONTROL, 
SIGNAL 
CIRCUITS...

Permit an increase or decrease of positions 
as circuit requirements dictate. Built in square 
configuration in 1-3/4 and 2-1/4-in. sizes, these 
units are said to be constructed of corrosion 
resistant metals and heat resistant plastics. 
They meet MIL-S-3786 and MIL-E-5272.

The Daven Co., Dept. ED, Livingston, N. J. 
Availability: immediate, from distributors.

Compression Amplifier 412

BIG PROTECTION 
IN 
SMALL PACKAGES

CAMBION® Standard Wound Chokes give long lasting 
new strength to your inductance factor! And with good 
reason. These durable components are always quality-con­
trolled, tested and guaranteed — and meet, and even exceed, 
applicable MIL SPECS.

Both the No. 2950 and the No. 2960 exemplify the trouble­
free reliability of the whole broad line of CAMBION chokes. 
They’re epoxy-encapsulated and provide a secure seal against 
moisture as well as solid protection against mechanical break­
age. Definite advancements over the old-style alkyd varieties, 
these rugged chokes are temperature-cycled, from — 50°C to 
+85*C ... repeatedly cycled in sodium chloride solution ... 
rechecked electrically and physically .. . tested for terminal 
twist and drill.. . and checked for dielectric strength at 
simulated altitudes up to 80,000 feet. They’re color-coded for 
preferential values.

Choke No. 2950 offers an inductance range from 1.1 ph to 
120.0 ph and conforms to MS-91189, while choke No. 2960 
has an inductance range from 0.15 ph to 27.0 ph and meets 
MIL-C-15305B (Grade 1).

The broad CAMBION line includes plugs and 
jacks, solder terminals, insulated terminals, ter­
minal boards, capacitors, shielded coils, coil forms, 
panel hardware, digital computer components, and 
they’re all guaranteed. For a catalog, for design as­
sistance or for both, write to Cambridge Thermionic 
Corporation, 457 Concord Avenue, Cambridge 38, 
Maesachusetta.

/'"C-Zi CAMBRIDGE THfUMJONIC COUPOtATIOM A-1

Th* guaranteed electronic components J J
CIRCLE 111 ON READER-SERVICE CARD

1 10

Bridging type, 12,000-ohm, balanced 3-ter- 
minal input is featured on model WSC515. 
Power output is 3.8 v on 600 ohm or +13.8 
dbm average at full compression. Attack time 
is 35 msec ; recovery time, 1 sec. Frequency 
response is within audio range. The three-tube 
unit has 110-120-v, 60-cps, 0.16-amp power 
supply.

Webster Electric Co., Dept. ED, Racine, 
Wis.

Component Heater 408

For bench-top temperature testing. Probe 
tips fit the component to be heated and are 
controlled at the temperature set within —3 C. 
Temperature stability is ±0.5 C. A 35-w heater 
probe is interchangeable with one of 9 w. 
Tips supplied fit TO-3 and TO-5 transistor 
cases.

Kennedy Co., Dept. ED, 2029 N. Lake Ave., 
Altadena, Calif.
P&A: $150.00; 2 weeks.

...allin one 
ROYAL 
CABLE!

ROYAL MULTI-CON­
DUCTOR CABLES are 
designed, manufactured and 

quality-controlled to your exact specifica­
tions . . . for a myriad of uses . . . for 
simple or complex applications. Cable 
elements and materials may be combined 
to include signal, control and power cir­
cuits into one construction and within 

one jacket. Royal is 
equipped and experi- 

DAyAt enced to provide a fin- 
_. ished cable that will

assure predictable, 
dependable on-the-job 

■ performance. And 
remember. Royal is 

rr ready ... to quote .. . 
to supply ... to satisfy. 

Write for new Catalog No. 4C-61 . . . 
(includes charts on Royal RG and special 
application cables, physical characteristics, 
test procedures, engineering tables, etc.)

ROVAI. BLKCTRIC CORPORATION
301 Saratoga Avo., Pawtucket, R. I.

In Canada: Royal Electric Company 
(Quebec) Ltd., Pointe Claire, Quebec

ROYAL
/electric/ j

CIRCLE 112 ON READER-SERVICE CARD
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shaft encoded input
the

Translation0.01tion
peed is approximately msec

60 to

Regulated Power Supply 467
power sup

amp

WEIGHT 25 LBS.

Precise temperature control
accom

CIRCLE 113 ON READER-SERVICE CARD

Visual display and BCD data 
outputs derived from the trans-

EECO 780 shaft angle translator. 
It is possible for angles to be 
read instantly and with resolu-

A static magnetic 
y. the Sola CVDR

lation 
signals

FREQUENCY
Ocps to 100 me

addition of 
to regulate

FREQUENCY OUTPUTS
0.1 cps to 1 me output in decade steps

CATE TIMES (FREQUENCY)
1 Msec to 10 sec in 8 decade steps or 
external. Reeds in cps. kc, me.

PRICE, F.O.B FACTORY 
$3,950; inline reedout $200 extra

able in 4 types from 6 v 
to 24 v, 5 amp ranges.

for load variations. Reg­
is ±2% overall for both

TIME INTERVAL 
0 02 Msec to 10* sec

12970 BRADLEY AVENUE • SAN FERNANDO. CALIFORNIA 
EMPIRE 7*2161

is modified 
i saturable 
the output

STABILITY
Short term ±1 part in 10*
Long term within 5 parts in 10*

P&A: $4,150 fob Santo Ana 
90 days.

Shaft Angle Translator 648

PERIOD 
0 cps to 10 me

within narrow limits

INPUT SENSITIVITY 
l.Ov rms

Precision Thermostat 386

line and load changes. Ripple is 
peak-to-peak. Units are avail

after interrogation command.
Electronic Engineering Co. of 

California, Dept. ED, 1601 E 
Chestnut Ave., Santa Ana, Calif.

plished by the M2 thermostat. 
Suggested uses are for warning 
devices in missiles, heating blan­
kets and similar devices. The unit 
is designed to fit small spaces 
and can be supplied to open or 
close on temperature rise. All­
welded construction eliminates use 
of organic substances.

Metals & Controls Inc., Dept. 
ED, 34 Forest St. Attleboro, Mass. 
P& 4; $3 to $10 depending on quan­
tity; 3 weeks.

are produced

by the 
reactor 
voltage 
ulation

Sola Electric Co., Dept. ED. Elk 
Grove Village, Ill.

ACCURACY 
±1 count ± stability 
±10 nanosecond ± stability

* SEVEN BASIC FUNCTIONS, including de to 100 me frequency 
measurements without heterodyning techniques* Time interval meas­
urements with 10 nanosecond resolution* Straight or totalizing count­
ing* Frequency ratio measurement* Period measurement* Sensitivity 
better than l.Ov rms* Power consumption 50 watts* Decade count­
down time base (no adjustments necessary) * Two year free service 
warranty * No vacuum tubes * Connector on rear providing standard 
1-2-4-8 BCD output for operating printer, punch, etc.

Model 728B is a production unit, not a showpiece 
prototype. Demonstrators are now in the hands of 
CMC engineering reps. Call, wire or write to arrange 
a demonstration. Complete technical data plus a 
copy of our new 20 page short form catalog is yours 
for the asking.

IOO me
SOLID STATE



NEW PRODUCTS
Logic Card Systems 374

O to 55 C

Drexel Dynamics Corp., Dept. ED. Horsham

Carrier Amplifier 403

CIRCLE 114 ON READER-SERVICE CARD

MODEL DC-200AR

Ceramic-to-Metal Housings 400

CALIBRATION STANDARDS Completed A«««mblie

The housings, which are

are constructed to withstand tern
MechanicalCALIBRATION

CIRCLE 115 ON READER-SERVICE CARD

Leng Tern Stability 
Stability

•n,e . . .

Accuracy ................... 
thru«« ...... . 
Lo><o Teim Stability 
Referene* S’abmty . 
Price...........................

all height 
perature

For tunnel diodes, 
small as 0.090 in.

Better then 01%
. . 5 

................ $475*

ture range

a subsidiary <rf ROYAL>INDUSTRIES INC.
1025 Westminster Ave.. Alhambra. Calif.

01% + 5 pv of reading 
................. 0 >000» oc 
. 8« Mei than 903%

........................... 3 PPm/ C 
...........$985*

20000-^2,

STANDARDS
CORPORATION
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excess of 1,500 F

clamped. Output signals are

Made of 1/16-in. glass bonded epoxy, the 
standard card is 7-1/2 x 6 in. Connector is a 47 
pin hermaphrodite design with card contacts 
staked and soldered to the etched circuit. Pow­
er supply voltages required are +12 v, —6 v, 
and —24 v regulated within ±3%. Tempera-

Inc., Dept.
Conn.

diam. and 0.030 in. over-

strength is 15-20,000 psi tension.
Advanced Vacuum Products, 

ED, 430 Fairfield Ave., Stamford, 
P&A: $0.10 to $1.00; 4-5 weeks.

\ SWITCH M 
y OFFERS ! 2 iRTERCHAHGEABl F MESSAGES fl

Ability to reduce overall panel space by 
1200% may be achieved by combining 
twelve different messages into one Cue In- 
bicator Switch, resulting in ten Cue Indicator 
Switches doing the job cf 120 conventional 7. ■ 
switches. Switches with leadout communica­
tion capabilities employing words, color, ¡E 
numbers, and symbols herald a new era in »» 
control applications.
Writ« today for prie», aad dotaifod
kepresentatives <n principal cities. / ’

Industrial. Electronic Enoinbsr 
5528 Vineland Avenue • North Hollywood.1 dUl

Transistorized, single-channel model 8300 
is available in 3 or 10 kc, with line regulation 
of better than 0.1% and a temperature co­
efficient of less than 0.01% per F. A 10-turn 
precision potentiometer is provided to form one- 
half of a bridge circuit when a two-element 
sensor is employed.

Crescent Engineering & Research Co.. Dept. 
ED, 5440 N. Peck Road, El Monte, Calif.

MODEL DC-100A
05% +5 A* ®f roodin«

] i | J I I I j Now. in the Model DC-200AR Voltmeter, fine
accuracy Voltage measurements with a 6 digit 

readout. Comnletely transistorized. This instrument and its companion DC-100A use ultra stable Zener 
references. The stability, inherent in both these Voltmeters, make th«m essential to reliable laboratory 
and production testing. Only 3 watte of power at 117 VAC required DC-100A available as a DC 100AR 

in rack mounting Write for detailed specifications or contact your 
local CSC representative.

All outputs are 
0 v and —6 v.

■ NIW YORK CITT (Mr «»NONI. OSO KLKCTAONtC «Al.CS. IHCOSAOHATSO 
BCLAHI* ILANSOOWNKÍ. HOLOJ»O»TH a COMPANY. AO13NOTOM, VISSlMIA. 
COMPANY • ATLANT A-COCO A MACH. SPKCIALIZKS KOUIAHKHT COMPANY • CL«' 
OAVTON-0«T«OIT SLCCTPO SALKS ASSOCIA TKS » «»»O»T. KHAZAK » HANS.

New Revolutionary Concept In Pushbutton Si
The newly designed IEE Cue Indicator Switch 
has the capacity to display twelve different 
messages on its viewing screen, which is 
also the “push-button” of the switch. Mes­
sages are displayed by the use of a rear- 
orojection display system

CUE AaiM
-A INDICATOR



Round Plug

Suitable for relay and miniature plug-in cir­
cuits, the Kl-14, a 14-pin plug, can mate with 
TS1405P01 sockets. It has phosphor-bronze- 
cadium plated 0.040 in. diam pins, gold flashed 
pins and higher temperatures are also available. 
Model R14, a matching 14-pin socket, has saddle 
mounts.

Vector Electronic Co., Inc., Dept. ED, 1100 
Flower St., Glendale 1, Calif.
P&A: $0.5.1 ea. in lots of 100; stock.
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ENGINEERED 
COMPONENTS
for the Electronics 
Industry

Availability as well as reliability are Iwo 
reasons why it is smart to specify Garlock 
when buying components.
Through a new organization of author­
ized distributors, Garlock now offers 
immediate delivery of CHEMELEC 
Stand-off and Feed-Thru Insulators, 
Subminiature Tube and Transistor 
Sockets, Connectors, and other stand­
ard components.
As near as the telephone, your author­
ized Garlock Electronic Products Dis­
tributor offers prompt, courteous serv­
ice. Call him at the nearest of these 
locations:

410

Determines correct 
in stereo, hi-fi, and 
The sound-powered 
360A, may be used

phasing of loudspeakers 
public address systems, 
device, designated WG- 
with any conventional

As close at hand as your nearest authorized Garlock distributor— 
CHEMELEC* Insulators, Subminiature Tube and Transistor Sockets, Connectors.

Phase Checker

CALIF.
NEWARK ELECTRONICS CO. 

4747 W. Century Blvd. 
Inglewood, Calif.

SCHAD ELECTRONICS 
499 S. Market St. 
San Jose, Calif.

WESCO ELECTRONICS 
1715 E. Colorado Blvd. 
Pasadena, Calif.

COLORADO
INTER-STATE RADIO t 

SUPPLY CORP.
1200 Stout Street 
Denver, Colorado

ILLINOIS
NEWARK ELECYRONICS CO. 

223 West Madison St 
Chicago 6, Illinois

MARYLAND
ELECYRONIC ENTERPRISES.

MASS.
DE MAMIRO RAOIO SUPPLY 

CO. INC.
1095 Commonwealth Ave.
Boston 15, Mass.

NEW YORK
ELECYRONIC CENTER INC. 

160 5th Avenue 
New York I” New York

HARRISON RADIO CORP. 
225 Greenwich St. 
New York 7 New York

ONTARIO
LAKE ENGINEERING CO. LTD. 

767 Warden Ave.
Scarborough, Ontario. 
Canada

INC.
4902 Snader Avenue 
Baltimore 15, Md.

Take advantage 
ability—specify

of

N. CAROLINA
DALTON-HEGE. INC.

938 Burke St.
Winston-Salem, N. C.

on-the-spot avail-
these skillfully engi-

volt-ohm-milliam-meter, vtvm, or cathode-ray 
oscilloscope. The effective frequency range of 
each of the two receptor units is 40 to 4,000 
cps. Resonant frequency is 180 cps, approxi­
mately.

Radio Corp, of America, Electron Tube Div., 
Dept. ED, Harrison, N. J.
P&A: $14.95; immediate.

Instrument Motor 354

neered Garlock electronic components. 
Reliable under the most severe condi­
tions, they are ideal for high tempera­
ture, high voltage, high frequency 
service on missile guidance, fire con­
trol, tracking, and radar systems. 
Garlock has the technical personnel 
and modem facilities to produce com­
ponents of all materials—Teflon t TFE 
and FEP, Nylon, Delrint, C.T.F.E.J 
—and a range of sizes, designs, and 
tolerances to fit your exact needs. At 
your disposal, too, for development of 
new electronic products, Garlock main­
tains complete electrical, chemical and 
physical laboratories staffed by top­
flight engineers.
Remember, too, the newest of the 
Garlock electronic products—Flexible 
Printed Circuitry of Teflon FEP. For 
complete details on what Garlock has 
to offer, write for Catalogs AD-169, 
171, and 188. Garlock Electronic 
Products, Garlock Inc., Camden 1, 
New Jersey.

Six positive, repeatable speed ratios, which 
can be changed while the motor is running, are 
incorporated in this gear motor. Built to NEMA 
size 25 frame, the gearhead can be adapted to 
motors from 1 to 600 rpm. Speed ratios are 
from 1 to 1, to 50 to 1; others can be suited to 
requirements. Operation is 115 v ac, 60 cps.

Insco Co., Dept. ED, Hollis St., Groton, Mass.
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•Regirtwed Trademark 
t Du Pont Trademark

ELECTRONIC PRODUCTS

¡polycNorolriKvoroMhylens
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Canadian Div.: Garlock of Canada Ltd. 
Plastics Div.: United States Gasket 
Company
Order from the Garlock 2,000 . . . two 
thousand different styles of Packings, 
Gaskets, Seals, Molded and Extruded 
Rubber, Plastic Products.
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NEW PRODUCTS
Connector Devices 351

Only the required number of contacts are 
mounted on Edge-Bord and In-Bord pin and 
cup receptacles. Round 0.040-in. diam pins pro­
ject 1/4 in. beyond the board edge. Cup recep­
tacles accommodate boards with 10, 15, or 20 
pins installed. Connector pins allow the boards 
to be stacked in a piggy-back arrangement.

Vector Electronic Co., Inc., Dept. ED, 1100 
Flower St., Glendale 1, Calif.
P&A: pins, $0,015 ea. in lots of 10,000, cup re­
ceptacles, $0.06 ea. in lots of 10,000; stock.

Ultrasonic Pulser 424

NYLON TIP JACK 
Available In all

as a metal-ciad

military sped- 
ficatiom. Com- 
pldely insulat­
ed-no auxiliary mowt- 
Ino hardware needed.

NYLON BANANA 
JACK

Molded nylon body 
provides voltag« 
breakdown of 12,500 
volts DC.

NYLON TIP PLUG 
Designed foe sclder- 
less connect ion—fits 
ai »»andari tip jocks.

NYLON Voltage breakdowns 
upto 12,500 volts DC!

15 Mw Modulator Power 
3.0 Mw R-F Power

ML-756O
Ceramic Triode

Coaxial terminal, thoriated-tungsten cathode ML-7560 provides: 

15 Mw Pulsed Modulator Power Capability at 1% duty . . .
DC Plate Voltage Max 50 kv
Pulse Cathode Current Max 550 amps

3.0 Mw R-F Pulsed Power capability at 5% duty . . .
Peak Plate Pulse Supply Voltage Max 40kv 

Pulse Cathode Current, Max 550 amps

Send for 74 page brochure, "Hard Pulse Modulator 

Tubes", containing useful information for Radar De­
sign Engineers and others.

MACHLETT

The Machlett Laboratories, Inc.
Division of Raytheon

Springdale, Connecticut

114

Sound from 
low-frequency 
sonic pulser. 
1,000 v, and a

30 kc to 1 me is generated in 
pulses by the model 101 ultra­
Pulse amplitude is variable to 
simultaneous 0 to 700 v de out-

put is provided. Device can be used with all 
standard crystal and ceramic transducers, in-

CONNECTORS
eluding polarizable units.

Elion Instruments, Inc., Dept. ED, 
ley St., Bristol, Pa.
Price: about $900.

Feed-Thru Capacitors

For chassis-wall mounting. Solid 
hermetically sealed type STAF

430 Buck-

419

tantalum, 
capacitor

ranges from 4.7 to 1.0 pf for use on 6 to 35 
wvdc max under 8 to 46 surge volts max. 
They have current ratings ranging from 1.0 
amp at 25 C to 0.4 amp at 125 C with working 
voltages at ambients above 85 C requiring 
67% linear derating to 125 C.

Rectifier-Capacitor Div., Fansteel Metal­
lurgical Corp., Dept. ED, North Chicago, Ill.

These rugged Johnson connectors 
are molded of tough, low-loss shock­
proof nylon—and will not chip or 
crack, even when subjected to ex­
treme temperature changes or severe 
mechanical stress. Nylon provides 
high voltage insulation, with voltage 
breakdowns up to 12,500 volts DC. 
Metal clad tip jack meets MIL spec­
ifications (full specifications avail­
able on request). All connectors are 
designed for fast, easy mounting— 
and are available in 13 bright colors 
for coded applications.
OTHER CONNECTORS—Johnson 
also manufactures a complete line of 
standard connectors in addition to the 
nylon line described above. For com­
plete information, write for our newest 
components catalog shown below.

DUAL BANANA PLUS

sibilities. Soldarle» desigi

body retains strength and low 
loss characteristics over a wide 
range of temperature and high 
relative humidity conditions.

colors.

Write today for our newest electronic W ( VVRHNH
n j,p- -.-‘i ’• * i -pe • •_ « VBhdflM «
engineering prints and current prices on: «—
• CAPACITORS • TUBS SOCKETS • CONNECTORS • PILOT LIGHTS 
• INSULATORS • KNOBS, DIALS • INDUCTORS • HARDWARE

JOHNSON CO
2916 Tenth Avenue S.W. e Waseca, Minnesota 
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394Copper Coating

GENERAL
General Electric also offers these reliable Tantalytic capacitors

CIRCLE 119 ON REAOER-SERVICE CARD

Transistorized 
Gaussmeter

den- 
scale

flux 
full

Direct reading of 
sities, from 0.3 gauss

For plated thru-holes in printed 
circuits. The material is applied 
by dipping, removing excess, oven­
drying, light sanding and copper 
strike. Laboratory controls are not 
required.

Etchomatic, Inc., Dept. ED, 182 
Newton St., Waltham 54, Mass.
Price: 6-oz sample kit, $5.95.

ELECTROLYTIC CAPACITORS—Reliability is our first ingredient

when operated at rated voltages. It is 
available in non-polar as well as polar 
ratings. Further, it matches solids for 
volumetric efficiency.

But there’s no compromise on elec­
trical characteristics. The lower leakage 
currents of the “A Case” actually de­
crease during operation, while leakage 
currents in solids normally increase.

Æ Our Most Important Product

Ionospheric Sounding 379 
System

No longer can limited space prevent 
your specifying a foil capacitor with its 
superior characteristics. General Elec­
tric now offers an 85C Tantalytic “A 
Case” capacitor .131” diam., .47” long— 
almost as small as the smallest solid!

The General Electric foil “A Case” 
is available at higher voltages, and is 
inherently more reliable than solids 
* Reg Trade-mark of General Electric Co.

125C KSR* 
TANTALYTIC 
CAPACITORS

Bulletin 
GEA-6766

POROUS-ANODE 
TANTALYTIC 
CAPACITORS 

Bulletin 
GEA-7008

NIGH-RELIABILITY 
'OIL AND SOLID 

CAPACITORS
Bulletin 

GEA-7227 J

125C CYLINDRICAL 
TANTALYTIC 
CAPACITORS

Bulletin 
GEA-7085 7

Mobile ionospheric sounding 
system is fully automatic and 
compatible with existing systems. 
Sounder transmitter and receiv­
er units weigh 600 lbs each and 
measure 42 in. wide x 52 in. high. 
Frequency range is 1 to 25 me 
and power output is 10 to 20 kw, 
with a 25-/isec Gaussian pulse 
width. Receiving terminal is des­
ignated RM548A ; transmitting 
terminals model RM547A.

Phillips Electronics Industries 
Ltd., Dept. ED, 116 Vanderhoof 
Ave., Toronto 17, Ont.

HIGH-VOLTAGE 
TANTALYTIC 
CAPACITORS

Bulletin 
GEA-7065 >

to 30,000 gauss is accurate to 
±2.5%. Gaussmeter model 900, 
operates from self-contained bat­
teries or ac supply, has eleven 
switch selected ranges and can 
be extended to 100,000 gauss.

Dyna-Empire, Inc., Dept. ED, 
1075 Stewart Ave., Garden City, 
N. Y.
P&A: $475.00; 2 weeks.

The “A Case” comes in single-end, 
.47”-long, .131"-diam., polar type; or 
double-end, .54”-long, .131”-diam., polar 
or non-polar types—rated 6v (12uf) to 
50v (1.4 uf )^5na to higher voltages^^S

For data, call your G-E Sales Engi­
neer. Or write for Bulletin GEA-7226, 
General Electric Co., Schenectady, N. Y., 
Capacitor Department, Irmo, S. C.

----««HP

NEW smaller size foil Tantalytic* capacitors 
pack foil advantages in near solid dimensions

SOLID TANTALUM CAPACITOR

NEW G-E FOIL TANTALYTIC CAPACITOR 
"A CASE” (POLAR)

NEW G-E FOIL TANTALYTIC CAPACITOR 
"A CASE” (NON-POLAR)
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Rehlman-Invar
is to

electronic power 
ns Rolls

is to Royce

I
And to determine what Behlman-Intar means to 

you, B/I has a complete catalog of AC and DC
power supplies which is yours for the asking. Ask!

BEHLMAN-INVAR ELECTRONICS CORP.
1723 CLOVERFIELD BLVD.. SANTA MONICA. CALIFORNIA Pressure Valve 420

CIRCLE 120 ON READER-SERVICE CARO

Primarily for Frequency 
Standard Use Under 
Rigorous Environmental 
Conditions.

Aging: 1 x 10 ’/day Frequency Change: Less than 1 x 10 • under vibra­
tion of 10 to 200 cps at 10 G, and under 100 G shock when tested per 
MIL-STD 202A Method 202A Frequency Range: From 4.966 me to 6.133 
me Write for literature to James Knights Company, Sandwich, Illinois.

Materials Tester 402

MEGACYCLES J > ¿I 
5 th

OVERTONE

a wide open choice of physical forms 
—large, small, complex shapes, 
multiple arrays, '•immersed." Dewar- 
housed—ingenuity is the only limit, 
almost

For more precise explanations and a price 
list of off the shelf Kodak Ektron Detectors 
(or to see if we can build a complete 
infrared system for you), write—

o D U C T

CIRCLE 121 ON READER-SERVICE CARD

NEW PRODUCTS
Mica Capacitors

KODAK EKTRON 
DETECTORS 

-for the to 6ix infrared405

Flag-type terminal. Available in stand-off 
and feed-thru styles, models 2922 and 2921, 
these capacitors range from 15 pf through 
2,500 pf, with 
±5%, ±10% 
-55 to +200 
life test and

tolerances of ±2% or ±1 pf, 
or ±20%. They operate from 
C, at which point they exceed 

temperature cycling require­
ments of MIL-C-10950.

Erie Resistor Corp., Dept. ED, 644 W. 12 
St., Erie, Pa.
P&A: $.785 to $2.49; 3 to 4 weeks.

a wide open choice in spectral 
responsivity and time constantRegulates pressure in the compartment to 

±0.25 psi from sea level standard to space 
at a constant nominal flow of 8 cfm. Flow 
capacity of model P/N 26100 is 6 to 9 cfm; 
inlet pressure is 16 to 17 psia and outlet pres­
sure is 0 to 14.7 psia. The unit may be mounted 
in any position and can operate in the ambient 
range of —40 to +185 F.

Aerodyne Controls Corp., Dept. ED, 90 Gazza 
Blvd., Farmingdale, N. Y.

For insulating materials. Model 4712 de­
termines dielectric strength of insulating liq­
uids, solids and sheets at potentials to 60 kv. 
The de test potential is continuously variable 
from 0 to 60 kv, with maximum output rated 
at 2 kva. Overload breakers and safety inter­
locks are provided.

Associated Research, Inc., Dept. ED, 3777 
W. Belmont Ave., Chicago 18, Ill.

EASTMAN KODAK 
COMPANY
Apparatus and Optical Division

Rochester 4,

ELECTRONIC
CIRCLE 122 ON READER-SERVICE CARD
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Protective Packaging 365

in a variety of shape

ED, 225 Crescent St

418Frequency Standard

Incorporates silicon transistors with 
in buffer amplifier. Output frequency is 
or any frequency output from 500 kc

built-
I me 

to 20

MICRO MINIATURE • SUB MINIATURE • MINIATURE • PRINTED CIRCUIT • RIGHT ANGLE PIN & SOCKET • CENTER SCREWLOCK

New PC connector designs are constantly under develop­
ment. Our Engineering Department will be pleased to assist 
you in solving special connector problems. Simply call or 
write, stating your requirements.

Constructed of foamed plastic in two halves, 
this package may be sealed with pressure­
sensitive tapes and shipped in any shipping 
container. Weight is approximately 8 oz. Shock 
loads are distributed equally to all sides of the 
container. The units have a slow-controlled rate 
of rebound, are non-hygroscopic, and are said 
to be unaffected by heat, humidity or altitude.

DESIGNERS' DATA FILE 
If you're designing around printed circuits you'll want 
to have Continental's Con Dex File PC, compiled to 
help you select and specify the PC connectors best 
suited to your needs For your copy, please write to* 
Electronic Sales Division, DeJur-Amsco Cor potation. 
Northern Boulevard at 45th St., Long Island City 1, 
New York (Exclusive Sates Agent) RAvenswood 1-8000.

They can be fabricated 
and sizes.

Pac-Tron, Inc., Dept.
Waltham, Mass.

pulsed code, the 
the rate of flow.

i from 20 to 320 
» is weatherproof. 
, Providence, R. I.

transmitter. Unit sends a j 
rapidity of pulses indicating 
Water differential capacities 
in. are interchangeable. Case

B-I-F Industries, Dept. ED,

ELECTRONIC DESIGN • November 8, 1961

me. Models RFS 16000 and RFS 17000 have 
24 to 28 v de and 6.3 v ac input. Sine-wave out­
put is 1 v min into 1,000 ohm load. The unit is 
1-1/2-in. in diameter and 2-1/2-in. high and 
meets military specifications.

Greenray Industries, Inc., Dept. ED, 5281 
E. Simpson Road, Mechanicsburg, Pa.
P&A: $189.00; 2 to 6 weeks. CONTINENTAL CONNECTOR CORPORATION • WOODSIDE 77, NEW YORK 

CIRCLE 123 ON READER-SERVICE CARD

Continental’s line of PC connectors include nearly seventy 
sizes and types. Name your requirement —and the chances 
are Continental has a standard production type that meets 
it exactly.

These service-proven connectors are available with up to 210 
contacts, for 1/32, 3/64, 3/32, 1/16 and 1/8" PC boards, in 
both single- and double-row construction. Wiring styles 
include eyelet lug, wire wrap lug, taper tab and contacts 
for dip soldering. Continental’s patented Bellowform con­
tacts permit use of undersized or oversized boards while 
maintaining low contact resistance.

CONTINENTAL 
OS CONNECTORS

Flow Transmitter
Differential pressure 

is measured, and the 
mitted by model 231-01

422
caused by fluid flow 
information is trans- 
Chronoflo telemetering

AND 67 SIZES IN BETWEEN 
to meet your printed circuit specs...exactly



NEW PRODUCTS
413Trimmer Capacitors

and 12 pf. Featuring linearranges
tuning and gold-plated parts, the units are

exceed the requirements of

355Delay Line

WHY

411RF Voltmeter

sxntromc

FREQUENCY IN KC FROM 5100 MC CENTER FREQUENCY

CIRCLE 124 ON READER-SERVICE CARD

made to meet 
MIL-C-14409A.

Atlee Corp., 
Chester, Mass. 
Availability: 2

Boston-New Eng - 
Now York Aroa: 
Phila Are*: 
Wa»h -Ball Area: 
Indianapolis: 
Loe Angeles:

NOrwood 7-3164
OXford 5-0255

MOhawk 4-4200
APpleton 7-1023

Victor 6-0359
Cumberland 3-1201

Dept. ED, 2 Lowell Ave., Win

H rite for free Brochure II EESKACFAACP” or, Hhat Every Engineer 
Should Know About Crystal Filters At 4 Cocktail Party. You’ll enjoy it

Th« Industry'« bro«d«<t ,ek« Un«. alraady toolad 
for quantity production. Or, yokoa can kt custom de­
signed to your precise requirement.

Crystal Filters 
do Wonderful 
\ Things /

Eleven standard nsec delay lines, called 
Nanalines, have time delays of 5 to 100 nsec. 
The 10 nsec unit has n bandwidth of 100 me; 
rise time for a 100 nsec delay line is 9 nsec. Suit­
able for fast pulse computer applications, some 
models are tapped for circuit trimming. Units 
are epoxy potted.

Bel Fuse Inc., Dept. ED, 198 Van Vorst St., 
Jersey City, N. J.
P&A: small quantities, $4.50 to $10.00 ea.; 2 
weeks.

< rystal filter. But could you use the in­
genuity that built one? Could Itek tech­
nical leadership help you?

Of course, the world’s largest and most 
complete selection of stock filters is avail­
able, too. Choose from more than 3,000 
Itek-Hennes designs.

CIRCLE 175 ON READER-SERVICE CARD 
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Designed for vertical mounting on printed- 
circuit boards, these piston-type capacitors 
are available up to 12 pf in three standard

A toast to Itek for a wonderful thing . . . Itek Crystal Filter 968B, 
with a near-Gaussian attenuation characteristic makes possible a 
10,000 channel receiver! In antenna circuits, this 5 MC Filter opti­
mizes pulse response, minimizes overshoot, and eliminates adjacent 
channel interference.

Perhaps you don’t need a Gaussian |\1 P' ' /

Itek Electro-Products Company
75 CAMBRIDGE PARKWAY, CAMBRIDGE 42, MASS. A DIVISION OF

MAJOR C. R. TUBE MFGRS. 
RECOMMEND VílIfCQ 
SYNTRONIC IURlQ
Syntronic yoke procedure originated the 
industry standard for specification cor­
relation between yoke, c. r. tube and 
circuitry For a helpful, time-saving 
checklist covering all physical and 
electrical yoke parameters and their 
determinin'! conditions, request 
ELECTRONICS reprint #12-59. Thor­
ough correlation enables SynVonic to 
guarantee accepted specifications.

Call your nearest SYNTRONIC REP today

Thermocouple type has 1% accuracy from 
de to 100 me per sec. Ranges available from a 
low of 0 to 1 v and to a high range of 0 to 
100 v. Units may be calibrated against an ac­
curate de standard and may be certified by 
the National Bureau of Standards.

Rawson Electrical Instrument Co., Dept. 
ED, 110 Potter St., Cambridge 42, Mass.

fXSTRl MEMS, IM
00 lr dustna Rose: Add so ’ I" 

Phone- Klngswood 3-6444



Static Inverter 385

meet MS 25096 and
rectifiers

DC Amplifier 658

CIRCLE 126 ON READER-SERVICE CARD ►

400 cps. 
±0.15% 
±0.05% 
With a

uses silicon- 
for positive

Branch 
Dept.

HAMILTON-ELECTRONA'INC.
TIME LIFE BUILDING. ROCKEFELLER CENTER, NEW YORK 20. N Y

High-energy density electron-beam welding techniques, 
recently developed by the Zeiss Foundation of West 
Germany and the Hamilton-Standard Division of United 
Aircraft, markedly improved packaging density and pro­
duction methods in the field of microelectronics. 
In microcircuitry, for example, packaged circuits no 
bigger than a thumbnail can now be reliably produced 
Electron-beam equipment now welds microelectronic 
components into circuits with pinpoint precision, mak­
ing intra- and inter-circuit connection, and hermetically 
encapsulating the completed micromodule.
Only electron-beam welding, performed in a high vac­
uum, can offer these significant advantages for the 
field 4 microelectronics virtual elimination of con­
tamination; a close control of penetration; low thermal 
distortion; and close dimensional control. The upper 
illustration shows weldments uf 0.002" thick copper 
leads to 0.002" thick nickel-plated ceramic substrate. 
In the field of thin films difficult welds are possible 
with this revolutionary new equipment such as 0.002*' 
gold tabs to chromium-gold films 3000-A* thick.
Another important use of electron-beam equipment is 
the welding of ceramics used in vacuum tubes which

Tuning Fork Oscillator 382

Programmed control of switch­
ing elements is controlled by os­
cillator pulses. No moving parts 
are incorporated in this module; 
operation under extreme condi­
tions is dependable. Model R143

Pesco Prod- 
ED, Burbank.

require extremely high temperature performance. For 
these procedures, tight ceramic-toceramic bonds are 
necessary — bonds available only through high-energy 
density electron-beam welding. The lower illustration is 
a 2 X magnification of two aluminum oxide ceramic 
wafers ¥2" x %" x .010" thick edge-welded by deflect­
ing the high energy density beam uf a Hamilton-Zeiss 
electron beam welder across the edge surface 
Hamilton-Standard, with over twenty years of metal­
lurgical experience and meeting rigid government spec­
ifications, has exhaustively tested the welds produced 
with Hamilton-Zeiss equipment The data, which are 
available for your inspection, demonstrate conclusively 

I that the Hamilton-Zeiss method produces welds in mini­
ature workpieces that are as strong as the original 
materials themselves. Such results are possible only 
by the use of high energy density and precision focus­
ing by the Zeiss magnetic lens system which are ex­
clusive features of the Hamilton-Zeiss equipment. Find 
out what this revolutionary equipment can mean in your 
business. For full information call Hamilton-Electrona, 
Inc., exclusive marketing agent for Hamilton-Zeiss 
equipment in the United States and Canada.

controlled 
reliability.

Western 
ucts Div., 
Calif.

v- it will provide 3 v rms into a 
nominal load of 10 K.

Delta-f, Inc., Dept. ED, 113 E. 
State St., Geneva, Ill 
P&A: $63.50 to $99.50; stock.

Transistorized tuning fork os­
cillator model DFO-81 is avail­
able in any frequency from 50 to

Floating, differential de ampli­
fier model 114C is for thermo­
couple and strain-gage measure­
ments where transducer, amplifier 
and output are separately ground­
ed. Ratings include: 180-db de, 
130-db, 60-cps common mode re­
jection with up to 1,000 ohms un­
balance at either input. Drift is 
within ±2 pv for 40 hr.

Cohu Electronics, Inc., Kintel 
Div., Dept. ED, Box 623, San Die­
go 12, Calif.
Price: $875.

Electronic 
Giants 

no bigger 
than your 
thumbnail

now 
through 

electron-beam 
welding

Frequency tolerance is 
from 0 to 60 C and 
at room temperature, 

supply voltage of +26



NEW PRODUCTS
VHF-UHF Noise Generator 367

Measures receiver and amplifier noise factors 
in the vhf-uhf range from 30 to 1,000 mc. 
Power requirements are 60 w at 115 v, 60 cps. 
The noise figures between 0 and 20 db can be 
read directly on the front panel meter. Addi­
tional calculations permit the user to obtain 
measurements beyond 20 db. Model 904-A fea­
tures a continuously variable output signal-level 
control knob and a type N output connector.

PRD Electronics, Inc., Dept. ED, 202 Tillary 
St., Brooklyn 1, N. Y.

Punched Tape Reader 425
For tape duplicating systems, the model TP- 

522 punched tape reader operates with 8-level, 
1-in. punched paper or mylar tape. Unit reads 
10 lines per sec. Read heads, designed to resist 
vibration, have two contacts. Contact life is 
rated over 10 million operations. Tape can 
be quickly loaded and unloaded.

Electronic Engineering Co., Dept. ED, 1601 
E. Chestnut Ave., Santa Ana, Calif.
Price: $465.

Tachometer Tester 401

Fi

Accommodates four at a time. Evaluates 
operating characteristics of both integrating 
and damping tachometers at a temperature 
range of —60 to +220 F. The equipment is 
available with two system requirements to 
accommodate both the component user and 
the component manufacturer.

American Electronics, Inc., Instrument Div., 
Dept. ED, 9503 W. Jefferson Blvd., Culver 
City, Calif.
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G-E LEXAN POLYCARB
1

C-L.l_.cfg 
5-0

STABLE ELECTRICALS. Binding posts 
made of LEXAN resin retain electricals 
even under moist, hot conditions. They 
do not loosen, are molded in six attrac­
tive LEXAN colors for coding. Other fea­
tures are: low loss and power factor, tow 
dielectric constant, high voltage insu­
lation, non-sink surfaces.

(Superior Electric)

HEAT RESISTANCE. Beautiful handles of 
LEXAN polycarbonate resin are used in 
rugged service on U.L. approved solder­
ing irons. They resist the impact, heat 
and abrasion of daily bench work. The 
hard, glossy handles are light in weight. 
Molded in three pastel colors, they pro­
vide toughness and sales appeal.

(Ungar Electric Tools)

DIMENSIONAL STABILITY. Maximum al­
lowable change in this 5-inch aircraft 
instrument part is only 5 mils over a 
temperature range of —65* to 300° F! 
And it must maintain this tolerance 
under high humidity. Part is injection 
molded of LEXAN resin as half spheres 
which are solvent cemented, lathe- 
turned and painted. (Lear, Inc.)

ATTENUATORS
TERMINATIONS

Applied Research inc
YOUR

IMPEDANCE 
TRANSFORMERS

IMMEDIATE DELIVERY
Write. Wire or Call For 
Inionnation or Brochure

TYPICAL 
ATTENUATOR

Model HFA-50 
52 5 ohm - BNC 

Max vswr, 1 2:1 1000 mc
9 standard values 

fob plant $10 50 each

RNC DC ta 1000 toe 52 S'.' 751? 90.

Applied Research, Inc. - 76 S. Bayles Avenue - Port 
Washington. N.Y. POrt Washington 7-8707 - Inte­
grated RF Components and Sub-Aaaembliee, VLF thru 
C Band. Octave Amplifiera to 1100 mc: band pasa filt­
ers; Low noise Amplifiers; Frequency Multipliers.

----- Some area* «till open for representation-------
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PRIVATE

ED
LINES

[When employment information it obtained through ELEC- 
(TRONIC DESIGN, it'» »ent direct to yout home, »o that only 
[you and one prospective employer at a time know about it. You 
kan conduct your employment campaign privately—as it should 
kbe conducted.

This 1» why every Reader Service Card 

reserve» a line for your home addre»», and 

why circled number» are detached from 

Career Inquiry Service Form» sent to com pan ie». 
r You can apply for many job»

simultaneously . . . only you will 
know how many.

Use the Career Inquiry Service Form, and the Reader Service 

Card when job hunting. They're your privet Unti to employ­
ment opportunities .. another service for you from 

ELECTRONIC DESIGN.
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ONATE Tape Transport 407

Programmable Power Supply 361

safety from electric shock helps

409Custom Modules
Series 160cooSeries lOoooSeries 120ooo SP

Series 9 OoooHSeries SOoooSeries 120ooo

READOUTS THAT DO MORE THAN DISPLAY NUMBERS

CAROCIRCLE

TRANSPARENCY of LEXAN resin is 
important in chart guide for recorder. 
LEXAN resin is the only transparent 
plastic able to withstand heat generated 
by internal lights. It is distortion free at 
temperatures up to 270’F and self­
extinguishing. Its extremely high impact 
strength eliminates cracking of guides. 

(The Foxboro Co.)

TOUGHNESS. Press fitted into metal 
gear used in an electric drill, bushing of 
LEXAN polycarbomate resin provides

Recording on 600 ft of 1/4-in. magnetic 
tape, contained in standard cartridge, model 
M101 starts and stops for each character up 
to 60 characters per sec. Density of 300 bits 
per in. allows 350,000 binary coded decimal 
characters to be recorded on one cartridge. 
Five-to-eight-level codes can be accepted either 
as contact closures or pulses.

Kennedy Co., Dept. LD, 2029 N. Lake Ave., 
Altadena, Calif.

ELECTRONIC DESIGN • November 8, 1961

De output voltage is programmable over the 
range of 100 v to 3,000 v by connecting an ex­
ternal resistor across a pair of terminals. Out­
put current range is 0 to 10 ma with a current 
limiting circuit which operates at 12.5 to 15 
ma. Output ripple is below 5 mv rms and the 
response time is 25 v per msec. Model 1516 
power supply measures 8-3/4 x 19 x 4-1/2 in.

Carad Corp., Dept. ED, 3381 Junipero Serra 
Blvd., Palo Alto, Calif.
Price: under $1,000.

eliminate need for additional grounding. 
Strength and creep resistance of LEXAN 
resin enables bushing to withstand 
torque and load requirements of drill.

(Millers Falls Co.)
CIRCLE 12« ON READER-SERVICE CARD

ARE YOU LOOKING FOR A PLASTIC 
THAT CAN REALLY TAKE IT?

To demonstrate the toughness of 
LEXAN resin, salesmen will some­
times slam and hammer a product 
made of the material. LEXAN has 
the highest impact strength of any 
plastic — amounting to 12-16 foot­
pounds per inch of notch —and it 
usually emerges unscathed from en­
counters with such "merchandising 
stresses”. It is a high-performance 
material, likewise, with regard to 
high-temperature behavior and di­
mensional stability.

Its many other advantages make 
it a priority material for thorough 
investigation by all designers, engi­
neers and molders. We will be 
pleased to supply you with informa­
tion on the properties, processing and 
end-uses of LEXAN resin. Don’t 
hesitate to write to us. General Elec­
tric, Chemical Materials Department, 
Section ED-61, Pittsfield, Mass.

roof 
ON READER-SERVICE

DEC I KI GOOD DIELECTRIC— KEO IIX AND MUCH MORE!

complete 
under 
the

Completely assembled epoxy encapsulated 
modules of resistance-inductance-capacitance 
networks to fit within given size and shape 
factors are available with this service. Man­
ufacturers can procure various packaged net­
works meeting their exact electrical and 
physical specification.

Key Resistor Corp., Dept. ED, 321 W. Re­
dondo Beach Blvd., Gardena, Calif.
Availability: 30 to 45 days.

LEXAN*
Polycarbonate Resin

GENERAL^ ELECTRIC

Bina View
Binary Operated Display

I.EES complete line of rear-projection readouts display words, numbers, symbols, and color. The alpha-numeric Bina-View readout is self-decoding and operates direct from binary output. And all can satisfy human factors requirements!The engineering staff and facilities of Indus­trial Electronic Engineers, Inc. have approached the problem of readouts as one of visual communications, the case in point being that

numbers are only one form in a host of methods in visual communications. The engineering talent at I.E.E. work under the formula that the more forms of visual communications that are available the less chance there is for communi­cative breakdown. In a word; complete.Your inquiry to complete readout visual com­munications is invited.
Œ Industrial Electronic Engineers, inc.

5521 Vineland Avenue, North Hollywood, California

PRESS
No 28

REQUIRES 
SERVICE



Taylor glass-base laminates 
pop right out as design 

materials in many applications

Portable, battery-powered sunlight integrator 
measures 6-1/2 x 8 x 8 in. and weighs less 
than 8 lb. Instrument employs a solion tetrode 
as the integrating element and records directly 
in calories per sq cm. Accuracy is within 2% 
over periods of a few minutes to several days. 
Unit is complete with sensor and hook-up cable.

Texas Research and Electronic Corp., Dept. 
ED, Meadows Bldg., Dallas, Tex.
P&A: $575; from stock.

There are good reasons for investi­
gating Taylor glass-base laminated 
plastics as high-strength-to-weight 
materials in your design. They offer 
light weight, corrosion resistance, 
electrical and thermal insulation, 
and ease of fabrication.

For example, glass-fabric-base 
laminates have the highest mechan­
ical strength of all laminated plastic 
materials. They have been success­
fully used in the fabrication of criti­
cal parts, including aircraft parts and 
bases for printed circuits. They are 
most valuable where extremely low 
moisture absorption, increased heat 
resistance and superior electrical 
properties are required.

Taylor Fibre produces a number

CIRCLE 130 ON

of different glass-base grades in 
sheet, rod and tubular form, and 
copper-clad. Those with phenolic 
resin are recommended for mechan­
ical and electrical applications re­
quiring heat resistance. Those with 
melamine are characterized by their 
excellent resistance to arcing and 
tracking in electrical applications. 
They also have good resistance to 
flame, heat and moderate concentra­
tions of alkalis and most solvents. 
Those with silicone exhibit very high 
heat resistance, combined with good 
mechanical and electrical properties. 
They also have highest arc resist­
ance. Those with epoxy offer ex­
tremely high mechanical strength, 
excellent chemical resistance, low 
moisture absorption, and high 
strength retention at elevated tem­
peratures.

Technical data about these and 
other Taylor laminated plastics are 
available. Ask for your copy of the 
Taylor Laminated Plastics Selection 
Guide. Taylor Fibre Co., Norris­
town 48, Fa.

NEW PRODUCTS 
Sunlight Integrator 440

Dynamic Load 427
For testing power supplies. The model 705 

dynamic load measures internal ac impedance 
of de power supplies operating up to 32 v. 
Unit operates at frequencies from 20 cps to 1 
me, and at de supply currents from 50 ma to 
2.5 amp. Meters indicate power supply ac out­
put current, de output current, and de output 
voltage. Connections for external signal genera­
tor, ac voltmeter, and oscilloscope are provided.

Electronic Engineering Co., Dept. ED. 1601 
E. Chestnut Ave., Santa Ana, Calif.
Price: $950.

Double Pulse Generator 399

PURE FUSED QUARTZ 
IDEAL FOR ALL SEMI CONDUCTOR METALS 
Our unique process enables us to 
supply semi-conductor quality 
VITREOSIL to close tolerances in 
crucibles and special fabricated 
shapes. Now available Quartz to 
Metal Seals. Write us about your re­
quirements. See our ad in Chemical 
Engineering, Electronic Engineers 
Master and Electronic Designers’ 
Catalogues.

SPECTROSlL
FOR HYPER PURITY IN 
SEMI CONDUCTOR WORK
PURITY-purest form of fused silica 
TRANSPARENCY - unique optical properties 
HOMOGENEITY — completely homogeneous 

and free from granularity
AVAILABILITY - block material tor lenses, 

prisms, etc; rad, fiber, wool; hollow 
ware as tubing, crucibles, and special 
apparatus.

Write for complete, illustrated catalog.

lAMHtATfO PtAST/CS
READER-SERVICE CARD

With modular construction, series 2100 dou­
ble pulse generator provides many separate 
or mixed output signals. Rise time is 0.02 
/xsec; repetition rate is provided to 100 kc, 
and accuracy is 0.5%. Standard cables adapt 
the equipment to advanced pulse and pulse 
pair operation.

Servo Corp, of America, Dept. ED. Ill New 
South Road, Hicksville, L. I., N. Y.VULCAHUfO f/Mf

THERMAL AMERICAN 
FUSED QUARTZ CO., INC 

- ~ 18-20 Salem St Dover, N J

122
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Force Transducer 643

653Power Supply

SINK YOUR TEETH INTO THESE FACTS
High breakdown ratings 50 to 80 volts

• 1O million

646Solid State Amplifier

I Itra-high impedance solid-state

Characteristics are
quency response, 5 cps to 100 kc SEMICONDUCTOR

CIRCLE 132 ON READER-SERVICE CARD ►

3 cps to 200 kc, 
input impedance,

amplifier, 
without de

Two point control of current/voltage offset parameters 
Matched pairs to standard tolerance of 1OO juv

within 
within

Typically 30,000 megohms reverse resistance
Typically 50 ohms forward resistance
High temperature stability
Unlimited quantities available
Available from local Sperry Authorized Distributors

sistors 
devices

SEMICONDUCTOR INTEGRATED NETWORKS

Write for 16 page Technical Application Bulletin #2107 and new Chopper transistor 
data sheets on types 2N1917 through 2N1922 and 2N941 through 2N946.

Don't gamble — you put your experience on the line when specifying for analog com­
puters, D.C amplifiers, electronic commutators and multiplex equipment
Sperry now offers you a complete series of silicon transistors for single use or matched 
pairs that have the best combination of chopper characteristics — plus an extra margin 
of safety which provides true design flexibility

on” resistance ratio

20,000 meg min shunted by 1 to 
1.5 pf; output impedance, 1 meg 
shunted by 3 to 10 pf ; voltage 
gain, 0.2 to 0.5; power gain, 30 
to 40 db.

Denro Lab, Dept. ED, 2801 15th 
St., N.W., Washington 9, D. C. 
Price: $87 ea.

model 514, operates 
power supply, tran­
negative resistance

From 1 mV "on 
to 80 V “off”

Designed for compression and 
tension service model 344 force 
transducer guarantees an accu­
racy of ±0.10% and is available 
in ranges from 50 to 1,000,000 lb. 
Materials used are chosen for 
temperature compensation, low 
hysteresis and minimum linear­
ity error

Allegany Instrument Co.. Dept. 
ED, 1091 Wills Mountain. Cumber­
land, Md.

SILICON 
CHOPPERS
NOW IN TO-18 

and 
TO-5 CASES

DIVISION OF 
SPERRY RANO CORPORATION 

NORWALK, CONNECTICUT

Strain-gage power supply mod­
el 1120 has an output of 3 to 30 v 
at 0 to 100 ma. Ripple is less than 
1 mv, peak to peak; regulation is 
0.01% for load and line; drift is 
0.01% for 10 days at constant am­
bient temperature; temperature 
coefficient is less than 20 ppm per 
deg C from 0 to 50 C.

Cubic Corp., Dept. ED, 5575 
Kearny Villa Road, San Diego 11, 
Calif.
Price: $430.

MATCHED

CHOPPERS

Type 
Number
TO-18

Type 
Number

TO-5
BVceo 
(Volts)

BVces 
(Volts)

BVeeo 
(Volts)

Vn (max) 
Offset 
Voltage 

(mV)

In (max) 
Offset 
Current 
(m^A)

The
Bite 

1 — 99

The
Bite 

100 — 999
2N941 2N1917 -8 -25 -25 1.0 1.0 S 9 75 $7.50
2N942 2N1918 -8 -25 -25 3.0 3.0 7.80 6 00
2N943 2N1919 -18 -40 -40 2.0 1.0 12.35 9.50
2N944 2N1920 -18 -40 -40 3.0 1.5 8.77 6.75
2N945 2N1921 -50 -50 -50 A 0 2.0 5.20 4 00
2N946 2N1922 -80 -80 -80 4.0 2.0 6.50 5.00



NEW PRODUCTS
Video Telemetry System

For real-time television transmission over a 
mobile link, this video telemetry system con­
sists of a wide-band fm, uhf transmitter and 
receiver. Carrier frequency is 882 me, and video 
response is flat from 30 cps to 4.5 me. The 
transmitter, illustrated, has a pressurized en­
closure, withstands shock and vibration, can be 
mounted in aircraft, missile, or satellite ve­
hicles, and provides 20-w power. The receiver 
provides a satisfactory picture with 10 pv input.

Tapco Div., Thompson Ramo Wooldridge 
Inc., Dept. ED, 23555 Euclid Ave., Cleveland 
17. Ohio.

NOW
A family of 
Precise
Thermistors
ysi produces a family of precise ther­
mistors which match standard Resist­
ance-temperature curves within - 1 %.

10s,- ■ ■ . । —।--------r~ I------------------------------

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.

Counter Modules 508
Model M 10 has five identical flip-flops which 

operate as a counter at rates up to 2 me. With 
model M 11 interstage delay module, it forms a 
parallel-entry adder which will complete a 5 bit 
addition 4 /isec max.

Navigation Computer Corp., Dept. ED, Valley 
Forge Industrial Park, Norristown, Pa.

General Purpose Integrator 449

Battery-powered and portable, the model 
GPI-100 general purpose integrator weighs 5- 
1/2 lb and measures 6-1/2 x 8 x 8 in. The in­
strument uses a solion tetrode as the integrat­
ing element. Accurate to 1%, the unit has an 
input impedance of 10 K, a frequency response

TEMPERATURE IN C

Resistance Temperature Characteristics, 
Partial Range Si -440061 hermistors < 10K I.

You can now use stock YSI thermistors 
interchangeably as components in any 
temperature transducer or compensator 
circuit without individual padding or 
balancing.

DATA
Base resistances at 25
100 lì
300 i)

C. of:
10 K
30 K

100 K
Each family follows 
curve within - I %

the same RT 
accuracy from

-40° to +150° C.
Cost under $5.00 each, with sub­
stantial discounts on quantity orders. 
Quantities under 100 available from 
stock at YSI now.
YSI can produce precise thermistors 
with different base resistances and 
beta's where design requirements and 
quantities warrant.

KROHN-HITE CORPORATION
580 Massachusetts Avenue * Cambridge 39. Mass.

Pioneering in Quality Electronic Instrument*

CIRCLE 133 ON READER-SERVICE CARD

from de to 10 kc, and 
Input amplifier, time 
readout are optional.

Texas Research and

accepts inputs to 1 v. 
averaging, and digital For complete specifications and details write:

ED, Meadows Bldg., Dallas, Tex. 
P&A: $475; 30 days.

Electronic Corp., Dept. YELLOW SPRINGS INSTRUMENT CO INC

Yellow Springs, Ohio

CIRCLE 134 ON READER-SERVICE CARD
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458Gyro Power Supply

containedVoltage regulation system

Miniature Switches
DuahShaft

457Heating Device
MAXIMUM CIRCUIT SWITCHING

IN MINIMUM SPACE

To prepare thermoplastic sheets for bending
The unit consists of two rectangular

lement

932R

Regulators and Controls 452

CIRCLE 135 ON READER-SERVICE CARD

125

CLUSTER 
shorting

cased e 
handles,

iluminum 
metal-en- 
insulated 
cord and

PREWIRED & HARNESSED SWITCHES — Decks pre­
wired before gonging to reduce your production costs

Solenoid- Operated
Switches - - -

SFR1NG RETURN ROTORS—on either 
or both directions of rotor travel.

COLD PLATED CONTACTS & TERMINALS—for the 
ultimate in maintaining low, stable contact resistance

ARM ROTORS—for progressive- 
or progressive-making circuits.

Standard ‘Specials’ 
in Shallcross

ELECTRONIC DESIGN • November 8, 1961

Here’s a positive approach to mini­
aturization—a way to handle more 
circuits per cubic inch! Conserva­
tively estimated, over 650 circuits 
may be switched in only 38 cubic 
inches by a Shallcross Miniature 
Series switch ... and with the qual­
ity and reliability only a button­
contact, multi-leaf wiper arm switch 
can provide. In one recent applica­
tion, the single 24-deck Shallcross 
Miniature switch shown above re­
placed four “subminiature” units.

Equally impressive space advan­
tages are possible with dual concen­
tric shaft versions of the Shallcross 
Miniature Series. Either shaft may

electrically heated by 
s. Each bar has two

For indirect switching of com­
plex circuits, or to avoid “over 
stepping” positions in critical 
circuits, most Shallcross Minia­
ture Switches can be furnished 
with solenoid operation. Out­
line your circuit requirements 
for a prompt recommendation 
by Shallcross engineers.

this 3-phase, 400-cps unit. The equipment de­
livers 30 v rms, with an accuracy of ±1% line 
to line. It operates at 27 ±3 v de, at 1.5 amp 
max, delivering 7.5 va per phase max and 3.3 
va per phase normal.

M Ten Bosch, I 
Ave., Pleasantville,

operate up to five of a total of ten 
decks. The inner shaft may also 
control a rheostat, variable capaci­
tor, or other device.

If, in addition to size, switch qual­
ity is also your concern, the follow­
ing highlights substantiate why 
Shallcross Miniature Switch users 
repeatedly specify these switches, 
and no others, for critical airborne, 
missile control, and computer ap­
plications.
Low Initial contact resistance —less than 
0.002 ohm.
Stable contact resistance—0.5 milli­
ohm for 10,000 operations.
Highly immune to vibration damage— 
exceeds MIL-S-3786 requirements.
Uncompromised material quality—silver 
button contacts; silver alloy, multi­
leaf, self-cleaning wipers: diallyl 
phthalate rotors; epoxy - laminate 
decks (filament woven with glass 
fiber).
Designed to applicable MIL-S-3786 
Specifications.
Minimum thermocouple effects—similar 
materials for all current-carrying 
parts.
Excellent RF characteristics.
Minimum depth--!" first deck. %" each 
additional deck.
Maximum Versatility— up to 32 posi­
tions, 1 to 4 poles, shorting or non­
shorting in the same switch, 1 to 24 
decks, ball detents, many special 
modifications.

For complete details, write for 
Shallcross Switch Bulletin

54-in. wide sheets.
Kamweld Products Co., Dept 

Washington St.. Norwood. Mass.

Generator voltage regulators and motor gen­
erator set controls designed around silicon con­
trols rectifiers are available in sizes from 100 
to 3,000 w de regular output and up to 40 kw 
on special order. Voltage regulation is l/2f? 
no load to full load. Power to regulator is 120 
or 220 v ac, 60 to 10,000 cps.

Auto Marine Laboratories, Dept. ED, 6 E. 
Main St., Ramsey, N. J.

circuit
news



NEW PRODUCTS
446Variable Transformer

SILVER CAN

433AC Line Voltage Regulator
TANTALUM ANOLE

END SEAL

NICKEL LEAD

406Signal Generator

RAYTHEON
CORPORATION, PALO ALTO. CALIFORNIA

126

RAYTHEON PANEL COMPONENTS 
FIT RIGHT INTO YOUR DESIGNS

for equipment that deserves 
the precision-engineered look

Meets MIL C 3965-B. Style CL-64. CL-65.

A new space-saving approach to the 
design of wet tantalum capacitors 
ends mounting problems encountered 
with flanged types and yet will not leak.

PLASTIC 
RETAINING
RING----------

TINNED 
COPPER 
CATHODE 
LEAD

WET 
ELECTROLYTE

THERMOPLASTIC 
SLEEVE

SOLDER
JOINT —

INSULATING- 
WASHER

CAPACITOR DEPARTMENT
COMPONENTS DIVISION
INTERNATIONAL TELEPHONE AND TELEGRAPH

WRITE FOR DATA
Complete technical data and specifica­
tions are available on Raytheon’s full line 
of quality panel hardware and control 
knobs. Please write to: Raytheon, Indus­
trial Components Division, 55 Chapel 
Street, Newton 58, Mass.

tion is better 
changes. Made 
model is 5-1/4 
21-in. high.

Features 6-band extended frequency range. 
Model N-2 operates from 115-v line and pro­
duces an output of 0 to 10 v rms. Distortion is 
0.1% from 100 cps to 350 kc, 0.25% from 10 
to 100 cps, 1% from 1 to 10 cps. Line voltage 
changes from 105 to 125 v ac do not affect 
the accuracy of its output.

Hathaway Denver, Dept. ED, 5800 E. Jewell 
Ave., Denver 22, Colo.

NEW
STRAIGHT WALL 

TANTALUM 
CAPACITOR 
CAN’T LEAK

Davenport Manufacturing Div., Duncan Elec­
tric Co., Dept. ED, 2530 N. Elston Ave., Chicago 
cago 47, III.

Industrial Components Division
CIRCLE 136 ON READER-SERVICE CARO

With 5-kva capacity, the ac line voltage reg­
ulator is a buck-boost, servo type which is said 
to introduce no wave-form distortion into the 
ac output. Two models are available; output on 
one is adjustable ±10% from a nominal 115 v 
and another variable from 0 to 135 v. Regula-

Raytheon Panel Components Available From Local Franchised 
Raytheon Distributors

* RAYTHEON COMPANY

SHAFT LOCKS
For use with screwdriver-adjusted controls • 
Constant friction drag prevents accidental ro­
tation • Provide seal against dirt and moisture 
• Replace standard mounting hardware • Un­
der knob and standard types available

CAPTIVE HARDWARE
Stainless steel construction • Wide assortment 
of matching stock sizes and styles • Meet mili­
tary specifications • Neoprene gasket provides 
dirt and moisture seal.

o ❖

than 0.2% for line and load 
for 19-in. rack mounting, fixed 
in. high and variable model is

CIRCLE 137 ON READER-SERVICE CARD 
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ITT’s compact, sintered slug tantalum 
capacitor features a wedge-shaped 
seal held under compression by an 
epoxy retainer ring formulated for 
thermal characteristics inverse to 
those of silver. Ordinary, straight­
wall capacitors leak along the lead 
when elastomer compression is re­
duced as the silver can expands. Not 
so with the new ITT design!
This new, compact capacitor conforms 
to specifications MIL C 3965-B, Style 
CL-64, CL-65 and provides both the 
compactness and rugged reliability 
required in missile, airborne and 
mobile equipment. For details, write 
today requesting Bulletin No. 610.

Rated at 50-amp, 0 to 140 v with 120-v input, 
the model T501U variable transformer is said 
to have very fine resolution. Designed for 
either panel or bench mounting, the unit has 
a square aluminum base providing heat trans­
fer from the coil. Balanced rotor snaps on and 
off. Transformer measures 13-5/8 x 12-1/2 x 
5-1/2 in.

Standard Electrical Products Co.. Dept. ED, 
2240 E. Third St., Dayton, Ohio.

PANEL BRACKETS
Provide rigid support under shock or vibration 
• Mount single or double panels • Meet mili­
tary specifications • Cold-rolled carbon steel, 
cadmium plated.

KNOB LOCKS
Prevent control movement by shock or vibra­
tion or accidental movement • No slippage • 
Replace potentiometer mounting hardware • 
Match standard Raytheon knobs • Available 
in Mirror or Matte finish.

—------TANTALUM LEAD 

WELD



627Vacuum Gages

Self-contained, miniaturized cir-
attached directlycuitry

with

Dept

Insulating Varnishes 597

¡stance

Tantalum Capacitors 380

CIRCLE 13S ON READER-SERVICE CARD ►

of crystal cans, make

GENERAL ELECTRIC SEALED RELAYS - UNMATCHED FOR RELIABILITY

moisture, chemicals,

the rear of the indicating meter 
on this line of compact vacuum 
gages. The complete gage mounts 
in any panel, requiring only a 
standard meter panel cutout. Three 
ranges are offered from 0.2 micron 
Hg through 20 mm Hg. Up to 5
positions can be monitored 
one instrument.

Hastings-R a y d i s t. Inc., 
ED, Hampton, Va.
P&A: $110 each; immediate.

Dialiyl phthalate and dialiyl iso­
phthalate insulating resins, RAM- 
23-X4 and RAM 23-X5 are for 
coating sealing and encapsulating 
uses. The X4 formulation func­
tions at 150 C, continuous; the X5, 
at 180 C. They have unusual re-

corrosion and weathering.
RAM Chemicals, Inc.. Dept. ED, 

P. O. Box 192. 210 E. Alondra 
Blvd., Gardena, Calif.

With new General Electric Unimite relays, you can 
lay out a switching circuit .374" thin, including 
mounting! Mount Unimites on their .900' side, and 
they stand only .320' off the board—’ frd the height 
of “stand-up” crystal-can types.

And there’s no performance compromise! Rated 
one amp, 28vdc, spdt, Unimites switch in a fast 1.5 
milliseconds. They weigh only .105 ounce.

In addition, Unimites offer characteristic G-E

Polar and nonpolar, solid tan­
talum capacitors have insulated, 
hermetically sealed cases. The 
STA polar series has ten ratings 
of 300 to 4,000 pf and the STAN 
series of ten nonpolar capacitors 
range from 150 to 2,000 pf. All 
ratings are for 6 to 35 max 
wvdc, at ambients of —55 C to 
+ 125 C, with linear deratings 
above 85 C, to 67% at +125 C.

Fansteel Metallurgical Corp., 
Dept. ED, Rectifier-Capacitor Div., 
North Chicago, Ill.

high reliability. General Electric’s exclusive all­
welded construction eliminates solder- and flux- 
caused malfunctions. Internal contamination is 
eliminated by isolating the contact chamber, and by 
using chemically inert materials.

Best of all, Unimites are available now! Call your 
G-E Sales Engineer. Or, write for Bulletin GEA-6822, 
to General Electric Co., Schenectady, New York. 
Specialty Control Department, Waynesboro, Va. 79220



WHAT’S 
YOUR 

TRANSISTOR 
COOLING 

PROBLEM?
Whatever it is, you can probably find the solu­
tion with a Birtcher Radiator. Available in sizes 
and designs to most efficiently cool all popu­
larly used (and many special) transistors. 
Test reports show up to 27% more transistor 
efficiency!

AVAILABLE FROM AUTHORIZED BIRTCHER DISTRIBUTORS

NEW!
TRANSISTOR 
RADIATOR 
CATALOG 1-HR

745

Just off the press — write for it

BIRTCHER CORPORATION
INDUSTRIAL DIVISION 

S. MONTEREY PASS ROAD, MONTEREY PARK, CALIFORNIA
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LangevinFROM L
PRECISION INSTRUMENT SWITCHES

with Adjustable Stops!

503 SOUTH GRAND AVENUE * SANTA ANA, CALIFORNIA
CIRCLE 140 ON READER-SERVICE CARD
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A Division of 
Sonotec 
Incorporated

Langevin

Adjustable
Stop Mechanism

Langevin offers a free 24 page "Guide to Choosing 
Precision Instrument Switches” to those requesting it

1. Stops can be set after switch 
is mounted
Adjustment to contacts in 
any position on contact array
Use only a socket wrench for 
quick, easy change

NEW PRODUCTS
Nylon-Insulated Slide Switch 444

High-Speed Counter 453

442Hysteresis Clutch

in five models from
166 hour test time

Model T276 is available 
a seven digit 500 per sec

Let us show 
you how to 

KEEP 
COMPONENT

COSTS 
DOWN!

Clearance of only 1/2 in. is required by the 
series SS-37 slide switch. Switch is nylon-in­
sulated and rated at 6 amp. Unit, excluding 
trigger, measures 1-5/8 x 1/2 x 1/2 in. Ter­
minals, silver-plated, accept soldered or solder- 
less connections.

Stackpole Carbon Co., Electronic Components 
Div., Dept. ED, St. Marys, Pa.
P&A: $0.10 ea for 10,000; .3 iriiks.

model to a ten digit 100,000 per sec 277 hour 
test time model. The unit may be used with a 
contact switch, photoelectric cell or motion 
sensing device. No preamplifier is required.

Avtron Manufacturing, Inc., Dept. ED, 10409 
Meech Ave., Cleveland 5, Ohio.
Price: from $245-00.

Fractional horsepower hysteresis clutch de­
livers controllable torque through a range of 
speeds and loads. Unit illustrated is rated at 
1/20 hp, 1,800 rpm and measures 2-1/2 in. 
OD. Devices are capable of synchronous driv­
ing or continuous slip with negligible torque 
variation at any slip differential.

Scanner Corp, of America, Dept. ED, 30595 
W. Eight Mile Road, Livonia, Mich.

ELECTRONIC

Art Wire specializes in wire forms de­
signed for today's automatic production 
lines . . . manufactured with the pre 
cision and uniformity that assure the 
economy of an uninterrupted work flow. 
Reduced down time, and the lower 
costs made possible by Art Wire's mod­
ern production methods mean greater 
savings to you, and greater profit in 
your operations.

ART WIRE AND STAMPING CO.
17 Boyden Place, Newark 2. N. J.

CIRCLE 141 ON READER-SERVICE CARD
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SPEED UP 
TECHNICIAN 
TRAINING 
WITH NEW 
^ÇTronic 
SYSTEM 
KIT BE-7 
AND EIA MANUAL

Indicator Lights 454
///// .^¿///electrometers..

STI-series subminiature transistorized neon- 
lights measure 1-15/16-in. in over-all length 
and mount in a 3/8-in. clearance hole from 
back of the panel. Socket, lamp, and all con­
nections are well-insulated from the mounting 
bushing. The units accommodate NE-2E or 
NE-2V neon lamps and meet applicable mili­
tary specifications.

Dialight Corp., Dept. ED, 60 Stewart Ave., 
Brooklyn 37, N. Y.
Price: $4 to $11.

Variable Potentiometer 441

New ERECTRONIC Kit provides 
all components mounted on plastic 
bases with patented jiffy connectors 
for pegboard breadboarding of thirty- 
nine experiments.

Used with “Industrial Electronics” 
manual developed by EIA (Elec­
tronic Industries Association), the 
student quickly gains an under­
standing of basic circuits and their 
application.

The “Industrial Electronics” 
course covers:
• Computers
• Thyratrons and Thyratron Control
• Time Constants
• Vacuum Tube and Transistor Time- 

Delay Relays
• Photo-Electric Control
• Phototransistor Relays
• Saturable Reactor
• Peaking Transformer
• Motor Control
• Regulated Power Supplies
• Radio and Tone Control Systems
• Gaseous Rectifiers
• Synchros
• Servo-mechanisms

Infinite-resolution potentiometer pick-off con­
verts linear wiper motion into linear or non­
linear voltage. Designated model lolll, the unit 
is linear to 0.05% per in., and is compensated 
for electrical loading. Resistances from 500 
ohms to 100-K per in. are available. Nonmetal 
thin-film resistance element is noninductive 
and has a guaranteed life of more than 10 mil­
lion cycles. Ganged units are available.

Computer Instruments Corp., Dept. ED, 92 
Madison Ave., Hempstead, L. I., N. Y.

Electronic Control Stations 448

Write for Technical Data on the 
new ERECT RON IC Kit BE-7

SCIENCE 
ELECTRONICS, INC.
195 Massachusetts Avenue, Cambridge 39. Mass.

a subsidiary of
GENERAL ELECTRONIC LABORATORIES, INC.

CIRCLE 142 ON READER-SERVICE CARD

Made for 24-v and 1-v systems, these elec­
tronic control stations have a manual power 
supply and are designed for compact panel 
mounting. Series 701K station provides proc­
ess indication meters; series 701N is non­
indicating. Chassis may be partially removed 
from panel while in operation. Mode can be 
switched from automatic to manual.

Taylor Instrument Co., Dept. ED, 95 Ames 
St., Rochester 1, N. Y.
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MODEL 31
Detects currents to 10mmm 

amps, voltages to 20pv.
Ten ranges, separate 

input preamplifier, and 
special features offer 
exceptional versatility.

MODEL 32
Provides excellent 

performance, similar to 
Model 31, at lower cost. 

Primarily designed for radiation 
studies. Four ranges, 

built-in preamplifier unit.

Fordetails regarding the various 
applications, specifications and

accessoriesforall Cary Electrom­
eters.. .ask for Data File M 30-111

Offers exceptional response, 
DC to 10 cps, sensitivity 

and stability for small 
currents to 10 - is ampere 

originating in a 
high impedance source.

MODEL 36

...outstanding instruments for prêt se, reliable 
measurement of extremely small charges, currents and voltages. 
Several models along with many accessories serve a variety of 
applications including radioisotope assays, ion current meas­
urements, pH determinations, and solid-state studies. Inquir­
ies regarding special probk

APPLIED PHYSICS CORPORATION

INSTRUMENTS

Raman UV IR Recording Spectrophotometers • Vibrating Reed Electrometers
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PRODUCTION PRODUCTS

Toroidal Coil-Winding Head 260

How to find laminations when you need them fasti
High permeability lamination stock list goes out 

to purchasing agents and engineers semimonthly
A stock list, mailed every other week, pinpoints the quan­
tities and sizes of our high permeability laminations that 
are immediately available from stock. It’s sent to pur­
chasing agents and interested engineers throughout the 
country. To get your regular copy, just address a request 
to Magnetics Inc., Department ED-94, Butler, Pa.
What makes the stock list important? Depleted inventories 
or stepped-up production means that when laminations 
are needed, they’re needed fast—and in perfect condition. 
Magnetics Inc. stock list shows what types are available 
for immediate shipment. In addition, the stock list con­
tains information on the new higher permeability “E” 
grade laminations. What’s more, stocks listed reinforce 
those maintained at regional outlets on the east and west 
coast (all connected by teletype to assure fast delivery). 
What makes Magnetics Inc. high permeability lamina-

CIRCLE 179 ON

tions special is the fact that they are the heart of high 
performance audio transformers, chokes and countless 
other fast response magnetic devices. They’re burr-free, 
precision-sized and flat (thanks in part to a standardized 
9" long carton that keeps the laminations undistorted 
during shipment and stocking). For more information, 
write to Magnetics Inc., Dept. ED-94, Butler, Pa.
Magnetics Inc. also publishes a bi-weekly stock list on tape 
wound cores and permalloy powder cores. It's available to you 
along with the laminations stock list. Ask for it.

muco E TICS ine. 
am? w •
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For heavy wire build-up. Type 601 toroidal 
coil winding-head assembly has a two-piece 
magazine which opens in half for easy inser­
tion of cores. Six magazines can be furnished 
for winding coils with inside diameters of 5/8 
to 1-1/4 in. Wire sizes 20 to 28 AWG can be 
accommodated.

Waltham Precision Instrument Co., Inc.. 
Boesch Manufacturing Div., Dept. ED, 45 River 
St., Danbury, Conn.

Production Trays 261

Form-fitting production trays are custom- 
molded of foamed plastic to protect delicate 
parts in assembly. Units are reusable. Plastic is 
not affected by water, oil, gasoline, or alcohol, 
and does not scratch.

Pac-Tron, Inc., Dept. ED, 225 Crescent St.. 
Waltham, Mass.

Vibratory Parts Feeder 262

Electromagnetic drive operates at the rate 
of 3,600 vibrations per min. Model 251 vi­
bratory parts feeder is designed to feed parts, 
up to 4 in. long into a 24-in., cast-aluminum 
bowl. A spirally inclined 1-1/4 in. track is 
built around the inside perimeter of the bowl. 
Rate of feed is adjustable by means of a 
rheostat control.

Elk Engineering Works, Dept. ED, St. 
Marys, Pa.
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Miniature-Parts Header 263 THE NEW HONEYWELL

IRON VANE AC
PANEL METERS—Variable-speed drive permits instantaneous 

speed adjustment while the machine is in op­
eration. Fly-wheel speed can be adjusted 
from 150 to 300 rpm. Model 00 miniature­
parts header has a wire diameter range of 0.012 
to 0.07 in.

REM Sales Inc., Dept. ED, P. O. Box 41, 
West Hartford, Conn.

C.VOLTS

Machine Tool Position Display

gl
264

For partial automation, these position dis­
plays indicate numerically the position of ma­
chine tools. Machines are rated at 20,000 counts 
per sec. Model PD5 has five decades; model 
PD6 has six decades. Magnitude and direction 
of motion are indicated, and machine zero is 
displayed. Typical resolution is 0.0001 in.

Rheem Manufacturing Co., Electronics Div., 
Dept. ED, 5200 W. 104th St., Los Angeles,

Price: $1,350 and $1,495.

Soldering-Gun Attachment 265

For printed-circuit soldering. Attachment 
sucks excess melted solder from printed-cir­
cuit boards into a porcelain cup. Device in­
cludes a special replacement tip, on which is 
mounted the porcelain cup to receive excess 
solder, and an attached plastic hose and 
squeeze-type rubber suction bulb.

Cyclops Manufacturing Co., Dept. ED, 20839 
Fenkell, Detroit 23, Mich.
Price: $7.95 each.

ELECTRONIC DESIGN • November 8, 1961

Here are the AC counterparts of 
Honeywell's popular DC panel meters. 
Iron Vane AC Meters are perfectly 
matched to the DC range and are avail­
able in both the Medalist and “standard" 
case styles. This means a minimum of 
trouble and expense in mounting. And you 
are assured of harmonious styling in every detail. 
Iron Vane AC Meters are designed for a wide variety of 
commercial applications — including portable equipment, testers, power 
supplies, generator equipment and medical equipment. The improved moving 
iron mechanism features magnetic damping, impregnated field coils, and selected 
fixed and moving iron material to provide long, trouble-free operation.
These meters are available in a wide selection of case styles and colors. Dials can be 
custom designed with your company name, trade-mark or other data. For full information, 
contact our representative in your area — he’s listed in your classified 
telephone directory. Or us: Precision Meter Division, 
Minneapolis-Honeywell Regulator Co.,Manchester,N.H.,U.S. A. 
In Canada, Honeywell Controls Limited, Toronto 17, Ontario 
and around the world: HONEYWELL INTERNATIONAL — 
Sales and service offices in all principal cities of the world.

CIRCLE 180 ON READER-SERVICE CARD
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To Contractors and Subcontractors on U. S. Government Projects

THE 1N3471 "PINHEAD”
Western Electric offers this new 
Microminiature Switching Diode 

from Laureldale

The 1N3471 is a diffused silicon microminiature switching diode designed for high-speed operation. The 
size and construction of this pinhead diode suit it for high-density packaging. Controlled manufacturing 
conditions assure the circuit designer of uniform lot-to-lot diode characteristics with exceptional perform­
ance and reliability. (A leaded version of the 1N3471 diode is also available.)

DIMENSIONS OF 1N3471 DIODE

.040 
DIA. 
MAX.

.016 MAX.

- ----------  (Actual Size)

Power dissipation 
Tstg

MAXIMUM RATINGS 
(Mounting Surface Temp. 100 C) 
BV 40 Min.

0.5 Watt
—65CC to + 250°C

120 mAdc

DESIGN DECISIONS
Featuring the clever and unusual 
in packaging, appearance design, and 
circuitry in electronic equipment.

Reversed Weld Nut 
Makes Low-Cost Detent

Standard, commercial weld nuts, used 
backwards, provide an unusual low-cost de­
tent in an inexpensive citizen’s-band trans­
ceiver.

The weld nuts, manufactured by Ohio 
Weld-Nut Co., have three dimples which are 
Co. of 33-00 Northern Blvd., Long Island 
City, N. Y., welds the reverse surfaces of 
used as weld points. Electronic Instrument

372

Standard weld nut, with reverse side welded to instru­
ment case, exposes three dimples Dimples hold detent 
plate in place.

STRESS-TIME RELIABILITY

High-temperature life tests are conducted for 1000 hours to assure (with 
90% confidence) a failure rate at 250 C of less than 5% per 1000 hours.

SPECIFIED LIMITS
FOR ELECTRICAL CHARACTERIZATION
trr (Ip = lR = 10 mAdc)
Vf (Ip=10mAdc)
Is (Vr=20 Vdc)
C (Vr=O; fo = 100 kc)
BV (Ir=5 MAdc)

2 nsec max.
1 Volt de
20 nAdc

3 pf
40 Vdc

The 1N3471 microminiature switching diode can be purchased in quantity from Western Electric’s Laurel­
dale Plant. For technical information, price, and delivery, please address your request to: Sales Depart­
ment, Room 103, Western Electric Company, Incorporated, Laureldale Plant, Laureldale, Pa. Telephone- 
Area Code 215—WAlker 9-9411.

LAURELDALE PLANT
MAKER OF ELECTRON PRODUCTS 

FOR U S. MILITARY ANO SPACE APPLICATIONS
MANUFACTURING ANS SUPPLY UNIT OF THE IELL SYSTEM

132

Detent plate is secured by standard thumb screw and 
lock washer through carrying handle.

ELECTRONIC DESIGN • November 8, 1961
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Carrying handle can be rotated in 30-deg increments 
to form support bracket.

NEW 
DVM ENDS 

MONTHLY

these nuts to the sides of the instrument case 
of the transceiver.

The dimples position a steel stamping that 
serves as a detent plate. The very simple and 
inexpensive arrangement arrows the carry­
ing handle to be positioned around the case 
in 30-deg increments so it can serve as a 
handle or support bracket.

Commenting on his design, project engi­
neer Vincent Proc points out that when an 
inexpensive, standard, commercial part can 
do a job well, it is always to be preferred 
over a “special.”

Rubber Cores in Eyelets 
Speed Circuit Breadboarding

Anyone who has used a breadboard knows 
the problems inherent in the usual spring­
type contacts. They work quite well when 
leads of equal diameter are inserted. But if 
it is necessary to join two or more leads of 
different diameters—like the leads of a small 
diode and a 2-w resistor—the contacts 
usually are quite unsatisfactory. The larger 
wire eases the contact’s grip on the smaller 
one and the small component tends to lose 
contact.

A novel approach to this problem appears 
in the “Circuit Builder,’’ manufactured by 
Circuit Structures Laboratory of Laguna 
Beach, Calif. This breadboard, conceived by 
Edmund L. Van Deusen, vice president of 
the company, uses rubber cores in gold-plated

RECALIBRATIONS
New EAI Series 5001 Transistorized Digital Voltmeter will maintain full accuracy without recalibration 
for more than six months. Accuracy specifications have significance only when supported by such 
stability. This unique digital voltmeter automatically seeks out the correct range for readings of 100 
microvolts to 1199.9 volts. In addition to automatic range changing and 20% over-range, it provides 
floating input, accuracy of 0.01% full scale plus one digit, full time high input impedance up to 1000 
megohms and an average of 200 readings per second. In all, the EAI Series 5001 is an outstanding 
instrument for laboratory, production and system use. Write for full information today to Dept. ED 10.

Career Opportunity for Engineer! — Gradua'e or advanced degrees in EE, Physics, Math —coll or write Cordon Strout, Director Personnel

ELECTRONIC ASSOCIA I ES, INC. Long Branch, New Jersey

ELECTRONIC DESIGN • November 8, 1961

Leader in Analogies Analog/Digital Comnuters Data Reduction Process Control Instruments Computation Service
CIRCLE 145 ON READER-SERVICE CARD
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DESIGN DECISIONS

U.S.A.!

number one 
source 

of 
LINE SUPPORTS 

in the

Micrometer Precision clamps, blocks and harness straps made for the 
most exacting applications of all... aircraft, missile, marine, automotive 
and original equipment of all kinds.
33,000 TYPES AND SIZES FOR ALL YOUR REQUIREMENTS • COMPLETE CATALOG AVAILABLE UPON REQUEST

Specify ADEL Line Support» for quality in volume

Rubber cores in gold-plated eyelets make it easy to 
connect leads of different diameters in this breadboard.

eyelets to secure component leads at tie 
points.

A slight tug at one of the rubber cores 
makes it easy to insert additional component 
leads into a tie point without dislodging any 
other leads.

Dayton, Ohio • Wichita, Kansas
CIRCLE 146 ON READER-SERVICE CARD

t PRODUCTS 1444 Washington Avenue.
ll DIVISION Huntington 4, West Virginia 

* A DIVISION OF GENERAL METALS CORPORATION 
DISTRICT OFFICES: Burbank, California • Mineola, Long Island, New York

ACTUAL SIZE
10,000 UH

MOLDED 
CHOKE

Nicknamed the “Micro Mite", these reliable, rugged coils 
exhibit high Q, very low distributed capacity, all concentrated 
into an amazingly small package.

Miller's new “Micro Mite" coils are perfect for use where 
weight, space and high Q considerations are involved. Their 
volumetric reduction ranges up to 80%. with current ratings 
approximately 75-300 millamps and standard series values up 
to 10,000 uh.

The “Micro Mite" coil construction permits miniaturization 
without the use of ferrite materials, thus maintaining 
temperature stability to 125 C. These hermetically sealed 
molded coils conform to MIL-C-15305A.

ASK FOR OUR MICRO-MITE BULLETIN

J W. MILLER COMPANY «5917 So. Main St.. Los Angeles 3. Calif

Round Lights Cut Cost, 
Improve Panel Appearance

A switch from square panel-light lenses 
to round ones helped engineers at General 
Electric’s Computer Dept, to cut the cost 
and improve the appearance of panels in the 
GE 3100 Status Monitor.

The original concept in designing the 
panel lights was that square lenses would 
look neater and more attractive than other 
shapes. But in the Status Monitor, 20 panels 
are stacked in a vertical array. To avoid a 
lopsided appearance of the panel lights, it 
was necessary to maintain a 1-mil tolerance 
in the positions of the four sides of the 
square holes that retain the lenses.

Any slight misalignment or lack of paral­
lelism would have been exaggerated by the

Slight lack of parallelism in square panel-light lenses 
is exaggerated by viewer.

Today’s big values in instrument 
bearings are the tiny but extremely 
precise bearings made by REED. Pro­
duced to ABEC 7 tolerances, they are 
available at no increase in price over 
ABEC-5. This added value, in bearings 
up to 5/8" OD, is possible because REED’S 
centerless grinding operations provide 
exacting control of tolerances and opera­
ting characteristics. So, precision and 
price give you two important reasons 
for listing REED among your approved 
sources for instrument bearings. «no

ELECTRONIC

REED INSTRUMENT BEARING COMPANY 
Los Angeles, California 

Div. of SCSiF' Industries, Inc.
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TYPE C 
50 CONTACTS

4900 West 78th St. • Minneapolis 24, Minn.

* V ♦ 4Mb«»*««9f.
TV t *2 . , . * jJRl

For fast, accurate 
temperature sensing 
from-435° to+500° F.

IMMERSION TYPE 
0.2’ TIME CONSTANT

REC’s 
Model 176

Unique new design gives this 
temperature sensor unusu­
ally fast response. Because 
the precision platinum resist 
ance element is mounted 
without strain directly on the 
inner wall of the stainless 
steel well, the time constant 
is only 0.2 second.

The Model 176 was de­
signed for storable fuel appli­
cations in the missile field. 
However, it is suitable for use 
in any part of the —435° to 
4-500° F. temperature range 
and in any fluid compatible 
with the stainless steel mate­
rial of the well. Available in a 
wide range of lengths, fittings 
and connectors.

A complete precision line
Rosemount designs and 
manufactures high quality 
precision equipment in these 
lines:
Air data sensors

Total temperature
Pitot-static (de-iced) 

Immersion temperature sensors 
(including cryogenic)

Surface temperature sensors 
Pressure transducers 
Accessory equipment 
Aeronautical research
For more information please 
write for the REC catalog. 
Specific questions welcomed

ROSEMOUNT 
ENGINEERING 
COMPANY

o o

Change to round lenses eliminates rppearance 
misalignmcn:.

New from Gen-Pro: Repicon "C" high density re­
movable contact connector offers unlimited appli­
cation in writing installations. Available in 34, 42 
50, 75 and 104 contacts. In accordance with re­
quirements of MIL C-22857; interchangeable with 
other connectors of MIL-C-8384 configuration and 
contact pattern

REPICON REMOVABLE 
CONTACT CONNECTOR

eye and would have given an appearance of 
careless workmanship.

The change to round lenses eased the hole 
tolerances by a factor of about 10, according 
to Henry H. Bluhm, industrial designer.

Watch Crowns Crown Efforts 
To Waterproof Shaft Seals

Commercially available waterproof watch 
crowns make excellent seals for precision 
instruments that must be both adjustable 
and waterproof. They must meet the Federal 
Trade Commission standard that defines

CIRCLE 149 ON READER-SERVICE CARD 
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Fig. 1. Conventional O ' ring seal makes good dust 
seal, but water pressure can force the ring to periphery 
of oversized slot, making for leaks.

I
Repiccn Removable Contact« in crimp or solder 
type give higher contact retention, closely con­
trolled engagement and separation forces and 
ow millivolt drop Usable in other existing con 
nector body sizes and configurations. Contacts are 
ordered separately for assembly by user

SOCKET CONTACT PIN CONTACT

Write today for bulletin illustrating 
types in stock with specifications

Ov r 25 Years of Quality Molding

UNION SPRINGS, NEW YORK TWX No. 169
CIRCLE 150 ON READER-SERVICE CARD

MORE FROM PRD!

BROADBAND DI RECT-READING
ATTENUATORS now available through K bands 
. . . up to 40 kmc. Compact, precision instruments 
feature 60 DB Attenuation Range, VSWR 1.15 Max­
imum, Accuracy to ±0.1 DB, Insertion Loss as low a? 
0.5 DB. Spectrum Coverage from 3.95 to 40.0 kmc/s 
(nine models). Direct Reading. Send for data

PHD ELECTRONICS, INC.
202 Tillary St., Brooklyn 1, N. Y., ULster 2-6800; 
1608 Centinela Ave., Inglewood, Calif., ORezon 
8-9048 • A Subsidiary of HarrU-lntcrtype Corp.

CIRCLE 151 ON READER SERVICE CARD
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HURRY

DESIGNED FOR “LIMITED SPACE” PROBLEMS
ADJUSTMENT HEAD

SEND

ultra, -miniature

switches

ONE ORDER 
TO ALLIED 
FILLS THE 
WHOLE BILL

Semiconductors 
Connectors 
Relays, Switches 
Transformers

Special-Purpose Tubes 
Test Equipment, Meters 
Resistors, Controls 
Capacitors

FREE 
CATALOG

Knight-Kit* Instruments in Low-Cost Kit Form 
Electronic Ports for Every Industrial Need

ADJUSTMENT 
STEM

BUY AT FACTORY PRICES
WORLD'S LARGEST STOCKS . SPECIALIZING IN

alpha metals, ine. @
58C Water St., Jersey City 4, N. J.

•n
AA A ^^1® NEW BRUNSWICK

I tKAAACtLNEwjERSE¥
Tapes • Electrical Insulating Materials • Adhesives 
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ANYTHING IN ELECTRONICS IN A
One order to Allied fills the whole 
bill—from the world’s largest stocks 
of electronic equipment. You get 
same-day shipment. You buy at 
factory prices. Write today for the 
FREE 1962 ALLIED catalog.

ALLIED ELECTRONICS
a subsidiary of 

ALLIED RADIO
100 N. Western Ave., Dept. 905-11, Chicago SO, III.

revolutionizes 
soldering!

Sample, left, shows ordinary solder. Sample, right, shows 
ALPHA Cen-Tri-Core Solder’s 33H^ greater flow.

You get 33 M % greater flow with ALPHA Cen-Tri-Core 
Energized ’ Rosin-filled Solder because only ALPHA 

Cen-Tri-Core is made this way ...
ALPHA Cen-Tri-Core is specially processed from virgin tin 
and lead plus highly mobile energized rosin. Result ? A 3313% 
increase in flow and wetting. More reliable solder connections. 
Increased joints per pound.

Made of a rosin-coated center wire which is visually inspected 
before an extruded outer sleeve is added, every inch of this 
“core within a core” solder is filled with fast-acting, non-con- 
ductive flux. Meets Fed. Spec. QQS-57IC. Write for details!

When dependability counts!

In Chiage, III.: ALPHALOT Corp., 2250 S. Lumber St.
Other ALPHA product*: Fluxe, • Solder Preform, • High Purity Metal,
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PERMACEL Electrical Tapes for Class B and 
Class H insulation. Glass backing, silicone-varnished 
or plain. Highly adhesive, strong, conformable, time 
and temperature resistant.

DESIGN DECISIONS

“waterproof” as the ability to withstand 35 
psi without leaking.

The same waterproofing techniques that 
watchmakers use so successfully have been 
used in designing sealing knobs for preci­
sion electronic equipment, potentiometers, 
and other adjustable devices. These knobs, 
designed by Joseph Waldman & Sons of Irv­
ington, N. J., withstand 72 psi. With modi­
fications, they can be built to take more than 
100 psi.

The problem with electronic equipment is 
that a low torque is often required for pre­
cise adjustments and this often conflicts 
with waterproofing requirements. The con­
ventional seal has a circular retaining slot 
cut into the wall of the case to hold a sealing 
ring. As shown in Fig. 1, the slot must have 
a slightly larger OD than the ring to allow 
the ring to get into it.

This makes for an adequate dust seal, but 
water pressure can force the sealing ring 
out of shape and back into the retaining 
slot. The ring pulls away from the adjust­
ment shaft and leaks result.

The seal in Fig. 2 overcomes this problem. 
The recess for the “O” ring seal is slightly 
smaller than the ring so the ring always 
maintains positive pressure at four separate 
points. This is possible because the ring is 
held in place by a retaining washer so it 
does not need extra space for insertion.

In this case, water pressure increases the 
pressure at all four contact points and ac­
tually improves the seal. The positive pres­
sure also makes for good vibration resistance. 
Because only a small tangent edge of the 
sealing ring contacts the case, the shaft re­
quires very low torque, only 0.3 in. oz.

send for the 

Allied 
1962 ELECTRONICS 
SUPPLY CATALOG

592 PAGES
MOST COMPLETE

Allied
ELECTRONICS

1962
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toggle

SHOWN 
ACTUAL SIZE

"0“ RING

MICROMINIATURE — SPOT .1 sub

RETAINING 
WASHER

LARGER QUANTITY PRICES 
AVAILABLE ON REQUEST

POTENTIOMETER
CASE

Miniature Toggle Switch
NEW SELF ADHESIVE e

currying a 100% overload!

SOLID SILVER — contacts, terminali and 
moving parti! Not just plated!

LONG LIFE RATINGS — over 80,000

Fig. 2. O" ring retained, as in watch crown, actually 
improves seal under pressure.
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DRAKE

TYP! 
NO 79 

HEAVY DUTY

ature types

Oil — Water — Dustproof 
TITELITE" INDICATOR LIGHTS

Specially designed, ruggedly built 
"TITEL1TES” thoroughly protect 

against intrusion of Oil, Water or 
Dust into such equipment as 
Switch Gears, Motor Controls, 
Outdoor Control Panels and 
many other applications.

Both Heavy Duty and Mini­
may be used with either neon or incan-

descent tamps. Type No. 79 is available with either 
Candelabra Screw or Double Contact Candelabra 
Base, in three glass lens styles — Faceted or Plain Bee­
hive for maximum side visibility; Flat, generally used 
with printed heat resistant discs

Simplified Design Procedure
For Tuned Class-B Power Amplifiers

for readout or warning purposes. 
Type No. 205 takes any Miniature 
Bayonet T3% lamp, may be had 
with a variety of colored lenses, 
plain or fluted.

Both styles are available for 
MIL applications and are 
UL Listed.

NO 305 
MINIATURE

* SEND FOP DATA SHEET 61 OS 
WITH FULL DETAILS AND 
SPECIFICATIONS

There’s nothing particular!) complex about designing tuned 
class-B power amplifiers. But the design usually involves 
a good deal of drudgery which paves the way for errors. 
In this article, author Everett Moore gives a design pro­
cedure that obviates the drudgery.

H. Everett Mt»ore
Government Electronics Div.
Admiral Corp.
Chicago, Ill.

plifiers, one normally has to solve the rather 
messy equation

get the

MINIATURE LIGHTING SPECIALISTS
CIRCLE 156 ON READER-SERVICE CARD

DRAKE
MANUFACTURING COMPANY
4624 N. OLCOTT AVtNUt • CHICAGO 31, ILLINOIS

IDEA
’to precisely fibricate 
parts, seals, ami compo­
nents from selected com 
pounds, and for specific 
applications only!

THE cumbersome calculations normally re­
quired in designing tuned class-B ampli­
fiers can be avoided. A simplified technique, 

along with a graphical plot, give a rapid, pre­
cise solution for the resonant, plate-load resis­
tance, Ro.

To design for the optimum condition 
) in tuned class-B power am-

RS +

4n2

where 
E hh 

Pf

Ar.
Pp

EbS 4
PP

0

Rubber.

for HEAT and FLUID 
RESISTANT RUBBER

Whatever your part’s operational environment 
calls for . . . from Silicone for high and low 
temperature extremes, to fluorocarbons for sol­
vent resistance, Goshen Rubber has the answer. 
And, if you have an entirely new design require­
ment, Goshen\ laboratory facilities, know-how 
and experience go to work on your particular 
need. Let us know your problem.

Write, wire or phone

RUBBER CO., INC.
3911-1 $ Trnfh St. Goihtn Ind Phon. KEytton. 3-1111 • 1WX GOSH 8701 
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R„ = L/RC

= plate-supply voltage
= plate dissipation
= instantaneous plate-voltage 

minimum swing
= instantaneous control-grid 

voltage maximum swing
= dynamic plate resistance
= tube amplification factor
= tuned resistance of parallel- 

tuned plate-load
For a given tube, with a given de plate 

supply and a given plate dissipation (not nec­
essarily the maximum rating for the tube), 
Eq. 1 gives the necessary R for maximum 
power output. If n is defined as equal to 
eb mot/fc ma,, then Eq. 1 can be rewritten as

Anrp 
n + n

E¡.S I
PP *

nr„ 
y + n

R

(2)

0

But both Eqs. 1 and 2 are cumbersome;
neither is especially suitable for quick, easy, 
and accurate slide-rule calculations, nor for 
evaluating the significance of any given para­
meter in a design.

Fortunately, we can reduce the calcula­
tion of R„ to a simpler form involving fewer

137
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nr.
Cle Cast Zinc Alloy;

bc\R

Coll Bobbins

Celts * Pinions

NEw Rocholl« 3-8600
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Step 2.

Step 3.

Step 1.

Given

Step

Step

Step

Step 4.

BECCO
CHEMICAL DIVISION

138

After the constants are inserted, the re 
lationship plotted in the graph becomes

which, after solution 
rearrangement, takes

General Sales Offices: 161 East 42nd Street, New York 17, N.Y
CIRCLE 158 ON READER-SERVICE CARD

NO MINIMUM SIZE! MAXIMUM SIZES 
Zinc Alloy—2* long, V1 oz.
Plastic— 1%" long, -05 oz.

of the quadratic and 
the final form

Photo Stelma. Inc.; Stamford. Conn 
Electronic Communications Systems

Given:
Step I.

GRIES RIPRODUC1R CORP«
World’s Foremost Producer of Small Die Castings

steps. We can define two new parameters 
(having the units of resistance) and express 
Ro as a function of the new parameters a 
and b. We can then use a graphical plot of 
the function Fr (a/b) vs a/b for a very rapid, 
precise determination of Ro.

We start by defining the parameters a and 
b and a constant c.

1 £ 
c h

Molded Nylon, Oeln 
A Other Engineerin] 

Thermoplastics I

Die Cast
ZINC ALLOY
Molded
PLASTICS ■

With 
comes
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'SMALL ZINC ALLOY 
DIE CASTING"
Fact-filled booklet
contains helpful de­
signer's check list, ax- 
elusive GRC methods 

* to help you create 
I new products ot sub­
m stantial savings.

M + n pp
insertion of parameters, Eq.

Design Procedure
fb min ec max, I', ^”p, Ebb, Pp*

(a) Compute n = eb m,n/ec or 
(b) Set n = 1 for optimum case. 
Compute a = nr J(p.+n), b = 
Ebb*/PP, and a/b.
From the graph, read Ft (a/b) 
for the computed value of a/b. 
Compute Rq = bFi (a/b).

Sample Calculations
An 833A triode with /x = 35 and 
rp = 2,215 ohms. Ebb = 4,000 v and 
Pp = 400 w.
Set n = 1 for maximum power out-

a = (1) (2,215)/(35 + 1) = 
61.53
b = 16(10)6/400 = 40,000 a/b = 
0.00154
From the graph, for a/b = 
0.00154, F^a/b) = 0.1440
R, = 40,000 x 0.1440 = 5,760 
ohms. ■ •

give you high quality, uniformly accurate «mall 
pari» In do cait zinc alloy or molded Dolrtn, 
Nylon and elhei engineering Ihormoplattic* . . . 
AT LOW COST GRC experience and exclusive 
tochn.quei open l-e way to now deiign hoe 
dam, new production and aiMmbly uhortcutz. 
Write, wire, phono NOW for sample* and a* 
laiiod bulletin» Send print* for prompt quotation.

Becco Ammonium Persulfate 
etches cleanly!

For etching printed circuits, Becco’s ammonium persul­
fate process offers important advantages. As one large 
producer of printed circuits puts it: “Ammonium per­
sulfate is better all around. We have experienced little 
trouble and far fewer rejects. It is more easily dissolved 
than ferric chloride, and can be safely handled in large 
volumes, with resultant cost savings.

“Moreover, the persulfate solution etches cleanly with 
a minimum of undercut and can be used with all con­
ventional resists, and on all laminates. A ‘natural’ for 
solder-plated resist.”

Switch to Becco ammonium persulfate and get these 
advantages:

1. Various types of circuits can be etched in one system.
2. Etchant is relatively nun-corrosive.
3. Etchant remains clear and transparent in use.
4. After-treatment is simplified.
5. Sludge formation is avoided during etching.
6. Waste solution can be easily disposed of.
7. Copper can be recovered from spent etching solution.
8. Venting of the etching area is unnecessary.
9. Equipment corrosion is minimized.

10. Cost of etching solution is low.
11. Conversion from other etching processes is simple 

and inexpensive.
Want more information? We’ll be glad to send full details. 
Just write us at Department ED-61-21.

BECCO Ammonium Persulfate send for catalog no. 106 

kurz-kasch. 
1415 South Broadway, Dayton 1, Ohio

Acknow ledgment
The author wishes to acknowledge the work of Nicholas 

T Neapolitakis of the Department of Electrical Engineering 
at Illinois Institute of Technology. Mr. Neapolitakis derived 
equations leading to Eq. 2 in this article
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'/z THE SIZE
>/< THE WEIGHT

ModularInductive Devices 267

Frequency
Converters

Electronic Components 268

two- phase

CIRCLE 161 ON READER-SERVICE CARD

Solid-State Power Packs 270

139

Bring Your DIODE 
Data UP TO DATE

Here’s why TIC 4000 Series 
frequency converters are 
being used widely in guided 
missile checkout systems, 
mag-amp testing, servo 
systems, aircraft instru­
mentation, or wherever 
variable frequencies of 50 
tu 4000 c.p.s. and fixed 
frequencies and accuracies 
to 0.0001% are needed.

OHMITE Manufacturing Company 
3643 HOWARD STREET, SKOKIE, ILLINOIS

space 
available!

CERAMIC 
CAPAC- 

-JT0RS

269
Transistor

Digital Circuitry 266
“Digital Application Notes” is a new 68- 

page handbook covering applications of dig­
ital circuitry. It contains chapters on basic 
logic design principles, graphic symbols, 
logic modules and circuit configurations. 
Boolean algebra and the analysis of logical 
processes are also covered. Interstate Elec­
tronics Corp., 707 E. Vermont Ave., Ana­
heim, Calif.

Transistor Noise Analysis
“A Practical Approach

A complete 48-page catalog on molded rf 
chokes, if transformers, adjustable coils 
wound on stable ceramic and resinite mate­
rials, and exact replacement coils includes 
specifications, schematics and prices. J. W. 
Miller Co., 5917 S. Main St., Los Angeles, 
Calif.

The firm’s complete line of high current, 
miniaturized regulated solid-state power 
packs is contained in bulletin No. 23-561. 
Full technical information is given on min­
iaturized units with outputs ranging from 
5 to 32 v de and current ratings up to 8 amp. 
Specification data, circuit information, oper­
ational data and physical characteristics are 
included. Electronic Research Associates, 
Inc., 67 Factory Place, Cedar Grove, N. J.

CAPACITANCE 
(VOLTAGE

Products covered in this 6-page catalog 
include the firm’s complete line of tip plugs 
and jacks, as well as banana plugs and jacks. 
Meter type banana and tip plugs, test prods, 
binding posts, alligator clips, nylon tip jacks, 
two and three conductor phone jacks and 
plugs are included. A separate section carries 
11 types of molded push-button terminal 
blocks. National Tel-Tronics Corp., 52 St. 
Casimir Ave., Yonkers, N. Y.

Stock listings 
of fifty popu­
lar types for 
Immédiat* 
delivery; sev 
era! hundred 
others, 1 O 
days (Bulletin 
164).

Interchange­
ability tables 
match popu­
lar germani­
um diodes of 
24 makers— 
American and 
foreign (Bul­
letin 1002).

Noise” is a technical report which deals with 
the origin and nature of the various types 
of electrical noise generated in transistors. 
In addition, specific methods for the quan­
titative analyses of transistor noise are 
treated in detail. Quan-Tech Laboratories, 
Inc., Boonton, N.J.

CAPACITANCE' voltage;

INDUSTRIAL DIVISION
72« GARDEN STREET. CARLSTADT , N J • T«l. WEbster 3-1600 

CIRCLE 163 ON READER-SERVICE CARD

• Small size and light weight. (As little as one half the size 
and one fourth the weight of units of equivalent power).

• Over 400 models to choose from

• Constructed of interchangeable modules for extreme flexi­
bility, easy conversion to higher power

• Power output 100 VA to 15.000 VA

• No output voltage change with load (Zero output impedance)

• Handles resistive or reactive loads

• Low harmonic distortion

• Zero recovery time

• Ungrounded output *’■••»■(*

Write tor specifications and prices.
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Germanium diode specs 
and "quick-find" listings 
to 10 ch ir. All MILS 
1950'. it gold bonded 
types (Bulletin 158).

Vour capacitor requirements 
are precisely met through MUCON's Ceramic 
Capacitor versatility. Send your specs, in today! 
| V I I TICORPORATION
I ’ 1 ■ I M A ] » T ■ mine st FRANCIS STREET 
j A k -J A G NEWARK 5, N J Ml 2-1476

LOW

MUCON

Send for a Set Now

VSMF



THE TOUCH

AUTOMATION 
AND , 
CONTROL

NEW LITERATURE
Torch Brazing 271

Use of low-temperature silver braz­
ing alloys in torch brazing is dis­
cussed in this data file, “An Outline 
of Operations for Successful Torch 
Brazing with Silvaloy”. Joint design, 
preparation for brazing, fluxing and 
assembling, heating and making the 
braze, cooling, flux removal, and in­
spection are discussed. Engelhard 
Industries, Inc., 75 Austin St., Ne­
wark 2, N. J.

Plastic Film 272
Physical and electrical properties 

of Lexan polycarbonate films are out­
lined in this 13-page technical report, 
CDC-396. Curves describe strength 
and dielectric constant as a function 
of film thickness and temperature. 
Tables give other properties, chem­
ical, electrical, and physical, for the 
film in both cast and extruded forms. 
General Electric Co., Chemical Ma­
terials Dept., 1 Plastics Ave., Pitts­
field, Mass.

Defense Products 273
“Facilities and Capabilities” of 

this firm’s Defense Products Div. are 
described in a 28-page brochure. Ma­
jor sections cover reconnaissance and 
mapping systems; data processing, 
display and interpretation systems; 
communication and special radar sys­
tems; optics; ordnance and numerous 
other products. Defense Products 
Div., Fairchild Camera and Instru­
ment Corp., 300 Robbins Lane, Syos­
set, L. L, N. Y.

Sensitive Test Instruments 274
Electrometers, electrometer ampli­

fiers, linear and logarithmic mi­
cromicroammeters, microvoltmeters, 
megohmmeters and bridges, voltage 
supplies and similar instruments are 
listed in this 32-page catalog. Illustra­
tions, descriptions, specifications, and 
application suggestions are included. 
Keithley Instruments, Inc., 12415 Eu­
clid Ave., Cleveland 6, Ohio.

Clairex Photoconductive Cells, like the human

design Our" continually

cally sealed Cadmium Sulphide cells, employ­
ing a sensitive material formulation that

and thus are particularly useful in applica­
tions involving human vision such as
Daylight Switches, Photography, and Auto-
mafic Brightness in Television

LAIREX

ORPORATION

/Vewtâcutcbitâ
MULTIPLE-USE

CONSOLE 
CABINET
OIL-TIGHT and 
DUST-TIGHT

WITH WIDE APPLICATIONS IN BOTH 
ELECTRICAL AND ELECTRONIC FIELDS

steel with welded 
seams. Height 50* 
width 24*, depth 23*. 
Writing desk optional.

Back

This Hoffman Model 14 heavy-duty oil-tight console 
enclosure is designed as an operator control station 
with maximum flexibility to meet variable needs. The 
sloping front panel is ideal for mounting meters, switches 
ana pushbuttons.

Flush key-locking gasketed doors, front and rear, 
provide access to lower sub-panels which can be either 
stationary or swing-out. Note provision for pull-out 
electronic chassis and rack panels if desired, or com­
bination stationary panel with pull-out chassis. This 
is the most versatile, heavy duty, all-welded oil tight 
and dust tight cabinet available today! Write imme­
diately for Bulletin 139.

ENGINEERING CORPORATION
Dept. ED-171 Anoka, Minnesota
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McLEAN BLOWERS
add to the ULTRA RELIABILITY»» this
High-Speed Automatic Monitor System

Feedback Control Units 275
Brief descriptions of unique, high- 

performance feedback control hard­
ware are provided in this six-page 
brochure. Included are: test equip­
ment, sliderules, pressure transmit­
ters and receivers, actuators, pro­
grammers and computers. Boonshaft 
and Fuchs, Inc., Hatboro Industrial 
Park, Hatboro, Pa.

Audio Devices 276
Earphones, microphones, switches, 

plugs, jacks, sockets, and related de­
vices for audio applications are de­
scribed in 16-page catalog No. 1000. 
Illustrations, ratings, and dimension­
al drawings are included. Rye Sound 
Corp., 145 Elm St.. Mamaroneck, 
N. Y.

Electronic Template
Symbols on the No. 316 missile and 

space electronic template conform to 
MIL-STD 70327 specifications. De­
signed for precision drawing of elec­
tronic circuits used in guidance and 

. . . a new Eastern cooling _
system helps to keep the
Philco APS-103 search radar on the lookout for bogies 
and bandits. The liquid cooling unit has a capacity 
of 1600 watts, but weighs only 15 lbs., and fits into 
a compact 5-9/32" x 9-7/8" x 7-7/8" volume. De­
signed for operation to 50,000 feet, it features an 
ingenious internal manifold which makes for sim­
plicity, reliability, and which eliminates most internal 
connections. If you need efficient, miniaturized light 
weight cooling units for airborne electronics cooling, 
call on Eastern. Eastern is your perfect source for

liquid tube cooling units for 
from 50 to 20,000 watts.

capacities

Also a compiate line of 
fractional horsepower motors

control systems of military hardware 
in space, the template is made of 0.03- 
in. matte finish plastic. Over-all size is 
7 x 5 in. Send $4.50 to Rapidesign, 
Inc., Dept. ED, P. O. Box 429, Bur­
bank, Calif.

Power Supplies 277
A wide variety of regulated, tran­

sistorized power supplies is described 
and illustrated in four-page Short 
Form Catalog 1961. Also included 
are three two-page bulletins on 10 
amp, 25 amp, and 75-160 v supplies. 
Harrison Laboratories, Inc., 45 In­
dustrial Road, Berkley Heights, N. J.

Optical Products 278
A 16-page brochure covers the fa­

cilities and products of the Photo-Op­
tical Div. of this firm. It describes the 
military camera, photo instrumenta­
tion and optical production capabili­
ties as well as other related activities. 
Consolidated Systems Corp., Photo- 
Optical Div., 1725 S. Peck Road, Mon­
rovia, Calif.

The HAM System built for G. E. Hanford Atomic 
Products Operation demonstrates the practicality 
of monitoring nuclear reactor temperatures on a 
high-speed ultra-reliable basis. The system op­
erates in an air-conditioned room, but McLEAN 
blowers are still essential to prevent overheating 
and hotspots.

McLEAN stands for highest reliability 
in electronic cooling! That’s why Moni­
tor Systems Incorporated of Fort Wash­
ington, Pennsylvania, selected McLEAN 
blowers to insure reliable operation of 
electronic components in their new 
High-Speed Automatic Monitor (HAM) 
System. The System has achieved a 
previously unattained order of reli­
ability and represents a major advance 
in computer and monitoring systems. 
McLEAN is proud of its part in con­
tributing to the reliability of the 
HAM System.

McLean Model IRB100 blower used 
in the HAM System. One blower 
is mounted at the base of each 
of the six racks.

engineering
InCLEAn LABORATORIES

World Leader in Packaged Cooling 
Princeton, N. J. • WAInut 4-4440

West Coast Office: 
4203 Spencer St., 
Torrance, Calif.

WRITE TODAY
44 Page Packaged 

Cooling Catalog

CIRCLE 167 ON
TWX Princeton, New Jersey 636 

READER-SERVICE CARD
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NEW LITERATURE
Closed-Circuit TV 281279Silicon Varactors

Yonkers,Associates, South
Ave., Burlington, Mass

deep drawn aluminum boxes and covers

Mathematical Handbook
This 64-page pocketsize

280
Micro-

WRITE FOR 
NEW ZERO STOCK 

BOX CATALOG

Digital Data Acquisition
A technical introduction to 282

handbook

& Co., TOO Electra Lane,Dept. HE,

Described in this 4-page folder 
are 220 new epitaxial silicon high 
power varactors. It provides speci­
fic pointers on how to choose the 
appropriate varactor for best cir­
cuit performance. Also included are 
pointers for calculating the best diode 
choice for harmonic generator or 
modulator applications. Microwave

ZERO
Fpm MANUFACTURING CO.

V / 1121 Chestnut Street, Burbank, California 
/ Telephone Victoria 9-5521 • TWX BRB 9862

representatives in key cities covering the U.S.

A 10-page brochure describes how 
closed-circuit TV can be used for sur­
veillance, transportation and dis­
patching, cost reduction and quality 
control, observation of hazardous lo­
cations and for other uses. Also de­
scribed is the Mini-Camera, able to 
observe the interior of a 3-in. pipe. 
Electronics Div., Fairbanks, Morse

Choose from more than 11,600 sizes, shapes and heights 
of square, round, rectangular boxes and covers — 

pay no tooling charge! All can be trimmed end modified 
to your specification . . . brackets and fasteners ean be 

installed, holes and louvers punched, etc. Complete facilities 
for welding and painting too! Send print or contact your 

Zero Representative for quote on custom deep drawn 
parts using the exclusive Zero-Method tooling.

SADIC, an integrated, high-speed, 
general-purpose solid-state system ca­
pable of sampling several channels of 
analog data at up to 15,000 samples 
per sec is provided in 16-page bulle­
tin 3047. A functional description of 
all the system’s major components 
and detailed system specifications are 
included. Consolidated Systems Corp., 
1500 S. Shamrock Ave,, Monrovia, 
Calif.

contains powers and roots, loga­
rithms, decimal equivalents, circular 
arc tables, mensuration formula, 
weights and measures, conversion 
factors, etc. Also included are busi­
ness formulas such as profit and loss, 
markup, discount, etc. In addition it 
provides general arithmetical rules 
and formulas. Curta Co., 14436 Sher­
man Way, Van Nuys. Calif.
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The ease and speed of changes in IF bandwidth, and interchange­
ability of modules, makes this receiver the most versatile of 
Nems-Clarke 1400 series telemetry receivers.
This receiver is unique because it offers a variety of plug-in IF 
demodulator modules which plug into front panel to determine 
operating IF bandwidth of receiver. Each module is interchange­
able with the others without disturbing the level adjustments of 
receiver, since each module provides output voltages and meter 
deflections of essentially the same percentage of bandwidth. Thus, 
one basic receiver chassis serves to cover bandwidth ranges from 
30 kc to 1.5 me in nine separate bandwidths.
Pre-Detection Feature-In addition to the usual standard outputs 
for connection to auxiliary equipments (such as signal strength, 
video frequency response, frequency monitor and spectrum dis­
play), this receiver has a 5 me pre-detection recording output and 
playback input. When the output is connected to a Pre-Detection 
Converter, Nems-Clarke Type IFC-1400, and a recorder, telemetry 
data can be recorded prior to demodulation and stored for subse­
quent playback and demodulation.
Modules for the receiver may be obtainable separately as required 
in the following IF bandwidths: 30, 50, 100, 200, 300, 500, 750 
kc; 1.0 and 1.5 me.

aecmoN/cs A DIVISION OF VITRO CORPORATION OF AMERICA 

PRODUCERS OF NEMS-CLARKE CQUIPMtMT

SIR JESUP BLAIR DRIVE, SILVER SPRING. MARYLAND ' 2301 PONTIUS AVENUE. LOS ANGELES 64, CALIFORNIA 
CIRCLE 168 ON READER-SERVICE CARD

Standard
Sizes

WITH NO TOOLING COSTI

(2) PRE DETECTION recording and 
playback of telemetry data are 
standard features of the 1455 
receiver when used with Type 
IFC-1400 Pre-Dete t on ' 
shown above, and a suitable wide­
band tape recorder

MULTIPLE BANDWIDTH 
TELEMETRY RECEIVER 

NEMS-CLARKE 1455

(1)PCM or any other conventional 
IRI0 telemetry signal in the 215­
260 me band may be received 
and demodulated with traditional 
Nems-Clark reliability.

and
Shapes



Digital Delay Lines 283

286Foam Products

284Circuit Modules
'' ¿¿ti/

287Closed-Circuit TV

Proximity Limit Switch 285

BEHLMAN-INVAR ELECTRONICS CORP.

1723 Cloverfield Blvd . Santa Monica California
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bulletin GEA-7318. Typical applica­
tions, including sorting, counting, in­
spection and limiting machine travel, 
are shown. Characteristic curves and 
other data are included. General Elec­
tric Co., Schenectady 5, N. Y.

Two color charts with many il­
lustrative photos show the proper­
ties and uses of a variety of standard 
foam products. In addition, a tabu­
lation of dielectric and physical prop­
erties of artificial and adjusted di­
electric constant foams is presented. 
Emerson & Cuming, Inc., Canton. 
Mass.

Three series of ultrasonic lines, for 
commercial or military systems, use 
glass or fused silica as delay media. 
They are described in a six-page de­
signer’s booklet, which includes op­
erating data, as well as characteris­
tics, for each series. Corning Elec­
tronic Components, Corning Glass 
Works, Bradford, Pa.

The CR115D proximity limit 
switch, for detection of ferrous and 
non-ferrous materials without physi­
cal contact, is covered in four-page

Behlman-lnvar is a perfect “marriage”
Both firms have p.oneered the development of 
electronic power sources. The recent association of 
Behlman Engineering Company, a leading manufacturer of a c power 
supplies, and Invar Electronics Corp., a producer of quality solid state d c 
power sources, now provides superior capability in both ac and d-c equipment. 
The Model 161A Invertion is an example of a new line of flexible power supplies, 
featuring separate plug in oscillators in both fixed and variable frequencies from 
45 to 5000 cps. Other features are: extended frequency capability, excellent 
short voltage amplitude stability and zero response time. The 161A is used in 
laboratory work and production testing and calibration of transformers, 
meters, electric motors and instruments.
A new line of fully transistorized d e sources includes the TP Series of regulated 
power supplies for laboratory applications, where a relatively wide range of voltage 
adjustment is necessary.
Modular units with exceptional stability over a wide temperature range, are 
now available in models up to 500 w. Modular construction provides wide 
flexibility in the design of d'gital computers, industrial controls and missile 
checkout and launching systems. Economies may also be achieved 
in laboratory use by operating m.dules in series or in parallel.

HOGAN FAXirnile recorders are available with up 
to 2000 individual styli for simultaneous recording. A 
wide range of stylus spacings is offered — up to 100 to 
the inch for high-speed facsimile, television and radar 
recorders and high resolution printers and plotters. 
Chart widths to 30" and feed rates to 50" per second.

Hogan specializes in electrolytic techniques for event, 
spectrum analysis, oscillograph and facsimile recording, 
frequency time analysis and special purpose binary and 
gray scale record applications. Hogan electrolytic fax­
papers provide a permanent high contrast black on white 
record which is reproducible on most conventional office 
duplicators.

Whatever your recording problem may be — contact 
HOGAN FAXirnile, a subsidiary of TELautograph 
Corporation, 635 Greenwich Street, New York 14, N. Y.

General applications of closed-cir­
cuit TV systems are presented in this 
eight-page catalog (6-205). A number 
of typical system configurations are 
shown, with applicable equipment 
types delineated. Kin Tel Div., Cohu 
Electronics, Inc., 5725 Kearny Villa 
Road, San Diego, 12, Calif.
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A full line of encapsulated circuit 
modules designed to meet any specif­
ic application in military and indus­
trial electronics, as well as special 
products fields, is described and il­
lustrated in six-page bulletin CC-1. 
General Instrument Corp., Semicon­
ductor Div., 65 Gouverneui* St., New­
ark 4, N.J.

REMOTE OATA RETR/EVERS, EVENT ANO OATA RECORDERS

HOGAN FAXirnile Corporation • 635 Greenwich St., New York 14, N. Y 
A SUBSIDIARY OF TELAUTOGRAPH CORPORATION
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Cleveland Metal Specialties Co.

.. .special 1/4"-long Ceraftl ceramic 
capacitors with 10-1000 mmfd 
capacity are available from Hi-Q 
for premium space applications, 
such as sandwich-type circuit 
construction. Made in lacquer 
coated, durez coated or epoxy 
molded cases (lacquer coated units 
are now used in potted circuits 
for missile guidance). Details are 
yours by writing today...

Crystals in all frequency ranges can be manufactured or developed to meet 
tong term stability and other special requirements. Miniature and sub­
miniature frequency control crystals for commercial or military applications 
are available to 125 MC. High frequency crystals for lattice type and single 
signal filters are available in frequency range from 1500 KC to 23.000 MC.

Ruggedized Low Frequency 
Oscillator and Filter Crystals 
compactly designed for applica­
tions where space is important 
and environmental conditions 
severe. Frequency range 5 KC 
to 350 KC.

AEROVOX CORPORATION 1005 SENECA ST., 
OLEAN, NEW YORK

The 16-page, easy-to-use catalog MS61-10 
features complete listings of motor-start, 
motor-run capacitors. Capacities and phys­
ical dimensions are clearly shown for all 
types. Engineering data and a section cov­
ering the Capacitor Selector and the Emer­
gency Capacitor are included. Hardware and 
terminal variations are illustrated. Aerovox 
Corp., New Bedford, Mass.
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Applications, features, specifications, stand­
ard ratings and schematics of the com­
pany’s type 236 Elapsed Time Meter are given 
in the four-page bulletin GEZ-3351. General 
Electric Co., Schenectady 5, N.Y.

The firm’s entire line of variable trimmer 
piston capacitors is covered in catalog C-61, 
24-pages. Complete electrical and physical 
data of standard, split bushing, miniature, 
MAX-C, Sealcap, split-stator and differen­
tial trimmers in panel mount and printed 
circuit types is contained. A chart describes 
and illustrates standard modifications that 
are optional. JFD Electronic Corp., 6101 
16th Ave., Brooklyn 4, N. Y.

The construction and operation of 385 
different types and models of the company’s 
synchronous motors are described in this 20- 
page catalog. Included are speed-torque 
curves, dimensional drawings, wiring dia­
grams, and performance characteristics. 
Bodine Electric Co., 2500 W. Bradley Place, 
Chicago 18, Ill.

J Temperature controlled packaged
...niiiUlllWB oscillators, either sealed units or

, B plug-in printed circuit modules offer the
hill 4. «nd stV 'a, .□ ■! •.*

V B control over a frequency

'■.,l ti K) I ’ r . <

Parts in io*110 avai* ”' 's 
” -

nan Siz< temperatu r .■ 
bom — 65 C to 12 ' ruggedized 

umt‘ tin. I w. > n.in ime"’ ll 
conditions. Outputs available 

I include: standardized pulse, square wave or 
stable sine-wave — working into load 

impedances from 50 ohms and up 
depending on frequency range. The Valpey engineering staff will be 
pleased to submit quotations according to your specifications for packaged 
oscillator applications including pulsed or gated circuits, frequency sources 
and standards, time bases or other advanced circuitry needs. Specification 
sheets on request.

crystal controlled
PACKAGED 

OSCILLATORS 
\ a stable 

r solid state source 
for systems

Lubricants for extreme environmental con­
ditions are the subject of two publications. 
Special print 461, titled “Inorganic Solid­
Film Lubricants” describes the results of 
tests of inorganic, solid-film lubricant per­
formance in liquid oxygen service and at 
pressures approaching a complete vacuum. 
Bulletin 242 presents characteristics, per­
formance reports and application instruc­
tions for Molykote X-15, an inorganic- 
bonded dry-film lubricant for extreme 
environmental service. Alpha-Molykote Corp., 
65 Harvard Ave., Stamford, Conn.

Ultrasonics and Delay Linet • Packaged Oscillo'ors 
Fabrication of Hade lor LASER

LPEY CRYSTAL CORP.
HIGHLAND ST.. HOLLISTON, MASS.

Tel. GArden 9-4851. 9-4854
CIRCLE 172 ON READER-SERVICE CARD

VALPEY

VALPEY

Division

DESCBIPTI0N: GB ADIATEO back slop support. 
CONSTBI CTED of gualilq 1" diameter Steel 
tubing. Top Iraq 20 gage steel bottom Iraq 
24 qaqe steel nickel chrome piating. FOCB 4" 
caster wkeels.
DIMENSIONS: 29 high x 15 wide x 27" long. 
(25 scope tilt) COLLAPSIBLE fur storage.

ATLANTIS MCTAL PRODUCTS DIVISION 

SOX 451 GARLAND, TtXAS
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A technical manual on 3-D TV describes 
the operation of the system which optically 
converts closed-circuit television to three 
dimensional pictures. Installation, operation 
and service are covered. Stereotronics Corp., 
1717 N. Highland Ave., Los Angeles 28, Calif.

tape programming and position 
discussed. Rheem Manufactur-

A 12-page picture brochure describes the 
firm’s line of de power supplies. Production

An Example of
Synthane You-shaped Versatility
At Synthane we have the versatility to give 
you just about everything you want in lami­
nated plastic tubing or parts. Over 25 stand­
ard grades including those complying with 
governmental specifications. Sizes ID up 
to 26J4" OD. Lengths 18" to 96". Wide range 
of wall thicknesses. Selection of colors and 
finishes. Molded and rolled tubing. Variety of 
cross sections—round, oval, square, polyg­
onal, etc. Our excellent fabrication facilities 
provide you with finished parts to your 
specifications.
Yuu-shaped Versatility makes Synthane a Better Buy tn Lami tales

Synt on Corporation, 42 River Road, Oaks, Pa

Gentlemen:
Please send me information about Synthane as a source for 
laminated plastic tubes and parts fabricated from tubes.

of the units are presented along with new 
facilities available. Jordan Electronics, 121 
S. Palm Ave., P. O. Box 2047, Alhambra, 
Calif.

An “off-the-shelf” pem telemetry system 
is described in this 8-page illustrated bro­
chure. The model 1323 system description 
includes information on reliability, bi-level 
programming, inputs for processing, inputs 
for control and synchronization and outputs. 
Radiation Inc., Melbourne, Fla.

Catalog 861A provides illustrated tech­
nical data for the company’s complete line 
of electromagnetic relays and motor-driven 
timers. Sequence, manual reset, automatic 
reset, cycle, delay and interval timers are 
among the types presented. Telex /Aemco, 
24 State St., Mankato, Minn.

are included. Bourns, 
Ave., Riverside, Calif,

Laminated Plastic 
Tubes

investigate the services of the Rotassembly Division at New 
Hampshire.

In this separate facility, assemblies including bearings, 
shafts, housings and pulleys are produced to your designs, 
to New Hampshire precision standards and shipped to you 
inspected, tested and ready to install.

Manufacture is restricted to mechanical units in which 
the correct installation and performance of bearings are 
important and critical elements of the assembled unit. We 
are not manufacturers of or qualified to produce gears, 
gear trains, gear boxes, motors or electrical components. 
For more complete information, write for Rotassembly Bulletin.

MAXIMUM 
DRIFT 
OVER 

24 HR. PERIOD 
±2°F.

to 400 F. 
or 600 F,

Adjustment Potentiometers
A four-page summary brochure on

If you have a problem 
making or obtaining some 
of the proper components 
for instrument bearing 
sub-assemblies—or if you 
have trouble fitting them 
together with the required 
precision — you should

Electronics Div., 5200 W. 101th

company’s adustment potentiometers is de­
signed for quick reference. Key information 
on 20 basic models is summarized. Resist­
ances, terminal types, power ratings, oper­
ating temperatures, dimensions and prices

A control block diagram and step-by-step 
explanation of automatic numerical posi­
tioning controls for machine tools are in­
cluded in a 12-page brochure. Control spe-

4 SIZES
16 to 36 cu. ft.

READY TO ROLL
Instrument sub-assemblies complete 
with precision-fitted miniature 
nr instrument ball bearings
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No job is too tough 
for Mallory

4 WATTS

NEW LITERATURE
Batteries 299

Complete details on a line of lead­
calcium grid communication batteries 
are provided in a 14-page catalog, 
T-532. Weights, cell dimensions, elec­
trical characteristics, discharge 
curves and rack data are provided. 
C & D Batteries Div., The Electric 
Autolite Co., Conshohocken, Pa.

catalogs numerous hermetic termi­
nals available from stock. American 
Lava Corp., Chattanooga 5, Tenn.

Power Supplies 302

Anechoic Chambers 300
An eight-page catalog and four- 

page price list present illustrated 
data in detail on physical and elec­
trical characteristics of Eccosorb ane­
choic chambers, both shielded and un­
shielded, and of Eccoshield rf shield­
ed chambers. Emerson & Cuming, 
Inc., Canton, Mass.

Nineteen models of plug-in transis­
torized power supplies are described 
in detail in a four-page bulletin, No. 
6. Specifications, voltage and current 
ratings, and performance charts are 
included. Acopian Technical Co., 
Easton, Pa.

Metallized Ceramics 301
A 16-page bulletin describes the 

high and low temperature metalliz­
ing processes, proves a wide variety 
of information on design and installa­
tion of ceramic-metal assemblies, and

Ground Support Equipment 303
The GEPAC “100” Programmable 

Automatic Comparator, a portable 
unit for use in shop, factory or flight 
line, is described in 24-page bulletin 
LMEJ 4837. It is used for automat­
ic checkout of electronic and electro­
mechanical systems. General Elec­
tric Co., Light Military Electronics 
Dept., Armament and Control Sec­
tion, 600 Main St., Johnson City,

wire-wound controls

j ' ' Take the 4-watt Type M 
uL * ' control, for instance. Can’t 

| 'C® Pt & be beat for long life and de- 
- 'J pendability. It’s constructed

' to take severe shock and vi­
bration and still maintain positive contact. "Off” 
position for rheostat type eliminates need for 
separate switch.

Whatever you need in wire-wound controls, Mallory 
has it ... 2 watts, 4 watts, 7 watts ... in a big 
assortment of resistance values, tapers, shafts, 
mounting arrangements and tandem constructions. 
We build specials, too, to your specifications. 
Mallory Controls Company, Frankfort, Indiana.

MallorY

Jansky &
Bailey

h Division of Atlantic Research Corporation

Electronic Engineers
ANTENNA DESIGN

For Research ond Engineering Deportment: one. to head up group dealing with 
shipboard antenno problems; the other to perform theoretical ond practical colcu 
lotions for high frequency antenna systems design. Experience in model measure 
meats, ontenno impedance, brood band HF ond VHF antenna design, ond matching 
network design B.S , M.S., physics or electrical engineering.
ELECTROMAGNETIC THEORY

To investigate radiation phenomena, theoretical calculations on ontenno design 
ond performance, wove propagation ©ver frequence ronge LF to UHF, and appli­
cation of electromagnetic field theory to practice. M.S in E.E. or physics, 3-5 
years experience.
INSTRUMENTATION — ROCKET TEST

For ARC s rocket production and test facility; to maintain ond develop instru­
mentation for firing bay measuring devices and propellant processing. Familiarity 
with general measuring circuitry, pressure transducers, strain gages, multiple­
point temperature recorders, electronic process instrumentation. 8.5. engineering, 
3 years practical experience.

For local interviews, send a resume of your technical 
and academic background to:

Professional Personnel Recruitment
ATLANTIC RESEARCH CORPORATION

Alexandria, Virginia g qk
Suburban Washington, D C.

An Equal opportunity employer

carbon 
controls

vitreous rotary plugs
resistors switches & jacks
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SAVE y4 INCH
WITH THIS NEW

Data Acquisition System 305
A 10-channel analog-to-pulse dur­

ation system (APD) is described in 
detail in a four-page bulletin. The 
system permits direct digital conver­
sion of analog input from de sensing 
devices. Genisco, Inc., 2233 Federal 
Ave., Los Angeles 64, Calif.

Waveguide Adapters 306
Mechanical data on a variety of 

types of sidewall and topwall wave­
guide adapters, covering EIA wave­
guide sizes from WR28 to WR187, 
are provided in 20-page catalog JS- 
61 A. Dimensions are tabulated with 
and without flanges. Microwave De­
velopment Laboratories, Inc., Natick 
Industrial Centre, Natick, Mass.

Polymers 307
Basic information on nine major 

grades of Cycolac brand polymers is 
provided in eight-page catalog 10240. 
Shown are end products particularly 
representative of the major process­
ing techniques: molding, vacuum

forming and extruding. A large chart 
provides data on properties of the 
various material grades. Marbon 
Chemical Div., Borg-Warner Corp., 
Washington, W. Va.

Rectifier Stacks
A 6-page catalog (SR-170) covers 

thousands of possible selenium recti­
fier stack variations, including stand­
ard and high voltage types and new 
double and triple density cell types. 
Write on company letterhead to In­
ternational Rectifier Corp., Dept. ED, 
233 Kansas St., El Segundo, Calif.

R-C Networks 308
Relay contact protection by resist­

ance capacitance networks is dis­
cussed in this five-page reprint of an 
article from Bell Laboratories Re­
cord. Theory and application infor­
mation is presented, with curves and 
circuits. Characteristics of the firm’s 
line of such units are given. Presin 
Co., Inc., 2014 Broadway, Santa Mon­
ica, Calif.

TINIEST
GENERAL ELECTRIC

GLOW LAMP
NEW NE2H

J) GLO-MELT
RESISTANCE SOLDERING

... for Perfect 
lead-to-pin joints 
on All sizes of A/N 
and similar connections

(jsJaœac#) GL0~Mili 
... for Fast-Efficient 
Accurate-Permanent 
connections.

POWER UNITS • HANDPIECES • ACCESSORIES 
for all jobs from Micro-Miniature to Heavy-Current connectors 
WRITE FOR DESCRIPTIVE LITERATURE, PRICES AND NEAREST DISTRIBUTOR 

Here’s an indicator light that’s only two-thirds the size 
of glow lamps previously available. Yet it lasts as long 
and has equal brightness. It’s available as a high bright­
ness lamp (A1B) and a standard brightness lamp (AlCi.

This new General Electric glow lamp packs 5 mm 
electrodes into an M.O.L. of >2". Its maximum diameter 
is .244". It operates on standard line voltage, and because 
it uses a higher value resistor than a conventional glow 
lamp, it runs on half the current. This long lamp, 
therefore, has a reduced total light output but because 
its brightness is not reduced, it is just as effective an 
indicator as other glow lamps in most applications.

You can get this new glow lamp for less than 50 each 
in lots of 25,000. (Slightly more with a resistor attached.)

For complete information write: General Electric Co., 
Miniature Lamp Dept. M-151, Nela Park, Cleveland 12, 
Ohio. Ask for Bulletin No. 3-1504.

Progress Is Our Most Important Product

CIRCLE 181 ON READER-SERVICE CARD
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C. PHASE DETECTOR
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High-resolution photo detector circuit does not re­
quire more elaborate differential >'mplifier techniques.

A type of “suppressed-zero” operation is ob­
tained, giving high light resolution without
a more elaborate differential amplifier.

For burglar alarm type of operation 
is decreased so that I2 is just sufficient 
hold the relay in. A very small decrease

Dual-output filter (A), connected to phase detector 
(C) through an amplifier (B) at points indicated, forms 
useful frequency discriminator.

R. 
to 
in

250 
«I

>3

FROM ■

WIDE : 
FILTER!

Dual Filter, Phase Detector 742 
From Frequency Discriminator

Connecting a dual-output filter to a phase 
detector results in a frequency discriminator 
with several useful characteristics. The com­
bination of the filter and detector is shown; 
its advantages are enumerated below.

First, the circuit allows both the reference 
channel and the signal channel to the phase 
detector to be virtually as narrow in band­
width as the system-signal requirements al­
low. This reduces noise output from the 
phase detector to a minimum.

Second, the problem of relative drift be­
tween the two channels, which leads to noise 
bias, is eliminated. This occurs since both 
channels use the same pair of crystals, and 

24ODC V 

B AMPLIFIER

drift in frequency by the same amount.
Third, the circuit uses fewer components 

because only a single dual-output filter is 
required to do the job that would normally 
require two single-output, half-lattice filters.

Donald M. Lauderdale, research engineer, 
Defense Research Laboratory, University of 
Texas, Austin, Tex.
If this Idea is valuable to you, give it a vote by 
circling Reader-Service number 742.

Photoelectric Circuit Operates 745 
With High Light Resolution

In many applications of photoelectric con­
trols, it is desirable to obtain a change in 
output current for a very small percentage 
change in light at the detector. These appli­
cations might include burglar alarm systems 
and industrial proximity controls. The cir­
cuit shown affords a direct and inexpensive 
method for obtaining this type of action.

The circuit is designed so that a change of 
output current l2 approaches the change in 
photocell current I, times the product of 
the /?’s for the two transistors. However, 
biasing current, I , allows quiescent current, 
I , to be set at some nominal, below-satura- 
tion level even in the presence of a relatively 
high ambient light level at the photocell.

Vote for Ideas Valuable to You
Vote for the Ideas which are valuable 

to you. Other engineers will vote for the 
Ideas which are most valuable to them. 
The Idea which receives the most “Valu­
able” votes will be judged “Most Valuable 
of Issue.” Its author will receive a $50 
award.

Choose the Ideas which suggest a solu­
tion to a problem of your own or stimulate 
your thinking or which you think are 
clever.

And if you have any ideas of your own. 
why not send them in? Remember, to be 
eligible for the 1961 Seventh Anniversary 
Awards Program your Idea should he re­
ceived no later than November 15.

$50
“Most Valuable of Issue” 

Award for
Stabilized Regulator Circuit

Robrecht Bosselaers, senior engineer 
with Raytheon Co., Needham Heights, 
Mass., has won Electronic Design’s thir­
teenth $50 Most Valuable of Issue Award.

Mr. Bosselaers receives the award for 
his Idea for Design in the August 16 issue 
which described how a conventional two- 
transistor voltage regulator can be sta­
bilized by the addition of an emitter fol­
lower.

* SIGMA
4' FZ-IOACG

light input then will drop out the relay (frac­
tion of a foot-candle change causes 20-ma 
change in I2). By momentarily depressing 
Si the relay is again pulled-in, resetting the 
system. The actual relay used in the low 
voltage de circuit was a 6-v ac unit. 
Pull-in current is 80 ma; drop-out current 
is 15-20 ma.

E. S. Gordon, Research Engineer, Armour 
Research Foundation of Illinois Institute of 
Technology, Chicago, III.

If this Idea is valuable to you, give it a vote by 
circling Reader-Service number 745.



SEVENTH ANNIVERSARY AWARDS

How You Can Participate IDEAS-FOR-DESIGN Entry Blank
Rules For Awards

Here's how you can participate in Ideas
for Design's Seventh Anniversary Awards.
All engineer readers of ELECTRONIC DE­
SIGN are eligible

Entries must be accompanied by fìlled-out 
Official Entry Blank or facsimile. Ideas sub­
mitted must be original with the author, 
□nd must not have been previously pub­
lished (publication in internal company 
magazines and literature excepted).

Ideas suitable for publication should deal with: 
1. new circuits or circuit modifications 
2. new design techniques
3. designs for new production methods 
4 clever use of new materials or new com-

5.
6.
7.
8.

ponents in design
design or drafting aids 
new methods of packaging 
design short cuts
cost saving

Awards:
1. Each Idea 

honorarium

tips

published will receive an 
of $20.

2. The Idea selected as the most valuable 
in the issue in which it appears will
receive $50.

3. The Idea selected as 
Year will receive a 
$1,000 in cash.

The Idea of the Year 
those entries chosen 
Issue.

Most Valuable of the

will

the Idea of
Grand Prize

the 
of

be selected from
Most Valuable of the

Issue and Idea of the
Year selections will be made by the readers 
of Electronic Design. The readers 
will select the outstanding Ideas by circling 
keyed numbers on the Reader-Service cards. 
Payment will be made eight weeks after 
Ideas are published.

Exclusive publishing rights for all Ideas will 
remam with the Hayden Publishing Co.

ELECTRONIC DESIGN • November

Ideas-for-Design Editor 
Electronic Design 
850 Third Ave.
New York 22, N. Y.

Idea (State the problem and then give your solution Include sketches or photos that will help get the idea across.)

(Use separate sheet if necessary)

I submit my Idea for Design for publication in Electronic Design. I understand it will be eligible for the Seventh 
Anniversary Awards—$20 if published, $50 if chosen Most Valuable of Issue, $1,000 if chosen Idea of the Year.

I have not submitted my Idea for Design for publication elsewhere. It is entirely original with me and does not violate or infringe any copyright«, 
patents or trademarks or the property rights of any other person, firm or corporation.

Hayden Publishing Company, Inc. shall have the exclusive publication rights to these Ideas for Design selected for publication in ELBCTnoNic 
Design. This right extends to the subsequent use of the Idea for Design by Hayden in any of its other publications. Honoiariunu., if any, for subse­
quent publication shall be solely in the discretion of Hayden Publishing Company, Inc.

Name Title

Company Name

Address

8, 1961

For Additional Entry Blanks, circle 750 on Reader-Service Card.
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Bendix Craftsmanship at work for you

AVAILABLE TYPES
Solenoid Focused

Type TWO 88 with frequency range of 
Type TWO 75 with frequency range of 
Type TWO-67 with frequency range of 
Type TWO-82 with frequency range of 
Type TWO 66 with frequency range of 
Type TWO 83 with frequency range of 
Type TWO 85 with frequency range of 
Type TWO-87 with frequency range of

30 Gc to
40 Gc to
49 Gc to
50 Gc to
61 Gc to
65 Gc to
70 Gc to

40 Gc
50 Gc
59 Gc
60 Gc
71 Gc
75 Gc
85 Gc

85 Gc to 100 Gc
Type TWO 90 with frequency range of 100 Gc to 120 Gc 
Type TWO 93 with frequency range if 120 Gc to 140 Gc

Available now permanent magnet focused type TWO-89 

with frequency range up to 180 Gc

LARGEST LINE OF MILLIMETER WAVE LENGTH BWO Bendix BWO tubes 
for higher frequency transmission. These Backward-Wave Oscillator Tubes 
—exclusive with Bendix—generate microwave energy over the largest 
continuous frequency range. Ideal for advanced multichannel telephone 
and television systems, microwave spectroscopy, high definition short range 
radar, highly directive communications, and many other applications 
needing low power, voltage-tuned millimeter wave length radio frequency 
energy. Write today for complete information. Electron Tube Products, 
The Bendix Corporation, Eatontown, New Jersey.

ELECTRICAL DATA
Frequency Range.... 30 Gc-180 Gc (see specific type)
Anode Voltage ....................... 1000-4000 volts
Power Output Up to 20 mw average (depending on frequency) 
Beam Current..................................................................................... 10 MA
Magnetic Field ...................................................................... 2000 gauss
Heater Voltage..................................................................................6.3 *10%

MECHANICAL DATA
Special adapter to RG-98/U (50-75 Gc)

0.625’

-Without magnet (tube only). Magnets are available.

Output Flange..........
Maximum Diameter. 
Length 
Mounting Position. 
Weight

Any 
5 oz.*

Red Bank Division

Small Test Probe Uses 749 
Hybrid Isolation Amplifier

A small test probe needed an isolation 
amplifier with high input impedance and 
unity gain. The amplifier had to have a gain 
deviation of no more than ±1 per cent over 
a 25-mc bandwidth, with the gain remaining 
stable within zt2 per cent over long periods.

The problem was solved by designing a hy­
brid amplifier combining the high input im­
pedance of a vacuum tube and the low output 
impedance on a transistor. A nuvistor triode, 
having the advantages of both small physi­
cal size and high input impedance, was used 
at the input. Thus, the input impedance of 
the circuit, shown in the figure, is about 1 
meg in parallel with 10 pf.

♦50m *6m

V, 
7586

430

0, 
2N9I6

4 7K

75Û COAX

75«

Hybrid isolation amplifier uses nuvistor and transistor 
to achieve high input impedance, unity gain.

The output at the plate of the monitor, 
Vu is coupled to the base of Qi. The transis­
tor output, taken from the emitter, is then 
fed through a length of coaxial cable termi­
nated in its characteristic impedance.

High gain stability is achieved by provid­
ing negative feedback from the collector of 
Qi to the cathode of V,. This results in an 
overall gain of unity. Measurements have 
shown that the overall voltage gain re­
mained within 1 per cent of its initial value 
for a 30 per cent reduction in gm of Vt. The 
frequency response (1 db down) is 10 cps to 
55 mc. The collector supply voltage was also 
used to operate the filament of Vj. The maxi­
mum input level is limited to about 0.2 v 
which was satisfactory for our application.

Otven B. Laug, Electronic Engineer, Na­
tional Bureau of Standards, Washington, 
D. C.
If this Idea is valuable to you, give it a vote 
by circling Reader-Service number 749.
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Single Potentiometer Adjusts 746 
Range of Simple VFO

Here are the design equations for a vari­
able-frequency, phase-shift oscillator that 
will operate over a frequency range of 5:1 
to 20:1. The frequency of the circuit, which 
uses noncritical components, can be varied 
by a potentiometer adjustment.

Referring to the circuit, if:
R' = R3 + input resistance of Ti 

then the circuit’s frequency of oscillation is:

2trC\ 3RR, + R'Rti 3/? + 3AT?
For this oscillating frequency the required 
transistor p is:

Some Ideas
I

for your file of practical information on 
drafting and reproduction from

---------- KEUFFEL A ESSER CO.-------------

P ie<l   11 +

10A” 3A. R’R, 9/? , 14A' , 2R’-
R R-

These equations can be simplified 
what by making the substitutions:

M = 4- j r- R' and A = ——

Thus, the required p is:
P,e<i

6/T
RRL

some-

Frankly, we hope you’re a fusspot. If you 
are fussy about the way you work, and 
proud of it. we think you'll enjoy knowing 
about these K&E items ...

A Real “Clinging Vine"

Some of our more meticulous K&E people 
have been known to walk out of a drafting 
room in a cold sweat at the way the draft­
ing boards were covered. Its those ripples, 
wrinkles and bends that cause all the anx­
iety. “How.” mutters our loyal agent, “can 
you expect to draw a straight line on a 
wavy surface?”

And its all so easy if you just take the right 
K&E product and mount it in the right way. 
The product in this case is Laminene® 
N70 Board Surface Material. This is a 
product unique with K&E. We hold a patent 
on the process that laminates a thin acetate 
film to a tough paper base — quite a bit 
different than simply coating a paper with 
plastic. And the results are different too.

It's rather a dramatic show of force that 
Laminene stages on a board. The secret is 
in the irresistible urge of a natural product 
to return to its normal state. In this case, 
when you wet the back of Laminene you 
expand it ever so slightly. When tacked or 
taped under the edges of the board, it be­
gins to dry and shrink. The paper backing 
builds tension on the surface as it dries,

Tim* Saving Sticker*

Want to eliminate a time-consuming chore? 
You can cut down on tedious repetitive 
lettering by having title blocks, specifica­
tions. and other symbols or legends printed 
— clearly and sharply — on Dulseal™ 
(74). This tissue-thin film has a delayed- 
action adhesive on the back, and a dull- 
finish face for easy writing or printing.

Stickers made of Dulseal can be firmly 
positioned—and re-positioned hours later, 
just as firmly. The adhesive takes 24 hours 
to set. Once it does set, a permanent bond 
is formed with the paper or cloth beneath. 
Dulseal is chemically stable, and the ad­
hesive will not bleed, even in hot copying 
machines.

Repeated erasures on Dulseal will not 
affect its “take.” Produced by an exclusive

process, the “tooth" is built into the sur­
face. Transparent and low in reflectivity. 
Di lseal stickers will not affect the trans­
parency or printing speed of your drafting 
medium. K&E supplies Dulseal in sheets, 
rolls (printed to your specifications if you 
wish), and as a mending tape in a handy 
dispenser. Try a sample, on us!

3 To Koop Clean

Best way to keep your tracings clean: don’t 
let them get dirty. A mighty easy way to 
achieve this is to sprinkle the tracing lightly 
with gum eraser particles, while working. 
Then, triangles, T-squares, and scales stay 
clean, and clean the surface automatically, 
as they are moved back and forth. The 
particles will not dry out or harden —they 
contain no grit or abrasives. They'll actual­
ly improve the ink taking qualities of your 
drafting surface.

2K ) 10A+ll+M(3+A') + i (9+14A+6A) 
M

and the frequency of oscillation is:

2nCR \ A(Af + 3)+3(Af + 1) 
Frequency is varied by adjusting R'.

For this purpose, K&E supplies cleaning 
particles put up in three different ways. 
We think the new plastic squeeze-bottle 
(3O36C) is the handiest of all. The shaker- 
top can (3036) has also been a drafting­
room favorite for some time. And, for 
double-duty cleaning, we suggest the ABC 
Dry-Clean Pad™- (3037) or Dry-Clean 
Jr.™ (3O37J )—a smaller version—which 
hold slightly coarser granules that sift 
through soft mesh. The ABC Pad also 
comes in handy for wiping a complete trac­
ing after it is finished, or for preparing cer­
tain surfaces for ink work. Or for an overall 
pre-cleaning, since the best way to insure 
clean tracings is never to let soil build up.

The proverbial ounce of prevention is 
worth the traditional pound of cure!

These K&E products, and others 
that can make life easier for you, 

are available from your nearby 
K&E dealer. See him soon . . .

or send us the coupon below for 
further information and samples.

Variable frequency oscillator is variable over range 
Of 5:1 tO 20:1.

David R. Olsen, Engineer, Western De­
velopment Laboratories, Philco Corp., Palo 
Alto, Calif.
If this Idea is valuable to you, give it a vote 
by circling Reader-Service number 746.

finally reaching a smooth taut state .,. 
with enough tension left over to keep it 
permanently wrinkle-free. No matter what 
the temperature or humidity. Laminene 
stays with the board as if cemented there.
Add to this a fine, springy quality, and a 
variety of other features — grid lines, green 
color, washability — and you can see why 
Laminene rates at the top in popularity 
for a semi-permanent board covering.
Would you like a sample? It’s yours for the 
asking. See your K&E dealer or return the 
coupon at the right.

KEUFFEL & ESSER CO., Dept. ED-11 Hoboken, N. J.

Please send me samples and information on Laminene* Drawing Board Sur­
face Material, and Dulseal™ Tape ... plus information on K&E cleaning 
powders.

Name & Title.

Company & Address.
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BOOKS

New York 16. 389 pp, $7.50.

VARIABLE ELECTRONIC FILTERS

choice of
type, adjustment and contact material

MODEL 308AMODEL 302
friendly

Write for further inforniattou to.
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MODEL 
300

available off the shelf at your friendly 
neighborhood Sigma Distributor (if 
you don’t have a nearby Sigma Distrib-

Graduate level discussion of the 
foundations and major results of in­
formation theory.

utor, you’re not living 
neighborhood )

Transmission of Information
Robert M. Fano, MIT Press and John 
Wiley & Sons, Inc., 440 Fourth Ave., Foundation For Electric Network Theory 

Myril B. Reed, Prentice-Hall, Inc., 
Englewood Cliffs, N. J., 354 pp, $13. 

Stresses the topology of network 
systems. Using resistive networks 
only, the presentation is based on lin­
ear graphs and matrices.

Analytical Techniques For 
Non-Linear Control Systems
John C. West, D. Van Nostrand Co., 
Inc., 120 Alexander St., Princeton, 
N. J., 225 pp, $5.75.

Deals with methods for analyzing 
feedback control system behavior 
when amplitude nonlinear elements 
dominate the performance. A mini­
mum amount of linear servomecha­
nism theory is used.

Radio Transmitters
Laurence F. Gray and Richard Gra­
ham, McGraw-Hill Book Co., Inc., 
330 W. 42 St., New York 36, N. Y., 
480 pp, $12.50.

Practical analysis of transmitter 
operation including data on trans­
mitter test measurements and main­
tenance.

CIRCLE 186 ON READER-SERVICE CARD 
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ABC’s Of Computers
Allan Lytel, Howard W. Sams & Co., 
Inc., 1720 E. 38 St., Indianapolis 6, 
Ind., 128 pp, $1.95 (paperbound).

Basic, “self-teaching” introduction 
to electronic computers.

These versatile instruments feature a continuous adjustment of cut-off 
frequency and a flexible arrangement of operational modes. Widely used in 
research and industry, their application is constantly solving new problems 
of signal selection, measurement and control.

All entries must be received by Nov. 30th, 
1961 and indicate that entrant knows 
what a Sigma Series 46 Relay is (for). 

Judges will include various qualified Sigma 

personnel, such as the engineer who de- 
-—7" signed the Series 46, Head

Shipper and Chief Dietician 

Suitable final arrangements will 

»Vft be made for all entries.

Transformers
Alexander Schure, Editor; John F. 
Rider Publisher, Inc., 116 IF. 14 St., 
Neiv York, N. Y., 88 pp, $2.

This is serious. Equipment designers, 
industry and The Public shouldn’t go 

another day without the benefits of Sigma 

Series 46 relays. Enter this glorious, re­
warding quest now!

some hints on preparing winning entries

• rated to switch 5 amps at 28 VDC, 
1 amp at 120 VDC; on AC, 1200 volt­
amperes per pole with 240-volt and 
10-amp maximums

• outlasts other things: works 10 million 
times on 1 - amp loads, half a million 
times on 10-amp loads

• trips on as little as 200 milliwatts (DC 
types) or 0.2 v-a (AC types)

• fits octal sockets wired for conventional 
DPDT relays

• big contacts and "motor" visible to all 

who enjoy watching relays operate
• Mack truck construction with Rolls- 

Royce touches
• very competitive (price- and appeal-

In 184 words or less, write to Sigma say­

ing why you intend, without hesitation, 
to use a new Sigma Series 46 instead of 
almost any other AC or DC DPDT octal 
plug-in relay. This contest isn’t limited 

just to your exciting new designs — the 

products you’ve been making every day 
are also eligible. (See helpful hints below.) 

All entries will be judged on the basis of 
ingenuity, originality and Sales Dept, 
records of purchases made by the entrant. 
(Entries by Sigma competitors will be 
given special consideration.)

First prize will be one (1) magnificently 

dented left front fender from the Sigma 

Sales Manager’s Lily-White Sportscar, 
removed after recent spirited trip by 

owner. Second prize will be a genuine 

memento of the Advertising Manager’s 

Europe an Tour; 3rd through 1 Oth prize will

SPENCER KENNEDY LABORATORIES, INC.
1320 SOLDIERS FIELD ROAD, BOSTON 35, MASS

FUNCTION High or low Pan 
Band Pat* or Re|eei High or Lew Fai» High or Low Pa*» 

Band Pa** or Reject

Cui off Freq 
Range 20 cp* to 200 kc 20 cp* 1o 200 kc 0.2 cp» to 20 kc

Alren- 
Mellon 
Rate

Section
18 dh'Mlavo 18 db octavo 24 db/octavo

Ma* 36 db«octave 18 db/octave 48 db/oefave

PASS RAND 2 ept to 4 me 2 cp* to • me DC to 1 me

DIAL ACC UR ACT ± 3% to 20 kc 
±5% above 20 kc

± 3% to 20 kc 
±5% above 20 kc

± 3.5%

INSERTION LOSS 0 ± 1 db 0 ± 1 db 4 5 db ± 1 db

NOISE LEVEL 60 microvolt* 60 microvolt» 80 microvolt*



The 1961 Aerospace Year Book
Aerospace Industries Association,
Inc., American Aviation Publications,
1001 Vermont Ave., N. W., Washing­
ton 5, D. C., 486 pp, $10.

Progress In Dielectrics, Vol. Ill
J. B. Birks and J. Hart, John Wiley 
& Sons, Inc., 440 Fourth Ave., New 
York 16, N. Y., 295 pp, $10.

An Introduction To The Theory and 
Practice Of Transistors
J. R. Tillman and F. F. Roberts, John 
Wiley & Sons, Inc., 440 Fourth Ave.. 
New York 16, N. Y., 340 pp, $8.

NAB Engineering Handbook
A. Prose Walker, Editor; McGraw- 
Hill Book Co., Inc., 330 W. 42 St., 
New York 36, N. Y., 1005 pp, $27.50.

Elements of Nuclear Engineering 
GRnn Murphy, John Wiley & Sons, 
Inc.. 440 Fourth Ave., New York 16, 
N. Y., 215 pp, $7.50.

A Treatise on the Differential Geometry 
of Curves and Surfaces
Luther Pfahler Eisenhart, Dover 
Publications, Inc., 180 Varick St., 
New York 14, N. Y., 500 pp, $2.75 
(pupc rbound).

High Frequency Applications of Ferrites 
J. Roberts, D. Van Nostrand Co., 
Inc., 120 Alexander St., Princeton, 
N. J., 166 pp, $4.85.

Wave Propagation In A Turbulent 
Medium
V. I. Tatarski, McGraw-Hill Book 
Co., Inc., 330 W. 42 St., New York 36, 
N. Y., 285 pp, $9.75.

Principles of Illumination
H. Cotton, John Wiley & Sons, Inc., 
440 Fourth Ave., Neiv York 16, N. Y., 
530 pp, $12.

Optimum Use of Engineering Talent 
American Management Association, 
1515 Broadway, New York 36, N. Y., 
420 pp, $9. (AMA members: $6.)

Thirty one executives describe 
their management techniques and 
their solutions for the problems of 
managing technical personnel.

Numerical Methods For Science and 
Engineering
Ralph G. Stanton, Prentice-Hall, Inc., 
Englewood Cliffs, N. J., 288 pp, $9.

Numerical methods are discussed 
and then applied to the solution of 
practical problems.

Why Rocket Designers 
Specify 

HELI-COIL’ INSERTS

NEW CECO HIGH OUTPUT
SOLID-STATE VIDEO AMP

(8 VOLTS, 18 MCS)

From Redstone to Jupiter, Atlas to Thor—yes, even 
Freedom 7 and Liberty Bell 7 —rocket and missile 
design has made the toughest demands on fastener 
engineers. To meet high shock and vibration factors, 
Heli-Coil Inserts are specified as an unexcelled means 
of protecting all tapped threads. Yet they do it in 
standard boss configurations with material space and 
weight savings over any other insert or solid bushing. 
Proof? Every operational U.S. rocket, missile or space 
vehicle has taken aloft thread insurance in the form 
of Heli-Coil Stainless Steel or “Inconel X” Wire Screw 
Thread Inserts.

SPECIFICATIONS
45 db gain

25 db gain control range

5 cps to 18 me ±.5 db 

2^ maximum overshoot

2% maximum tilt on
60 cps sq. wave

20 nano sec. rise time

8.2 db noise figure

75 ohms in and out

8 volts output peak to peak 

1.0 volts maximum input 

19" rack. 31;" high
117 V. 50 60 cps power in

Response for basic amplifier, 
50 mv input

i-------- 3 db down

0 10CPS ’° MCS 15

WRITE FOR BULLETIN 1019
Other wide band amplifiers and low 
noise preamplifiers to ¡000 mcs.

Equalization units are supplied 
to compensate lor anv length of 
cable up to one mile of RG-11 U 
or XtMMl feet l oam II. ±.5 db to 
8 mt

Community 
Engineering 
Corporation

STATE COLLEGE, 
PENNSYLVANIA

Telephone AD 8-2461
Area Code 81 4

ALSO RECOMMENDED FOR MAINTENANCE
Heli-Coil Inserts have U.S. military approval and 
are also recommended for maintenance work, to repair 
stripped, worn, or damaged tapped threads. Special 
military Heli-Coil thread repair kits have been devel­
oped through the cooperation of contractor, military 
and Heli-Coil personnel. Still other kits are available 
for all production salvage, repair and maintenance 
purposes.
Whatever your material — whether ferrous or non­
ferrous — even in hard or brittle materials which make 
the tapping of good threads difficult, installation of 
Heli-Coil Stainless Steel Wire Screw Thread Inserts 
will provide permanent, perfect, reuseable threads. 
They will not strip, seize, gall or corrode. And Heli-Coil 
“Inconel X” inserts provide these benefits, even at 
temperatures up to 1200°F.
Heli-Coil Design Manuals should be among your work­
ing tools. Write for your copies today. 3,29

Rec TM U.S. Pat Off.Rec TM U S Pat Off.

HELI-COIL CORPORATION
▼ ▼ 411 Shelter Rock Lane, Danbury, Connecticut

In Canada: ARMSTRONG BEVERLEY ENGINEERING LTD. 
6975 Jeanne Mance St.. Montreal 15, Que.
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GERMAN ABSTRACTS
E. Brenner

of runnel

10 Gc can hardly be exceeded even

RAYTHEON
DIODE EXTERNAL CIRCUIT

Fig. 1. Equivalent circuit of tunnel diode with 
tuning element represented by R, and La.

ELECTRONIC DESIGN • November 8, 1961

Nine germanium epitaxial mesa transistors for 
use in high-speed logic circuits arc now available 
from Raytheon. Featuring even lower saturation 
voltage and storage time than ordinary mesa tran­
sistors, these new types incorporate the many 
processes and manufacturing techniques that have 
made Raytheon transistors outstanding for reliabil-

THE UPPER frequency limit of tunnel di­
odes, based on the physics of the tunneling 
effect, has been estimated as 1013 cps. Prac­

tically, however, frequencies of the order of

reached. This conclusion is based on an anal­
ysis of the tunnel diode equivalent circuit, 
Fig. 1, together with geometrical considera­
tions of the size of the semiconductor.

The tunnel diode is represented by the 
negative incremental resistance —R. the ca­
pacitance C, the internal inductance Ls and 
the series (positive) resistance Rs. A tuning 
element, represented by RV—LA, and a load, 
Rl, are also included. The negative incre­
mental resistance, - R, corresponds to the 
largest value of the negative slope of the 
diode volt-ampere curve. In the microwave 
region, it is about -1 ohm and is virtually 
independent of the semiconductor material 
or of the frequency.

ity and long life. The new transistors: 2N705, 
2N705A, 2N710, 2N710A, 2N711, 2N711A. 
2N781, 2N782, and 2N828 now make possible 
faster switching circuits with reduced power re­
quirements. For complete technical data, call your 
local Raytheon office listed below. For immediate 
local delivery, call on your Raytheon distributor.

SEMICONDUCTOR DIVISION
SILICON AND GERMANIUM DIODES AND TRANSISTORS • SILICON RECTIFIERS « CIRCUIT-PAKS
BALTIMORE. MD.. SOuthfield 1-0450 « BOSTON, MASS. DEcatur 2 nil • CHICAGO ILL., NAtional 5 4000 • DALLAS. TEXAS. LAkeeide 6-7921 • DAYTON. OHIO BAIdwm 3-1121 
DETROIT, MICH , TRinity 3-5330 • ENGLEWOOD CLIFFS. N J.. LOwall 7-4911 (Manhattan, Wisconsin 7-6400) • LOS ANGELES. CAL., Plymouth 7 3151 • ORLANDO, FLA . GArden 3 051» 
PHILADELPHIA, PA (Haddonfield. N.J ). HAzel» 1272 * SAN FRANCISCO.CAL.(RedwoodCity).EMerson 9-5566«SYRACUSE.N.Y.. HOward 3 9141 .CANADA Waterloo Ont SHerwood * 663 

GOVERNMENT RELATIONS Washington. D. C . Metropolitan (-5205
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331 BNR 
VARISTOR

FLYBACK 
TRANSFORMER

TOROIDAL 
YOKE 

VERTICAL 
COIL

Using graphite jigs, “on spec.” yields 
of semi-conductor components often 
drop as much as 40% within 50 
cycles. Manufacturers report drama­
tic improvement in yields when 
Boron Nitride jigs are used.
This material machines easily to 
close tolerances, resists chipping and 
retains internal jig details. It holds

"On Spec." yields of semi-conductor com­
ponents improved with BORON NITRIDE jigs

Critical Hermetic Sealing Problems Solved 
with metal-bonded CERAMIC-TO-METAL 

ASSEMBLIES and METAL-BONDED CERAMICS

dimensions, has excellent release 
characteristics and is non-toxic.
Contact with silicon, germanium, 
indium, antimony, lead and other 
metals has little effect in oxidizing 
or reducing atmospheres. For more 
information, write Dept. EDB-111, 
Latrobe Plant, Refractories Div., 
Carborundum Co., Latrobe, Pa.

ELECTRONIC DESIGN • November 8, 1961

Operating ranges up to 500 C in air 
and 1050 C in a controlled atmos­
phere are possible. With certain 
combinations of materials, installa­
tion can be made with brazing alloys 
melting in the vicinity of 600 C.
Helpful suggestions in solving a va­
riety of difficult sealing problems 
are offered in our bulletin “Metal- 
Bonded Ceramic-tu-Metal Assem­
blies and Metal-Bonded Ceramics." 
For your copy, or for evaluation or 
quotations covering your particular 
application, write Dept. EDC 111, 
Latrobe Plant, Refractories Div., Car­
borundum Co., Latrobe, Pa.

For ceramic parts and metallized essembliee, Rover alloy, ceramic resistors, varistors and thermlstorB . . . count on CARBORUNDUM4 

CIRCLE 190 ON READER-SERVICE CARD

High reliability requirements to­
gether with extremely rigid specifi­
cations are regularly met with 
custom-made metal-bonded ceramic- 
to-metal assemblies and metal- 
bonded ceramics produced by Car­
borundum's Latrobe Plant.
Typical of the more critical applica­
tions are those involving space cap­
sules and guided missiles, pressure 
vessels, canned nuclear pumps, ther­
mopile lead-thrus, nuclear reactors, 
refrigeration and air conditioning 
units and housings for silicon and 
germanium rectifiers.

The upper frequency limit is approached 
when Rl is made to approach zero in Eq. 2, 
provided, of course, that Re<R (which is 
necessary for oscillations). Thus, if — R = 
-1 ohm, f0 = 320 me for C = 1 nf and 
Re = 0.2 ohm; and f0 = 10 Gc for C = 15 
pf and Re = 0.5 ohm.

The capacitance of the tunnel diode is 
given, for germanium, by:

Electronic Products NEWS 
by CARBORUNDUM*

C = 0.045 r1 (nf) (3)
where r is the semiconductor disk radius, 
Fig. 2, in millimeters. For r = 0.1 mm, C = 
450 pf; for r = 0.015 mm, C = 10 pf.

Most of the series resistance, R*, stems 
from the semiconductor material. Therefore, 
its bulk should be minimized. The external 
circuit inductance, produced by a coaxial 
cable, together with contact resistance ac­
counts for resistance of the order 0.05 to 0.1 
ohm.

Considering current density J and semi­
conductor geometry (h and r, Fig. 2) as

The net admittance of the circuit of Fig. 1 
at the terminals a —a', is zero if:

VERTICAL / 2$
INPUT I ~T

Flyback Transformer 
Voltage controlled 
by Carborundum 

Varistors
Under some operating conditions 
such as high line voltage, the output 
from the flyback transformer in a 
TV vertical circuit can reach 2500 
volts. This far exceeds the voltage 
needed for normal operation and can 
puncture winding insulation, cause 
flashover at tube pins, and can dam­
age other components.
A simple solution is the installation 
of a Carborundum Type 331 BNR 
Varistor. The voltage-sensitive resis­
tance characteristic of the Varistor 
holds the flyback output to a safe 
1500 volts.
Data Sheet on the reduction of in­
duced transients using Carborundum 
Varistors and Bulletin GR-2 giving 
characteristics will be sent on re­
quest. Write Dept. EDV-111, Globar 
Plant, Refractories Div., Carborun­
dum Co., Niagara Falls, N. Y.



TYPE 10

TYPE 2007-6 FREQUENCY STANDARD

This frequency standard (360 
or 400 cycles) is accurate to 

± 50 parts per million at 10° to 
35°C. Aging has been greatly 
minimized.

TYPE 2007-6

TYPE 25

TYPE 2001-2

External power of 1.4 volts at 6 
microamperes powers the unit.

GERMAN ABSTRACTS

UNITS

Fig. 2. Construction of a microwave tunnel diode.

AND PRECISION FORK 
1 TO 40,000 CYCLES

Transistorized, Silicon type 
Size, 1 W dia., x 3’/z" H., Wt., 7 oz. 
Frequencies: 360 to 1000 cy.
Accuracies:

2007-6 zt 0.2% (—50° to +85°C) 
R2007-6 zt .002% (4-15° to +35cC) 

W2007-6 zt .005% (-65° to +85°C) 
Input: 10 to 30V DC at 6 ma.
Output: Multitap, 75 to 100,000 ohms

TYPE 2001-2 FREQUENCY STANDARD
Size, 3%" x W x 6" H„ Wt., 26 oz. 
Frequencies: 200 to 3000 cycles 
Accuracy: zt.001% at -4-20° to -1-30 C 
Output: 5V at 250,000 ohms 
Input: Heater voltage, 6.3 - 12 - 28 
B voltage, 100 to 300 V, at 5 to 10 ma. 
Accessory Modular units are available to 
divide, multiply, amplify and power this 
unit.

TYPE K-5A FREQUENCY STANDARD
Size, 3%" x 3" x 1%"
Weight, 114 lbs.
Frequency: 400 cycles
Accuracy: .03%, -55° to +71°C
Input: 28V DC zt10%
Output: 400 cy. approx, sq. wave 
at 115V into 4000 ohm load (approx. 4W)

TYPE 25 PRECISION FORK

INQUIRIES INVITED
For over 20 years we have made fre­
quency standards ond precision fork 
units for applications where consistent 
accuracy and rugged dependability ore 
vital. Shown are just a few typical 
examples.

Size, %" dia. x 2 V
Weight: 2 ounces
Frequencies: 200 to 1000 cy.
Accuracies:
R-25T and R-25V dz .002% (15° to 35°C) 
25T and 25V zt .02% (-65° to 85°C) 
For use with tubes or transistors.

Some users integróte our products with 
instruments oi their own monufocture. In 
other coses we develop complete assem­
blies to meet special needs.

You ore invited to submit any problems 
within the area of our activity for study 
by our engineering staff.

AMERICAN TIME PRODUCTS
DIV. OF BULOVA WATCH COMPANY, INC.

61-20 Woodside Ave., Woodside 77, L. I., N. Y.
WESTERN OFFICE, 234 N. LAKE AVE., PASADENA, CALIF.
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Analog Output 
Circuit For A

Decimal Decade

Electronic counters occasionally require an­
alog output circuits for single decades. A 
suitable resistance matrix is shown in the 

figure. It is assumed that the resistance of 
the indicator, Rit is large compared to the 
resistances of the matrix (A, through RG). 
Also, the resistances of the conducting tubes 
or transistors are negligible compared to the 
matrix resistances. The equation for the out­
put voltage E has the same form as that of a 
decade consisting of four flip-flops. This equa­
tion is:
E = E< - [A, (Et - EG) + A2 (E2 - EG) 

+ A, (E, - EG) + Ai (Ei - E ))
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variables, the optimum current density for
maximum /0 is given by:

J opt = 11/0 amp/mm- (4) 
where f„ is in gigacycles. Thus, for f0 = 10 
Gc the current sensitivity is 110 amp/mm2. 
It can also be shown that semiconductor disk 
height for germanium is related to the limit­
ing frequency, fo, (assuming h — 2r) by: 

h = 0.0316 ^(34.5//0) + 1 - 1] mm (5) 

Consequently a 10-Gc upper frequency limit 
corresponds to h — 0.035 mm, the smallest 
size which appears to be practical.

Abstracted from an article by M. Muller, 
Nachrichtentechnische Zeitschrift, Vol. 14, 
No. 4. April 1961, pp 165-169.

New! Higher 
permeability, 
no extra cost...

in small transformer core laminations.

Circuit of the resistance matrix.

where the values Au A2, A3, and A, are de­
termined by the matrix resistance values. For 
a decade counter:
Ar = 0.1 A- = 0.2 A3 = 0.4 A, = 0.6
By straightforward application of circuit 
equations, the resistance network has the 
same A-values of the decade, if

R, = R

R 2R, R = 0
Abstracted from an article by H. Wachholz, 

Elektronische Rundschau, Vol. 15, No. 1. 
January 1 1961, pp 25-26.

Pack extra performance into your miniature 
transformers at no extra cost with Magnetic 
Metals’ new mite-size transformer core lamina­
tions. Use these carefully engineered laminations 
where you need high specific resistivity and low 
hysteresis loss, particularly where you require 
low core loss at high frequencies. They let you 
miniaturize your designs even further without 
sacrificing performance.

Supplied only by Magnetic Metals, these new 
small laminations are made of “Supermu 40”* 
which provides the highest permeability com­
mercially available. Advanced manufacturing 
techniques now bring this premium line of 
laminations to you at no extra cost.

*79% nickel-iron molybdenum alloy

Write today for more information on our en­
tire line of small transformer core laminations. 
Our engineers are ready to help you select, from 
the most comprehensive line of laminations in 
the industry, the best grade of material for the 
exact results you want.

NETIC

EIA1.S

Hayes Avenue at 21st Street, Camden 1. New Jersey 
853 Production Place, Newport Beach, California 
transformer laminations • motor laminations • tape-wound cores 
powdered molybdenum permalloy cores • electromagnetic shields
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REPORT BRIEFS

Order from the best-known name
¡n the industry

FABRICATED METAL PARTSTUNGSTEN OR MOLYBDENUM

DUMET LEAD WIRES

PHOTO CHEMICALSELECTRONIC PHOSPHORS
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You get top quality materials, quick service, and complete 
application engineering assistance when you order from 
General Electric Write or call Lamp Metals and Compo­
nents Dept.ED-UI.21800 Tungsten Rd., Cleveland 17, O.

In predicting interference the calculation 
of the frequencies where interference will 
occur and their magnitudes are of interest. 
A device used to show this pictorially is 
the mutual interference chart or mutual in­
terference matrix. The processing of a mu­
tual interference matrix for sets of nonin­
terfering frequencies was separated into two 
cases. The first case was concerned with sym­
metric mutual interference matrices with no 
distinction between the transmitter or re­
ceiver frequencies. The second case was ap­
plicable to a general mutual interference 
matrix with the distinction between trans­
mitter and receiver frequencies preserved. 
Directory of Electronic Equipment Charac­
teristics, N on-Radar Types, I. E. Perlin and 
C. E. Blakely, Georgia Institute of Technology 
Engineering Experiment Station, Atlanta, 
Ga., Sept. 1959, 100 pp, $9.10. Order AD- 
256545 from, OTS, Washington, I). C.

fess Is Our Most Important Product

Ferromagnetic Materials
Nonlinear effects on the microwave prop­

erties of ferrites and ferrimagnetic-garnet 
materials were studied. Two millimeter-wave 
generation experiments using nickel-zinc 
ferrite and Ferroxplans type hexagonal sin­
gle crystals are described. An analysis of a 
longitudinally pumped ferrite amplifier is 
given. Expressions for gain, bandwidth, 
gain-bandwidth product and noise tempera­
ture are derived. Investigation Of Micro­
wave Nonlinear Effects Utilizing Ferromag­
netic Materials, Roy W. Roberts, Melabs, 
Palo Alto, Calif., April 1961,20 pp, $2.60. Or­
der AD-256716 from OTS, Washington 25, 
D. C.
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Parametric Limiters
Both theoretical and numerical analyses 

are presented to describe phase-distortion­
less, passive parametric limiters. Leakage­
spike energy’, a troublesome problem when 
a limiter is used as a protecting device, is 
small in varactor diode versions, and large in 
ferrite versions. The analytical result which 
predicts the behavior of the leakage spikes 
may be used to control the leakage energy 
by adjusting certain parameters. Passive 
Phase-Distortionless Parametric Limiters, 
I. T. Ho, Stanford Electronics Laboratories, 
Stanford University, Calif., April 1961, 134 
pp, $11. Order AD-256775 from OTS, Wash­
ington 25, D. C.



Tunnel Diode Circuits
Tunnel-diode circuits were theoretically 

investigated as a source of high-speed cur­
rent pulses capable of switching thin film 
memories in the order of tens of millimicro­
seconds. Break-point models of the charac­
teristic curve are constructed and piecewise 
linear analysis is used to predict and extra­
polate experimental results. Three basic cir­
cuits were chosen as drivers for various load 
forms and levels. These were tried in the 
laboratory and results are given. Tunnel Di­
ode Circuits For Switching Thin Film Mem­
ories, Paul C. Davis, Electronic Systems 
Laboratory, Massachusetts Institute of Tech­
nology, Cambridge, Mass., June 6, 1961, 
$8.10. Order AD257015 from OTS, Washing­
ton 25, D. C.

Ferrite Devices
Troughline isolator design problems are 

discussed. A stripline isolator is described 
which provides greater than 25-db isolation 
and under 1.2-db insertion loss for 4-8 kmc. 
Also described are phase-shift studies car­
ried out on an axially magnetized, ferrite- 
loaded stripline bandpass filter. Ferrite De­
vices for Receiving Systems, R. A. Henschke, 
D. A. Parkes and S. S. Shapiro, Melabs, Palo 
Alto, Calif., May 3,1961, 35 pp., $3.60. Order 
AD-260382 from OTS, Washington 25. D. C.

Switches and Lines
Results are presented of a program to in­

vestigate (1) the application of crystal 
switches to the scanning of receiving anten­
nas and (2) the properties of a multi wave 
transmission line. The crystal switch study 
was concerned with the characteristics of 
single and multithrow switches to determine 
their effectiveness as an antenna scanning 
device. Measurements on insertion loss, 
switching ratio, switching speed and noise 
figure were made. The multiwave transmis­
sion line study was concerned with a trans­
mission line consisting of two unbalanced 
TEM lines whose outer form was a rectangu­
lar or ridged waveguide. Major points of in­
vestigation were the attenuation of TEM 
modes, the cross coupling of the TEM modes, 
the effect of center conductors on the cut-off 
frequency of the dominant waveguide mode, 
and the construction of an experimental 
mode launcher. Multiwave Transmission 
Line and Semiconductor Switching Elements 
Studies, James D. Kellett, Sylvania Electric 
Products, Inc., Waltham, Mass., Feb. 1961, 
43 pp, $6.60. Order AD-256421 from OTS, 
Washington 25, D. C.
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Linde 7 News
Polish semiconductors scratch-free
with 99.98% pure alumina powders

Photo at left: A typical as lapped silicon wafer, showing edge chip, prior to 
finishing. I Magnified 42 X) Right: Complete polishing with I INDE alumina 
abrasives leaves edge of silicon and wafer scratch-free. (Magnified I44X).

The surfaces of the semiconducting wa­
fers used in the new high-speed mesa 
switching transistors and planar diodes 
must have a superior surface finish, flat­
ness. and parallelism—prior to final etch­
ing and diffusion. This effect is now 
being achieved in full production with 
high-purity alumina abrasives produced 
by Linde.

Three particle sizes
Three basic particle size ranges of alu­
minum oxide powders suitable for pol­
ishing silicon and germanium wafers 
are available for this application, as well 
as many others. The difference in size 
and hardness, as listed below, give these 
99.987; pure powders their individual 
properties.

TYPE 0.3A TYPE 0.05B TYPE 1.0C
Formula AlaOa AlaOa AlaOa

(Alpha) (Gamma) (Alpha)
Crystal Hex. Cubic Hex.

System
Hardness, 9 8 9

MOHS'
Size, 0.3 0.05 1.0

Microns

Type 1.0C is used to remove stock from 
surfaces that are rougher than 6 micro­
inches rms; Type 0.3A for preliminary 
polishing, and Type 0.05B for final pol­
ishing of the wafers.

In the initial stages of junction tran­
sistor or diode production, the powders 
can be used for preparing metallo­
graphic cross-sections of the assemblies 
according to standard methods on a 
horizontal polishing wheel. For semi­
conductors. Linde has developed sev­
eral adaptations of standard techniques.

Extremely uniform
Linde Types A. B. and C alumina pow­
ders are chemically prepared and have 
an extremely uniform ultimate particle 
size which obviates anv further leviga- 
tion before use. By simple reference to 
a specific lot number, succeeding pro­
duction lots can be ordered w ith abra­
sive properties tailored to an individual 
application.

For data on semiconductor and other 
critical polishing, check the coupon.

Flame-Plated tungsten carbide 
coatings precision-finished

Tungsten carbide coatings, applied with 
the Linde Flame-Plating process, are 
being used successfully on hundreds of 
precision parts because the coatings 
are well suited for finishing down to 1 
microinch rms.

Most frequently used precision grind­
ing equipment is diamond wheels, re­
sulting in lowest overall cost on ordi­
nary cylindrical and flat work. On many 
contour grinding jobs, special grades 
of silicon carbide wheels will do the job, 
eliminating the high cost and lack of 
precision associated with shaped dia­
mond wheels. Diamond-abrasive lap­
ping techniques give high finishes.

Get complete data on Flame-Plating 
precision parts—send the coupon.

Plasma-Plate process applies 
thin dielectric coatings

Next time you need a low-cost, thin 
dielectric coating for cathode cups, con­
sult Linde Company. LiNDE’s Plasma- 
Plate process has economically put alu­
mina insulation coatings on molybde­
num cups, and has even built structures 
on mandrels—for example, the grid cage 
shown below. This inert gas process can 
apply refractory metals melting up to 
7100°C., also metal carbides, borides, 
and oxides, to a variety of base metals. 
Discuss your requirements with us. For 
further information, check and send the 
coupon.

Tungsten grid cage — intricate structure built 
up on mandrel using the Plasma-Plate process.

CHECK-CLIP COUPON—ATTACH TO BUSINESS LETTERHEAD

Linde Company, Dept. ED-112
270 Park Avenue
New York 17, N.Y.
Please send details on the items checked:

□ I INDE Alumina Abrasive Powders
□ Linde Finishing of Flame-Plated Parts

UNION 
CARBIDE

UNDE 
COMPANY
“Linde” and "Union Carbide” are registered

I
□ Linde Plasma-Plated Dielectric Coatings trade-marks of Union Carbide Corporation I 

J
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Casting EngineersREPORT BRIEFS

offeredBefore

make

EDC is Electronic Design's 27th Issue

ELECTRONIC160

The new EDC makes it easier than ever before to locate and 
obtain information about recently released electronic products 
Improvements suggested by readers include:

New eight page brochure 
tells how to specify 

nvestment castings to cut 
your production costs 

Send for your free 
copy today'

1961 Edition- 
Revised and Updated

MINICAST Proved 
Feasibility of Thin Walls, 

Close Tolerances

Lists and Describes 8700 
Recent Electronic Products

connectors to the aircraft/missile in­
dustry, we searched for a lightweight 
alloy, easily castable, which would 
withstand high ambient temperatures. 
Casting Engineers 

i ••. .1 t . n

lol ..o . r nut
v t ich allowed us f 
to compete very I 
! nor ibis with 
aluminum in *
weight, with 
tremendous in-
< re tse in strength <
and corrosion I
resistance a real ■
metallurgical HL . I
I .hi W Ac

Casting Engineers
Plants in Chicago and Nsw York City 

Address lnquiris*> to
232BN. Bosworth Ave • Chicago 14, III.

Buckingham 1 -5940
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Radar Clutter
Radar pulse coding (or pulse comprehen­

sion) techniques to improve detection of 
targets in clutter is discussed. Assuming a 
simple clutter model and an appropriately op­
timized receiver, an expression is derived 
for the single-pulse detection capability of a 
radar operating in the presence of both 
clutter and additive white receiver noise. 
From the expression it is seen that detection 
performance is simply related to the spec­
trum of the transmitted signal. Generally 
speaking, it improves as the bandwidth of 
the transmitted signal is increased. The Use 
of Pulse Coding to Discriminate Against 
Clutter, Roger Manasse, Lincoln Labora­
tory, Massachusetts Institute of Technology, 
Lexington, Mass., June 7, 1961, 16 pp., $1.60. 
Order AD-2602.10 from OTS. Washington 25, 
D. C.

tricity.
Casting Engineers

Gave us the right component 
weight with greater 

strength ... and helped us 
into a new market... 
says William C Croft 

Prasidant, 
The Pyle-National Company

Section thickness is critical in air­
borne connectors where weight is a 
liability and strength is essential. 
Plastic patterns, pioneered at Casting 
Engineers, assured uniformity in de­
tailed configurations, met all MIL 
interchangeability specifications for 
tolerances on diameters and concen-

significant contribution to your com­
ponent design and production. MIN­
ICAST parts slash machining costs, 
eliminate secondary operations.

MINICAST means precision, de­
pendability . . . and economy.

Phase Shifters
Two general phase-shifting techniques 

employing semiconductor elements were in­
vestigated. The first technique uses a step 
or incremental phase-shifting device that 
provides for discrete changes in phase. The 
second phase-shifting device is continuously 
variable and provides for a greater flexibili­
ty in phase control. Phase shifters were 
built for L-band which, for the incremental 
type, can handle peak powers in excess of 
10 kw, and for the continuous type can 
handle 1 kw peak power. Phase Shifters 
Study Program, Kenneth E. Mortenson and 
Charles Howell, Microwave Associates, Inc., 
Burlington, Mass., Aug. 1,1961, 52 pp, $5.60. 
Order AD 260092 from OTS, Washington 25,

Simplified code and reference numbers, for 
new products.
Bold category heads on each page make it 
easier to find products listed in the locator
Improved cross references
An entirely new section -“Index to New 
Products by Manufacturer “ Use it to scan 
a given company’s new product activity.

Low-Noise Antennas
Principal sources of antenna noise are 

discussed, together with their effects on an­
tenna performance. The concept of antenna 
gain-temperature ratio and a mathematical 
method for handling it as a single design 
parameter are introduced. Limitations of 
very large continuous apertures are consid­
ered and a multielement system proposed 
for increasing the useful size of large an­
tennas. Some experiments to determine the 
feasibility of such a system and its optimum 
size are described. Some Principles of Low- 
Noise Antenna Design, Ross Caldecott, An- 
t<nna Laboratory, Ohio State University Re­
search Foundation, Columbus, Ohio, Dec. 1, 
1960, 45 pp, $4.60. Order AD-260112 from 
OTS, Washington 25, D. C.

Coming Soon



DOUBLE TURRET

IMS

STANDOFF 
TERMINALS 

...Largest Line Available

STANDOFFS

SINGLE TURRET

SUB MINIATURE

FEED THROUGHS

DIALLYL PHTHALATE AND MELAMINE BODY 
MATERIALS TO MEET MILITARY STANDARDS

Get the exact standoff or feed through 
terminal you want from a full range 
of types, sizes, body materials and 
plating combinations. Specials can be 
supplied to specification. The Whitso 
line is complete to the fullest extent 
of every industrial, military and com­
mercial requirement.

Standoff terminals include fork, single 
and double turret, post, standard, 
miniature and sub-miniature body 
types—male, female or rivet mountings 
—molded or metal base. Feed through 
terminals are furnished standard or 
to specification.

Plating Combinations: Many terminal 
and mounting combinations furnished 
as standard.

Specials: Body materials and plating 
combinations, also dimensions, can be 
supplied to specifications.

PROMPT DELIVERY IN ECONOMICAL 
QUANTITY RUNS
Get facta on the most com ■ 
plete, most dependable 
source for terminals 
and custom molded 
parts. Request 
catalog

WHITSO, inc
9326 Byron Street, Schiller Park, Illinois 

/Chicago Suburb!
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Tunnel Diodes
Research was concerned with the theory 

and applications of tunnel diodes. Effort was 
also devoted to developing a better under­
standing of the behavior of negative resist­
ance devices. Most of the known essential 
elements of tunnel diode theory are sum­
marized. Tunnel Diode Theory and Applica­
tions, Rajendra Nanavati and W. Howard 
Card, Syracuse University, College of Engi­
neering, Syracuse, N. Y., April 10, 1961, 135 
pp., $10.50. Order AD-260776 from OTS, 
Washington 25, D. C.

Antenna Matching
Techniques for using the Smith Chart when 

developing matching networks for broad­
band antennas are presented. The Chart is 
used for the matching of broadband as well 
as single frequency antennas. Practical 
Matching Techniques on the Smith Chart, 
Ore Simonsen, Nary Electronics Laboratory. 
San Diego, Calif., March 31, 1961, 29 pp., 
$2.60. Order AD-260292 from OTS, Wash­
ington 25, I). C.

Analog Circuitry
The results obtained by the application of 

redundancy to various types of analog cir­
cuitry are summarized. Comparisons are 
made between passive and active switching 
redundancy. Formulas are derived enabling 
the designer to determine the actual reli­
ability improvements that may be expected. 
An Improvement in the Reliability of Analog 
Circuitry Through the Application of 
Redundancy, A. A. Sorensen, Space Technol­
ogy Laboratories, Inc.. Los Angeles, Calif., 
May 1961. 39 pp.. $4.60. Order AD-260459 
from OTS, Washington 25. D. C.

Reconnaissance Antennas
Research was continued on broadband, 

low-noise amplifier and mixer circuits to be 
integrated into an antenna to form a unified 
system. A broadband, low-noise, hybrid- 
coupled parametric amplifier is described. 
Research was also continued on the use of rf 
circuitry and nonlinear elements as integral 
parts of an antenna configuration to perform 
functions such as mixing, phase-shifting, 
amplifying, and tuning. Research On Elec­
tronic Reconnaissance Antennas, Interim 
Engineering Report, Antenna Laboratory, 
Ohio State University Research Foundation, 
Columbus, Ohio, June 5, 1961, 8 pp, $1.60. 
Order AD256924 from OTS, Washington 25, 
D. C.
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MARKED

IS

ADD .615" MAX.

RAYTRON POTENTIOMETERS

w hen it conies to linear and non-linear single-turn 
precision potentiometers, consult Raytron first! 
They are the culmination of an unusual 
combination of extensive research, experienced 
engineering and unexcelled production and 
testing facilities.

New winding techniques and special machinery 
developed by Raytron assure both conformity and 
uniformity to meet your specifications, 
whether standard or special.

IX rite for the new Raytron Catalog.

AY TRON

A SUBSIDIARY OF

ELECTRONICS, INC.
101 NEW SOUTH ROAD. HICKSVILLE. N Y.

INSTRUMENTS FOR INDUSTRY, INC.
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YOUR CAREER

recently attended theness Machines,

Creating a new world with Electronics

HUGHES AIRCRAFT COMPANY

162

the paper-making 
language and the 
processing system, 
lyzes, and reports

HughesSpace Systems Division has immediate openingsfor Electronic Engineers, Mechan­
ical Engineers, Physicists and Aeronautical Engineers to work on Project Surveyor—a 
spacecraft which will soft land on the moon. Once there, Surveyor instruments will 
perform a variety of scientific tests: drills will pierce and analyze the moon's surface; high 
quality television pictures will be transmitted to earth; other instruments will measure the 
moon’s magnetic and radiation characteristics. ■ To accomplish this step into space, 
Project Surveyor requires the talents of imaginative junior and senior engineers and 
scientists to augment its outstanding staff. Experience is preferred but not required. A 
few of the openings include:

IBM Systems Engineers
Briefed at Symposium

Systems engineers of International Busi

control engineers
Concerns hydraulics, 
airborne computers, and 
other controls related 
areas tor: missiles and 
space vehicles, satellites, 
radar tracking, control 
circuitry, controls systems, 
control techniques, 
transistorized equalization 
networks and control 
servomechanisms. Instructor Shirley Daniels demonstrates the IBM solid 

state 1410 data processing system to IBM systems engi 
neers.

visual form to technicians who control the 
paper-making process.

ELECTRONIC DESIGN • November 8, 1961

circuit designers
Involves analysis and 
synthesis of systems for: 
telemetering and 
command circuits for 
space vehicles, high 
efficiency power supplies 
for airborne and space 
electronic systems, space 
command, space television, 
guidance and control 
systems, and others.

machine into computer 
solid-state 1620 data- 

The system stores, ana- 
this converted data in

systems analysts
To consider basic 
problems such as: the 
requirements of manned 
space flight; automatic 
target recognition 
requirements for 
unmanned satellites or 
high speed strike 
reconnaissance systems; 
IR systems requirements 
for ballistic missile defense.

Industry Wage Pattern 
Shows Wide Fluctuation

The average minimum hourly wage for the 
electronic-equipment industry is $1.41, ac­
cording to the Bureau of Labor Statistics and 
the Electronic Industries Association. How­
ever, there are wide variations in minimum 
wages, dependent upon size of establishment 
and location.

The lowest rate in median establishments

infrared
Includes systems analysis 
and preliminary design 
in infrared activities 
involving: satellite 
detection and 
identification; air-to-air 
missiles: AICBM, infrared 
range measurement; 
air-to-air detection 
cryogenics and others.

Project Surveyor 
engineering openings

company’s First Systems-Engineering Sym­
posium. They heard reports on advanced com­
puter techniques and received instruction on 
the new solid-state 1410 data-processing 
system.

More than 70 technical papers were pre­
sented, describing systems ranging from 
automatic methods of information retrieval 
to the programming of nuclear-reactor de­
sign problems.

A process-control system for the paper­
making industry, simulated on a solid-state 
IBM 1620 computer, was demonstrated. It 
consists of an IBM 1710 process-control unit 
that monitors production on one or two 
paper-making machines. A 1711 data con­
verter translates instrument readings from

inquire today
Your reply will be treated with strict 

ccntidence. Please airmail your resume to: 
Robert A. Martin 

Supervisor of Scientific Employment, 
Hughes Aircraft Company, 

11940 W. Jefferson Blvd., Culver City 32, 
California. WE PROMISE YOU A 

REPLY WITHIN ONE WEEK.
An equal opportunity employer.



Advancement
Your Goal?

Use
CONFIDENTIAL

Action Form

Electronic Design’s Confidential Ca­
reer Inquiry Service helps engineers ‘ sell" 
themselves 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 imme­
diately to companies, simply fill in the at­
tached resume.

Study the employment opportunity ads in 
this section. Then circle the numbers at the 
bottom of the form that correspond to the 
numbers of the ads that interest you.

Electronic Design will act as your 
secretary, type neat duplicates of your appli­
cation 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 circled.
■ 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 now!

ELECTRONIC DESIGN CAREER INQUIRY SERVICE USE BEFORE DEC.2O.W6!

After completing, mail career form to Electronic Design, 850 Third Avenue. New York, 33 
N. Y. Our Reader Service Department will forward copies to the companies you select below. X—z

(Please print with a soft pencil or type.)

Name-------------------------------------------------------------------------------------------Telephone___________________________

Home Address___ _________________________ City_________________  Zone ______  State_______________

Date of Birth______________________ Place of Birth_______________________ Citizenship__________________

Position Desired___________________________________________________________________ _____________ _ _____ .

Educational History
College Dates Degree Major Honors

Recent Special Training ____________________________________________ _ ___________________ 1

Employment History 1
Company City and State Dates Title Engineering Specialty |

Outstanding Engineering and Administrative Experience __________________________________________________

Professional Societies__________________________________________________________________________________

Published Articles__ ___________________________________________________________________________________

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.

Circle Career Inquiry numbers of companies that interest you
900 901 902 903 904 905 906 907 908 909 910 911 912 913 914 915 916 917 918 919 920 921 922 923 924

925 926 927 928 929 930 931 932 933 934 935 936 937 938 939 940 941 942 943 944 945 946 947 948 <M9



Semiconductor
Engineers

terial Preparation Equipment

in Physics
NEERING

Mechanical Engineering.ing

Delco Radio Division ofMgr. Dept. B
General Motors

Kokomo, Indiana

CIRCLE 902 ON CAREER-INQUIRY FORM
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Transistor applications 
Crystal engineering 
Sales engineering

All qualified applicants 
will receive consideration 
for employment without 
regard for race, creed, 
color, or national origin.

MR. W. H. HAUSMANN
Engineering Personnel

Delco Radio Division of General 
Motors has immediate openings for 
qualified men to work in semiconduc­
tor process or production engineering.

As manufacturers of power tran­
sistors and rectifiers, we need experi­
enced personnel for these areas: Ma-

Equa! opportunity for all qualified applicants

If you’re qualified and interested in joining this chal­
lenging Delco-GM program, let's talk. Send your 
resume to the attention of C. D. Longshore, Super­
visor Salaried Employment.

• Design of VHF & UHF FM communications 
in portable or subminiature development

■ Microwave field engineers
• Transistor switching circuit design
• Logic circuit design
• T.V. circuit design engineering
• Home radio design
• New product design
• Auto radio design
• Mechanical engineering
• Semi-conductor device development
• Semi-conductor application work

• Radar transmitters and receivers
■ Radar circuit design
• Electronic countermeasure systems
• Military communications equipment design
• Pulse circuit design
• IF strip design
• Device using kylstrom. traveling wave tube 

and backward wave oscillator
e Display and storage devices

2-WAY RADIO COMMUNICATIONS
e VHF & UHF receiver
• Transmitter design and development
• Power supply
• Systems engineering
• Antenna design
• Selective signaling

Rapid expansion of Delco Radio’s 
line of semiconductor products creates 
unusual opportunities for technically- 
trained personnel who are ready to 
make the move NOW.

i . . . Chemical Engi 
Electrical Engineer

4545 Augusta Blvd., Chicago 51

MENT.

We are looking for men with de­
grees—or equivalent work experience

... y^u'd want to work at one of the leading hospitals in the nation—where 
your associates would represent the finest medical talents available. In 
such a situation you could grow more in a year than in a lifetime spent in 
an ordinary clinic.
The same thing is true of every profession. Your own stature as an 
engineer is determined to a great extent by the calibre of your associates. 
At Motorola you will be working for and with some of the most respected 
engineers and scientists in the electronics field—M btorola is an “engineer's 
company.” And, here at Motorola the horizon is wide and the ceiling 
unlimited—you can go as far—as fast—as your capabilities permit. You’ll 
be working tor a secure, diversified company—not wholly dependent on 
one single market.
You owe it to yourself and your family to investigate the opportunities at 
Motorola. Dozens of fields of interest are open—just a few of which are 
listed below. Write today for the full story.
We'll send you a complete description of "Your Life at Motorola"—in 
Chicago; Phoenix; Riverside, California; Culver City, California; Minneapolis, 
Minnesota. Naturally your request will be kept in complete confidence.

MOTOROLA me

Development ... Crystal Growing 
. . . Alloying and Surface Treat­
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YOUR CAREER
was said to be $1.60, but the regional rates 
varied as follows: New England region, 
$1.34; Middle Atlantic, $1.75; South, $1.48; 
Middle West, $1.56; and Far West, $1.57.

S. Herbert Unterberger, wage consultant 
to the industry association, said wages in the 
electronics industry in the six-state New 
England region have been consistently lower 
than those in other regions of the country. 
He also pointed out significant differences in 
wages between small and large electronics 
companies, minimum wages being substan­
tially lower in small plants.

**

The I niversity of Rhode Island and Ray­
theon Co.’s anti-submarine and undersea 
warfare center at Portsmouth have joined 
in a plan to bridge Narragansett Bay with 
a TV-relay link, thus eliminating lengthy 
trips by professors and graduate students.

Raytheon will install cameras in the uni­
versity’s new engineering building. When on- 
campus graduate students receive instruction, 
another group of students will receive the 
same courses across the bay at Raytheon, 
through closed-circuit television.

Two water towers, at the university and 
at Raytheon in Portsmouth, hold TV relay­
link antennas, which carry video and audio 
signals between the university and Raytheon 
classrooms.

Besides cutting travel time and cost for 
students and professors, the TV system al­
lows regular biweekly classes, instead of a 
single three-hour class.

* * ♦

Careers Inc., New York, says it is incor­
porating teletype links in the “career cen­
ters,’’ which it has been holding during the 
larger technical conventions.

An engineer now can place his qualifica­
tions before all the companies in one of the 
centers within minutes after he has turned 
in the standard

The teletype 
transmit copies 
to each of the 
cruiting suites.

form.
machine in the center will 
of the man’s qualifications 
participating company’s re-

Also, Careers Inc. is going to make avail­
able teletype links to the home plants of the 
participating companies (as well as to com­
panies that are not participating). The ad­
vantage of these remote lines, says Careers, 
is that the home office of a company also can 
screen the new applicants as they register 
and can alert 
looks good to

the recruiting team if a man 
it.
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Philco WDL has immediate 
and challenging engineering 
positions open in Discoverer, 
Midas and Advent programs 
in these categories.

Data systems engineering

n
□D

Technical Staff — communica­
tions and data systems

Systems test planning

Systems reliability analysis

Design Engineering — surface 
and vehicle electronics

Human factors and operations 
analysis

Field tracking station activation

Tracking and control systems 
design

Logistics and station support

And ethers

AU qualified applicants will receive 
consideration for employment without 
regard to race, creed, color or national 
origin; U S citizenship or current trans­
ferable Department of Defense clear­
ance required

if your future is for growing..

People at Philco's Western Development Laboratories are proud 
of their achievements, secure in the steady growth of their 
company, enthusiastic about their future.

In just four years, Philco WDL has expanded from a staff of 
18 to more than 2,000. At the end of this year WDL will open a 
new 250,000-square-foot facility which will accommodate 
a continually expanding complement of engineers, scientists 
and supporting staff members.

Philco WDL, the space organization which designed and built 
the Courier satellite, conducts an ever-growing development 
program in tracking, satellite instrumentation, communications, 
data processing and command —moving hand in hand with the 
federal government in space exploration and space age defense.

Your growth with a growing company, ideal living on the Northern 
California Peninsula, professional and monetary advancement 
commensurate with your own ability—these are some of 
the advantages and satisfactions of working at Philco Western 
Development Laboratories.

If yours is one of the fields listed at the left, write today to 
Mr. W. E Daly, in confidence, of course, Department D-"!.

il
i! !

sii! m

This new 250.000 square foot addition to Philco Western Development 
Labs will open by the end of the year.

PH I LCO WESTERN DEVELOPMENT LABORATORIES 
fP * 3875 Fabian Way. Palo Alto. California

CIRCLE 904 ON CAREER-INQUIRY FORM
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200 TIMES!

★ Control Transformers

P, O Box 3C41-E, Sara,oto, Florida

South Norwalk, Conn«

CIRCLE 906 ON CAREER-INQUIRY FORMCIRCLE 905 ON CAREER-INQUIRY FORM
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in telemetry and 
data processing

THESE ARE THE 
PRODUCTS THAT

it Rectifier Equipment 

it Saturable Reactorselectro­
mechanical 
research, ine

Enjoy Maximum 
Responsibility
PROBE
NEW AREAS

To save time, please supply detailed 
resume with, first letter which will 
have our immediate attention.

Ptease direct inquiries 
in confidence to 
ROLAND E. HOOD, JR. 
Personnel Manager, 
Systems Division

ELECTRONIC SYSTEM 
DESIGN ENGINEERS 
Must have experience, state- 
of-the-art knowledge and a 
keen interest in the whole sys­
tems field, from initial concept 
through detail design and pro­
totype development. Includes 
such areas as magnetics and 
solid state circuitry, RF trans­
mitters and semiconductor ap­
plications, DC through UHF.

If you’ve reached a “dead end” 
in your present position, and 
are seeking an opportunity 
with a growth company, where 
initiative, imagination and 
ability can be used, then Acme 
Electric may offer you a great 
future.
Acme Electric designs ana 
builds a wide range of magnetic 
and transistorized components 
including such products as

■ TRANSISTOR CIRCUIT DESIGNERS
■ ELECTRONIC PACKAGING ENGINEERS
■ SERVOENGINEERS
■ ELECTROMECHANICAL ENGINEERS
■ QUALITY CONTROL ENGINEERS
■ PRODUCTION ENGINEERS
■ RELIABILITY ENGINEERS
■ STANDARDS & SPECIFICATIONS ENGINEERS
Send resume of education and experience to:

R. K. PATTERSON. DEPT. C-11

UNIVAC 
CORDWOOD 
PACKAGING

SHRINKS

★ DC and AC Regulated 
Power Supplies

it Military Transformers 

it Phase Changers 

it Power Distribution
Centers

it Magnetic Amplifier Con­
trolled Battery Chargers

★ Constant Voltage 
Stabilizers

Planned growth and diversi­
fication at Electro-Mechanical 
Research, Inc. (e.m.r) enable 
men with imagination to exer­
cise the full scope of their pro­
fessional skills. Opportunity to 
probe new areas is insured by 
initiating within the company 
the major portion of all re­
search. Current projects in­
clude development of the tost 
instrumentation subsystem for 
Dyna-Soar space glider.

BUILDS 
that provide 

ENGINEERING 
OPPORTUNITIES

ELECTRONIC DESIGN • November 8, 1961

A few months ago 
this unit measured more Wbi 
than 200 times its present size. ^1

Univac engineers and scientists 
reduced it, through cordwood pack­
aging of components, to its present state 
of “vest pocket” miniaturization without 
sacrificing Univac's customary high 
standards of ultra-reliability. Such 
achievements in high density packaging 
have led to other Univac accomplish­
ments of startling and yet undisclosed 
dimensions.

Opportunities are now available at 
Univac to participate in advanced com­
puter programs which involve various 
approaches to high density packaging. 
This state of the art is under constant 
change by Univacengineers and scientists 
who enjoy at Univac an exceptional per­
sonal freedom for professional ex­
pression. These men now extend an 
invitation to their scientific colleagues 
who may be seeking new positions of 
greater promise, challenge and reward.

Immediate openings include:
—RESEARCH ENGINEERS------------------------

Attractive positions are now available for 
Research Engineers. These permanent 
assignments include circuit development 
work and the logical design of high speed 
computer elements.

DIVISION OF SPERRY RAND CORPORATION 
2750 West Seventh St., St. Paul 16, Minn.

There are also immediate openings ■ H 
in all areas o) digital computer de- ■ I I 
velopment at our other laboratories, ■ I I 
Inquiries should be addressed to: " U
ft. NAGLC, Dept. C-11 O. CLAVILOUX. D,pt.C-11 
REMINGTON RANO UNIVAC REMINGTON RANO UNIVACQuolified applicants considered with­

out regard to roce. creed, color or 
national origin.

ACME ELECTRIC CORP.
PERSONNEL DEPARTMENT

9011 Water St Cuba. N. Y.
___________________ SAA3M211 »S«
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'Celco Constantine Engineering Labs, Inc. 68
Cinch Manufacturing Co............................. 81

All programs are backed by the 8 laboratories of 
Republic’s new Paul Moore Research & Development Cente 
the only fully integrated research complex 
exploring every vital aspect of the aerospace technology.

Mr George R. Hickman 
Technical Employment Manager 
Dept. 12L-1 
Republic Aviation Corporation 
Farmingdale, Long Island, N.Y.

138
143

136
147
156
129
120
128

109
112
110
155

128
145

’Dale Electronics, Inc.....................................
’Daven Company, The .................................
’Daystrom, Inc , Weston Instrument Div.
Delco Radio, 

Div. of General Motors Corp............
Dickson Electronic* Corporation . .
Donner Scientific Division . . .
Dow Chemical Co., The ...........................

. . 140 
86. 87

Opportunities are at 
2 Republic Locations: 
Farmingdale and Mitieolti 
Long Island, 5. 1.
II rite to:

As one of the top 15 Prime Contractors to the DOD.
Republic has demonstrated its capability to create total 

aircraft, missile, and space vehicle systems. Electronics is an 
important part of this capability.

•Manufacturers’ catalog appears in 1960-1961 
EtscmoNic Dbsigners' Catalog

Defining system requirements, conducting analytical studies, evaluating 
overall design, and monitoring progress of subcontractors are 

engineering tasks requiring broad technical knowledge and high 
analytical ability. Difficult problems in subsystem integration, density 

packaging, and reliability must be solved.

Over 250 Electronics Engineers and Scientists at Republic are extending 
parameters in communications, navigation, guidance & control, 

detection and data handling. A recent prime contract award has placed 
special emphasis on reconnaissance. As Weapon System Manager, 

Republic is responsible for developing this capability for its F-105D 
“flying electronic platform,” the free world’s most versatile and 

sophisticated manned weapon system.

Mr. Paul Hartman 
Technical Employment 
Dept. 12L-1A 
Missile Systems Division 
Republic Aviation Corporation 
223 Jericho Turnpike 
Mineola, Long Island, N.Y.

'Clairex Corporation ...............................  
Clare A Co.. C. P......................................  
Cominco Products, Inc............................  
Community Engineering Corporation 
Computer Measurements Company . 
Continental Connector Corporation . 
Coors Porcelain Co..................................

Cadillac Associates, Inc ....................  
Calibration Standards Corporation 
Cambridge Thermionic Corporation 
Carborundum Co.................................... 
Carpenter Steel Company, The .. .
Casting Engineers ...............................

AMP, Incorporated .................................
Ace Electronics Associates, Inc............  
Acme Electric Corp...................................
Adel Products Div.....................................
Aerovox Corporation .............................
Airpax Electronics, Inc........................... 
Aladdin Electronics ....................... ... ...
Aleo Electronic Products, Inc..............  
Allen-Bradley Co.......................................
Allied Radio .............................................
Alpha Metals. Inc.....................................
American Electrical Heater Company 
American Time Products ..................  
Applied Physics Corporation ............  
Applied Research, Inc........................... 
Art Wire and Stamping Co................  
Associated Testing Laboratories. Inc. 
AUantis Metal Products Div..............

Coming Glass Works ... 
Couch Ordnance, Inc..........  
’Curtiss-Wright Corporation

Inquiries are invited from Electronics Engineers and Physicists with 
experience in. Radar (front & side looking) / Infrared & Optical 

Systems / Antennas & Radomes / Digital Computers & Data Links / 
Flight & Fire Control Systems / High Speed Tape Recordei« / 

Aerospace Ground Support Equipment.

..109

..136
26A-B

'Ballantine Laboratories, Inc.....................  
Becco Chemical Div.,

Food Machinery A Chemical Corp. .. 
Behlman-Invar Electronics Corp. ..116, 
Belden Mfg. Co...............................................  
Bendix Corporation,

The Red Bank Div.....................................
Bendix Corporation, 

The Scintilla Div...................................
Birtcher Corporation, The .....................  
Blue M Electric Company .....................  
’Boonton Electronic* Corp...........................
Borg-Wamer Controls, Div. of

Borg-Warner Corporation ...Cover 
’Bourn*. Inc. .................................................... 
Brown Engineering Company .............  
'Bumdy Corporation ...................................  
Burnell A Co.. Inc........................................
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Drake Manufacturing Co................
Duncan Electronics, Inc.................
DuPont de Nemours & Co.. E. I .

Electrochemical Dept. ..

137
52

94

does ESI /Electro Scientific Industries ...
•Eastern Industries, Inc.................................
Eastman Kodak Company .. ................
Eitel-McCullough. Inc.
Electro Mechanical Research, Inc..........  
Electronic Associates .... 
Electronic Designers’ Catalog ..............  
Electronic Design .......................................
Electronic Measurements Company, Inc.

35 
141 
116

15 
166 
133 
160
98 
10

•Fairchild Semiconductor Corporation . 13

Gamewell Company. The ........................
Garlock, Inc......................................................
General Dynamics/Telecommunication
General Electric Company 

Capacitor Dept........
General Electric Company. 

Chemical Materials Dept............... 120.
General Electric Company. 

Lamp Metals A Components Dept. . .
General Electric Company, 

Miniature Lamp Dept...........................
General Electric Company. 

Silicone Products Dept.............. ....
General Electric Company. 

Semiconductor Products Dept...........
General Electric Company, 

Specialty Control Dept.......................
General Instrument Corporation ......... 62
General Products Corporation ...............
Goshen Rubber Co., Inc. .. ......................
Gries Reproducer Corp.................................
Gurley, W. & L E.

106
113
98

115

121

158

147

107

127
. 83
135
137
138
108

Hamilton Electrona, Inc............................. 119
Handy & Harmon ....................................... 91
Harmon-Kardon. Incorporated ........ 82
Heinemann Electric Company ............... 3
Heli-Coil Corporation ............................... 153
Hewlett-Packard Company ... .1, 1A, IB. 43
Hitemp Wires Co........................................... 17o
Hoffman Engineering Corporation .... 140
Hogan FAXimile Corporation ................ 143
Hughes Aircraft Company .................6, 162

ITT Capacitor Department. 
Distributor Division ........................... 126

Indiana Steel Products ............................. 65
•Industrial Electronic Engineers. Inc. 112. 121
Inland Motors Corporation 

of Virginia ............................................. 53
Instruments for Industry. Inc................. 161
Itek Electro-Products Company ........... 118

Pierre de Fermat’s last theorem states that the above 
equation has no solutions in which x, y, and z are positive 
whole numbers if “n” is a whole number greater than 
two. Mathematicians have yet to prove him wrong.

But their attempts to prove the theorem (or conjec­
ture, since it hasn’t been proved) have produced some of 
the most revolutionary concepts in modern algebra and 
number theory!

Questions arc what answers are made of. Questions 
about our universe, for example. What is the Moon made 
of? Is there life on other planets? The answers are coming 
from Cal Tech’s Jet Propulsion Laboratory for the 
National Aeronautics and Space Administration.

JPL scientists and engineers are supervising the 
design of spacecraft and their instruments to be sent to 
the Moon and planets. Ranger, Surveyor, Mariner. Some 
day, they’ll be remembered as our first steps into space.

Today, they’re a job to do. And a fascinating job at 
that. If you’d like to put your experience to work on this 
kind of a job, maybe JPL is your kind of place. Write to 
us and find out. It never hurts to ask questions.

JET PROPULSION LABORATORY fijllB

4824 OAK GROVE DRIVE, PASADENA, CALIFORNIA 
Operated by California Institute of Technology for the National Aeronautics & Space Administretion

All qualified applicants will receive consideration for employment without regard to race, creed or national origin/U.S. citizenship or current security clearance required.
CIRCLE 908 ON CAREER-INQUIRY FORM

Jansky & Bailey ........................................... 146
Jet Propulsion Laboratory ....................... 168
Johnson Company, E. F............................ 114

Kearfott Division, 
General Precision, Inc. ................... 58.59

Kemet Company ........................................... 27
•Kepco. Inc. ...................................................... 57
Keuffel & Esser Co......................................... 151

•Kidde Electronics Laboratories ............. 84
Kintel, Div. of Cohu Electronics. Inc. . 14

•Knights Co., The James ........................... 116
Kollmorgen Corporation ........................... 53
Krohn-Hite Corporation ................  124
Kurz-Kasch ..................................................... 138

•Manufacturer»’ catalog appear» in 1960-1961 
Electronic Designers' Catalog
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by far the most comprehensive128

coverage on this subject to date
It should prove quite useful to circuit
designers in the computer field.

DESIGN OF
TRANSISTORIZED134

CIRCUITS FOR
DIGITAL COMPUTERS

139

Basic Building Blocks Digital
135

136 Transistor Transient Response 5. Diode Gating

8. Resistance Logic with Transistor
Inverting Amplifiers 8. Resistance Logic with

10. Miscellaneous

Flip-Flops and Delay Multivibrators

The book is well organized and written. TheHere’s another engineering comment about the Pressman book.

FREE! books
152

CIRCLE 196 ON READER-SERVICE CARD
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Coupled Transistor Logic . . 
Transistorized Logic Circuits

dix; Measurement of Transistor Turn-On, Turn-Off, 
and Storage Times. #215, cloth bound $9.95.

•Manufacturers’ catalog appears in 1960-1961 
Electronic Designers' Catalog

11. Design of 
,..12. Appen-

by A braham I. Pressman, M. S.
(Digital Circuits Consultant for Radio Corporation of America)

135 
no

November 8, 1961

104 
129

125
152

164
139

159
102

126
154

Reviewed for the PROCEEDINGS OF THE I.R.E.
by William B. Cagle, Bell Telephone Labs., Whippany, N. J

. . 2. Logical Chains in Digital Com 
3. Transistor Fundamentals ... 4

114
157
130
146

134
166
167
169

. . . 6. Voltage-Switching Diode Gate Logic with 
Transistor Inverting Amplifiers...7. Current-Switch­
ing Diode Gate Logic with Transistor Inverting

CHAPTERS 
Computers 
puters . . .

National Semiconductor Corporation 
National Transistor Mfg., Inc............  
New Hampshire Ball Bearings. Inc. 
Norbatrol Electronics Corporation .

Design of Transistorized Circuits for Digital Computers— 
the book that makes digital computer circuit design easy. 

Order your copy today. At parts distributors, bookstores or direct

Offner Division of 
Beckman Instruments, Inc. ...

Ohmite Manufacturing Company

detailed treatment of particular circuits shows that the author appreciates practical circuit design problems 
and is able to convey this appreciation to the reader. This is an invaluable book to the beginner and the 
experienced designer will find much of interest in it." Reviewed for the AMERICAN INSTITUTE OF PHYSICS 
by Fred Goulding, Atomic Energy of Canada, Ltd.

Langevin. A Div.
of Sonotec, Incorporated ... 

Leach Corporation ..................... 
Ledex, Inc.......................................  
Leeds & Northrup ....................... 
Linde and Company ................  
Lionel Electronic Laboratories 
Lord Manufacturing Company

PRD Electronics. Inc...........................  
Pacific Semiconductors, Inc............... 
Permacel .................................................  
Pesco Products

Div. of Borg-Warner Corp...... 
'Philco, Lansdale Division ..............  
Philco Western Development Labs. 
Plastoid Corporation ..........................  
Polaroid Corporation .......................  
Porter Co., H. K..................................

DESCRIBES MORE THAN 250 TITLES 
design, research and production 'tools' that every engineer must have! 
Write for free catalog

SKF Industries. Inc.......................................
Sams & Co., Inc., Howard W.................  
Science Electronics, Inc..............................  
Sei-Rex Corporation .................................. 
Shallcross Manufacturing Co...................  
’Sigma Instruments, Inc............................... 
’Sorensen A Unit of Raytheon Company 
Spectrol Electronics Corporation .........
Spencer-Kennedy Laboratories, Inc .
Sperry Electronic Tube Div., 

Sperry Rand Corp.................................

McCoy Electronics Company .............  
McLean Engineering Laboratories .. 
Machlett Laboratories. Inc., The ... . 
Magnetic Metals, Inc................................ 
’Magnetics, Inc.............................................
Mallory & Co., Inc. P. R......................... '
Mepco, Inc....................................................  

’Michigan Magnetics, Inc.........................
Microwave Associates, Inc..................  

’Miller Company. J. W.............................
Minneapolis Honeywell Regulator Co. 
Monsanto Chemical Company ............  
Motorola Semiconductor 

Products, Inc.................................... ..
’Motorola, Inc................................................
Mucon Corporation ...................................

Radio Corporation of America. 
Electron Tube Division .......... Cover

’Raytheon Co..
Industrial Components Div...................5.

Raytheon Co.. Semiconductor Div  
Raytron Electronics, Inc  
Reed Instrument Bearing Company ... 
Remington Rand, Univac   
Republic Aviation Corporation .
Rider Publisher. Inc., John F  
Rockbestos Wire & Cable Co. . . .
Rome Cable. Div. of Alcoa . 
Rosemount Engineering Company .... 
Royal Electric Corporation ......................  
Rutherford Electronics, Inc.......................

The acknowledged classic in the digital computer design 
field. The acclaim it has already received from the engi­
neering press throughout the world establishes its value 
as a “tool” to engineers concerned with transistorized 
circuitry design in the field of digital computers.

To be of the greatest general utility, the author employs 
“worst-case” design techniques. “Worst-Case” design is 
absolutely essential for digital type circuits, as these are of 
the nature of all or none circuits, and single errors even 
over long periods of time cannot be tolerated. His design 
considerations permit circuits to work when all supply 
voltages, resistors, passive components, and all transistor 
as well as diode parameters are simultaneously off their 
nominal values by the expected maximum tolerances.

JOHN F. RIDER PUBLISHER INC., 116 West 14th Street, New York 11t N Y a division of Hayden Publishing Company, Inc 
Canada. Chas. W. Pointon, Ltd., 66 Racine Rd., Reidate. Ont.
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Fill out name and address, and drop 
in mail box. Fold back remaining 
card for future use. ED will process 
your card within 24 hours of receipt.
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Name Title

Company

O I Do Design Work
□ I Supervise Leugn Work 
C I Do No Design Work

□ I Do Design Work
□ I Supervise Design Work
□ I De Ne Design Work

For employment brochure* give home address 
Home Address

For Change of Address 
Old Company Nome

ELECTRONIC DESIGN ONE DAY SERVICE USE BEFORE DECEMBER 20, 1911
Title

Company

City StatoCompany Address

10 20 30 40
1 11 21 31 41
2 12 22 32 42
3 13 23 33 43
4 14 24 34 44
5 15 25 35 45
6 16 26 36 46
7 17 27 37 47
8 18 28 38 48
9 19 29 39 49

50 60 70 80 90
51 61 71 81 91
52 62 72 82 92
53 63 73 83 93
54 64 74 84 94
55 65 75 85 95
56 66 76 86 96
57 67 77 87 97
58 68 78 88 98
59 69 79 89 99

100 110 120 130 140
101 111 121 131 141
102 112 122 132 142
103 113 123 133 143
104 114 124 134 144
105 115 125 135 145
106 116 126 136 146
107 117 127 137 147
108 118 128 138 148
109 119 129 139 149

150 160 170 180 190
151 161 171 181 191
152 162 172 182 192
153 163 173 183 193
154 164 174 184 194
155 165 175 185 195
156 166 176 186 196
157 167 177 187 197
158 168 178 188 198
159 169 179 189 199

200 210 220 230 240
201 211 221 231 241
202 212 222 232 242
203 213 223 233 243
204 214 224 234 244
205 215 225 235 245
206 216 226 236 246
207 217 227 237 247
208 218 228 238 248
209 219 229 239 249

250 260 270 280 290
251 261 271 281 291
252 262 272 282 292
253 263 273 283 293
254 264 274 284 294
255 265 275 285 295
256 266 276 286 296
257 267 277 267 297
258 268 278 288 298
259 269 279 289 299

300 310 320 330 340
301 311 321 331 341
302 312 322 332 342
303 313 323 333 343
304 314 324 334 344
305 315 325 335 345
306 316 326 336 346
307 317 327 337 3s7
308 318 328 338 348 
309 319 329 339 349

350 360 370 380 390
351 361 371 381 391
352 362 372 382 392
353 363 373 383 393
354 364 374 384 394
355 365 375 385 395
356 366 376 386 396
357 367 377 387 397
358 368 378 388 398
359 369 379 389 399

400 410 420 430 440
401 411 421 431 441
402 412 422 432 442
403 413 423 433 443
404 414 424 434 444
405 415 425 435 445
406 416 426 436 446
407 417 427 437 447
408 418 428 438 448
409 419 429 439 449

450 460 470 480 490
451 461 471 481 491
452 462 472 482 492
453 463 473 483 493
454 464 474 484 494
455 465 475 485 495
456 466 476 486 496
457 467 477 487 497
458 468 478 488 498
459 469 479 489 499

500 510 520 530 540
501 511 521 531 541
502 512 522 532 542
503 513 523 533 543
504 514 524 534 544
505 515 525 535 545
506 516 526 536 546
507 517 527 537 547
508 518 523 538 548
509 519 529 539 549

550 560 570 580 590
551 561 571 581 591
552 562 572 582 592
553 563 573 583 593
554 564 574 584 594
555 565 575 585 595
556 566 576 586 596
557 567 577 587 597
558 568 578 588 598
559 569 579 589 599

600 610 620 630 640
601 611 621 631 641
602 612 622 632 642
603 613 623 633 643
604 614 624 634 644
605 615 625 635 645
606 616 626 636 646
607 617 627 637 647
608 618 628 638 648
609 619 629 639 649

650 660 670 680 690 
651 661 671 68) 691
652 662 672 682 692 
653 663 673 683 693
654 664 674 684 694 
655 665 675 685 69j
656 666 676 686 696 
657 667 677 687 697
658 668 678 688 698 
659 669 679 689 699

700 710 720 730 740 
701 711 721 731 741
702 712 722 732 742 
703 713 723 733 743
704 714 724 734 744
705 715 725 735 745 
706 716 726 736 ’46
707 717 727 737 747 
708 718 728 738 748
709 719 729 739 749

750 760 770 780 790
751 761 771 781 791
752 762 772 782 792
753 763 773 783 793
754 764 774 784 794
755 765 775 785 795
756 766 776 786 796
757 767 777 787 797
7S8 768 778 788 798
759 769 779 789 799

800 810 820 830 840
801 811 821 831 841
802 812 822 832 842
803 813 823 833 843
804 814 824 834 844
805 815 825 835 845
806 816 826 836 846
807 817 827 837 847
808 818 828 838 848
809 819 829 839 849

850 860 870 880 890
851 861 871 881 891
852 862 872 882 892
853 863 873 883 893
854 864 874 884 894
855 865 875 885 895
856 866 876 886 896
857 867 877 887 897
858 868 878 888 898
859 869 879 889 899
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ELECTRONIC DESIGN ONE DAY SERVICE USE BEFORE DECEMBER 20, 1961

Zone StateCompany Address

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290
11 21 31 41 51 61 71 81 91 101 111 121 131 141 151 161 171 181 191 201 211 221 231 241 251 261 271 281 291
12 22 32 42 52 62 72 82 92 102 112 122 132 142 152 162 172 182 192 202 212 222 232 242 252 262 272 282 292
13 23 33 43 53 63 73 83 93 103 113 123 133 143 153 163 173 183 193 203 213 223 233 243 253 263 273 283 293

4 24 34 44 54 64 74 84 94 104 114 124 134 144 154 164 174 114 194 204 214 224 234 244 254 264 274 284 294
15 25 35 45 55 65 75 85 95 105 115 125 135 145 155 165 175 185 195 205 215 225 235 245 255 265 275 285 295
6 26 36 46 56 66 76 86 96 106 116 126 136 146 156 166 176 186 196 206 216 226 236 246 256 266 276 286 296

17 27 37 47 57 67 77 87 97 107 117 127 137 147 157 167 177 187 197 207 217 227 237 247 257 267 277 267 297
18 28 38 48 58 68 78 88 98 108 118 128 138 148 158 168 178 188 198 208 218 228 238 248 258 268 278 288 298
'v 29 39 49 59 69 79 89 99 109 119 129 139 149 159 169 179 189 199 209 219 229 239 249 259 269 279 289 299

300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590
301 311 321 331 341 351 361 371 381 391 401 411 421 431 441 451 461 471 481 491 501 511 521 531 541 551 561 571 581 591
302 312 322 332 342 352 362 372 382 392 402 412 422 432 442 452 462 472 482 492 502 512 522 532 542 552 562 572 582 592
303 313 323 333 343 353 363 373 383 393 403 413 423 433 443 453 463 473 483 493 503 513 523 533 543 553 563 573 583 593
304 314 324 334 344 354 364 374 384 394 404 414 424 434 444 454 464 474 484 494 504 514 524 534 544 554 564 574 584 594
305 315 325 335 345 355 365 375 385 395 405 415 425 435 445 455 465 475 485 495 505 515 525 535 545 555 565 575 585 595
306 316 326 336 346 356 366 376 386 396 406 416 426 436 446 456 466 476 486 496 506 516 526 536 546 556 566 576 586 596
307 317 327 337 347 357 367 377 387 397 407 417 427 437 447 457 467 477 487 497 507 517 527 537 547 557 567 577 587 597
308 318 328 338 348 358 368 378 388 398 408 418 428 438 448 458 468 478 488 498 508 518 523 538 548 558 568 578 588 598
309 319 329 339 349 359 369 379 389 399 409 419 429 439 449 459 469 479 489 499 509 519 529 539 549 559 569 579 589 599

Zone State

600 610 620 630 640 650 660 670 680 690 700 710 720 730 740 750 760 770 780 790 800 810 820 830 840 150 860 •70 ••0 •90
601 611 621 631 641 651 661 671 681 691 701 711 721 731 741 751 761 771 781 791 801 811 821 831 841 851 •61 871 ••1 891
602 612 622 632 642 652 662 672 682 692 702 712 722 732 742 752 762 772 782 792 802 812 822 832 842 852 •62 •72 ••2 892
603 613 623 633 643 653 663 673 683 693 703 713 723 733 743 753 763 773 783 793 803 813 823 833 843 853 •63 873 •83 893
604 614 624 634 644 654 664 674 684 694 704 714 724 734 744 75s 764 774 784 794 804 814 824 834 844 854 864 874 •84 894
605 615 625 635 645 655 665 675 685 695 705 715 725 735 745 755 765 775 785 795 805 815 825 835 845 855 865 875 • 15 895
606 616 626 636 646 656 666 676 686 696 706 716 726 736 ’46 756 766 776 786 796 806 8)6 826 836 846 856 866 •76 •86 896
607 617 627 637 647 657 667 677 687 697 707 717 727 737 747 757 767 777 787 797 807 817 827 837 847 • 57 867 •77 887 897
608 618 628 638 648 658 668 678 688 698 708 718 728 738 748 758 768 778 788 798 eo8 818 828 838 8s8 ■ 58 868 •7« ••8 •98
609 619 629 639 649 659 669 679 689 699 709 719 729 739 749 759 769 779 789 799 809 819 829 839 849 •59 •69 •79 •89 899

Old Company Addreu
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97
98 
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100 
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104 
105 
•06 
1C7
108 
109

110 120
121
122
123

130
131
132
133

125
126
127
128
129

135
136
137
138
139

140
141
142
143

150
151
152
153

146
155
156
157
158
159

I6C' 
161 
162 
163 
164 
165 
166 
167 
168 
169

170
171
172
173

175
176

178
179

180
181
182
183
184
185
186
187
188
189

300 
301
302 
303
304 
305 
306 
307
308 
309

320 
321
322 
323 
324 
325
326 
327 
328 
329

330 
331
332
333 
334
335
336 
337
338
339

340 
341
342 
343
344
345 
346 
347
348 
349

350 
351
352
353 
354 
355
356
357 
35B 
359

360
361
362
363
364
365 
366
367
368
369

370 
371
372
373
374
375
376
377 
378 
379

380 
381
382 
383 
3(4
385 
386 
387
388 
389

390 
391
392 
393
394 
395 
396
397 
398 
399

400 
401
402 
403
404
405
406
407
408
409

420
421
422
423
424
425
426
427
428
429

432
433
434
435
436
437
438
439

452
453
454
455
456
457
458
459

460
461
462
463
464
465
466
467
468
469

472
473
474
475
476
477
478
479

480 
481
482 
«93
484 
«95
486
487
488 
489

600 610
601 611
602 612
603 613
604 614
605 615
606 616
607 617
608 618
609 619

620 
621
622 
623 
624 
625 
626
627 
628 
629

630
631
632
633
634
635
636
637
638
639

640
641
642
643
644
645
646
647
648
649

650 
651
652 
653 
654
655 
656 
657
658 
659

660
661
662
663
664
665
666
667
668
669

670 
671
672 
673
674 
675
676 
677
678 
679

680
681
682
683
684
685
686
687
618
689

690
691
692
693
694
693
696
697
698
699

700 
701
702 
703
704
705
706
707
708 
709

712 722 
713 723 
71« 724
715 725 
716 726 
717 727
718 728 
719 729

730
731
732
733
734 
735 
736
737
738
739

750 760 770
751 761 771
752 762 772
753 763 773
754 764 774
755 765 775
756 766 776
757 767 777
758 768 778
759 769 779

780
781
782
783
784
785
786
787
788
789

StateZana

190 200 210 220 230 240 250 260 270 230 29C
191 201 211 221 231 241 251 261 271 281 291
192 202 212 222 232 242 252 262 272 282 292
193 203 213 223 233 243 253 263 273 283 293
194 204 214 224 234 244 254 264 274 284 294
195 205 215 225 235 245 255 265 275 285 295
196 206 216 226 236 246 256 266 276 286 296
197 207 217 227 237 247 257 267 277 287 297
198 208 218 228 238 248 258 268 278 288 298
199 209 219 229 239 249 259 269 279 289 299

490 530 510 520 530 540 550 560 570 580 590
«91 501 511 521 531 541 551 561 571 581 591
492 502 512 522 532 542 552 562 572 582 592
493 503 513 523 533 543 553 563 573 583 593
494 504 514 524 534 544 55« 564 574 584 594
495 505 515 525 535 545 555 565 575 585 595
«96 506 516 526 536 546 556 566 576 586 596
497 507 517 527 537 547 557 567 577 587 597
498 508 518 523 538 548 553 568 578 588 598
499 509 519 529 539 549 559 569 579 589 599

79C 800 810 820 830 840 85C 860 870 880 «90
791 801 811 821 831 841 46 861 871 8*1 891
792 802 812 822 832 842 851 862 872 882 892
793 803 813 823 833 843 851 863 873 883 a93
794 804 814 824 834 844 851 864 874 894
795 805 815 825 835 8«5 855 »65 875 885 ¿95
796 £76 816 826 836 846 856 866 676 886 396
797 307 817 827 837 847 85 867 877 387 «97
798 E08 818 828 838 848 858 868 878 888 98
799 809 819 829 839 849 859 869 879 889 399

Zone State

Old Company Addreu

Company

ELECTRONIC DESIGN ONE DAY SERVICE USE BEFORE DECEMBER 20, 1961
Nome

Company Address StateZone

10 20 30 40
1 11 21 31 41
2 12 22 32 «2
3 13 23 33 «3
4 14 24 34 44
5 15 25 35 «5
6 16 26 36 46
7 17 27 37 47
1 18 21 33 48
9 19 29 39 49

50 60 70 80 90
51 61 71 81 91
52 62 72 82 92
53 63 73 83 93
54 6« 74 84 9«
55 65 75 85 95
56 66 76 86 96
57 67 77 87 97
58 68 78 88 99
59 69 79 89 99

100 110 120 130 140
101 111 121 131 141
102 112 122 132 142
103 113 123 133 143
104 114 124 134 144
105 115 125 135 145
106 116 126 136 146
107 117 127 137 147
108 118 128 138 148
109 119 129 139 149

150 160 170 180 190
151 161 171 181 191
152 162 172 182 192
153 163 173 183 193
154 164 174 184 194
155 165 175 185 195
156 166 176 186 196
157 167 177 187 197
158 168 178 188 198
159 169 179 189 199

200 210 220 230 240 
201 211 221 231 241
202 212 222 232 242
203 213 223 233 243
204 214 224 234 24«
205 215 225 235 245
206 216 226 236 246
207 217 227 237 247
208 218 228 238 248
209 219 229 239 249

250 260 270 280 290
251 261 271 281 291
252 262 272 282 292
253 263 273 283 293
254 264 274 284 294
255 265 275 285 295
256 266 276 286 296
257 267 277 287 297
258 268 278 288 298
259 269 279 289 299

300 310 320 330 340 
301 311 321 331 341
302 312 322 332 342 
303 313 323 333 3«3 
304 314 324 334 3«« 
305 315 325 335 345 
306 316 326 336 346 
307 317 327 337 3«7 
308 318 328 338 348 
309 319 329 339 349

350 360 370 380 390
351 361 371 381 391
352 362 372 382 392
353 363 373 383 393
354 364 37« 384 394
355 365 375 385 395
356 366 376 386 396
357 367 377 387 397
358 368 378 388 398
359 369 379 389 399

400 410 420 430 440 
401 411 421 431 441
402 412 422 «32 «42 
«03 413 423 «33 443
404 414 424 43« 444 
405 415 «25 435 «45
406 «16 426 «36 446 
«07 417 «27 437 447 
«08 418 428 438 4«8
409 419 429 «39 449

450 460 470 480 490
451 461 471 481 491
452 462 472 «82 492
453 463 473 «83 493
454 464 «74 484 494
455 465 475 485 495
456 466 «76 486 496
457 467 477 «87 497
458 468 «78 488 498
459 469 479 489 «99

500 510 520 530 540
501 511 521 531 5«1
502 512 522 532 5«2
503 513 523 533 543
504 514 524 534 544
505 515 525 535 545
506 516 526 536 546
507 517 527 537 547
508 518 523 538 5«8
509 519 529 539 549

550 560 570 580 590
551 56) 571 581 591
552 562 572 582 592
553 563 573 583 593
554 564 574 584 594
555 565 575 585 595
556 566 576 586 596
557 567 577 587 597
558 568 578 588 598
559 569 579 589 599

600 610 620 630 640
601 611 621 631 6«1
602 612 622 632 642
603 613 623 633 643
60« 614 624 634 644
605 615 625 635 645
606 616 626 636 646
607 617 627 637 647
608 618 628 638 648
609 619 629 639 649

650 660 670 680 690
651 661 671 681 691
652 662 672 682 692
653 663 673 683 693
654 664 674 684 694
655 665 675 685 695
656 666 676 686 696
657 667 677 687 697
658 668 678 688 698
659 669 679 689 699

700 710 720 730 740 
701 711 721 731 74)
702 712 722 732 742 
703 713 723 733 7«3 
704 7)4 724 73« 744 
705 7)5 725 735 7«5 
706 716 726 736 ’«6 
707 717 727 737 747 
708 718 728 738 748 
709 719 729 739 749

750 760 770 780 790
751 761 771 781 791
752 762 772 782 792
753 763 773 783 793
75« 764 77« 784 794
755 765 775 785 795
756 766 776 786 796
757 767 777 787 797
758 768 778 788 798
759 769 779 789 799

800 810 820 830 840
801 81) 821 831 841
802 812 822 832 842
803 813 823 833 843
80s 81« 824 834 «44
805 815 825 835 845
806 816 826 836 846
807 817 827 837 847
808 818 828 838 848
809 819 829 839 849

•50 860 870 880 890, 
851 861 871 88) 691- 
«52 «63 872 882 892 
853 863 873 883 893 
854 BM 874 884 894 
855 865 875 885 895 1 
856 666 876 886 896 I 
857 867 877 887 897 1 
658 568 878 888 898 1 
859 b69 879 889 999 1

For employment brochures give home addreu City Zone State I
Home Address • . — J

For Change of Address: 
Old Company Name

Q I Da Des gr Work 
C I Soper vite Des.gn Wark 
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Established Capability. This advanced MR-21 Recorder is the 
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FE 7 *500

Cutaway of RCA-7801 »bowing 
unitized electrode and terminal 
construction"

The Most 'lì usted Name in Electronics

Combining high power-sensitivity, high efficiency and very small size, the new RCA-7801 is especially 
intended for application in small, compact equipment.
A conduction-cooled ceramic-metal beam power tube, small as an acorn, the 7801 performs excel­
lently as an af or rf power amplifier, oscillator, modulator or voltage regulator in missiles, satellites, 
mobile communications equipment, telemetering systems—wherever space is at a premium
In continuous commercial service, the 7801 delivers:

3.2 watts CW power output at 3,000 Me
15.0 watts CW power output at 1,200 Me
27.0 watts CW power output at 400 Me

A wide gold-plated copper cylindrical plate terminal assures high thermal and electrical conductivity. 
Heater operates at 12.6 volts 0.5 amp; a companion tube, RCA-7870, is exactly the same except 
that its heater operates at 6 3 volts 1.0 amp.
Revolutionary Cermolox Line—and What It Means To You
“Cermolox” designates RCA's special line of beam power tetrodes with ceramic-metal construction and 
electrically-broached coaxial grids having perfect alignment. Advantages: High power output • High 
gain * High power sensitivity • l ow driver power • Minimum screen current • Negligible grid emis­
sion • Exceptional strength • Small in size • Compact • High-temperature operation
For information on the 7801 or other Cermolox types for your new equipment designs, contact your 
RCA Field Representative For technical bulletin on the 7801 write directly to Commercial Engineer­
ing, Section K-I8-Q-1, RCA Electron Tube Division, Harrison. N.J
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